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ENGINEERING. 





THE HEATING INSTALLATION OF 
UNIVERSITY COLLEGE HOSPITAL, 
LONDON. 


THE equipment of a large modern hospital 
building presents many difficult problems to the 
engineer responsible for it, not only from the technical 
standpoint, but also from the point of view of 
economics. The funds available for the installa- 
tion are usually strictly limited, so that the first 
cost must be moderate, but at: the same time the 
engineer must endeavour to secure a high degree of 
efficiency combined with low maintenance charges, 
so that as large a proportion as possible of the annual 
revenue of the institution shall be available for the 
beneficent work for which it is mainly intended. 
These remarks apply with particular force to an 
existing installation which has to be re-modelled 
and extended, and there is the added difficulty that 
the work must be carried out without serious inter- 
ruption to the essential services of the hospital. 

A particularly interesting example of the latter 
class is now rapidly approaching completion at the 
University College Hospital, London, the work, 
which has been designed by, and carried out under 
the supervision of, Mr. A. H. Barker, M.Inst.C.E., of 
100, Victoria-street, Westminster, S.W.1, including 
the heating of the original buildings and of the 
newly constructed adjoining buildings, the supply 
of the whole of them with hot water for all purposes 
and of live steam for cooking, sterilising and other 
uses, and also the design of the kitchen and steri- 
lising equipment, &c. The main original building, 
which was constructed over the period 1896 to 
1907, is. roughly cruciform in plan and occupies an 
island site bounded by Gower-street, University- 
street, Huntley-street, and Grafton-street, the main 
entrance being located in the first-mentioned 
thoroughfare. This building, the position of which 
is shown in the key plan, Fig. 1, on page 2, formerly 
housed all the departments of the hospital itself as 
well as a portion of the nurses’ home. The re- 
mainder of the nurses’ home was, and still is, located 
in a block of buildings, constructed in 1907, and 
situated on the opposite side of University-street, this 
building, which has recently been largely extended, 
also being used as a medical school and to provide 
accommodation for medical students. 

The steam requirements for the old main hospital 
were supplied by three Lancashire boilers, 26 ft. long 
and 6 ft. 6 in. in diameter, installed in a boiler house 
in the sub-basement on the Huntley-street side of 
the building, steam being used for heating the main 
building on the vacuum system, for supplying three 
calorifiers for the hot-water supply and for sundry 
other purposes. The nurses’ home and medical 
school were then heated by a separate installation, 
low-pressure steam being supplied to radiators 
by three large cast-iron sectional boilers installed 
in the basement under the nurses’ home. Two 
independent wrought-iron boilers were provided 
for the hot-water supply to this block of buildings. 











In 1922, from funds supplied from the Rockefeller 
Foundation, large extensions to the nurses’ home and 
medical school, designed by Mr. Michael Water- 
house, A.R.I.B.A., were put in hand, and the con- 
struction of an entirely new Obstetric Hospital was 
commenced ; the latter was designed by Mr. George 
Hornblower, F.R.I.B.A. Some time later, viz., in 
1924, the new buildings of the Royal Ear Hospital, 
designed by Messrs. Wimperis and Simpson, 
FF.R.I.B.A., were started. The relative positions of 
these buildings, all of which are now completed and 
in use, are clearly shown on the key plan, Fig. 1. 
Before commencing the work it was decided to supply 
the whole of the heating, hot water and steam required 
for the new buildings, as well as those for the original 
buildings, from a new boiler house to be constructed 
under the extensions to the nurses’ home and medical 
school, and to dismantle the existing boiler plant 
as soon as the new boiler house was in operation. 
The work, which is now completed, involved the 
construction of tunnels under the roadways to 
accommodate the pipes connecting th@ various 
buildings. These pipe tunnels, the positions of 
which are indicated in Fig. 1, had to be constructed 
without disturbing the main sewers, and this was 
avoided by forming concrete bridges over the sewers 
with steps on each side; the tunnels, it may be 
added, were made with sufficient headroom to 
permit the passage of foot traffic between the build- 
ings. As no material interruption of the heating 
and hot-water services to the existing buildings could 
be allowed, the existing plant was kept in operation 
until the whole of the new plant had been com- 
pletely installed and was ready for use, and the 
new steam and water pipes were carried to selected 
points for connection with the old system, carefully 
measured connecting lengths being made ready for 
insertion. The old work was then disconnected 
during the night and the new connecting pieces 
fitted into position without interrupting any of the 
services for more than about two hours. 

The whole group of buildings has a volumetric 
capacity of about 4,000,000 cub. ft., and the hot 
water requirements amount to about 40,000 gallons 
a day, on an average. In addition, about 11,000 lb. 
of steam are required a day for cooking and sterilis- 
ing operations. The steam required for heating 
amounts to about 250,000 lb. a day during the winter 
period, and the whole quantity is supplied by five 
Lancashire boilers 28 ft. in length and 7 ft. 6 in. 
in diameter, constructed by Messrs. Galloways, 
Limited, and designed for a working pressure of 
120 lb. per square inch; actually, for reasons of 
economy, they are usually worked at a much 
lower pressure of the order of 50 lb. per square inch. 
The location of the new boiler-house and auxiliary 
plant is indicated in the key plan, Fig. 1, but a 
more detailed plan is given in Fig. 2 on Plate II, 
and various cross sections are reproduced in Figs. 3 
to 9 on Plate II, and in Figs. 10 and 11, on page 3. 
It should here be explained that the complete scheme 
includes the provision of four Haden, water tube 


type, boilers for the heating of future extensions, 
but these are not yet installed. Certain other items 
shown on the drawings, such as the coal conveyor 
and one of the induced-draught fans, are also omitted 
for the present, but will be installed later when 
sufficient funds are available. Some photographs 
of the installation are reproduced in Fig. 12, on 
Plate I, and in Figs. 17 to 20, on Plate III. 

At present, the coal, which is delivered by motor 
lorry, is dumped into a hopper on the ground level, 
whence it falls through inclined chutes into either 
of the two bunkers shown in the plan, Fig. 2, 
the necessary trimming being done by hand. From 
the bunkers, each of which is capable of holding 
200 tons, the coal is taken by trucks to the boiler 
fronts, and shovelled from the trucks into the 
furnaces. The ashes are collected in skips, which 
are taken to the ground level by a lift, the contents 
being dumped into carts for removal; an ash 
conveyor will, however, be installed later. The 
blow-off pit shown in Figs. 2 and 10 below the 
floor level in the space between the bunkers should 
be noted. It is not permissible, in the London 
area, to discharge water into the sewers at a tem- 
perature exceeding 110 deg. Fahr., and the pit has 
been provided to store the water, when a boiler is 
blown down, until its temperature falls below the 
above-mentioned figure. Actually the pit is situated 
below the level of the sewers, and an electrically- 
driven centrifugal pump has, therefore, been 
provided for emptying it; this pump, which is 
primed by means of a steam ejector, is shown in 
Figs. 2 and 9. 

In connection with the installation of the boilers, it 
may be mentioned that some considerable difficulty 
was experienced in getting them into position, the 
space available for manipulating them being much 
restricted by the presence of the columns supporting 
the building, the positions of which are indicated 
in the plan, Fig. 2. Provision has, however, been 
made to permit of their removal intact, if this should 
be necessary at some future date. 

The boiler furnaces are each fitted with a special 
damper, due to Mr. Barker, for admitting air from 
the ashpit through an opening formed in the fire- 
brick bridge at the back of the furnace. This 
arrangement, we understand, has been found very 
effective in preventing the production of smoke 
when firing up, the air, which is heated to a high 
temperature in passing through the brickwork of 
the bridge, assisting the combustion of the volatile 
constituents released from the fresh.fuel. The gases 
pass from the flues through a Green’s economiser, 
having 288 tubes, 9 ft. long, arranged in three 
banks, to a steel chimney 4 ft. 9 in. in diameter. 
An induced draught-fan, driven by a Sissons 
engine, is provided, but this is only needed when 
burning inferior fuel. Normally the boilers work 
with natural draught, the main damper being 





load by means of an Arca regulator. 


automatically controlled in accordance with the 
A full 
déscription of one of these regulators will be found 
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on page 167 of our 115th volume. The boilers are 
seated on Pearson’s asbestos-cushioned seating 
blocks, to ensure the gas tightness of the flues, 
aud are carefully lagged with a cork and asbestos 
composition 3 in. in thickness, which is applied over 
the greater part of the fronts, as well as on the 
exposed upper parts. 

The feed-water system for the boilers is auto- 
matically controlled, so that the minimum of 
attendance is required. It should first be explained 
that the whole of the condensate from the calori- 
fiers, heating systems, eooking apparatus, «c., 
in all the buildings, is returned to the hotwell 
shown in Figs. 2 and 9 on Plate II, and also in 
the half-tone engraving, Fig. 17, on Plate III. 
The hotwell tank is provided with a Wright. notch- 
type flow meter, and the rate of flow is indicated 
and recorded in the control room, which will be 
referred to later. Two feed pumps, shown in 
Figs. 2 and 9, Plate II, and also in Fig. 12, on 
Plate I, are provided, one being a Weir direct- 
acting steam pump and the other an electrically- 
driven two-stage turbine pump supplied by Messrs. 


if necessary. On an average, from 4 per cent. to 
5 per cent. of make-up feed is required, and this 
is taken from the mains of the Metropolitan Water 
Board, the water being treated in a Boby water 
softener before delivery to the hotwell. This softener 
also deals with the water for the hot-water supply 
service. 

Steam from each of the boilers is delivered through 
a 6 in. pipe containing an isolating valve, to a 9 in. 
main range, and this is connected to a header, the 
position of which is indicated in Fig. 2. It is, 
however, more clearly shown in Fig. 18, on Plate III, 
and also on the left of Fig. 5. From the latter it 
will be seen that connections are taken from the 
header to the various parts of the buildings in which 
the steam is utilised. A pressure gauge is fitted on 
each pipe close to the header, as shown in Fig. 18, 
and the pressure is regulated according to the require- 
ments by means of throttle valves. A 5 in. pipe 
supplies the whole of the calorifiers, which are 
arranged as shown in the bottom left-hand corner 
of Fig. 2. In all, nine calorifiers are employed, three 





of the horizontal type supplying the hot-water 





























under steam pressure were tested to 200 Ib. per square 
inch. The calorifiers for the heating systems, which 
were constructed by Messrs. Hartley and Sugden, 
Limited, of Halifax, are shown in section in Figs. 13 
and 14, on Plate I. Each consists mainly of a 
vertical cylinder, 1 ft. 5 in. in diameter inside 
and 5 ft. 3 in. in length, constructed of }-in. plate, 
and bolted on to a cast-iron hemispherical steam 
chest. The latter is divided into two compartments, 
from one of which steam is supplied to a group 
of 20 copper U tubes, each 1} in. in diameter 
outside and 12-gauge in thickness, the condensate 
returning from the tubes to the otber compartment 
of the steam chest. A 5-in. inlet connection for the 
water is provided near the bottom of the cylinder, 
and there is a similar outlet connection at the top, 
as shown in Fig. 13. Royle’s lifting traps are 
employed to return the condensate from the exhaust- 
steam heated calorifiers to the hotwell, ordinary 
Lancaster traps being used for the same duty in the 
case of the calorifiers heated by live steam. 

The hot water from the calorifiers is circulated by 
centrifugal pumps located in a compartment shown 
on the left of Fig. 2, on Plate II. Fig. 20, on 
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requirements for the whole of the buildings and the | | coupled steam turbine, respectively. The motors 


F, A. Pullen and Company, of Vauxhall, S.E.11. 
Water flows by gravity from the hotwell tank into 
a receiver in the base of the Weir pump, to which 
receiver the pump suction is connected, and a float in 
this chamber controls the throttle valve of the pump 
as will be seen in Fig. 12. In the case of the turbine 
pump, the water flows from the hotwell tank to a 
control tank near the pump and a float in the control 
tank is connected by a flexible cable to a valve in 
the delivery pipe, opening or closing the valve in 
accordance with the level in the tank. Either pump 
is of sufficient capacity to supply the whole of the 
boilers, so that one can be kept as a standby. 
In general, it may here be noted, the whole of the 
auxiliary plant is provided with an alternative steam 
or electric drive. It will be noticed that, with the 
arrangement described, the condensate is returned 
to the boilers almost immediately it is received, 
so that there is little opportunity for any loss of 
heat to occur. Actually, the temperature of the 
water supplied by the pumps to the economiser 
is about 160 deg. or 180 deg. F. A Kennedy 
integrating meter, clearly shown in Fig. 12, is fitted 
in the pipe connecting the feed pumps to the 
economiser, and a reading of this is taken daily to 
check the evaporation of the boilers. The water 
level in the latter is maintained constant by Crosby 
feed-water regulators, one of which is fitted on each 
boiler, although arrangements are made to cut out 








other six, which are of the vertical type, being used | 
to supply hot water to the radiators and to the 
panel-heating system. The hot-water calorifiers 
are shown in Fig. 6, on Plate II, and are also visible 
on the right of Fig. 17, on Plate III, whilst those 
for the heating systems are illustrated in Figs. 5 
and 19. Two calorifiers in each group of three are 
operated by live steam from the boilers, the other 
one being heated by exhaust steam from various 
auxiliary engines and from the small turbines 
driving the circulating pumps, which will be referred 
to later. 

Sections of the hot-water calorifiers, which were 
designed by Mr. Barker and constructed by Messrs. 
Balmforth and Company, Limited, of Luton, are 
given in Figs. 
their design and construction can be followed with 
but little explanation. They each consist of a 
cylindrical tank, 7 ft. in diameter, by 13 ft. long, 
constructed of 4-in. steel plate and riveted as shown, 
two groups of seven U-shaped solid-drawn copper 
tubes being fitted in one end. The tubes are 1}-in. 
in diameter outside and are 12-gauge in thickness. 
The method of leading the steam to and from them 
will be clear from the figures, as also will be the 
method of supporting the free ends to permit of 
expansion and contraction. The tanks, which have 
a capacity of 3,200 gallons each, were tested to 


the automatic regulators and employ hand-control | 100 lb. per square inch pressure, while the parts 


15 and 16, on Plate I, from which | 
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are direct-current machines, ranging ‘from 3 to 8 
brake horse-power and the turbines, which develop 
about the same power, are of the Turney type. 
All the pumps run at different speeds and pressures 
in accordance with loss of head in the respective 
systems, which amounts to about 10 ft. in the case 
of the hot-water radiators, 25 ft. in the case of the 
panel heaters, and 7 ft. in the case of the hot-water 
supply. Two other centrifugal pumps _ installed 
in the same compartment, and also driven by electric 
motor and steam turbine, respectively, are provided 
to raise cold water from the mains to a tank at the 
top of the building, the pressure in the mains being 
sometimes insufficient for the purpose. They are 
controlled automatically by a float in a tank in 
connection with the mains. 

One of the main objects in laying out the whole 
installation was to centralise the control of the 
heating and water supply, and this has been done by 
providing a central control room close to the boiler- 
room. In this, the main valves for all the services to 
all the buildings are located, and this includes a glazed 
compartment in which the whole of the indicating 
and recording instruments are fixed. In the contro] 
room is situated the steam header above referred to, 
and from this, in addition to the connection supplying 
steam to the calorifiers, a 5-in. pipe, passing through 
the main tunnel under University-street, conveys 
steam to the old main hospital building, supplying 
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dish-washing machines. Particular attention has 
been given to the ventilation of the kitchens in 
order to prevent the fumes from pervading the 
buildings. This has been accomplished by fitting 
large glazed screens on to the ceilings above the 
cooking apparatus, the spaces surrounded by the 
screens being connected by galvanised-steel trunks 
to electrically-driven centrifugal fans which dis- 
charge the vitiated air above the roofs of the build- 
ings. The capacity of the fans is such that the air 
’ in the kitchens is changed 35 times per hour, and 
the whole arrangement is so effective that the smell 
of cooking is hardly noticeable even in the kitchens 
themselves. The greater part of the kitchen equip- 
ment was supplied by Messrs. James Slater and 
Company (Engineers), Limited, while the refrigerat- 
ing plant was by Messrs. J. and E. Hall, Limited, 
of Dartford. The cost of the whole of the work 
was over 50,0001. 





HYDRO-ELECTRIC POWER IN 
ONTARIO. 

THE operations of the Hydro-Electric Power 
Commission of Ontario, which controls the supply 
of electricity in the greater part of the Canadian 
province of that name, are not only of interest in 
themselves, but are worthy of an added amount 
of attention from British engineers at a time when 
our new Central Electricity Board is beginning 
its work. Like the latter body, the Hydro-Electric 
Power Commission is not directly concerned with 
distribution. This is effected under its auspices 
by 272 municipal distribution, undertakings and 89 
rural districts of very varying size and importance. 
Unlike our own Central Board it is, however, con- 
cerned with generation. In fact, it owns twenty-one 
hydro-electric stations with an aggregate capacity 
on October 31, 1925, of 896,181 h.p. These stations 
vary in size from the well-known Queenston station 
on the Niagara river, with 442,360 h.p., to the 
Carleton Place station, with 400 h.p. In addition, the 
Commission operates a 20,000 h.p. steam station in 
Toronto and purchases 166,122,470 kw.-hours from 
outside sources. As the output of its own stations 
in 1924-25 amounted to 3,047,634,684 kw.-hours, 
it had a grand total of 3,213,757,154 kw.-hours 
available of transmission and sale, or 211,956,113 
kw.-hours more than in the previous year. 

The electricity, thus generated or purchased, is 
transmitted in bulk to the sub-station terminals of 
the various distribution authorities, and is charged 
out to these bodies at a rate, which varies with the 
amount consumed and the distance from the source 
of supply. The capital cost of the various generating 
stations and transmission lines is also borne by the 
municipalities, in proportion to the use which is 
made of the lines and equipment. They are not 
however, charged with any share of expenditure, 
from which they derive no benefit. The Com- 
mission, it should be mentioned, operates seven 
transmission systems, which are for the present 
considered as separate entities, both electrically 
and financially. Sinking fund and debenture 
payments are treated as an operating expense, with 
the satisfactory result that a number of the muni- 
cipalities are now free from debt on their electricity 
undertaking. The revenue collected from the con- 
sumer goes partly to pay for the electricity purchased 
from the Commission and partly to cover costs of 
distribution. The Commission, however, makes no 
profit, power being supplied at cost to the dis- 
tributors, plus a provision for sinking fund, deprecia- 
tion, contingencies and insurance. The revenue 
obtained has so far proved sufficient to meet all 
operating and maintenance costs and capital charges, 
and to provide a renewals and rebuilding fund of 
satisfactory amount. 

The statistics given for the individual under- 
takings abundantly show that this co-ordination has 
both prevented the erection of a large number of 
_ small stations and has benefited the consumer, 
by providing him with a supply at a price lower than 
that at which it would otherwise have been possible 
for him to obtain it. The charges in the various 
. localities, of course, vary greatly, but during the 
* nine years, which end with the publication of the 
- 1924-25 report, they show a satisfactory and 
progressive decrease. 





The history of the Commission’s enterprise has not 
been one of uninterrupted progress. For instance, 
while the load increased during the two years pre- 
ceding the present report the rate of increase fell. 
The indications are, however, that the trend is again 
upward, as the 1924-25 figures show an increase of 
no less than 54 per cent. over the previous year’s 
figures. If this acceleration continues the total 
increase for the next year should approximate 
to the average increase for several past years. 
The point is of importance, as the margin between 
generating capacity and load is small. Any such 
normal growth would, in fact, fully load all the 
additional plant, which was erected during 1923-25. 
That this would be a considerable advance is shown 
by the fact that this plant included two 62,000-h.p. 
generators, which were installed at the Queenston 
station on the Niagara system. 

Part of this disturbance in the steady rate of 
progress is due to the sudden disappearance of one 
or more large consumeres. The difficulties which 
such conditions impose on the Commission’s opera- 
tions are illustrated by a load curve relating to the 
St. Lawrence system, and published in the report. 
Between May and December, 1921, a pulp com- 
pany caused the peak load to increase from 2,000 
to 5,000 h.p., and further to increase to some 
6,500 h.p. by March, 1924. A complete shut down 
then followed, with the result that, in spite of a 
gradual building up of the general supply, this 
maximum figure has not yet again been reached. 
On the Rideau system there was a similar falling 
off, due to the same reason, combined with stagnant 
industrial conditions. On the other hand, the 
remaining systems showed a satisfactory forward 
development, which is reflected in the figures we 
have quoted above. 

From the engineering point of view the year 
(1924-25) dealt with in the report under review 
seems to have been less eventful than some of those 
which preceded it. Reference has already been 
made to the additions to the large station at 
Queenston. These two further sets brought the total 
number in operation up to eight, and extensions 
were at once started for the reception of a ninth 
unit. The normal operating capacity of this 
station on October 31, 1925, was 442,360 h.p. 
The hydraulic engineering work undertaken during 
the year included repairs to the tunnel at the 
Toronto station, the completion of the work con- 
nected with the erection of Dam No. 9 at Hague’s 
Reach on the Trent River, and of the constructional 
details necessary to complete the two new units 
in the 5,200-h.p. South Falls station on the south 
branch of the Muskoka river. Constructional work 
was also started on a station at Hanna Chute 
immediately upstream of the latter falls, while 
extensions of the same character included a spillway 
dam at Virgin Falls to control the discharge of the 
Nipigon river, and a storage dam at Hollow Lake 
to increase the low flow of the Muskoka river. 

The increasing demand for energy from outlying 
districts necessitated numerous hydraulic surveys, 
especially on the Ottawa and St. Lawrence rivers, 
while the important problem of increasing the 
power available from the Niagara and Nipigon 
rivers was also closely investigated. In connection 
with the utilisation of the former river, an important 
political question arises. The Boundary Waters 
Treaty lays down the maximum amount of diver- 
sion that is permissible, but it has been found that 
nearly twice the energy can be generated at Queens- 
ton from the same quantity of water as from the 
stations on the Falls themselves. The early com- 
pletion of the Queenston station therefore became a 
matter of considerable urgency. Since the publica- 
tion of the report this has been effected; and the 
station is now not only noteworthy for its size, 
but because the refinements in its design and 
construction have been justified from the economic 
standpoint. 

The hydraulic work at Toronto, to which refer- 
ence has been made, was necessitated by the fact 
that a considerable length of the invert of the tail- 
race tunnel, which discharges under the Horseshoc 
Falls, had been damaged. This portion was almost 
directly below the deepest portion of the river 
down stream from the upper rapids. It was 
feared that unless repairs were undertaken a 





collapse would result. The damaged invert, which 
consisted of a concrete base faced with hand- 
burned vitrified brick, was therefore replaced by 
one made entirely of concrete. The work was 
actually carried out by drilling a hole 8 in. in 
diameter at a point outside the power house, and 
near the edge of the river. . This hole, which was 
about 135 ft. long, passed through the overlying 
rock to the periphery of the existing tunnel. After 
it had been lined with a steel pipe, concrete was 
poured down it into a hopper, whence motor- 
driven cars delivered it to the place of utilisation. 
In this way 2,400 cubic yards of concrete were laid 
in two months. The shutting down of the station, 
which followed as a consequence of this work, also 
rendered it possible to clean out the inner forebay. 
In the course of this operation interesting data 
were obtained, which enabled the rate of recession 
of the falls at the portal of the tunnel, which is 
not far from the point of greatest erosion, to be 
estimated. 

The increase in the plant capacity at the Cameron 
Falls station on the Nipigon River was necessitated 
by the growing demands of the paper and pulp 
industries. This station possesses some interest- 
ing features. It is situated on a very favourable 
site, and the scheme consists essentially of a dam 
and short head-race and tail-race channels, which 
are excavated across a peninsula formed by a bend 
in the river. In this way a reservoir extending 
some 12 miles upstream and having an area of 
4 square miles is formed. This provides ample 
storage capacity, and enables the weekly load to 
be met with a variation in the river level of less 
than 3 ft. An important point is that the reservoir 
freezes over in the early winter and the layer of ice 
thus formed prevents production of both frazil and 
anchor ice, and greatly simplifies the operation of 
the plant. The main dam is a concrete spillway 
structure, approximately 300 ft. long, and is 
provided with eight sluice gates. These are raised 
or lowered by electrically-operated winches. The 
forebay is formed by the natural rock walls of the 
river, and is approximately 300 ft. long by 260 ft. 
wide. It was excavated to a depth of 40 ft. 

The power house is of reinforced concrete con- 
struction, the head works, supply pipes and power 
house all forming part of the structure. The inlet 
of each unit consists of three sections, 35 ft. high 
and 10 ft. wide, which are separated by heavily 
reinforced walls. Integral steel racks are installed 
in these openings inside the head works, and behind 
the racks are three head gates for each unit, each 
of which is 1] ft. wide and 18 ft. high. The two 
outside gates are sliding gates, while the centre one 
is of Stoney free-roller type, and can be opened 
against the full water pressure. The turbine scroll 
cases are also of reinforced concrete, and though 
the reinforcing was necessarily heavy, no difficulty 
was experienced either in their design or construc- 
tion, and very little leakage has been experienced 
at the joints. The turbines are of the Francis 
single-runner vertical type, and have an output of 
12,500 h.p. at a 72-ft. head and a speed of 120 r.p.m. 
The guide bearings on four of the sets are of the 
lignum vitae water lubricated type, and on the other 
two are of the oil-pressure type. The governors 
are supplied from a central pumping set. Water 
containing a small quantity of potassium bichro- 
mate is used as an operating fluid, and this has 
proved quite satisfactory. At the date of the 
report, two further sets were being installed to 
bring the station up to its ultimate capacity of 
75,000 h.p. 

It is obvious from what has been said above that 
a great part of the Commission’s activities centres 
on the development of its transmission system, 
including the erection of sub-stations and con- 
necting lines. The sub-stations naturally vary 
considerably in size, and differences in the designs 
employed are also clearly noticeable. In the rural 
districts pole-type transformers are largely employed. 

As regards the transmission system proper, the 
total mileage in operation at the end of October, 
1925, was 3,220 miles, of which 713 miles was 
working at 110,000 volts. Of the lines operated 
at this voltage, it is interesting to note that about 
100 miles was carried on wooden poles. A short 
length of steel tower line carrying no less than 





an) 











4 





e } 





JULY I, 1927.] 


ENGINEERING. 


5 








four circuits at this voltage is in operation. It 
appears that steel-reinforced aluminium conductors 
are being increasingly used, while in one case, where 
the line runs near a steam railway, the experiment 
has been made of substituting copper-clad steel 
stranded wire for the galvanised-steel earth wire 
usually installed at the top of the steel towers. 
On one of the 110,000-volt lines all the double 
insulation has been removed at the end points, 
thus substantially reducing the cost of insulator 
maintenance. This practice, both for economic 
and engineering reasons, is becoming increasingly 
common. The report indicates no tendency to 
increase the maximum transmission pressure above 
the existing figure of 110,000 volts. The prepon- 
derating pressure on the Commission’s long-distance 
transmission system is 46,000 volts. Comparatively 
short lengths are also worked at 60,000 volts and 
the odd pressure of 90,000 volts. In the Niagara 
area the frequency is 25 cycles, and on the remainder 
of the system 60 cycles. In spite of the fact that 
the boundaries of the two districts thus served are 
contiguous, no hint is given of any steps being 
taken either towards frequency standardisation or 
the installation of frequency changers. 

In addition to the transmission mileage given 
above, 1,525 miles of rural lines are operated at 
4,000 volts. These serve no less than 13,899 rural 
power districts, which consist of hamlets and groups 
of farms. In these cases the Commission deal 
with the consumer direct. There are also 11,418 
rural consumers, who are supplied in the ordinary 
way through the municipalities. The demand for 
this service varies within wide limits, and a very 
detailed classification of services available is given. 
From the consumer’s point of view the most satis- 
factory of these is that obtainable by combination 
into small syndicates, so that the advantage may 
be taken of the diversity between the various classes 
of load. This is reflected in the prices charged. 

The report is full of useful information and data 
regarding the operation of what, in spite of the 
criticism that has been launched against it from 
time to time, is evidently a very enterprising body. 
In a foreword, dealing mainly with the work of the 
late Sir Adam Beck, who was the chairman of the 
Commission from its creation in 1906 until his 
death in 1925, the claim is made that its policy has 
been vindicated. That is, no doubt, true, but we 
suggest that uninformed criticism can often be 
stifled by a full statement of facts and of clear 
deductions from them. In the Commission’s report 
there are plenty of facts, but the reader is too often 
left to discover their full significance for himself. 








A NOTE ON THE COEFFICIENTS 
OF DISCHARGE OF NOZZLES. 


By S. J. Davies, M.Sc., M.I.Mech.E., and C. M. 
Waite, B.Sc. 


THE object of the present article is to describe 
tests carried out in order to compare an orifice of 
the type calibrated by Watson and Schofield* 
with the German Standard Nozzle (Normaldiise) 
as calibrated in 1923 by Jakob and Erk.t The 
orifice plate used was 0-4mm. thick, with a 
cylindrical hole, 1-502 in. in diameter, with the 
edges very slightly rounded. The German Standard 
Nozzle has the proportions given in Fig. 1 and Table 
Ei 

The general result of the inquiry is to throw 
doubt on the constancy of the co-efficient of the 
German standard nozzle. 

The tests were carried out at Armstrong College, 
Newcastle-upon-Tyne, by one of the present 
writers, and originally only with a directly practical 
object in view. The conditions under which the 
tests were made differed from those of the German 
tests, and on this account it is thought desirable 
to present the results, and to attempt to correlate 
them with those obtained by the German workers. 

The method of Jakob and Erk is noteworthy 
in that it obviates the use of a gas-holder in such 
calibrations. The first step in their method was 





* Proc. I.Mech.E., 1912. 

+ Forschungsheft 267 V.d.I. 

tSee also Proc. I.Mech.E., 1922, and ENGINEERING, 
vol. cxiv, 1922, p. 690. 





to investigate the law of pressure-drop in pipes, 
using for this purpose two smooth pipes; the 
first was about 100 mm. in diameter with a test 
length of 2,500 mm., while the second was of 70 mm. 
diameter with a test length of 2,900 mm. These 
were calibrated with water and gave results which 
agreed with the formula constructed by Lees 
from the tests of Stanton and Pannell.* The pipes 
were then placed in series, in various combinations, 
with three nozzles, of throat diameters 200, 140 and 
70 mm. respectively, and the air quantities, 
calculated from the loss of head in the pipes, were 
used in calibrating the nozzles. 

The orifices of Watson and Schofield were intended 
for the measurement of the air supply to high speed 
internal combustion engines. The pressure-drop 
across such orifices is arranged to be from 0-5 to 
2 in. of water. The nozzles tested by Jakob and 
Erk were too large for use with small engines, 





motor. The pressure-drop across the orifice was 
read by means of a sensitive manometer connected 
up in such a manner as to avoid any disturbance 
due to dynamic effects. The accuracy of the 
pressure measurement was within plus or minus. 
0-2 per cent., so that a variation of the order of 
plus or minus 0-1 per cent. in the air quantity 
flowing could be detected. 

In carrying out the tests the air consumption 
was first measured by means of the orifice, when 
the engine was “ motored’ over a range of speed 
from 1,200 r.p.m. to 2,000 r.p.m., and a curve of 
air consumption on a base of speed was plotted. 
The nozzle, fixed into a pipe, was then substituted 
for the orifice, and the engine motored over the 
same range of speed. The size of the nozzle had 
been selected so that the pressure-drop across it 
would be of the same order as that of the orifice. 
The air consumption would thus be unaffected 
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and if the principle of similarity is used in order 
to predict the coefficient for a smaller nozzle 
extrapolation becomes necessary. A comparison 
under identical conditions was therefore desirable. 

Method of Testing—The tests were made by 
using the apparatus designed to measure the air 
supply to a four-cylinder automobile engine. 
It normally consisted of an air vessel, roughly 
cubical in shape and of some 20 cub. ft. capacity, 
into which the air passed from the room through 
the orifice placed in the top near one end. The 
air supply to the engine was drawn from this vessel 
by means of a 3-in. pipe which passed through the 
end remote from the orifice. This pipe was extended 
within the vessel and bent downwards so that its 
open end was near and facing the bottom. To 
produce the necessary flow of air, the engine, which 
had a total swept volume of 1,500 cub. cm., was 
driven by an electrical dynamometer acting as a 








* Proc. R.S., 1914 and 1915, 
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by the substitution, and the curve previously- 
found could be used to give a comparative 
calibration of the nozzle. The nozzle was made 
to the proportions given in Table I, but for a 
pipe of 73-5 mm. inside diameter. The actual 
pipe used was 3 in., or 76-2 mm., internal diameter, 
a difference which should be negligible. 

The measurements involved the speed of the 
engine, the pressure and temperature of the 
atmosphere, and the difference of pressure on 
the two sides of the orifice or at the standardised 
pressure-measuring points of the nozzle. In order 
to ensure that the engine speed and volumetric © 
efficiency would both be constant during a test, 
the engine was run previously until the temperature 
of the lubricating oil became steady at about 
110 deg. F., and the temperature at inlet and 
outlet of the circulating water steady at about 
60 deg. F. and 80 deg. F. respectively. A revolution 
counter and stop-clock were used for the measure- 
ment of engine speed, giving an accuracy of plus 
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or minus 0-3 per cent. Each test figure given 
‘below is the mean of two tests. The variation 
-of speed was negligible in spite of the fact that 
‘the current supply to the motor was taken from 
the town mains. The variations of the air readings 
were consistent with the small changes of speed. 

The nozzle was tested (a) as a “‘ through-flowing 
nozzle with a long intake, (b) as a “ through- 
flowing’’ nozzle with a short intake, (c) as an 
“inflowing ” nozzle, the three arrangements being 
shown in Fig. 2. 

Test Results —The test results for the three, 
arrangements are tabulated in Tables II(a), II(b) 
and II(c). The values of the coefficients of discharge 
obtained are plotted in Fig. 3 on a base of engine 
revolutions per minute. It would appear from 
this figure that when the air passes through a pipe 
before entering the nozzle the coefficient is not 
appreciably affected by the length of that pipe. 
When, however, the pipe on the upstream side is 
completely removed, the coefficient of the nozzle 
is slightly, but consistently, increased. 
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more logically, by modifying the formula and 
retaining « as the ratio of actual to theoretical 
discharge. So far there need be no distinction 
between gases and liquids. In the case of gases, 
however, there is a further effect due to change 
of density resulting from the difference of pressure 
during flow through the nozzle, and « in the 
formula above, or in its modified form, cannot be 


a function of ped alone, but must also be a func- 


tion of the pressure ratio or some dependent factor. 
If we write the formula— 


Q'= a(oa Jigh) . 


where (p A,/2gh) is the theoretical gas discharge 
taking into account the change of density, and Q is 
the ratio of the actual discharge to the theoretical, 
then we may reasonably expect © to be a function 


of pv d lone, provided that the pressure difference 


is not large. 
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where h is equal to (p, — p,) in centimeters of 
water. This equation gives the ratio of gas flow to 
liquid flow in a form convenient for use as a correc- 
tion. 

If this correction be applied to the results of 
Jakob and Erk, the suggestion of discontinuity 
referred to above almost disappears, and the 


“liquid” coefficient 2 plotted on a/ =a as base 


gives a single curve for the various “ through- 
flowing’’ nozzles. Hodgson* has pointed out 


that — 


second, is a convenient base for curves of this kind, 


. where G is weight of fluid flowing per 





and this has been adopted. meh is, of course, 
Me 


equal to /* 008, 
4 be 


In the upper part of Fig. 4 are given the “ liquid ” 
coefficients for the Armstrong College results and 





Fig.3. TEST RESULTS FOR GERMAN STANDARD NOZZLE 
(ASSUMING ORIFICE VALUES TO BE CORRECT) 
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noticed that the value of the coefficient for the | yhere id difference are :-— 


“ ” 





out-flowing ’’ nozzle from a specially wide pipe 
is high. These results are, however, not accepted 
by Jakob and Erk as only three tests were made | 
under these conditions. They would, however, | 
seem to be confirmed by the higher coefficients 
obtained with the “inflowing”’ arrangement in | 
the present tests. Their results were plotted* on | 


On 





values of the Reynolds function °° :. this 
be 


basis there is a suggestion of discontinuity bet ween | 
the curves of the coefficients of the different 
nozzles. It is usual, for the sake of convenience, 
to calculate the flow through a nozzle from the 
formula— 


Q=a (a VJigh) 


where 
A = area of throat, 
h = Pi— Po 
p 
and where « is the “coefficient of discharge.” 


The effect of the ratio of pipe to nozzle diameter— 
that is, the effect of the velocity of approach— 
may be taken into account by modifying «, or, 








* Loc. cit. 


p is the pressure in the pipe before the nozzle. 
p2 is the pressure at the throat of the nozzle. 


: i Dey 
R is the ratio of 2. 

. . ° Py . . 
nis the ratio of the area of the cross section of the pipe 


to that of the orifice. 
7 is ratio of the specific heats. 


When ?2 


1 
say, as in the present case : 


approaches unity, and m exceeds 4, 


¢ =1—0-54 21 — P2 very closely. 
Pi 
For tests at atmospheric pressure, where p,, p, 
are both about 1,000 cm. of water, then : 


% = 1 — 0.00054 h, 





* For the standard nozzle, where the ratio of pipe to 
nozzle diameters is fixed, this formula is convenient, 
but the complete formula is, of course, 


=< a 

Q = |’ A jg. 
N1~(5) 
A, 

in which case 2! is the ratio of actual to theoretical flow. 

For the German standard nozzle Q will be 1-3 per cent. 

greater than 22}. 

¢ Hodgson, Proc. Inst.C.E., vol. eciv, p. 150. 


(a) that the coefficient varies appreciably over 
the rang G i 400 ; 
1e range NE q 00 to 400 ; 


(b) that the German values are too low ; 

(c) that the calibrations of Watson and Schofield 
do not hold when applied to the air-measuring 
apparatus used in the present tests. 

With regard to (c), in making the orifice every 
care was taken to reproduce the dimensions of one 
used by Watson and Schofield ; the proportion of 
the air box to the swept volume of the engine is 
ample ; and the pipe arrangement is such that the 
accuracy of plus or minus 0-2 per cent. realised 
by them may be reasonably expected in the present 
tests. 

If the law of similarity of flow in pipes, which is 
the basis of the measurements made by Jakob 
and Erk, is valid, and the evidence furnished by 
the experiments of Stanton and Pannellt and 
others appears to be conclusive on this point, the 
second suggested reason for the discrepancy may 
be eliminated. It remains, therefore, to consider 





* Loc. cit. 
+ Loc. cit. 
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now devoting themselves to glass researches. The 
properties of a glass depended in the first instance 
upon its chemical composition; but glass manufac- 
ture required careful control in all its operations, 
mainly by physical apparatus, and many physical 
properties of glass were capable of subsequent cor- 


‘whether the assumption made by Jakob and Erk | 
of the substantial constancy of the coefficient of | the changes of slope appear at different values of 
the German nozzle when acting as a through-| the abscisse. Whilst therefore, it would be unwise 


flowing nozzle can be sustained. The range of | to dogmatise, there appear to be grounds for regar- 


shows a striking similarity to that in Fig. 4, although 





TABLE II. (a) 








(a) ‘* Through-flowing ”’ nozzle with long intake. B 


arometer, 768 mms. Air temperature, 67 deg. F. 
































rection. Dr. Turner’s lecture dealt in its first part 
with physical means of control, as applied in the 
glass works and institutions of England, America, 


Orifice. | Nozzle. 

France, Germany and Holland. 
ae ae iia Air, Ib. ‘The temperature control was as important in a 
Test. Engine Drop, Ib per Test Engine Drop, per Hour Coefficient of Westlake gathering machine, as it was in the 
No. r.p.m. Inches ane. No. Ir.p.m. Inches from Discharge. feeding devices and drawing chambers of Fourcault 
Water. 1| Water. Curve. ‘ ‘ 
|| and Danner. Temperature differences of 10 deg. C. 
l : would seriously interfere with the successive 

9. . . 6) . . . . . 
: 1450 —— i i ‘= ji con operations, even in the manufacture of common 
3 1,565 1-507 163-1 3 1,557 1-505 162-0 0-971 bottles. When glass had to be drawn from T- 
4 1,688 1-694 172-7 4 1,723 1-758 175-3 “972 : 2 
5 1863 1.957 185.3 5 1'853 1-968 184-6 0.970 shaped channels at 1,050 deg. C., efficient tem 
6 1,998 2-159 194-3 6 1,921 2-057 189-3 0-971 perature control called for elaborate pyrometric 
— ” 9 995 ‘ y e e . . 

= - -— § ed 2-198 198-0 a installations. Further control of the processes 
was obtained by determining the viscosity and 
Arithmetic mean 0-971. density of the soft mass, and subsequently the 
a softening point, hardness, elasticity, expansion 
TARE he. ©) coefficient, and electric conductivity. The viscosity 


(6) ‘‘ Through-flowing ” nozzle with short intake. Barometer, 764 mms. Air temperature, 66 deg. F. 













































































was determined by watching the rate at which 
threads of the soft mass could be drawn, or at which 


‘ | i roy : : 
Orifies. | Nossie. heavy balls sank in it. The softening point was 
defined as the temperature at which a uniform thread 

a a | rene | Air i} ae oe g Femeune ey eee of glass, 0-65 to 1 mm. in diameter, elongated at the 

es | ungine rop, _ fe | es ngine rop, per Hour oefficient 0: . . 

No. | rp.m. Inches | ~ No. | _T.p.m Inches from Discharge. | Fate of 1 mm. per minute when vertically suspended 
Water. | - 3 | Water. Curve in an electric furnace. While the softening point 
of glass made in a pot might vary between 682 and 

1 | 1,220 | | 128-7 ! 1 | 1,256 1-007 132-2 0-970 642 deg., the glass from a large tank would fluctuate 

. a | | —. : Lae Le as pth e. only between 698 and 696 deg. The strength was 

eo ’ o4- | : | i) By jo? ~ - . ‘ 7 

4 | 1646 | 4168-7 ! 4 | 1721 1-748 174-0 0-968 tested by pendulum machines of the Schopper and 

5 | 1,785 | 178-5 || 5 1,808 1-894 180-2 0-963 other types. 

6 | 1,925 188-3 || 6 | 1'906 2-035 187-0 0-964 F ‘ype dspace f th : ag 

7 2005s | 193-5 > | 2'016 2.182 194-2 0-967 or t e determination of the expansion coefficient, 

= the Pulfrich interferometer could be used, the speci- 
Arithmetic mean, 0-968. men being placed in a silver cup within a platinum- 

wound furnace, or by a Goerz apparatus, in which 

TABLE II. (c) the specimen was held in a quartz stirrup, a prism 

(c) ‘‘ Inflowing nozzle.” Barometer, 768 mms. Air temperature, 67 deg. F. combination acting as an opticallever. In the deter- 

: se mination of the electric conductivity, the specimen 

Orifice. Nozzle. was heated in boiling sulphur ina Pyrex tube. The 

softening point was determined by loading a 

; Pressure | Pressure Air, lb horizontal rod. s 

oe | Engine be Air, Test Engine Drop per Hour Coefficient of Strains left in the glass were disclosed by examina- 

No. | r.p.m. Inches, b. per No. r.p.m. Inches from Discharge. ; . _ : “OVIRI . 
| Water. Horr || Water. pnrsrod tion in polarised light, and provision for such 

—_ | examination was made in the works. As regards 

; em eis pan ; pee ‘sili einen Vin “heel the relaxation of the stress by annealing, formulae 

2 1/450 1-302 151°7 2 1/503 1-384 157-2 | ‘ee had been given by Twyman and by Adams and 

: Lt6s 1-507 163-1 | 8 1,733 1-755 175-8 | 0-976 Williamson. Before the war many glass manu- 

5 1863 1-957 a. | 5 003 2-154 i | facturers had believed that to remove strain in the 

16 1,998 | 2-159 194-3 | glass necessitated real baking for a long time; 
Arithmetic mean, 0-977. but annealing, which took from two to five days 
till a few years ago, could now be finished in 45 
TABLE III. minutes in annealing ovens with proper temperature 
— —— ; distribution. The temperature depended upon the 
Nozzle. 200 mm. | 140 mm. | 70 mm. glass composition and was much lower for lead 
pact ae ots a = ™ _ |glasses than for others. The rate of cooling was 
No. of | | Was os — very important in the first stages, until the glass 
| ‘Tests. a ‘Tests a Tests a had stiffened ; in the early stages before stiffening a 
| — | — Made. general uniform rate of cooling was not generally 
rapes . advisable. The annealing and cooling were done on 
ss P = P | | e | - » ; 

Outflowing ” from standard pipe we 3 | 0-955 9 0-957 8 0-955 a large scale in ovens, kilns and long tunnels. 
| | a =“ + 0-010 | ‘Turning to the scientific basis of these methods 
“ Through-flowing ” in standard pipe. . eal 2 | 0-964 | 3 0-963 6 0-955 GERING) (On CAS ROCnHES wishes RCS INS mod “i 
| | + 0-001 | + 0-004 + 0-003 | and apparatus, Dr. Turner referred to the additive 
“ Outflowing ” from specially wide pipe “| — | = | = a 3 0-972 character of the contribution which equal propor- 
+ 9-004 | tions of the different glass constituents made to the 





values of \/ 3 used by them in the “ through- | 


flowing” tests was more restricted than the range | 
used in the “ out-flowing ” tests, which are plotted | 
in the lower part of Fig. 4, and there appears to be | 
evidence in the case of the latter tests of an upward | 
sweep of the curve to the left very similar to that | 
which would connect the results of the former | 
tests with those of the present writers. | 

Some additional, but indirect, evidence that the | 
form of curve given in Fig. 4 is not an improbable | 
one is furnished by the results of a determination | 
of the coefficient of a water Venturi meter, recently | 
carried out at King’s College, London. While | 
it is not suggested that any direct comparison can | 
be made between a venturi meter and a nozzle, | 
there are points of resemblance in the conditions | 
of flow through them, and it is significant that the | 
‘curve obtained from the venturi meter (Fig. 5) | 


ding the claims made for the German Standard 
Nozzle concerning the constancy of its coefficient 
to be insufficiently substantiated. 





PHYSICS IN THE GLASS INDUSTRY. 


IntrRopvctInG his lecture on “‘ Physics in the Glass 
Industry,” which formed the twelfth of the series 
of lecture entitled Physics in Industry, recently 
delivered before the Institute of Physics, Professor 
W. E. S. Turner, said that a hundred years ago glass 
research, and the study of the relationship between 
the composition of glass and its properties, had been 
carried on by the industry. It had become so 
again in later years, notably by the researchesat Jena, 
in 1887, and in other glass works in more recent 
years. The investigations by Faraday and Vernon 
Harcourt had been independent of any industrial 
connection, and several scientific institutions were 


properties of the resulting glass, such as thermal 
expansion, modulus of elasticity, refractive index, 
dispersion, and electric conductivity. That additive 
character had first been established by Schott, and 
these researches had made great progress possible 
in the manufacture of optical glasses of special 
properties for special purposes. The relative cubic 
expansion coefficients were; in 10-? units: silica 
0-15, zine oxide 0-21, alumina 0-52, magnesia 1-35, 
lead oxide 3-18, lime 4:89, baryta 5-2, soda 12-96, 
potash 11-7, boric oxide 1-9. Those figures, 
the constants of the additive formuls, had originally 
only been determined for temperatures up to 100 deg. 
and later researches, since 1920, by Peddle, and 
others, proved that at high temperatures the 
expansion might increase to four and five times 
the lower value. Foreign optical glasses were 
superior as to the transmission of visible light, 
modern English glasses excelled in the trans- 





mission of blue, violet and ultra-violet light. 
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THE ROAD BRIDGE OVER THE MENAI 


STRAITS. 








Sty 





Fria. 1. 


PROPOSED NEW ROAD BRIDGE 
ACROSS THE MENAI STRAITS. 





| behalf of the Transport Ministry showed that it 
would be practically impossible to strengthen the 
bridge, so as to fit it for modern road traffic and 





ALL engineers will regret that the ravages of | that replacement would be necessary. Sentimental 


time and the growth of traffic have combined 
to render necessary the replacement of Telford's 
suspension bridge across the Menai Straits. This 
graceful and historic structure, an excellent photo- 
graph* of which is reproduced in Fig. 1, was com- 
pleted in 1826, and to this day affords the only road 
communication between Anglesey and the main 
land. The suspended span measures 580 ft. between 
centres of saddles and the dip at normal temperature 
is 43 ft. 4 in. As originally erected, ii had a total 
weight of 675 tons, but the light wooden floor 
provided by Telford was replaced later on with 
a very much heavier one, the weight being raised, 
in point of fact, from 202 tons to 527 tons. 
Hence for many years past this 100-year-old bridge 
has carried a 50 per cent. greater load than was 
intended by its designer. Careful and compre- 
hensive tests made for the Ministry of Transport 
show that the metal is stressed in parts to over 
8 tons per square inch under its dead load, and 
though for years past loads over it have been 
rigidly restricted, wind stresses must have materially 
augmented the figure above cited. At the date 


and esthetic considerations would have been best 
satisfied by adopting the suspension principle for 
the new bridge, so as to preserve the essential 
lines of Telford’s great work. Sucha policy would 
have involved no technical difficulties, and in 
view of the fact that the towers and subsidiary 
works are already in existence the first cost of 
such a_ structure would probably have been 
moderate. Engineers, however, cannot always 
satisfy their own predilections in such matters, 
and the opposition of the local authorities con- 
cerned made a new suspension bridge impossible. 
The old one was built on Government account 
as part of the improvement of the Irish mail 
route from London to Holyhead, and the bridge 
was subsequently maintained by H.M. Commis- 
sioners of Works and later on by the Transport 
Ministry. The national value of the road route 
to Holyhead has been reduced almost to vanishing 
point by the advent of the railways and the 
improvement of other means of communication. 
The Ministry of Transport accordingly felt that 
if they undertook the necessary reconstruction work, 





of its erection the only material available was 
wrought iron. That used was of good quality | 
for its day, but our pioneering engineers were | 
compelled to use welded joints to an extent and 
in positions which would appal their successors. | 
Even apart from this, many of our modern bridge | 
computers, who profess their ability to fix working | 
stresses by purely a priori considerations, would | 
undoubtedly have condemned the bridge out of | 
hand within a few years of its erection. The late | 
Sir Benjamin Baker, however, pointed out years | 
ago that old bridges provided numerous cases in | 


the County Councils immediately concerned should 
become responsible for the maintenance charges. 
These local authorities, however, absolutely refused 
to undertake the upkeep of any bridge that would 
ever and anon be in need of repainting. This 





Tue Existing TELFORD SUSPENSION BRIDGE. 


appeared in local journals, strong opposition 
became manifest in certain seafaring circles, which 
strongly objected to any reduction in the head room 
now available under the existing bridge. So far 
as steamships are concerned, the design un- 
doubtedly met every reasonable requirement, 
and in the opinion of many competent authorities 
it offered no material obstruction to sailing craft, 
the number and importance of which are, more- 
over, steadily diminishing. 

The Considére company were requested, how- 
ever, to supply a new design, meeting the represen- 
tations made by the owners of sailing vessels. The 
design represented in Figs. 3, 4, 5 and 6 was accord- 
ingly prepared. It provides, it will be seen, a clear 
headway at high water of 80 ft. for a width of 
460 ft. Although the design has been approved by 
the Ministry of Transport, the actual execution of 
any such scheme is dependent upon various financial 
and administrative contingencies. 

As shown in our illustrations, the new bridge will 
consist essentially of two arched ribs of reinforced 
concrete having the section indicated in Fig. 8. 
The demands of the shipowners have made 
it impossible to locate the springings at or near 
ground level, a feature which confers such an 
impression of stability on the discarded design 
represented in Fig. 2. It has, moreover, been 
necessary to suspend the roadway from the ribs, 
with the result that the cross bracing between the 
two has to be interrupted at some 18 to 20 ft. 
above road level and other provision made for 


limited the Ministry’s choice to a reinforced con- | transferring wind load to the piers. To this end 
crete structure, and they accordingly commissioned |a curved “sleeper beam’ or cantilever of rein- 
Considére Constructions, Limited, reinforced concrete | forced concrete is provided at each pier as 


consultants, of 72, Victoria-street, S.W.1, to pre-| indicated in the part sectioned black in F 
| This beam extends the full width of the pier, and 


pare designs for a bridge of this type. 
After consultation with the Admiralty and Board 
of Trade as to navigational requirements, Messrs. 





~ 


ig. 3. 


the wind load will be transferred to it from the ribs 
by means of special portal frames. 





which good wrought iron was carrying without | Considére submitted the design represented in Fig.2.| The existing main approach arches will be re- 
signs of distress, stresses of 10 tons per square inch. | As is usually the case where the main lines of a bridge | tained but the roadway will be widened on each side, 
In the case of the Menai suspension bridge the live | are fixed by technical considerations, rather than |the projecting portions being supported by canti- 
loads have never been considerable, so that the range | by the whims which, for the time being, may be | levers of reinforced concrete. The masonry of the 
of stress has been smal!. The National Physical} fashionable in architectural and artistic circles, | towers appears to be in excellent condition, but 
Laboratory, which has tested bars removed from the | the proposed structure would have been xsthetically |to secure greater stability these towers will be 
chains and suspenders, reports that whilst the low- | satisfactory, and it could moreover have been erected | widened at the base, and their hollow interiors 
stressed members showed a fibrous fracture, the more | at a relatively low cost. With a span of 530 ft. / filled with mass concrete. The portions above 
highly-strained metal was largely crystalline. | between centres of springings it would have been | road level will ultimately be demolished. 

The examination of the structure made on | the largest reinforced concrete arch yet attempted| During erection the two arch ribs will straddle 
s , ——|but would have presented no serious difficulties | the existing structure, which will be maintained in 
, Wearsindelted to theLonden, Midland end Goottiah | in the matter of saiaeanied. | use until the new bridge is ready to take the traffic. 


Railway for this capital and characteristic view of |? ; - : 
Telford’s Great Bridge. | So soon, however, as an outline of this proposal |The ribs are spaced 36 ft. 6 in. centre to centre 
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and lie in vertical planes. Each consists of an 
upper and lower octagonal boom, spirally rein- 
forced from end to end, and interconnected by a 
web of reinforced concrete. The hangers support- 
ing the roadway will be steel sections, arranged so 
as to be very flexible in the fore and aft direction. 
They will thus interfere as little as possible with the 
free deformation of the arches. With the same 
object, transverse expansion joints in the roadway 
will be provided. The principal cross girders will 
be pre-cast, and will have their webs lightened by 
openings as indicated in Fig. 10. 

The necessity of maintaining traffic over the old 
bridge during the erection of its successor pre- 
sented a problem requiring much study, but com- 
plete plans for this have been worked out by 
Considéres Constructions, Limited. The main 
arches will be erected on steel centres, the general 
character of which is clearly shown in Fig. 7. As 
there indicated, this centering will be supported 
on temporary concrete piers, and it will be erected 
by building out. The total weight will be about 
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550 tons. When this centering is in position, the 
curved sleeper beams will be completed and the 
shuttering and reinforcement for the main arched 
ribs assembled. In order to reduce to a minimum 
the load imposed on the false work, the arch ribs 
will be constructed in three stages. In the first 
stage the lower octagonal booms will be com- 
pleted from end to end. The vertical webs will 
next be dealt with, and finally the upper octagonal 
booms and the wind bracing connecting them. 
The suspenders will also be put in place during the 
‘above operation, but will not be concreted till the 
decking is completed. When the upper booms 
and their accessories are complete the arches will 
be entirely self-supporting and the centering can 
be removed. 

The next step will be to transfer the weight of 
the existing road way to the ribs, from which it 
will be suspended by means of tackles as indicated 
in Fig. 9. By means of these tackles the roadway 
will be raised a few feet above final road level so 
as to enable the decking of the concrete structure 





‘aaah PART PLAN OF WIND- BRACING. - 
ee en eee — 
| Ce = | 
| i : —— ; 
. . + . . . . —-—F i ee eee J 
a 4 = sini 
Fig to be completed below it. (See Fig. 10.) Ramps 
Vertical Struts to be in alignment at each end will give access to the temporarily- 
— nd mam Brive raised platforms, and finally when the permanent 


floor is completed the suspended roadways will be 
lowered as indicated in Fig. 11 and removed in 
sections. 

As already mentioned, it is intended to pre-cast 
the principal cross girders. These will be con- 
structed on one of the banks, floated out to the 
bridge site, and raised by winches to their per- 
manent level. Here they will be coupled to their 
suspenders and concreted into place. The rest of 
the decking will be constructed on shuttering sup- 
ported by these main cross girders. 





LauncH oF THE §.S. ‘‘ WELLANDOC.’’—The last of 
the five single-screw steamships, specially designed for 
service on the Canadian lakes, canals and River St. 
Lawrence, and which have been ordered by Messrs. 
Paterson Steam Ships, Limited, Fort William, Ontario, 
Canada, was successfully launched from the Southwick 
shipyard of Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, on Saturday, May 28. Like her sister ships, 
the new vessel is built with a raised quarter deck pm a 
sunk forecastle, and is 253 ft. in length; and the winches 
and windlass for the cargo handling, are again being 
installed by Messrs. Harfield and Company, Limited, of 
Blaydon-on-Tyne. The propelling machinery, which is 
situated aft, is of the ordinary inveried marine type with 
three cranks, steam being supplied by two single-ended 
boilers, and, as before, both the machinery and boilers 
are being built by Messrs. MacColl and Pollock, Limited, ~ 
Wreath Quay Engineering Works, Sunderland. 


THE Lotus TRANSMISSION BELT.—At one time, it was 
customary to drive car dynamos and other automobile 
engine auxiliaries with a vee-belt, but owing to the 
relatively high loading, stretching of the belt and wear 
on both belt and pulleys took place rather rapidly. As 
a result, dynamos are now usually driven positively, but 
the belt is retained for the fan in the majority of cars, 
the loading in this case not being so high. Stretching is 
still apt to occur, however, and to overcome this defect, 
Messrs. Garnett, Whiteley and Company, Limited, 
Broadgreen-road, Liverpool, have put a new belt on the 
market under the name of the Lotus. This belt consists 
essentially of a steel chain with rubber side pads, and 
while it is obvious that such a belt will not stretch, it 
is also claimed by the makers that wear on either the 
belt or pulley is eliminated, owing to the use of high- 
quality rubber in place of leather. The steel chain 
links are made alternately with ball-ended pins and 
semi-circular caps, which fit together to give an approxi- 
mation to @ series of ball bearings. This method of 
construction results in an exceptionally flexible belt 
requiring @ minimum of lubrication. The belt is made 
in seven sizes, varying between } in. by } in. and 1} in. 
by 1 in., and is of course suitable for any purpose where 
a vee-belt can be employed. 








Io 


THE AMERICAN IRON AND STEEL 
INSTITUTE. 

Tue thirty-first general meeting of the American 
Tron and Steel Institute was held in New York on 
May 20 last, when six papers were read and discussed. 
Of these, we intend to deal with a contribution by Mr. 
J. D. Capron, on centrifugal-casting processes, and 
another, by Mr. J. H. Edwards, entitled ‘‘ Commercial 
Application of Welding to a Steel Structure,’’ in 
subsequent issues. We give below a brief outline of 
the remaining four contributions. 





LarGe-HEAaRTH Biast FURNACES. 

In presenting his paper on ‘‘ The Operation of Large- 
Hearth Furnaces Using Coke Made from One Hundred 
Per Cent. High-Volatile Coal,” Mr. J. E. Lose stated 
that the increase in blast-furnace output during the 
past few years had been so great that it might be con- 
sidered as the most outstanding feature of the recent 
development of the blast furnace. The enlarging of 
the blast-furnace hearth, the credit for which rested 
with the Edgar Thomson plant of the Carnegie Steel 
Company, and later with the South Chicago plant of 
the Illinois Steel Company, dated back more than two 
decades. Starting with a hearth diameter of 14 feet, 
in a furnace having a 22-ft. bosh, the diameter of the 
hearth had been steadily increased, during the first 
10 years of the period referred to, to about 18 ft., 
with no appreciable increase in the bosh or other 
sections of the furnace. This change resulted in a 
gradual steepening of the bosh angle, and a lowering 
of the bosh height. During the second decade of 
development, the bosh was also increased in size, but 
to a lesser extent than the hearth. This gradual 
change of hearth size, with its resultant changes in 
other dimensions of the furnace, was quite logical. 
The small-hearth, flat-bosh furnaces had given good 
results with hard ores, but were unsuccessful with the 
gradually increasing percentages of Mesabi ore utilised. 
The larger hearth made it possible to burn more coke 
and to burn it more economically. This was obviously 
due to the larger area presented for the combustion of 
the coke. The zone of fusion became lower, causing 
an intensifying of the temperature of the hearth, 
therefore reducing the amount of coke required per 
unit of iron to produce the necessary heat. Four of 
the Carrie furnaces of the Carnegie Steel Company, at 
Rankin, Pa., had been rebuilt during 1925-26. Two 
of the furnaces now had hearth diameters of 20 ft. 8 in. 
and bosh diameters of 24 ft., while the two others had 
hearth diameters of 2] ft. 6 in. and bosh diameters of 
24 ft. 9in. 

The coke used at the Carrie furnaces was made at the 
Clairton Coke Works, from the so-called 100 per cent. 
high-volatile Klondike coals. This material was con- 
siderably smaller in size than that made from a 
mixture of high- and low-volatile coal, and, moreover, 
it was more friable. An average analysis gave :—Fixed 
carbon, 86-88 per cent.; volatile matter, 1-02 per 
cent. ; ash, 11-12 per cent. (about half of which was 
silica); and sulphur, 1-01 per cent. The net coke 
consumption of the Carrie furnaces compared favour- 
ably with that of any other modern furnace, regardless 
of the types of raw materials used. This was unusual 
as, compared on the basis of the generally accepted 
standards affecting coke practice, many of the condi- 
tions under which they operated were unfavourable. 
The fixed carbon content of the coke was low; the 
sulphur content was high, necessitating a highly-basic 
slag in order to ensure a good quality of iron; and 
the percentage of ash was considerable, increasing, in 
proportion, the quantity of slag. Moreover, probably 
owing to the limey nature of the slag, above the tuyéres, 
the blast temperature had to be kept low; the upper 
limit lay between 1,000 deg. and 1,100 deg. F. 


THEORY OF THE Buast FoRNACE. 


A second paper dealing with blast furnaces was read 
by Mr. R. Franchot, and was entitled ‘* The Theory of 
the Blast Furnace.” The author stated that the intro- 
duction of hot blast, a hundred years ago, was a great 
metallurgical advance. At the present time, how- 
ever, using the highest blast temperatures, the furnace 
had an efficiency of less than 40 per cent. in iron 
smelting ; on the other hand, it was usually more than 
40 per cent. efficient in gas productiun. Great advances 
had been made in mechanical methods, accomplishing 
a ten-fold increase of productive capacity; actual 
metallurgical methods, however, had not changed in 
100 years. There was, in the best practice, a produc- 
tion, from hematite ore, of 1-5 lb. of basic pig per 
1 lb. of coke carbon; this output involved some 
692 calories of heating work per 1 Ib. of pig, or 1,038 
calories per 1 Ib. of coke carbon as charged. In addition, 
some 1,640 calories were used up in the reduction of 
the iron (94 per cent.), and 70 calories were expended 
in reducing each | per cent. of silicon, aggregating 
2,565 calories of reducing work per 1 lb. of carbon. 
The total smelting work, namely, 3,603 calories (j.e., 
1,038 + 2,565), accounted for only 40 per cent. of 
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the 9,007 calories produced when 1 Ib. of carbon 
was burnt in 5-6 Ib. of air, at 1,200 deg. F. 

Some time previously the author had put forward 
his nitrogen-fixation hypothesis. Essentially, this was 
based upon two facts: firstly, that, with each pound 
of free oxygen admitted to the furnace, 3-3 lb. of 
nitrogen passed through the tuyéres, and, secondly, 
that, under the conditions existing in the combustion 
zone, nitrogen, instead of being, as usually assumed, 
inert, was reactive, its reactions absorbing heat. In 
a blast furnace using coke, the slag was relatively basic, 
a condition, in itself, conducive to the formation of 
carbo-nitrogen compounds, besides tending to drive 
alkalis out of combination with silica and alumina 
to form cyanide vapour. Alkalis were always present 
in ores and coke ash, and naturally tended to accumu- 
late by successive vaporisation and condensation. 
Cyanides were always present in the hotter zones of 
the furnace. Measurements had shown appreciable 
concentrations of cyanide vapour in the combustion 
gases, corresponding to the equivalent of a fixation of 
about 4 per cent. of the nitrogen contained in the air 
of the blast. This would absorb upwards of 30 per 
cent. of the hearth heat as developed in oxidation. 
The nitrogen-fixation hypothesis therefore afforded a 
possible explanation of the comparatively low smelting 
efficiency of the blast furnace. 


Pricer Tuse MIL. 


In a paper entitled ‘‘ The Pilger Tube Mill of the 
Pittsburgh Steel Products Company,” Mr. W. C. 
Sutherland gave a description of a new seamless-tube 
manufacturing plant, installed in 1926 at the Allenport 
Works of the Pittsburgh Steel Products Company. 
Mr. Sutherland stated that the installation, which had 
been purchased in Europe, complete with electrical, 
hydraulic, and pneumatic equipment, was one of the 
most modern Mannesmann Pilger mills obtainable, 
and was capable of producing tubes from 6 in. to 12 in. 
in diameter. Probably the most important feature in 
connection with the mill was its ability to pierce and 
form tubing directly from the cast ingot, thus elimi- 
nating the usual rolling processes between ingot and 
piercing mill. Another important feature was that the 
mill could roll.extremely long lengths. Two continuous 
furnaces, 70 ft. long by 10 ft. wide, fired with 
natural gas, were employed for heating the blanks 
preparatory to piercing. The piercing mill was of the 
Mannesmann, or roll type. The working rolls were 
23 in. in diameter and the top and bottom guides were 
rollers 12 in. in diameter. The mill was driven by a 
2,250-h.p. alternating-current motor. The product 
which left the piercing mill presented the appearance 
of a short, rough tube with very heavy walls. At this 
point, a mandrel, which consisted of a 10-ft. bar of 
round steel, was inserted in the hollow blank, and the 
material was ready for the next rolling operation. 

The Pilger mill, while having rolls with parallel axes 
mounted and operated as in an ordinary rolling mill, 
differed from the latter in that the process was one of 
forging or kneading, rather than of rolling. The rolls 
were designed in such a way that the pass was cut away 
through half the circumference, with the result that, 
with each revolution, the portion not cut away struck 
the tube a definite and severe blow. The tube came 
out at the opposite end of the mill in a practically 
finished condition, in so far as size and wall thickness 
were concerned. The entire mill was electrically driven, 
and the equipment included 152 motors, totalling 
10,000 h.p. The buildings were served by overhead 
electric cranes, eight in number, ranging, in capacity, 
from 7} to 20 tons, and, in span, from 63 to 118 ft. 
The arrangement in the construction and installation 
of the plant was so planned, that the material moved 
continuously, in one direction, to the finishing depart- 
ment. Up to the present time, the heaviest tubes 
produced had an outside diameter of 11} in., a length of 
32 ft., a wall thickness of 1} in., and a weight of 
approximately 2 tons. The nominal capacity of the 
plant was about 300 tons qa day. 


Gas PERMEABILITY OF REFRACTORY BRICcKs. 


A paper dealing with ‘“‘ The Gas Permeability of 
Refractory Bricks Used in Metallurgical Furnaces ” 
was presented by Mr. F. A. Wickerham, who stated 
that the heat losses in an open-hearth furnace, owing 
to the passage of gas through the bricks, was con- 
siderable. This phenomenon was not entirely due to 
inter-communicating openings or pores in the material ; 
the flow of gases was also dependent on a kind of 
diffusion, or osmotic effect. Using specially designed 
apparatus, a series of tests was conducted on different 
kinds of refractory bricks, and the time in seconds for 
l cub. ft. of free air, under a pressure of 1 lb. per sq. in., 
to pass through 1 sq. in. of exposed area of brick, was 
determined. For standard silica bricks the average 
of five determinations was 188 seconds; for chrome 
bricks, 166 seconds ; and for magnesite bricks, 527 
seconds. The average of 10 estimations, carried out on 
first quality fireclay bricks, was 775 seconds. The 





chrome bricks, which were dense and fine-grained, were 
the most permeable of the four kinds of materials tested. 
A series of tests was also conducted on a number of 
different brands of insulating bricks, and the results 
showed that there was a great difference in the gas 
permeability of the various materials. Consequently, 
the heat conductivity of the brick alone was not a true 
index of the value of the product, unless the manner 
in which the heat was communicated was known. 
Further tests on silica and fireclay bricks at elevated 
temperatures, using different kinds of gas, showed that 
when the bricks and gas were heated, more gas passed 
through the material than when both bricks and gas 
were cold. Finally, the effectiveness of various 
coatings, designed to reduce permeability, was tested. 
The most practical method seemed to be to cover, 
wherever permissible, the fireclay, or other refractory, 
with an outside course of hard, almost vitrified bricks, 
using extra precautions to see that ail cracks and joints 
between the bricks were well filled with mortar. In 
addition, the walls should be coated with a mixture of 
sand, fireclay and sodium silicate to act as a further 
preventive. 


REGULATIONS FOR THE ELECTRICAL 


EQUIPMENT OF BUILDINGS. 

WuEN the eighth edition of the Institution of Elec- 
trical Engineers’ Regulations for the Electrical Equip- 
ment of Buildings (which were formerly known as the 
Wiring Rules) were published in 1924, they were received 
with a considerable amount of criticism. This criticism 
was of two main kinds : That directed to their severity, 
and that directed to their lack of clarity of statement. 
The first was, perhaps, to be expected, though the 
representative character of the committee responsible, 
and the painstaking work of the Chairmen, first the 
late Mr. C. H. Wordingham, and subsequently Mr. 
Llewelyn B. Atkinson, should have ensured that the 
publication was an expression of the views of the 
industry as a whole on this important subject. The 
second was also natural, and was mainly due to the 
fact that the edition in question was not only a revision, 
but a reconstruction of those which preceded it. The 
ninth edition, which has recently been published by 
Messrs. E. and F. Spon, at a price of 1s. net, therefore 
does not differ considerably from the eighth, but it is 
an attempt to make the working of some of the rules 
clear, and to correct certain drafting errors. In 
addition, the opportunity has been taken to include 
certain urgent alterations, which have been necessi- 
tated by changes in practice, to some of which sanction 
has already been given by the issue of interim leaflets 
in 1925 and 1926. The numbering of the clauses 
remains practically the same as in the eighth edition. 

Most of the alterations are small. For instance, the 
term “ hard wood,” which appeared in several places 
in the earlier edition, has been dropped and the parti- 
cular wood that should be used is now specified. 
Rule No. 77a has been modified, so as to include 
vulcanised-rubber cables without a layer of pure 
rubber next to the conductor. Where this is done, a 
tinning test is necessary, and this is now provided 
for in Appendix 2. Rules for fixing this type of 
conductor are also laid down. Rule No. 1024 contains 
new provisions for the size of earthing leads, and lays 
down that no conductor larger than 0-1 sq. in. need 
be used for this purpose. According to Rule No. 103, 
though earthing terminals are compulsdry on all 
domestic appliances for pressures exceeding 30 volts, 
it is made clear that their use is not essential in all 
circumstances. This clears up a widespread mis- 
understanding. By Rule No. 112, plug and sockets 
of rated sizes not exceeding 5 amperes, may be used 
without switches. In the early edition, the upper 
limit was 10 amperes. Rule No. 126, which deals with 
transformers, choking coils, induction coils, static 
condensers and rectifiers installed on consumers’ 
premises, is entirely new. The data in Tables IV, VI, 
and VIII, dealing with the permissible current-carrying 
capacity of certain cables, has also been revised. 
In Rule No. 30, a new definition is given for switch- 
boards, and Rules Nos. 53-55 define inflammable, non- 
ignitable and self-extinguishing for the first time. 
Rule No. 69 now exempts distribution boards from 
certain conditions imposed on switchboards, in which 
category they were formerly included. 

We understand that the Wiring Regulations Com- 
mittee have in view the preparation of a tenth edition 
which may differ materially from that which we have 
just been reviewing, both in arrangement and wording. 
It is stated that this will be simpler in form, which 
will be a gratifying piece of news to many electrical 
engineers. 











THE UNIVERISTY OF Louvatn.—During the celebra- 
tions at Louvain on June 28 and 29th to commemorate 
the five hundredth anniversary of the foundation of 
the university, the honorary degree of D.Sc. was con- 
ferred on Professor E. G. Coker, F.R.S., of University 
College, London. 
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LABOUR NOTES. 


A REpoRT issued by the Ministry of Labour on 
** Profit-Sharing and Labour Co-Partnership” states 
that the bonuses yielded by profit-sharing schemes 
in 1926 were on the average slightly below the level 
of the previous year. The average amount paid or 
credited per head in 205 schemes in 1926 was 
9l. 88s. 7d. as compared with 91. 12s. 8d. in 204 schemes 
in 1925. In certain cases firms found it impossible 
to express the bonus as a percentage addition to the 
earnings of those participating; but, averaging all 
those cases for which this information was available, 
the bonuses in 1926 represented an addition to earnings 
of 4-4 per cent., as compared with 5-3 per cent. in 
1925. In calculating these average amounts and 
percentages those schemes which yielded no bonus 
owing to insufficient profits have been included. 
In 1926, as in 1925, the highest average amount of 
bonus (231. 16s. per head) was paid in the small group 
of insurance, banking, &c., businesses; but it was 
not possible to obtain sufficient information to calculate 
the average percentage addition to earnings in this 
group. For some years comparatively high rates of 
bonus have been paid by firms in the group ‘* merchants, 
warehousemen or retail traders,” and 1926 was no 
exception, the average bonus in 1926 amounting to 
181. 8s. 2d. per head, or 11-0 per cent. on earnings. 
Firms engaged in paper manufacture, printing, book- 
binding, publishing, &c., paid bonuses averaging 
101. 1s. 3d. per head, approximately the same average 
as in 1925; in the glass, chemical, soap, oil, paint, &c., 
group the bonus averaged 61. 8s. 3d. per head, a 
figure well below the level of the last two or three 
years. Out of six schemes in agriculture only two 
supplied information as to bonuses paid in 1926, and 
in these two cases the average bonus amounted to 
less than 1l. per head. 





According to The Ministry of Labour Gazette, employ- 
ment in the pig-iron industry showed a further improve- 
ment in May in spite of the fact that of a total of 
464 furnaces, the number in blast at the end of May, 
1927, was 184, compared with 189 in April, 1927, 
and with 23 in May, 1926. In the iron and steel 
trades employment continued slack on the whole, 
and showed little change as compared with the previous 
month. In the tinplate and steel sheet trade employ- 
ment was bad, and showed a marked decline as 
compared with the previous month. The number of 
mills in operation at the end of May was 470, as 
compared with 541 in April, 1927, and with 264 in 
May, 1926. In the engineering trades employment 
was still slack, on the whole, but continued to show 
an improvement in all sections, while in the motor 
vehicle and electrical sections it remained fairly 
good. It was very bad in marine engineering, and 
much short time was worked in the textile machinery 
section; in railway engineering little time was lost, 
and at some works overtime was reported. In the 
shipbuilding and ship-repairing trades employment 
continued to improve, but was still very bad on the 
whole. In the other metal trades employment remained 
moderate on the whole. It was fairly good in the 
nut and bolt, lock and latch, and hollow-ware trades ; 
fair in the sheet metal, tube and file trades ; moderate 
in the stove and grate, brasswork, needle and fishing 
tackle, and cutlery trades; and slack in the key, 
wire, metallic bedstead, chain and anchor, jewellery 
and plated ware trades. 





Last week the National Wages Board for the 
railways industry heard an appeal by the National 
Union of Railwaymen against the decision of December, 
1925, which laid it down that new entrants and juniors 
reaching adult age should only receive the standard 
wage, which did not include additions under the 
cost-of-living sliding scale. The N.U.R. endeavoured 
to get the award altered so that these railwaymen 
should receive the additional wages, but the negotiations 
on the matter were unsuccessful. As the result of a 
decision of a delegate conference, the N.U.R. asked 
that the award should only operate for a year up 
to February, 1926. The Central Wages Board declined 
to vary the award; hence the appeal. Mr. Cramp 
contended that to pay men performing the same class 
of work different rates was a principle which could 
not be justified. Mr. J. F. Lean, appearing for the 
railway managers, opposed any alteration of the 
award. The position of the railway companies, he 
said, was precisely as it was when the award was 
made, and there was nothing to justify its alteration. 
Mr. Cramp said he hoped that the Board would act 
on the principle of the sliding scale, which was 
established at a difficult period in the relationship 
between the employers and the employed. That 
principle, which to some extent gave satisfaction and 
avoided friction, was in danger of being completely 
extinguished by the arrangement which now existed. 





The Board’s decision will be issued in due course. 





In his report and financial statement for 1926 
Mr. Cramp, the Industrial Secretary of the National 
Union of Railwaymen, states that on January 1 the 
organisation’s assets amounted to 1,951,800/.; on 
May 1, when the coal stoppage began, they exceeded 
2,000,0007. As a result of the dispute, the total was 
down to 580,0001. by the end of the year. During the 
general strike 935,000/. was paid as benefit to members, 
and, adding the expenditure of branches, the strike 
cost the N.U.R. considerably more than 1,000,000I. 
Altogether, 1,822,0801. was disbursed as unemployment 
pay during 1926, but included in that total was 
257,8131. paid to members as State benefit. 





At a conference in Folkestone of the Urban District 
Councils Association a resolution was proposed and 
seconded calling for the elimination from the Trade 
Unions and Trade Disputes Bill of the clause providing 
that it shall not be lawful for any local authority to 
make it a condition of the employment of any person 
that he shall, or shall not, be a member of a trade 
union. After a discussion, which was now and then 
distinctly lively, the resolution was rejected by a 
large majority. 





The German Federation of Trade Unions recently 
carried out an investigation of working hours (including 
overtime) in seven important industrial groups. The 
period covered was a week, and the results obtained 
were rather remarkable—especially those relating to 
metal workers. In the Rhineland-Westphalia area, 
where 408,000 of the 1,255,000 metal workers surveyed 
were employed, 53 per cent. worked more than 54 
hours and 34 per cent. from 51 to 54 hours. Most 
of the other districts reported that substantial sections 
of their workers worked no more than 48 hours. Of 
the 619,000 workers in the seven industries in Rhineland- 
Westphalia who were reported on, 79-2 per cent. 
worked more than a 48-hour week, Bavaria following 
next with 54 per cent. Last year (says the Manchester 
Guardian) the German Ministry of Labour undertook 
three inquiries into hours, Its returns for the metal 
and textile industries are most comparable with the 
trade union figures, although in the case of metal 
workers the official figures only take account of a 
third of the number covered by the unions, and in 
the case of textile workers of two thirds. 





British engineering firms will probably be interested 
in the details—especially those relating to wages—of 
an agreement which has just been negotiated by 
the Chicago Manufacturers’ Association and the Inter- 
national Association of Machinists. The minimum 
rates for men employed on day shifts are to be as 
follows :—Machinists, 98 cents per hour; tool and 
die makers, 1 dol. 11 cents ; automatic and hand-screw 
machine hands, 98 cents; automatic screw machine 
tool setters, 1 dol. 11 cents; specialists, 70 cents; and 
helpers 61 cents. These rates are to continue in 
force until April 30, 1928. From May 1, 1928 till 
April 30, 1930, the rates are to be as follows :—Machi- 
nists, 1 dol. per hour; tool and die makers, 1 dol. 13 
cents; automatic and hand screw machine hands, 
1 dol.; automatic screw machine tool setters, 1 dol. 
13 cents; specialists, 72 cents; and helpers 63 cents. 
To men receiving over the minimum rates, correspon- 
ding increases are to be paid. The working week is 
one of 44 hours, 





For night shifts the working week is one of 
40 hours, and the men employed on them are to 
be paid the amount they would be entitled to for 
44 hours per week on day shift. Double time is 
to be paid for all time worked over the regular day 
and night schedule, for Sundays, and for legal holidays, 
and where overtime is worked on either day shift 
or night shift, there is to be “at least 30 minutes 
intermission” before it begins. No overtime is to 
be worked on nights when shop meetings are held, 
and in times of depression it will be permissible to 
shorten working hours sufficiently to keep the normal 
force employed. One apprentice is to be allowed 
for every five journeymen, and apprentices are to 
serve for four years—three on the different machines 
and special jobs—but not more than six months on 
any one machine—and one on the floor. ‘‘ Should 
an occasion arise at any time,” runs one clause in 
the agreement, ‘‘ whereby the company would be 
unable to handle all its work, necessitating letting 
the work out to another firm, preference shall be 
given to a firm having an agreement with the Inter- 
national Association of Machinists.”” Another clause 
is as follows: ‘It is understood that any alterations 
and repairs, dismantling, erecting and installing of 
all machinery, or any parts thereof, shall be done 
by members of the International Association of 
Machinists. They shall receive not less than 1 dollar 
50 cents per hour, car fare and reasonable expenses. 





Machinists shall not be permitted to use helpers on 
outside work.” 





Under an agreement between the Dealers and 
Garage Owners of Gillespie, Ill., and the Association, 
it is provided that the employers “may work on 
Sundays and holidays a journeyman or apprentice 
on minor adjustments of not over 30 minutes’ 
duration each, for straight time.” On general repairing 
and overhauling work, however, the regular overtime 
rates are to prevail. Journeymen or apprentices 
called for Sunday or holiday work are to be guaranteed 
at least four hours’ pay. When men are laid off 
owing to slackness seniority is to decide. According 
to one of the clauses in the agreement, ‘‘ members 
regularly employed shall not solicit or do work such 
as is being done by their employers other 
than in their employer’s business.” Any member 
violating that rule is to be fined 50 dollars for the 
first offence and expelled from the Association for 
the second. Another clause states: ‘The Inter- 
national Association of Machinists shall furnish each 
company with a recognised union shop card for display 
in the shop. The card, however, remains the property 
of the aforesaid Association and may be removed 
upon violation of the rules of this agreement.”’ 





Industrial and Labour Information, the organ of 
the International Labour Office, devotes much space 
to the discussion at the Geneva Conference on the 
Director’s report. M. Martens, in the speech to 
which we briefly alluded in a recent issue, said that 
so far only 216 ratifications of the Conventions of 
1919-21 had been registered, whereas the number 
ought to be 950, if all the States did their duty. In 
235 cases Governments had not- even informed the 
Office of their intentions, and 14 countries had omitted 
to send any information as to action taken on them. 
As regards hours of work, he asked what had been 
the tangible result of the successive conferences 
between the Governments chiefly concerned? It was 
well known that there was a secret clause in the 
London Agreement whereby the Governments repre- 
sented at that Conference undertook to communicate 
to each other a list of industries in which it was 
necessary to work a 56 instead of a 48-hour week. 
If this was really the only point of difference, why 
had these Governments not succeeded in drawing up 
and communicating these lists? When was this 
secret clause going to be carried out ? It was lamentable 
M. Martens declared, that eight years after the adoption 
of the Convention, the most important industrial 
countries should still have failed to keep the promises 
they then made. It had been said that there were 
too many Conventions, and that they were too detailed. 
Neither of these arguments held good. He regretted 
that the workers should have to make these complaints 
every year, but they felt that the Governments had 
not kept faith, and if the present state of affairs 
continued they would be obliged to reconsider their 
position and decide whether they should continue to 
collaborate with the organisation. 





The Ministry of Labour states that on June 20, 1927, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 987,300, 
of whom 797,600 were men, 25,200 boys, 138,900 
women, and 25,600 girls. Of the total number, 
643,500 were wholly unemployed, 277,900 temporarily 
stopped, and 65,900 normally in casual employment. 
On June 13, 1927, the number of unemployed persons 
was 1,028,732, of whom 830,734 were men, 26,757 
boys, 145,124 women, and 26,117 girls—and on June 
21, 1926, it was 1,634,742, of whom 1,230,165 were 
men, 44,352 boys, 314,227 women, and 45,998 girls. 
The figures for June 21, 1926, were, of course, affected 
by the coal stoppage. 





Mr. W. E. Loveday of Stockport, a member of the 
National Union of Railwaymen, expressed the opinion 
at a meeting of Unionist canvassers in London on 
Monday, that the Trade Unions and Trade Disputes 
Bill did not go far enough. What was wanted was, 
he said, a secret ballot in the trade unions before any 
drastic action was taken. If there had been a secret 
ballot there would have been no general strike. Thirty- 
two men caused the general strike without consulting 
any of the trade unions. 





In the House of Lords on Monday, Lord Desborough 
moved the second reading of the Workmen’s Compen- 
sation (Transfer of Funds) Bill, which is intended to 
give effect to a resolution adopted by the Imperial 
Conference of last year, whereby awards of compen- 
sation given in one part of the Empire may be trans- 
ferred to another part of the Empire in which the 
beneficiaries may reside. The Bill was read a second 
time. 
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275-H.P. SOLID-INJECTION MARINE 
AUXILIARY OIL ENGINE. 


THERE is an increasing tendency to employ heavy-oil 
engines for driving the various auxiliaries in large vessels, 
and although fairly satisfactory results can be obtained 
by employing practically standard land engines for 
this purpose, the best results are only secured by 
special designs to meet the conditions prevailing on 
shipboard. One of the latest firms to enter this field, 
Messrs. Ruston and Hornsby, Limited, Lincoln, have 
already achieved a very high reputation with their 
solid-injection engines. The latter have been described 
from time to time in our columns, and it will be recalled 
that they are manufactured in both the horizontal and 
vertical types, the latter being the later development. 
One of our most recent descriptions was of a four- 
cylinder, 420 h.p. generating set exhibited at the British 
Empire Exhibition, illustrated on page 839 of our issue 
for June 27, 1924. It is interesting to compare this 
illustration with that reproduced on the present page, 
which shows one of the new engines coupled to a 
165 kw. dynamo to form a marine auxiliary generating 
set. 

These engines, of which we recently had an oppor- 
tunity of seeing the first two under test, have five 
cylinders, with a bore of 124 in, and a stroke of 17 in. 
As will be clear from the illustration, they are of the 
enclosed type, and are remarkable for exceptional 
simplicity both of construction and control, features 
which are admittedly of great value for marine use. 
The horizontal valves, which are a characteristic of 
Ruston vertical engines, are retained. Both inlet and 
exhaust valves are operated from a single camshaft 
at the level of the cylinder heads, the inlet valves being 
operated by vertical rocker arms, and the exhaust 
valves, which are on the opposite side of the cylinders, 
by horizontal rockers actuated by push rods. The 
latter can be seen clearly in the figure, Cast iron is 
employed for the bed plate, crank-case and cylinders, 
and a very rigid construction is attained by cross 
ribbing in the interior of both bed plate and crank-case. 
The cooling water is circulated by a centrifugal pump, 
driven by a cross shaft at the end of the engine remote 
from the generator. After leaving the pump, the 
water passes through the bed plate by a cored passage, 
and is then delivered to the base of the cylinder jackets 
by the pipes visible in the illustration. On leaving the 
cylinder jackets, the water is delivered to the heads, 
and leaves the latter by duplicate piping connected 
to the jacket on the exhaust manifold. The duplicate 
pipes from the heads join at the top, and the water 
enters the manifold jacket through five cocks, enabling 
the jacket temperature of each cylinder to be controlled 
independently. 

The lubricating oil is circulated by a gear pump at 
the opposite end of the cross shaft driving the water- 
circulating pump. The oil is delivered to the pump 
through the duplicate filter, visible in the figure, bolted 
to the side of the bed-plate, and is first forced through 
a cooler, After leaving the cooler, the oil is carried up 
to a junction box fitted with an excess-pressure release 
valve, and from the box is delivered to lines feeding the 
main bearings and camshaft, respectively. From the 
main bearings, the oil is delivered through passages 
in the crankshaft to the big ends, and afterwards up 
the connecting rods to the small ends. The supply to 
the camshaft lubricates the shaft bearings, the rockers, 
cams and governor gear. 

The fuel pump, which can be seen on the extreme 
right of the illustration directly above the filters, is 
of the two-plunger type, and supplies the atomisers 
through a distributor of the type described on page 
192 of our issue for February 18 last. There is a 
fuel-oil filter in the service tank, and a second filter 
between the fuel pump and distributor. In addition, 
each cylinder is provided with a separate filter adjacent 
to the fuel valve. The governor, which is driven by a 
vertical shaft with skew gearing from the same wheel 
as drives the pump cross shaft, operates by by-passing 
the oi] supply at the fuel pump. 

The engine is started on compressed air, the starting 
valves, visible in the figure, being set at an angle below 
the exhaust valves. The distributor valve for the air 
system is operated by a cam on the camshaft, and the 
tappet is normally held off the cam by a spring. When 
the air is turned on, the resistance of this spring is 
overcome, causing the roller to make contact with the 
cam, and distributing the air to the cylinder starting 
valves in the correct order. These valves are opened 
by the air pressure. When the engine has gained 
sufficient speed, the air is cut off, and the various 
springs automatically throw the system out of action. 
The main control lever for the engine operates by by- 
passing the fuel oil at the pump, and when the air is 
cut off, this lever is moved, allowing fuel to enter the 
cylinders in increasing quantity until the engine starts. 
A half-compression device is provided, the main cam- 
shaft being fitted with duplicate cams. The shaft is 
moved longitudinally by a hand lever, and while the 
main cams remain in action, the duplicate cams also 
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come into operation and hold the inlet valves open 
during a portion of the compression stroke. 

Careful attention has been paid to accessibility 
throughout, and the pistons can be withdrawn without 
dismantling the cylinder heads and valve gear. For 
this purpose, large covers are provided on the side 
of the crank-case, as shown in the illustration. For 
convenience of! withdrawal, each piston is made in 
two parts, and the bolts holding these together can 
be withdrawn from below, when both parts of the 
piston, together with the connecting rod, can be 
withdrawn through the crank-case opening. 

The generator on the two sets which were under 
test at the time of our visit to Messrs. Ruston’s works, 
were 165 kw., 220 volts D.C. machines manufac- 
tured by the General Electric Company, Limited, 
Magnet House, Kingsway, W.C.2, but machines of 
any required voltage can, of course, be fitted as re- 
quired. It may be mentioned, in conclusion, that the 
engine is capable of a normal output of 275 brake horse- 
power at 300 r.p.m., with an overload capacity of 
330 brake horse-power for half an hour. It has, there- 
fore, an ample reserve of power for the required duty. 
The tests were not completed at the time of our visit, 
but both engines had been running for several days, and 
the absence of vibration and even running character- 
istics were noticeable. Undoubtedly, however, the out- 
standing feature of the design is the simplicity of control, 
which, after starting, is effected by a single lever. 
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** SUNDERLAND GEAR PLANING MACHINE: AD- 
DENDUM.—We are informed that the Sunderland gear 
planer for 10-ft. double-helical gears, recently con- 
structed by Messrs. J. Parkinson and Son, of Shipley, 
and described in our issue of June 3, on page 670, was 
built to the order of Messrs. P. R. Jackson and Com- 
pany, Limited, Salford Rolling Mills, Manchester, for 
use in their works. 


LAUNCH OF THE S§.S. “‘ LaGuNILLA,”’ AND THE S.S. 
‘“‘ Icorga.”’—Messrs. Harland and Wolff, Limited, have 
recently launched from their East Yard the two oil 
tank steamers Lagunilla and Icotea, which are being 
built to the order of Messrs. Andrew Weir and Company 
for the Lago Shipping Company, Limited. These two 
vessels, which are specially designed for the carriage of 
petroleum in bulk, are similar to the six shallow-draught 
tankers recently delivered to the same owners, having 
straight stems and elliptical sterns, and are rigged as one- 
masted fore and aft schooners. The principal dimensions 
are: length 315 ft., and breadth 50 ft., the gross tonnage 
being about 2,360. The propelling machinery consists of 
triple-expansion engines of 1,1 h.p., driving twin 
screws, steam being supplied by two single-ended boilers 
fitted to burn oil fuel on White’s system under natural 
draught, the working pressure being 180 lb. per sq. in. 





THE SOCIETY OF GLASS 
TECHNOLOGY. 


THE one-hundredth meeting of the Society of Glass 
Technology was held in Sheffield, on Wednesday, 
June 15, the President, Mr. Walter Butterworth, Senr., 
M.A., being in the chair. A paper entitled ‘ Gaseous 
Fuels for Furnace Heating,” was presented by Mr. R. 
Wiggington, B.Sc. The author said that the chief 
gaseous fuel was producer gas, made by the partial 
combustion of coal (or coke) in an air-steam blast. 
Considerable variation in composition might be 
obtained by modifying the ratio of air to steam. In- 
creasing the steam caused the partial replacement of 
carbon monoxide by’ hydrogen, and of nitrogen by 
carbon dioxide. A moderate use of steam improved 
the gas, but a further increase was disadvantageous. 
In a Bunsen flame, the flame speed determined the 
back-firing tendency, and the height of the inner cone. 
Hydrogen would thus give a shorter flame than carbon 
monoxide or methane. In a non-aerated jet flame, on 
the other hand, the flame length depended chiefly on 
the air requirement. Hydrogen and carbon monoxide, 
each needing two and a-half times its own volume of 
air, would give equal jet flames, while methane, needing 
10 volumes of air, would have a flame four times as 
long as either. Reduction of the oxygen in the atmos- 
phere would cause a lengthening of the flame, which 
would finally leave the burner top and float about just 
before extinction. 

The flame in a furnace might be regarded as a jet 
flame modified by turbulence to something approach- 
ing a Bunsen flame. Hydrogen would still give a 
shorter flame than carbon monoxide in such circum- 
stances. A long flame was generally preferred, to 
give uniform heating. Hydrogen, more than other 
gases, was liable to undergo flameless catalytic ‘ sur- 
face combustion ”’ in contact with red-hot brickwork. 
This, in an ordinary furnace, was undesirable, as it 
led to non-uniform heating and greater wear and tear 
of the refractories. Gas rich in carbon monoxide was 
to be preferred on account of its longer flame, greater 
radiating power, and smaller liability to surface com- 
bustion. Uniformity in the gas (or at all events, absence 
of accidental variations) was obviously also very desir- 
able, apart from the actual composition. These ends 
could only be secured by proper control over the blast 
saturation temperature of the producer; a thermo- 
meter in the blast pipe, or some more elaborate equi- 
valent, was essential. Some form of positive blower 
was much easier to control than the usual steam jet. 
Sufficient steam to minimise clinker trouble had always 
to be used. 
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UMBRELLA-TYPE FACTORY 
BUILDING. 


Messrs. RENAULT, LIMITED, the motor-car manu- 
facturers, recently acquired about 20 acres of land 
near North Acton, London, W, and a large factory 
building is now erected on the site, which has its 
frontage on the new Western Avenue. They intend 
to utilise the greater part of the building for the 
assembling of their motor-cars, lorries, &c., which 
have been hitherto manufactured for the British 
market at their extensive works near Paris, and 
which they now find more convenient, for various 
reasons, to build in this country. 

The factory is a one-floor steel-frame structure, 
about 490 ft. long by 230 ft. wide, built on made-up 
ground, with a reinforced-concrete floor. The steel 
roofwork is of the cantilever or ‘‘ umbrella” type, 
employed in many of Messrs. Renault’s workshops in 
France, and it is believed that this is the first factory 
building of this type to be completed in this country. 
Its special features are its light steelwork, ensuring 
great economy, and the fact that the number of steel 
columns actually coming within the building is 
reduced to the minimum, leaving a large area of clear 
floor space. There are, in all, nine bays, each carried 
by two main girders of 114 ft. span., supported in their 
turn by three: built-up steel stanchions (Fig. 7). About 
half the roof area is glazed, the remainder being slated. 
The walls are of brickwork in steel framing, with 
cement fascias, copings, plinths, &c. Windows have 
been fitted only to the north facade, but the building 
is well lighted owing to the interior being painted white, 
and to the glazed area of the roof. 

The following particulars of the construction may be 
of interest :—The working stresses employed in the 
design of the steelwork were 8 tons per square inch 
for compression and tension, and 6-3 tons per square 
inch for shear on bolts and rivets. Vertical wind 
pressure of 20 lb. per square foot was allowed for on 
the windward slope, and a snow load of 5 lb. per 
square foot on the leeward slope of the roof, giving 
an average of 124 1b. per square foot over the whole 
roof. The dead load on the roof trusses was taken at 
18 lb. per square foot for the slated portion, and 5 Ib. 
per square foot for the glazed portion, exclusive of the 
steelwork. No allowance was considered necessary 
for expansion. The arrangement of the steelwork is 
shown in Figs. 1 to 7, above, while a general view 
showing its erection is given in Fig. 8 on page 16. 

The roof trusses, sloped at 45 degrees, are framed up 
of angle sections. The purlins are of the lattice type, 
spanning 28 ft. 6 in., and are supported by cleats and 
angle brackets. The intermediate rafters are of 
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lattice construction and frame into the purlins. The 
main roof girders are Pratt frames, of span 114 ft. and 
13 ft. 44 in. between chord centres, and give 14 ft. mini- 
mum head-room abovethe floor. Longitudinal bracing 
extends horizontally for the whole width of the build- 
ing at the apex of lanterns, the apex of the main 
rafters, and at the bottom of the panels adjacent to the 
valleys. Diagonal bracing angles are fixed horizontally 
to the bottom of the roofwork. The centre row of main 
columns are of built-up plates and angles, whilst the 
side rows are of latticed channels. The side framing is 
of 5 in. by 3 in.. RSJ uprights, and 5 in. by 3 in. 
horizontals. About 15,000 cub. yards of earth were 
excavated from part of the property adjoining the 
factory, to make up the ground at the site. Tractors 
and scrapers, a steam shovel and narrow-gauge trucks 
were used for this work. X 

It was found by experiment that the soil, which 
consists of clay, will only take a safe load of } ton 
per square foot. As the maximum loads on the 
centre row of columns are about 80 tons, the bases 
were made of slabs 12 ft. by 9 ft., and 18 in. thick, 
strongly reinforced, and carried down about 3 ft. 
into the natural soil. On these were placed concrete 
footings, 7 ft. by 5 ft,, of varying depth, to take the 
base plates and holding-down bolts. The foundations 
for the side columns are of reinforced slabs, 8 ft. by 
8 ft., and 18 in. thick, with footings 5 ft. by 4 ft. 6 in. 
The foundations for the side-frame uprights are 3 ft. 
by 3 ft. There is also a reinforced-concrete beam 
carrying the walls all round the building. 

The floor is of 1:3 Ferrocrete, 4 in. thick, rein- 
forced with B.R.C. No. 9 fabric, on a layer of clinker 
well rolled into the clay. It falls at 1 in 200 from 
west to east. Fletton bricks have been used for the 
walls, cement pointed in and out. The thickness is 
only 44 in., but the brickwork is framed in steel panels 
of about 14 ft. by 6 ft. A view of the building with 
most of the brickwork panels in place is given in 
Fig. 9 on page 16. 

Half the roof area is covered with Welsh slates 
on matchboarding, whilst glazed lanterns cover the 
remainder. These lanterns are covered with patent 
glazing, and ventilators are fitted to the sides. The 
eaves channels are of asphalt, the rain water being 
taken from these at half the distance from side to 
centre of building, and carried by suspended cast-iron 
pipes to the downpipes at the sides. In order to 
avoid distortion, the two sides of each bay were roofed 
simultaneously. A view showing the roofing in progress 
is given in Fig. 10 on page 16. 

The total length of drains and sewers laid is about 
half a mile, the sizes varying from 6-in. to 18-in. 
pipes. The system is a combined storm-water and 





sewage one, and its outlet will be by a syphon to be 
placed under the railway near by. There are one-third 
of a mile of roads, of from 21 ft. to 42 ft. wide. The 
building is surrounded by concrete paths. A siding 
along the west side of the building connects up to the 
Great Western Railway. 

The contractors for the whole of the above work 
were Messrs. F. D. Huntingdon, Limited, the steelwork 
being manufactured by The Teesside Bridge and 
Engineering Company, Limited. The cost was just 


‘under 50,000/., or about 4. per square yard of 


floor area. Other subsidiary buildings will probably 
include a_ boiler-house, warehouse, enamel shop, 
transformer house, lavatories, petrol station, and 
water tank. Electric light and power will be used, 
and a steam installation will be put in for heating. 
It is possible also that artesian wells will be bored 
for the water supply. The main building will be 
divided roughly into a paint shop, chassis store, body 
and fitting store, erecting shop for frames, machine 
shop, woodworking shop, and delivery section. Messrs. 
Renault intend to employ some hundreds of men and 
women on the assembling of the various car parts, 
which work will be done in chain rotation, following 
the system at present employed at their works in 
France. By this method, the chassis of each car is 
completed, part by part, during its progress through 
one section of the building, while the body is fitted 
up, painted, &c., on its way through another section, the 
process being so arranged that when the chassis is com- 
plete the body is ready to be put on. The car is then 
fitted with its remaining parts on its way to the testing 
shop, after which it is sent to the delivery department. 

The whole construction has taken ten months, 
having been delayed some three months owing to the 
coal strike last year; but, in spite of this, it is hoped 
that the owners will still be able to start production 
this season. We are indebted to Mr. J. Callander, 
A.M. Inst.C.E., M.I.Struct.E., Consulting Engineer to 
Messrs. Renault, for the above particulars. 








THe CanapiaAN Motor Car Inpustry.—Canadian 
automobile manufacturers turned out 204,727 motor 
cars in 1926, according to finally-revised statistics, an 
increase of 26 per cent. over the output of 161,970 cars 
in 1925, of 55 per cent. above the 1924 figure and 39 per 
cent. higher than that for 1923, the previous best years in 
the industry. The output of Canadian motor cars last year 
was valued at 122,629,537 dols. at factory selling prices, 
to which should be added 10,968,919 dols. for parts 
and repairs, making an aggregate output value of 
133,598,456 dols., compared with 110,835,388 dols, in 
1925 and 88,480,418 dols. in 1924. Canadian motor cars, 
to the number of 74,324, were exported to other countries, 
a slight increase over the figure for the previous year. 
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PULVERISED FIRING OF RUHR COALS. 


Orrnions on the suitability of different coals and 
furnaces for pulverised-fuel combustion differ widely. 
While some experts would burn almost any powdered 
solid fuel in the same furnace, others would prefer to 
design special furnaces for every particular grade of 
fuel. After submitting Ruhr coa!s, anthracites as well 
as gas coals, to an extended series of tests, Dr. Ing. 
Karl Hold* has formed the conclusion that it is 
advisable to distinguish two classes of these coals 
with respect to their percentages of volatile constituents 
and to use two sizes of furnaces, in which the air supply 
can be adapted to the quality of the coal and the 
extent of disintegration. 

The experiments were conducted by Dr. Hold, in 
conjunction with two members of the boiler super- 
vision committee, at the Friedrich Ernestine colliery 
with nine Cornish boilers, provided with one corrugated 
flue, and with water-tube boilers of the Steinmiiller 
and Siller-Jamart types, the latter having steeply 
inclined tubes; these boilers, which work at about 
180 lbs. per sq. in., are largely used in the Ruhr district. 
The coals selected were an anthracite, various types of 
bituminous coals, and gas and gas-flame coals, all 
powdered to various degrees of fineness. The furnace 
adopted, after trials, is pear-shaped, in the form of a 
sphere, about 1 m. radius internaliy, with tubular exten- 
sions at the sides and bottom. The fuel enters at the top 
together with the primary air, the hopper discharging 
the coal into the pipe behind a throttle valve which 
regulates the primary air supply. Small secondary 
air pipes branch off from this air main; one pipe ad- 
mits a horizontal jet of air into the upper portion of 
the furnace, while the other delivers air up through the 
bottom opening of the furnace which dips into a water 
seal. In order to prevent rapid evaporation of the 
water, a conical hood of fire clay in this opening leaves 
only an annular slit through which ashes fall into the 
water. Dr. Hold objects both to injecting the fuel under 
pressure, because the blast carries coarse grains un- 
burnt through the furnace, and to furnaces with square 
corners in which a regular circulation of the gases can- 
not be maintained. There should, he contends, be a 
partial vacuum in the furnace. He controls the air 
supply so as to carry the air circulation right into 
the boiler flue, and he varies the proportions of primary 
and secondary air to suit the coal. For anthracite 
he recommends 15 to 30 per cent. of primary air, the 
rest being secondary; lean coal should receive 25 
to 40 per cent. of primary air, best bituminous coal 
35 to 50 per cent., gas coal up to 60 per cent., and the 
gas flame coal as much as 60 to 75 percent. The 
secondary air supply is practically unnecessary with coal 
rich in gas and also with lignites. The bituminous 
coals contained up to 24 per cent. of volatile matter, and 
the flame coals more than that percentage. The fur- 
nace for fuels of the former class should have a volume 
of 0-9 cub. m. for every 10 sq. m. of heating surface in 
the case of Cornish boilers; the water-tube boilers 
would require somewhat larger furnace volumes 
of 1 or 1-2 cub. m. for the same heating surface. The 
volume recommended for furnaces to burn fuels of 
the second class is 1-6 or 1-7 cub. m.; when the 
volatiles exceed 35 per cent., the furnace volume 
should be increased to 1-8 cub. m. 

The recommendations are made on the strength of the 
tests mentioned, which comprised analyses of the fuels 
and combustion products and determinations of the 
calorific values, of the ignition temperatures of dif- 
ferent grain sizes of the fuels and of the tempera- 
tures in different parts of the furnace. The maximum 
temperature of 1,470 deg. C. was observed sometimes 
near the conical hood and sometimes in the centre of the 
furnace. The secondary air controls rather than main- 
tains the combustion ; thus air may profitably be intro- 
duced laterally at several points, in order to create an 
air cushion protecting the furnace lining, the air being 
taken from the air jacket of the furnace. A further 
coeling of the furnace walls can, of course, be obtained by 
inserting in them tubes through which the feed water 
is circulated. Most of the Ruhr coal ashes are rich in 
alkalis and alkaline earths ; the furnace lining should 
therefore also be basic, whilst acid ashes call for an 
acid lining. The object is to pre ent the formation of 
silicates of low melting points ; highly-acid and highly- 
basic silica compounds do not melt readily. 








TRADE with SourH ArricaAN Mines.—In the year 
1926, the purchases of stores by South African mines 
amounted to seventeen million pounds. This total, 
however, does not include the figures for quarries and 
alluvial diamond diggings. The market is a very good 
one for British manufacturers, of which fact some Home 
producers, such as the oil engine builders, are fully alive. 
Recently, over 20,000 claim licenses were issued for the 
new diamond fields, which must result in a demand for 
cranes, haulages, power plant, and other machinery. 





* Die Rheinisch-Westfilische Steinkohle in der Staub- 
feuerung. Essen: G. D. Baedeker, 
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THE LATE MR. H. A. G. SHERLOCK. 


WE regret to have to record the death of Henry 
Alexander George Sherlock, M.Inst.C.E., at the age of 
69, which occurred at Cambridge on Sunday, June 26. 
After passing through Epsom College, Mr. Sherlock 
was for three years an apprentice in the works of the 
London and Glasgow Engineering and Shipbuilding 
Company, Limited, until February, 1880, at which 
date he went as a pupil to Messrs. Edward Wilson and 
Company, of Westminster, with whom he remained 
until January, 1883. For the greater part of that 
year he served as assistant resident engineer on the 
Great Eastern Railway extension from Cambridge to 
Mildenhall, and for the next year and a half, until July, 
1885, he held the position of contractor’s engineer on 
the Banbury and Cheltenham direct railway. From 
this date until September, 1886, Mr. Sherlock was an 
assistant engineer on the Great Western Railway engi- 
neering staff, afterwards becoming assistant resident 
engineer on the Essex lines of the Great Eastern Rail- 
way under Mr. W. T. Foxlee, M.Inst.C.E. In April, 
1888, Mr. J. Wilson, M.Inst.C.E., appointed Mr. Sher- 
lock resident engineer on the widening and improvement 
of the main line of the Great Eastern Railway between 
Bishopsgate and Globe Road,’ where, in the same capa- 
city, he was subsequently concerned with the enlarge- 
ment of Liverpool Street Station and the extensions of 
the lines leading thereto. From 1895 until his retire- 
ment in 1924, Mr. Sherlock held the position of 
divisional engineer of the western division of the Great 
Eastern Railway. He became a member of the Insti- 
tution of Civil Engineers in April, 1893. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Continental firms continue 
to compete successfully with Cleveland pig, both in home 
and foreign markets, and further purchasing of overseas 
products for consumption in this distinct is reported. 
There is very little Cleveland iron available for sale 
after makers have met the needs of their own consuming 
plant, but the moderate quantities offered are not being 
fully taken up, and stocks are steadily accumulating. 
Buyers endeavour to break the fixed quotations, but 
producers refuse to make further price concessions 
and intimate that if customers do not purchase at current 
rates more furnaces will have to go out. No. 1 Cleveland 
is 72s. 6d.; No. 3 g.m.b., 70s.; No. 4 foundry, 69s. ; 
and No. 4 forge, 68s. 6d. 

Hematite.—-Stocks of East Coast hematite iron are 
reported as being drawn upon slightly to meet needs, 
and output has been curtailed to such an extent that 
hope is entertained that makers will be able gradually to 
dispose of the iron stored at their yards. Home cus- 
tomers are buying a little more freely, and demand on 
export account shows some improvement. Makers, how- 
ever, are keen sellers, and mixed numbers are readily 
obtainable at 77s. 

Foreign Ore.—No new business is being put through 
in foreign ore, but imports continue on a considerable 
scale, and consumers’ already large stocks are increasing. 


Blast-Furnace Coke.—-Values of Durham blast-furnace 
coke are still falling, and buyers are pursuing a very 
cautious policy. Good average qualities are offered at 
20s. delivered, but users are not disposed to place 
orders on such terms. 


Manufactured Iron and Steel.—-Sales of finished iron 
and steel fall far short of what could be desired, but 
manufacturers of several descriptions of material have 
still a good deal of work to turn out in fulfilment of 
contracts made a little while ago. Sheet producers are 
well sold up to October. Quotations are steady. 
Common iron bars are Ill. 5s.; best bars, 11l. 15s. ; 
best best bars, 127. 5s.; iron rivets, 11l. 15s.; steel 
rivets, 12/.; packing (parallel), 8/.; packing (tapered) 
11l.; steel billets (soft), 7J. 12s. 6d.; steel billets 
(medium), 81. 2s. 6d.; steel billets (hard), 87. 12s. 6d. ; 
steel ship plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d. ; 
steel joists, 7/. 12s. 6d.; heavy sections of steel rails, 
8l. 10s.: and galvanised corrugated sheets (No. 24 
gauge, in bundles), 14/. 10s. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The award of Sir Francis Taylor, 
the independent chairman of the South Wales Coal 
Conciliation Board, in regard to the application of the 
owners for a reduction in the subsistence wages to the 
lower-paid men from 8s. Ojd. per day to 6s. 9d., and 
the men’s request for an increase to 8s. 6d., was made 
this week. Sir Francis dismissed the application of 
both sides, and the subsistence wage, therefore, is to 
remain unaltered. At present, there is hardly any 
demand for Welsh steam coal. Temporary stoppages 
at the pits, owing to the lack of trade, are incfeasing, 
and becoming more prolonged. In several cases colliery 
companies have given 14 days’ notice to their workmen 
to terminate contracts. This does not necessarily mean 
a closing down, but signifies that the men will be put 
on day-to-day contracts, and therefore can be dismissed 
without further notice. Prices have continued to fall, 
and best Admiralty large is now obtainable at 20s. 
to 2ls., with Monmouthshires from 17s. to 19s. 6d., 
and even on these figures concessions are obtainable 
by buyers with firm offers able to ship iminediately 
and thus enable colliery salesmen to minimise stoppages 
at the pits. Smalls are relatively steady, because of 
the reduced production caused by the lessened output 
of large. Even so, prices are irregular, and dependent 
on the quantity of large which buyers are prepared to 
take with the small. Best bunker smalls, without large, 
command 13s. 9d. to 14s., but if bought in conjunction 
with large can be secured at 6d. to 9d. per ton less, 
Sized coals are scarce and steady, which is usually the 
case when production of large is curtailed by lack of 
business, Exports in the past week, however, were 
raised by 60,000 tons to 485,790 tons, of which 268,120 
tons were shipped at Cardiff, 101,470 tons at Newport, 
57,710 tons at Swansea, 50,140 tons at Port Talbot, 
and 8,350 tons at Llanelly. Shipments to France were 
also increased by 10,000 tons to 85,540 tons, but this 
total was less than the average weekly quantity des- 
patched prior to the operation of the French import 
decree. There are signs that the market is nearing 
the bottom, as far as prices are concerned, for most 
of the colliery salesmen are now intimating that they 
will stop the pits rather than modify prices further. 

Pitwood Cranage Rates.—The Great Western Railway 
Company has notified importers of pitwood of their 
intention to increase the cranage charges for the dis- 
charge of pitwood at Cardiff, Penarth, Barry and Newport 
from 4}d. per ton to 6d. per ton as from July 1. The 
executive committee of the Cardiff and Bristol Channel 
Pitwood Importers’ Association has discussed the 
matter, and informed the Great Western Railway 
Company that they will strenuously resist the increased 
charge which they regard as imposing an extra burden 
on the coal trade. The G.W.R. Company, however, 
point out that the importers are allowed 2s. 3d. per 
ton for discharging in the pitwood charter, and that the 
G.W.R. is sustaining a loss on the cranage service on the 
present basis. 
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NOTES FROM THE NORTH. 


; Guascow, Wednesday. 

Scottish Steel Trade.—The demand for steel material 
has been falling off steadily during recent weeks, and 
the past one has been no exception. Orders are not too 
numerous, and as old contracts are getting cleared off 
the books, the makers are now in a good position to under- 
take business for early delivery, but there is little on 
offer. The steel trade is certainly passing through a 
difficult time, and, as far as can be seen, the immediate 
prospects are none too bright. The consumption of 
platesrat the shipyards has diminished, and fresh speci- 
fications are very slow in coming to hand. Inquiries are 
not-such as to give any hope of an early revival of 
trade. In the black-sheet section, the outlook is a trifle 
better, as some rather important inquiries are in the 
market for autumn delivery. The heavier qualities of 
black and galvanised sheets are still quiet, but the lighter 
gauges are in fair request. Prices all round are nominally 
unchanged and are as follow :—Boiler plates, 11l. per 
ton ; ship plates, 81. 2s. 6d. per ton ; sections, 7/. 12s. 6d. 
per ton; and sheets, under in. to $ in., 101. to 121. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade, there are no signs of any improvement, 
and conditions at the majority of the works are very poor 
indeed. Those now in operation are finding it increasingly 
difficult to continue. Conditions in the steel. re-rolling 
branches are very similar, as new work is very scarce. 
The price of Crown bars is unchanged, at 10/. 15s. per 
ton, delivered at Glasgow stations. 


Scottish Pig-Iron Trade.—There has been no change 
during the past week in the state of the Scottish pig-iron 
trade. Business is very poor generally, and neither 
hematite nor foundry grades are meeting with any demand 
worth recording. With stocks increasing, the makers 
are finding it difficult to maintain prices and when any 
fair tonnage is asked for, the tendency is to make a cut to 
secure the business. The current market quotations 
are as under :—Hematite, 82s. 6d. per ton, delivered at 
the steel works ; foundry iron, No. 1, 85s. per ton, and 
No. 3, 80s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—-The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, June 25, was only 337 tons. Of the total, 
215 tons went overseas and 122 tons coastwise. For 
the same week of last year, the figures were 291 tons over- 
seas and 135 tons coastwise, making a total shipment of 
426 tons. 


Shipbuilding.—Intimation has just been made that 
Messrs. Hugh McLean and Sons, Limited, Govan, 
have secured orders for four motor tugs of 120 h.p. each, 
for British owners, and four motor launches for foreign 
owners. 





CriticaL SpEEps.—Early experiences with shafts 
running at high speeds, which broke, due to vibration, 
when critical values were attained, necessitated a 
thorough scientific investigation of the conditions causing 
the phenomenon. Much work was done in Germany on 
this subject, and by Professor William Kerr, of Glasgow. 
Recently, however, Professor Stodola, of Zurich, has 
called attention to a new critical speed, which is not due 
to the elastic deformation of a shaft, but to the elasticity 
of the oil wedge in the bearings. Dr. Hummel has 
further elaborated Stodola’s work and confirmed his 
views experiment. This investigation has been 
reported to the Verein deutscher Ingenieure, who have 
published it, as a pamphlet of 48 pages, in their Research 
Work Series, under the title ‘‘ Kritische Drehzahlen als 
Folge der Nachgiebigkeit des Schmiermittels im Lager.” 





ConTRActTs.—-Messrs. The British Thomson-Houston 
Company, Limited, of Rugby, have received an order 
from the Manchester Corporation for fifty 50-h.p. tram- 
way motors, and 100 tramway controllers.— Messrs. 
Stothert and Pitt, Limited, of Bath, have received 
an order from the Manchester Ship Canal Company 
for six electric gantry cranes to be installed at the new 
docks at Ellesmere Port. The cranes have the Stothert 
and Pitt patent crank-operated horizontal luffing system, 
and the lifting capacity is 2} tons at 40 ft. radius, or 2 tons 
at 45 ft. radius.—Messrs. Ailsa Shipbuilding Company, 
Limited, of Troon and Ayr, have received an order from 
the General Steam Navigation Company, Limited, 
London, for a single-screw steamer for their continental 
trade. The vessel, which will have a gross tonnage of 
1,200, will be classed with Lloyds and will be insulated 
for carrying dairy produce. Triple-expansion engines 
will be supplied by the builders, and the vessel will be 
laid down in the company’s Troon yard. 





TURBO-GENERATORS FOR DEPTFORD POWER STATION.— 
An important contract has been secured by Messrs. The 
Metropolitan-Vickers Electrical Company, Limited, from 
the London Power Company, for the supply of two 35,000 
kw. turbo-generator sets to be installed at the Deptford 
West power station at Stowage Wharf. The turbines 
will be two-cylinder machines of, 35,000 kw. maximum 
continuous rating, operating at 1,500 r.p.m. with a 
steam pressure of 350 lb. per square inch and a total 
temperature 700 deg. F., and they are to be provided 
with a closed feed-heating and make-up evaporating 
system. The condensers are to be supplied by Messrs. 
Richardsons, Westgarth and Company, Limited. The 
alternators will be single-unit machines of 43,750 kv.-a 
capacity, generating at 6,600 volts, three-phase, 50 
periods, and, with the exception of the 50,000 kv.-a. 
alternator which the Metropolitan-Vickers Electrical 
Company has in hand for the Barton power station, they 
are the largest single-unit machines yet ordered for in- 
stallation in Great Britain. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel_—While reports of rapid revival are 
discounted in all sections of the heavy trades, there is 
growing evidence that conditions are improving, at least 
so far as actual output is concerned. Much of the work 
now on order books in the heavy engineering trades 
has been taken at a very narrow margin of profit in 
face of severe competition, but benefit is expected to 
be derived from connections thus renewed and widened. 
No further closing of bulk steel furnaces has occurred. 
Expiring contracts are being replaced rather more freely 
on export account, though inland business is severely 
restricted by the continued heavy importation of Con- 
tinental—largely Belgian—iron and _ steel. Cheaper 
coke and pig iron have now definitely arrived, and, when 
present stocks are exhausted, will assist in the attainment 
of lower working costs in the steel consuming trades. 
Armament work is expanding, and developments are 
expected in connection with British naval requirements, 
while overseas bookings, which already show some 
improvement, are expected; during the next six months, 
to warrant the further utilisation of extensive plants 
that have been largely idle during the past nine years. 
Railway steel is patchy. British needs are readily met, 
while the pressure of foreign competition for overseas 
work tends to increase rather than to diminish. There 
is greater activity in structural steel, and also evidence 
of a revival in some of the best grades of alloy steels. 


South Yorkshire Coal T'rade.-From the producer's 
standpoint, conditions are the reverse of satisfactory. 
Despite successive reductions in output, more coal is 
available at many pits and railway sidings than can be 
marketed promptly. Consequently the offer of special 
lots at attractively low prices is a more common charac- 
teristic. Inland deliveries of steam coal are moderately 
heavy, although until steelworks organisers can see farther 
ahead, buying is likely to continue mainly on a hand-to- 
mouth basis. Gas companies are improving customers. 
Both furnace and foundry coke are disappointing on 
export account, while inland sales of the former are 
being effected at bargain prices. The house-coal market 
is uniformly flat. Quotations are: Best hand-picked 
branch, 27s. 6d. to 28s. 6d.; best house coal, 21s. to 
22s. 6d.; screened house coal, 19s. to 21s. ; screened house 
nuts, 16s. to 17s. 6d.; Yorkshire hards, 16s. to 17s. ; 
Derbyshire hards, 16s. to 17s.; rough slacks, 10s. 6d. 
to lls. 6d.; nutty slacks, 8s. to 9s.; smalls, 3s. to 
5s. 6d. 





Tue Institution oF ELEcTRICAL ENGINEERS.—-The 
annual summer meeting of the Students’ sections will 
be held this year in the midlands and the north of England. 
The majority of the party will leave London on Saturday 
afternoon, August 13, for Rugby, and from there will 
go to Manchester and Liverpool, returning to London on 
August 21. Permission has been granted to visit the 
following works :—The British Thomson-Houston Com- 
pany Limited, The Metropolitan-Vickers Electrical Com- 
pany, Limited, The Ford Motor Company, British 
Insulated Cables, The Rugby Radio Station, and the 
Barton Power Station. The total cost of the tour (for 
those travelling from London and back to London) 
should not exceed 10/1. a head, which may be reduced 
if sufficient numbers attend the tour. Applications 
should be made as early as possible to the Hon. Secretary, 
Mr. Staniey H. Hart, 71, Park-avenue, Mitcham, Surrey. 


LAUNCH OF THE S.S. “ Juna.’’—-On Monday, May 16, 
the twin-screw steamer Juna was launched by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, from 
their Neptune Shipyard, Newcastle-on-Tyne, where she 
is being built to the order of the British India Steam 
Navigation Company, Limited, for their passenger 
service on the Burma-Malay coast. ‘The ship is built 
with a straight stem and a cruiser stern, and will carry 
about 2,000 tons deadweight, her dimensions being 
length, 290 ft., and breadth, 43 ft. 6in. Accommoda- 
tion is to be provided for 22 first and second-class 
passengers and a large number of native passengers, the 
public rooms and staterooms for the former being on the 
bridge and upper decks, The propelling machinery, 
which has been designed for a medal 134 knots, consists 
of two sets of triple-expansion engines, which, together 
with the boilers burning oil fuel, are being constructed at 
the Neptune Works of the builders. 





SoutH ArricAN WrRELESS-BEAM SERVICE.—Messrs. 
Marconi’s Wireless Telegraph Company, Limited, announce 
that the short wave wireless-beam stations, which they 
have constructed on behalf of the General Post Office for 
the service between this country and South Africa, have 
passed their official seven-day tests. The first tests 
showed that communication could be maintained for a 
longer period than the 11 hours stipulated in the contract, 
but it was also found that the original wavelength 
was too long to give the maximum period of communica- 
tion during daylight hours. By substantially altering 
the wavelength, great improvements on the guaranteed 
figures were secured. These stations will be the 
first in which one wavelength is used for day and another 
for night communication. The transmitting station in 
England is at Bodmin and the receiving station at 
Bridgwater, and their equipment has already been des- 
cribed in ENGINEERING (1926, vol. cxxii, page 528). 
The transmitting station in South Africa is at Klipheuvel 
and the receiving station at Milnerton, 30 miles north- 
east and 5 miles north of Cape Town, respectively. 
The exact wavelengths of the English beam transmitting 
station are 16-146 m. and 34:013m. Those of the South 
African stations are 16-077 and 33-708 m. It is estimated 
that it will be possible to transmit 160,000 words a day 
in each direction. 





NOTICES OF MEETINGS. 





Tue INstTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: NortH WESTERN District.—Saturday, July 2, 
at 10.30 a.m., at the Town Hall, St. Annes-on-Sea. 
** Municipal Works, Lytham St.-Annes, since Amalgama- 
tion,” by Mr. G. W. Lawson. 

Tue Royat Instrtution.—Monday, July 4, at 5 p.m., 
at Albemarle-street, W.1. General Meeting. 

Tue Institute or British FounpRyMEN.—Annual 
General Meeting. Tuesday, July 5, to Friday, July 8, 
at the University, St. George’s-square, Sheffield. Wednes- 
day, July 6, and Thursday, July 7, at 9.30 a.m. Ameri- 
can Exchange Paper—‘“ The Properties of Coke Affecting 
the Cupola Melting of Steel,” by Mr. J. T. MacKenzie. 
Belgian Exchange Paper—‘‘ Some Methods of Making 
Steel Castings,’ by Monsieur G. Fosseprez. French 

ixchange Paper—‘‘The Making of Steam-Engine 

Cylinders,” by Monsieur Audo. “The Influence of 
Chromium and Nickel on High Quality and Heat-Treated 
Cast-Irons,” by Professor Dr. Ing. Pimowarsky. ‘‘ The 
Importance of Air Control in Efficient Cupola Practice,” 
by Mr. P. H. Wilson. ‘‘ 'The Manufacture of a Large Steel 
Casting,”” by Mr. F. A. Melmoth and Mr. T. Brown. 
‘“* Strains in Non-Ferrous Casting,’’ by Dr. C. H. Desch. 
“The Strength of Cast-Iron.’ by Mr. J. E. Fletcher. 
“The Effect of Manganese and Manganese Sulphide in 
Whiteheart Malleable,” by Mr. E. R. Taylor. ‘ High 
Test Cast Iron,” by Mr. F. M. Robbins. Wednesday, 
July 6, at 2.15 p.m. Visits to various works. At 
7.15 p.m. Dinner at the Royal Victoria Hotel, Sheffield. 
Friday, July 8, at 9.30 a.m. Various excursions and 
visits. to works. 

Tue British Waterworks Association. Annual 
General Meeting and Conference.—Wednesday, July 6 
to Saturday, July 9, in the Burgh Court Hall, Municipal 
Buildings, Glasgow. Wednesday, July 6, at 11 a.m., 
Presidential Address. At 3.15 p.m., ‘‘ Methods of 
Estimating Pollution in Water Reservoirs and Tidal 
Estuaries,” by Dr. D. Ellis; ‘‘ Water Supply and Public 
Health,”” by Dr. A. S. M. Macgregor. At 7.30 p.m., 
Annual Dinner at the St. Enoch Hotel, Glasgow. 
Thursday, July 7, at 10 a.m., “ The Origin and Distribu- 
tion of Underground Waters,” by Dr. J. W. Gregory ; 
* Rating and Valuation of Water Works, by Mr. J. 
Chisholm ; ‘“ A Brief History of Glasgow Water- Works,” 
by Mr. J. R. Sutherland. Friday, July 8, and Saturday, 
July 9, Various excursions and visits to works. 





Tue SourHERN Ramway Contracr.—An echo of 
the controversy which arose over the recent action of 
the Southern Railway in awarding a contract for rotary 
converters to a Swedish firm, is provided by a com- 
munication signed by Mr. J. Rowan of the Electrical 
Trades Union, Mr. J. T. Brownlie of the Amalgamated 
Engineering Union and Mr. T. Chadwick of the National 
Union of Foundry Workers. This somewhat belated 
document reviews the facts, as known, placing special 
insistence on the point that certain English firms were 
not asked to tender. It is also stated that the Swedish 
General Electric Company stipulated that they should 
supply the transformers as well as the rotaries. It was 
a stipulation of this kind, it will be remembered, that 
was one of the reasons given for placing the contract 
abroad. Finally, the harm done to British industry by 
the Southern Railway Company’s action is emphasised. 





Person at.—Messrs. Haslam and Stretton, Limited, of 
11, Windsor Place, Cardiff, have taken over the represen - 
tation in South Wales of Messrs. Reavell and Company, 
Limited, air compressor manufacturers, of Ipswich, and 
also the Reavell-Mossay Pneumatic Tool Company, 
Limited.—The registered offices of Messrs. Dowdings’ 
Machine Tool Company, Limited, have been moved 
from Bush House to considerably larger premises at 
38, Albert-embankment, Vauxhall, London, S.E.11 ; 
and the management of their Zeiss department, including 
a full demonstration stock of optical inspection instru- 
ments and fine measuring tools, is now centred at Empire 
House, Great Charles-street, Birmingham, under the title 
of Birmingham Bureau of Standards and Measurement. 
—Mr. F. Dudley Docker, C.B., the Right Hon. 
McKenna, and Sir William Plender, Bart., G.B.E., have 
now relinquished their position as honorary advisers to the 
board of Messrs. Vickers, Limited, which position they 
were invited to occupy at the time of the reconstruction 
of the Company. Mr. George R. T. Taylor has been 
appointed deputy chairman of the Company. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, S.W.1, parti- 
culars of tenders invited by various bodies in the British 
Possessions and in foreign countries. Further details 
and information relating to these can be obtained on 
application to the Department at the above address, 
the reference number given below being quoted in each 
case :—T'wo calls are reported from the South African 
Railways and Harbours, for both of which tenders must 
reach Johannesburg by August 4—(I) For the supply 
of a quantity of spring steel bars and wire. Tender No. 
1031. Local representation is in practice essential 
(Ref. No. AX 4841.)—-(II) For the supply and delivery 
of approximately 125 tons of structural bridgework for 
the Grundoorn River Bridge, &c. ‘Tender No. 1029 
(Ref. No. AX 4843.) The New Zealand Public Works 
Department are inviting tenders for the supply and 


delivery, C. F. Gisborne, of one 15-ton overhead 
travelling electrically-operated double girder crane. 
Tenders to reach Wellington by September 27. (Ref. 


No. AX 4849.) 
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UMBRELLA-TYPE FACTORY BUILDING FOR MESSRS. RENAULT, LIMITED. 
MR. J. CALLANDER, A.M.INST.C.E., CONSULTING ENGINEER. 
(For Description, see Page 13.) 


























Fie. 8. GENERAL VIEW OF STEELWORK. 
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Fic. 9. Butipina NEARING COMPLETION. . 





Hypro-Evecrric PowER tN MAnNirosa.—Authority 
to spend 3,000,000 dols., for extensions to the provincial | 
hydro-electric system in the next four years has been given 
by the Manitoba Government, and contracts for new con- 
struction work, to the value of 1,000,000 dols., have 
recently been awarded by the Manitoba Hydro-Electric 
Commission. Private electric power companies are also | 
making substantial extensions to their power plants | 
and systems in several parts of Manitoba, 


STANDARD SPECIFICATION FOR INSULATING OILS FOR 
ELECTRICAL PuRPOSES,-—As a result of recent experience 
and research, it has been found that the original tentative 
B.E.S.A. specification, No. 148, 1923, for oils for use in | 
transformers, oil switches and circuit-breakers, was open | 
to improvement, Consequently, and largely with a view 
to increasing the pra sources of supply of suitable 
oils and to include oils for all electrical insulating pur- 
poses with the exception of cables, the British Engineer- 
ing Standards Association has now published a revised 
specification, No. 148, 1927, which has been prepared in | 
the light of the progress of the work of the International 
Electrotechnical Commission. The new publication 
opens with two clauses dealing with the selection of oil, | 
and the classification of oils, which, as before, is based | 
on the sludging properties, but class C oil has been | 
eliminated, Each class is subdivided into three grades | 
based on the cold test. The oils are no longer graded | 
according to the viscosity, only one viscosity limit being | Fig. 10. Roorrne In PROGRESS. 
given in the new specification for all classes. This 


preliminary matter is followed by the specification : 
proper, which deals with specific gravity, acid value, various tests for the oils, such as that for determining | specification may be obtained on application to the 
copper discoloration tests, &c. Finally, there are eleven the flash-point, the viscosity, the acid value, &c. ;/ Publications Department, British Engineering Standards 
appendices, including numerous sketches of apparatus. | the test for determining the sludge value of the oil | Association, 28, Victoria-street, S.W.1, price 2s. 2d., 


These appendices give very full descriptions of the| has received special attention. Copies of the new! post free. 
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HEATING AND HOT-WATER INSTALLATION AT UNIVERSITY 
COLLEGE HOSPITAL, LONDON. 


MR. A. H. BARKER, M.INST.C.E., CONSULTING ENGINEER. 


(For Description, see Page 1.) 





Fig.13. VERTICAL SECTION. 
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Fie. 12. Freep Pumps anp INTEGRATING METER FOR FEED WATER. 
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HEATING AND HOT-WATER INSTALLATION AT 


MR. A. H. BARKER, M.INST.C.E. 


(For Description, see 
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IN MEMORIAM. 


NIXON.—On July 3, 1926, at Finchley, Frederick A. Nixon, 
M.Inst.C.E., M.I.E.E., Chief Engineer in London for the 
Victoria Falls and Transvaal Power Company, Limited, 1911 to 
1926. He was responsible for the whole of the 1913-14 
extensions at Brakpan, Simmerpan, Rosherville and Vereeniging, 
and was in entire charge of all the engineering work in con- 
nection with the new Witbank Power Station, which had 
started running shortly before bis death. He also planned 
extensions for the Wankie Colliery Company, Limited, and for 
the Chinese Engineering Company, Limited. 
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NAVAL POLICIES AT GENEVA. 


A GLANCE at the three plans for naval disarma- 
ment, which have been laid before the Conference 
at Geneva, suffices to show that the Governments 
responsible for them have reviewed the question 
from very different standpoints, and with very 
different preoccupations. It is extremely difficult 
to say, in the present state of our knowledge, 
whether these three divergent plans have a common 
groundwork upon which a single plan, acceptable 
to all three parties, can be erected ; all that can be 
done at the moment is to subject them to a fairly 
close analysis, and to try and understand the 
animating principles of each. 

Firstly, with regard to the British plan, Great 
Britain proposes: (i) that the armament of battle 
fleets shall be reduced by lowering the maximum 
calibre of the guns, and the tonnage of each unit ; 
(ii) that 10,000-ton cruisers, armed with 8-in. guns, 
shall be limited by the 5:5:3 ratio, and that 
all cruisers of a lower tonnage shall be unlimited 
by any ratio, but armed with guns no larger than 
6-in.; (iii) that destroyers shall not exceed a 
tonnage of 1,400 per unit; (iv) that submarines 
of the first-class shall not exceed a tonnage of 
1,600 per unit, and submarines of the second-class 
shall be no larger than 600 tons per unit; and 
(v) that the life of all classes of ships shall be 
increased by agreement. The British Government’s 
proposals are thus strictly technical. Our naval 
and political authorities desire to limit fighting 
power rather than mere numbers ; to restrict types 





of ships to certain dimensions, and to retain a! 


.| the law of increasing tonnage. 





free hand with regard to the number of certain 
classes of ships. The virtue of the British plan is 
that it would do a great deal to eliminate that 
form of competitive building which finds expression 
in designing ships that are heavier and more 
powerful than foreign ships of the same type. 
Continental designers have written at length about 
This is a rather 
mathematical expression for the law of naval 
rivalry, and the British plan does certainly relate 
the tonnage of vessels to the tactical and strategical 
duties they have to perform ; and releases designers 
from the obligation of outbuilding the latest foreign 
cruiser, destroyer, or submarine. The best method 
of discussing these proposals is, therefore, to relate 
them to the functions of naval armament as closely 
as possible. 

No class of vessel has been so much affected by 
the Washington Treaty as the battleship. Before 
the Treaty, battle fleets were roughly divided 
into first- and second-line squadrons; and whilst 
the first-line battle fleets have never had much to 
do except wait for a fleet action, those of the second 
line have always been used for a variety of duties. 
During the war, for instance, the pre-dreadnought 
King Edwards were kept ready as an anti-invasion 
force ; squadrons of old battleships were used for 
supporting the Dardanelles landing, and for 
bombarding the Belgian coast; the old battleship 
Canopus was used as a reinforcement to a foreign 
cruiser squadron; and, late in the war, groups 
of American battleships were used as supports for 
the Scandinavian convoy. It was no mere chance 
which imposed these duties upon the second-line 
fleet ; exact parallels can be found in all the naval 
campaigns of the eighteenth century; and if the 
Washington Treaty had never been signed, it would 
be as correct to-day as it was 200 years ago, 
to say that battleships were intended for fighting 
fleet actions, for attacking the transports and 
covering vessels of an invading force, for supporting 
landings, and for reinforcing cruiser squadrons. 
The most important consequence of the Washington 
Conference was that it limited battle fleets strictly 
to fleets of the first line; from the date of its 
signature no great naval power has possessed any 
second-line battle fleet, with the result that the 
limited and restricted squadrons which exist 
to-day can have no other duty: than that of main- 
taining themselves in a constant state of readiness 
for a fleet action. How, then, does the proposed 
limitation of tonnage and armament affect these 
duties ? A fleet action can as well be fought by 
vessels of 30,000 tons, and by 13-5-in. guns as 
by large: ones; and so long as the limitation is 
loyally carried out by all parties, there is no reason 
why the tonnage and armament of battleships should 
not be reduced much further. The command of 
the sea was just as effectively exercised by galleys, 
manned by crossbowmen, as it is to-day by vessels 
of 30,000 tons. In its practical effect, however, 
the plan would not be particularly advantageous 
to the British Government, and the mere fact that 
it has been put forward suffices to show that our 
authorities are confident that the international 
position is extremely stable. If the British proposal 
were adopted, the entire British battle fleet would 
be replaced by vessels of smaller 30,000-ton type by 
1942; the American battle fleet should be com- 
pletely replaced by vessels of the same type by 
1949. It follows, therefore, that the British 
Government propose that for a period of seven 
years the British battle fleet shall be composed 
of less powerful units than those of the United 
States. The inferiority would not be dangerous, 
for it is an axiom of British policy that no serious 
friction can arise between the two countries; but 
nobody who examines the British proposal with 
a fair mind can refuse to admit that it is an abso- 
lutely disinterested contribution to the general 
problem of naval disarmament. 

The cruiser problem is rather more intricate. 
Competitive building has considerably influenced 
cruiser programmes during the last eight years. 
When 10,000 tons was fixed as the maximum 
displacement of any individual cruiser, all naval 
powers at once showed a tendency to build vessels 
of the maximum tonnage. The tendency was, 
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Lauboeuf, the French designer, argued that such 
vessels were too big for reconnaissance work with a 
battle fleet, that their enormous fuel expenditure 
made them useless as commerce destroyers, and that, 
if they were intended for trade defence, their high 
speed was wasted. The criticisms made were sound. 
Cruiser operations during the war showed that recon- 
naissance work was best carried out by fast, lightly 
armed vessels, designed solely for scouting. The 
heavy cruisers of the Black Prince type, which were 
stationed in the battle fleet reconnaissance line at 
Jutland, were far less suited to the work in hand 
than the lighter ships of the Southampton type. 
The old theory that vessels in the scouting line must 
drive in and break up the vessels of the opposing 
line proved, in practice, to be quite unworkable. 
The most that scouting cruisers can be expected to 
do is to locate the enemy’s fleet and report it. They 
exist for scouting, not for fighting, and the less they 
fight the more efficiently will they perform their 
duties. 

With regard to commerce warfare, our experience 
shows that heavy cruisers are not needed either for 
attacking or defending trade. The German attack 
upon trade was, indeed, conducted by vessels whose 
tonnage and armament decreased as time went on. 
It was begun by regular cruisers of the Hmden and 
Nurnberg class ; and the German staff history has 
since shown how difficult it was to maintain these 
vessels on the outer routes. Their fuel consumption 
was literally Gargantuan ; and the history of the 
first German attack upon trade is little but the 
history of the difficulty of keeping them supplied. 
The attack was suffering from creeping paralysis 
before the Emden was destroyed or the Falklands 
battle decided. It is small wonder, therefore, that, 
when the attack was renewed, it was entrusted to 
armed auxiliaries of a much lower fighting power 
than their cruiser predecessors ; and that, at Armis- 
tice, it was being conducted by cruiser submarines 
of the U155 type. The British Government is thus 
quite entitled to conclude from experience, that, 
if vessels designed for defending trade are made 
proportionate to the duties they have to perform, 
they can be much reduced in size. A writer to the 
1926 Naval Annual has, indeed, shown, that it is 
hard to understand why a trade defence cruiser 
should have a greater fighting power than that 
necessary for beating off attacks by cruiser sub- 
marines and armed auxiliaries. The British dele- 
gates at the Conference do not go so far as to suggest 
that cruiser fleets should be restricted by a rigid 
application of this system of functional limitation ; 
but at least, the British proposals put a check to 
unstrategical cruiser design ; that is, to designs which 
are more closely related to the biggest possible 
opponent than to the duties which have to be 
performed. 

If the British proposal were agreed to, the resulting 
position would be, roughly, as follows :—About seven 
or ten years from now, the three interested Govern- 
ments would probably possess between five and ten 
of these heavy cruisers, and would be free to build 
as many cruisers of a smaller type as they needed 
for trade defence and fleet reconnaissance. The 
proposal to apply the 5: 5 : 3 ratio to this class of 
cruiser would seem, moreover, to be fairly acceptable 
to Japan. Japanese designers do not appear to 
have liked the 10,000-ton type, and reluctantly 
laid down four vessels of this class in 1924. If the 
Effingham’s are counted as 10,000 ton cruisers, and 
if the Kents are added to them, the British Navy 
will possess 12 of these cruisers by 1928, and the 
Japanese only four. In order to build up to the 
5 : 5: 3 ratio, which Great Britain proposes, the 
Japanese would be free either to lay down three 
more 10,000-ton ships, or to compensate themselves 
for their numerical inferiority by building more 
cruisers of the 5,000-ton to 7,000-ton class, which 
they so greatly need. They would probably choose 
this second alternative, for they have always shown 
a marked preference for ships of the Furutaka 
class, and a disinclination to lay down heavier ones. 
The preference is natural, for it is hard to under- 
stand what purpose heavy cruisers of the 10,000-ton 
class would serve in the Japanese navy. In order 
to make the Yellow Sea and the sea of Japan a 
regular submarine area, in which battle fleets can 





only operate spasmodically and with a large number 


of attendant auxiliaries, the Japanese might reason- 
ably desire to increase their submarine tonnage ; 
also, they may consider that they ought to have 
enough cruiser tonnage to put the North Borneo 
trade and the Singapore traffic under convoy. 
Ten-thousand-ton cruisers are not useful for either 
purpose. They might be used, with considerable 
effect, by a power like France, for operating against 
convoys in the approach routes to the British 
islands; but in no conceivable circumstances 
would the Japanese navy be within attacking dis- 
tance of a foreign Power’s escorted traffic. 

The British proposal to limit cruisers by ratio 
only applies to vessels of the 10,000-ton class. 
According to the British plan, all cruisers of a lower 
tonnage are to be limited as to their armament 
and unlimited as to their numbers. This section of 
the British proposals requires very little comment. 
Cruisers limited by the British plan of restricted 
armaments could not conceivably be used for any 
purposes other than trade defence and fleet recon- 
naissance. Lord Jellicoe estimates that some five 
cruisers are required as escorts to every three battle- 
ships. If that is so, Great Britain has at present 
available some 17 cruiser units for defending our 
gigantic trade and our enormous sea communica- 
tions. Figures like these require no comment. 
Great Britain must keep a free hand in the matter. 

The proposal to reduce the displacement of 
destroyers to 1,400 tons per unit is based on the 
same underlying idea of functional limitation. No 
vessels were more tested than destroyers during the 
last war, and the lessons of our experience are 
extremely easy to understand. If battle fleets are 
operating in a submarine-infested area like the North 
Sea, they cannot put to sea without powerful 
destroyer escorts ; two, or even three destroyers are 
required for every battleship. The conditions in the 
North Sea were, however, quite exceptional. Battle 
fleets operating in the Pacific or the Western Atlantic 
would be relatively secure against destroyer attack 
when once they had left their bases, and destroyers 
would in this case be used simply for minor attack 
in a fleet action. In order to perform this duty, 
they would require a displacement sufficient to give 
them a speed greater than that of the fastest escort- 
ing cruisers and an armament of from six to eight 
torpedo tubes. The British ‘ V ” and ‘“‘ W ” classes 
meet all these requirements with a displacement of 
about 1,300 tons, and if the competitive factor is 
eliminated from the equation of design there is no 
need to increase the figure. Also, experience has 
shown that the results of destroyer actions are but 
little related to the weight of destroyer armaments. 
The displacement of the British destroyers at Jutland 
was considerably greater than that of the German 
boats ; but the honours were easy in the destroyer 
actions between Admiral Hipper’s and Admiral 
Beatty’s flotillas. Each side did as much damage 
as the other. In the raids on the straits of Dover, 
displacement and weight of armament counted for 
even less. Lucky shots and good dispositions 
generally governed the issue. The destroyer actions 
in the Flanders bight were decided in the same 
fashion ; the British destroyer Simoon, for instance, 
was sunk by a lucky shot from a very much smaller 
destroyer, and she was at the time operating in 
company with a detachment whose combined fire 
would have blown the German destroyer to pieces 
if it had hit the target. 

There is, however, another aspect of the destroyer 
question. In 1917, destroyers were used for escor- 
ting convoys in the approach routes, and, at the 
time, no other class of vessel was so well adapted 
to the purpose. To perform this duty they re- 
quired the sea-keeping qualities necessary for 
undertaking an ocean voyage of four days, in the 
roughest weather, for the destroyer rendezvous 
was about five hundred miles from the south-west 
point of Ireland. They required, moreover, suffi- 
cient speed and armament to deal with submarine 
attack. Every power whose approach routes may 
be turned into a submarine infested area must have 
a force of vessels capable of carrying out these 
duties. It is an open question whether fleet 
destroyers are best adapted to the purpose, or 
whether slower, more weatherly, and more heavily 
gunned vessels are more suitable. Sloops are the 
alternative type ; but whether sloops or destroyers 





are more useful for this kind of trade defence, a 
tonnage limit of 1,400, seems equally rational. All 
sloops on the British navy list have a displacement 
of about 1,300 tons ; and a second alternative type, 
called the “‘ P” boat, is considerably smaller. 

In conclusion, the British government propose 
a tonnage limit of 1,600 for submarines of the first 
class, and a tonnage limit of 600 for submarines of 
the second class. No proposal could show more 
clearly how fairly and impartially the British 
authorities have considered Continental opinions 
upon the submarine question, and what concessions 
they are prepared to make in order to re-assure 
Continental opinion with regard to the real motives 
of our policy. It is entirely to British interests that 
submarines should be so limited by tonnage and 
numbers that no power could ever again launch a 
submarine attack against the outer trade routes. 
Submarines of 1,600 tons displacement, though they 
are not the largest that can be built, can very 
successfully maintain themselves upon the ocean 
highways for very considerable periods of time. 
U 151, which operated in the Azores-Madeira zone 
from June to August, 1917, had a surface displace- 
ment of 1,510 tons; U 155, which succeeded her, 
was of the same tonnage. The U-boats of the 
U 213 class, which were still being built at Armistice, 
and were intended to intensify the attack on the 
outer routes, were of slightly lower tonnage (1,380). 
The U-boats of the 142 class, which were intended 
to carry on commerce warfare in the western 
Atlantic, were, admittedly, of heavier displacement 
(2,130 tons). That Great Britain should have 
proposed a tonnage limit of 1,600 tons—90 tons in 
excess of the U 151 class—proves that she is willing 
to admit that commerce warfare on the outer 
routes, is a legitimate operation of war by Continental 
powers with relatively weak battle squadrons. 
Modern submarine designers could easily construct 
1,600-ton submarines capable of operating over long 
distances and for long periods. All that can be said 
on this head is therefore, that Great Britain’s 
proposals for submarine limitation are the only 
proposals in the British scheme which have a political 
colouring. They are intended to secure Continental 
support to our general policy. 

In contrast to the British plan, which is highly 
technical, the Japanese scheme of limitation is 
purely political, and, be it added, gives evidence of 
great wisdom. It has frequently been shown, in 
these columns, that the Japanese navy is just power- 
ful enough to protect the sea of Japan, the Yellow 
sea, and the southern approach routes to the great 
Japanese harbours ; that it is hardly strong enough 
to give adequate protection to traffic on the north 
Borneo and Singapore routes; and that both the 
Japanese navy, and the Japanese merchant service 
are quite insufficient to support distant expeditions. 
Mr. Bywater in his admirable study “The Navies 
and the Nations”? has recently endersed these 
conclusions. It is also obvious and it would be 
waste of time to marshal figures to prove the point, 
that the British navy is not at sufficient strength 
to conduct major operations outside European 
waters. Although Major General Lejeune, the 
commandant of the American Marine Corps, let 
it be known, most unwisely, that the American 
naval authorities have laid elaborate plans for 
carrying naval war into the western Pacific, the 
Japanese know that the American nayy, as at 
present constituted, could hardly do so. The inten- 
tion may exist, but the power to carry it out is 
lacking. The Japanese desire to perpetuate the 
general feeling of security which each of the great 
naval powers now enjoys by establishing a naval 
status quo. The starting point of the proposal is 
a deep understanding of Japanese national feeling. 
The Japanese nation may indeed be likened to a 
community of bees; they are peaceful, industrious 
and useful if they are left alone, but incredibly 
fierce and active if they are apprehensive of danger 
or disturbance. Nobody who read the leading 
articles in the Japanese papers during the year 
preceding the Russo-Japanese war could fail to 
realise how deeply the Japanese, from the proudest 
noble to the poorest peasant, were stirred by the 
thought that the forces of a colossal empire were 
slowly advancing towards their country; and every- 
body remembers the terrible fixity of purpose with 
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which the nation faced the danger. Japanese 
statesmen know quite well that this dread lest some 
great power, Japan’s superior in resources and 
wealth, shall establish itself near Japanese soil, is 
as strong to-day as it was twenty years ago; and 
they know that public opinion in their country will 
only support a placatory policy abroad if the nation 
continues to enjoy its present feeling of security. 
They are perfectly well aware, however, that if the 
Japanese nation feels that some great power is 
creeping towards the gates of the Japanese empire 
by increasing its naval programmes or by developing 
its naval bases, then, public opinion may well get 
out of hand and precipitate the danger by some 
desperate act of defiance. 

Although the Japanese and British plans have 
very different starting points, there is a certain 
degree of kinship between the two. Japanese 
statesmen will give support to any plan that helps to 
maintain the naval status quo, which they desire to 
perpetuate by treaty. The British project at least 
does so indirectly. To increase the age of ships 
delays and retards rebuilding programmes; and 
the functional limitation, which is at the basis of 
the British project, tends to create a British fleet 
which can only perform the natural duties of securing 
home waters and giving adequate protection to all 
traffic on the Atlantic and Australasian trade 
routes. 

The American project, in so far as it has been 
revealed, is a claim to parity with Great Britain in 
all classes of vessels. The claim is not based upon 
any strategical or military necessity ; but has been 
made respectable by two authoritative reminders 
from Washington that the United States can out- 
build Great Britain if and when she wishes, and 
will probably do so if the claim is refused. It is 
therefore idle to deny that the American plan of 
limitation, as it now stands, is a plan of limitation 
for her neighbours, and of expansion for the United 
States: this quite differentiates it from the British 
and Japanese projects. On the other hand, we 
have received two equally authoritative assurances 
from Geneva, that the American delegates have 
power to make their project a basis for negotiation 
and are willing to adjust and amend it. Political 
expediency must necessarily be the starting point 
of all modifications to the American plan. If 
American statesmen are satisfied that they have an 
interest in assisting Japanese statesmen to consoli- 
date the feeling of security that the Japanese 
nation at present enjoys, and if they are convinced 
that the United States has no conceivable interest 
in dominating the Atlantic trade routes, the 
American project may eventually emerge from the 
discussion as a serious contribution to the problem 
of disarmament. 





UNIVERSITY COLLEGE, LONDON. 


To-MoRROW the celebrations of the Centenary of 
University College, London, will come to an end. 
They have given the community at large and engi- 
neers in particular much to think over, and left 
each of them something to do. Though the College 
has long been a recognised element of London life, 
it has been little addicted to calling public attention 
to itself, and the dedication of a period not far 
short of a fortnight to festivities in its honour may 
seem a remarkable event. More remarkable, 
however, is the fact that these celebrations, pro- 
bably the longest yet held by a London institu- 
tion, have justified themselves. A presumption 
that they would do so was created when it was 
known that the King and Queen would inaugu- 
rate them in person, for the sense of perspective 
that seems inherent in our Sovereign and the 
members of his family is a national asset. The 
feeling was confirmed by the proceedings of the 
second day, when addresses of congratulation 
were presented by delegates from academic and 
learned bodies in all parts of the kingdom and 
from many parts of the Empire and, indeed, of the 
world. The occasion has called attention to many 
facts in the history of the College, of which some 
are perhaps more familiar than consciously recog- 
nised. These facts form a reminder of the great work 
the College has done and has still to do, and furnish 
the reasons that have warranted so much public 
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attention to a single institution, attention which 
may well be continued in the future. 

When the University of London, as the College 
was first called, was founded, Oxford and Cambridge 
were almost the only institutions where students 
could continue their education after school age. 
Though the subjects taught there were not as 
various as many people thought desirable, and took 
little account of science, Oxford and Cambridge 
were already overcrowded. Admission to their 
benefits was restricted, moreover, both by religious 
tests and by the considerable expense involved in 
residence. Accordingly, only a small fraction of 
persons practising the liberal professions had been 
at a university, and a still smaller proportion of 
the great middle classes. The London institution 
opened with a comprehensive programme. It in- 
cluded arts, law and medicine, together with physics, 
chemistry, botany and the medical sciences, and 
has extended steadily throughout its career. In 
almost all branches of knowledge men of exception- 
ally high distinction in their subjects have served 
as its professors, sometimes passing on to the service 
of other institutions, and always turning out a suc- 
cession of students to undertake similar work else- 
where. The demand for such education as was given 
had accumulated before the College opened, and over 
600 students entered practically at the outset. 
Three years later King’s College was founded on 
somewhat similar lines, and in i851 Owen’s College, 
Manchester, began work, taking its Principal and 
three of its staff from University College. It is, 
doubtless, through the formation of similar institu- 
tions on the same lines that, in spite of the growth 
of population, the numbers of the students at the 
University College, London, did not begin to 
average more than those of its opening year until 
more than forty years had passed. After about 
fifty years the classes of the College were opened 
to women, whose numbers began to increase towards 
the end of the century, while those of the men were 
not greatly larger than when the College first began 
work. At that epoch, however, the numbers of 
both men and women began to increase rapidly, 
and the same rate of increase was regained imme- 
diately after the war. In 1925 the number of men 
was substantially more than double what it had 
been in 1900, while the women had become almost 
as numerous. 

This increase is the more remarkable when it is 
remembered that at the present time few, if any, 
great industrial centres of the country are without 
their university or college. The extraordinary 
support that has been given to the London college 
may be due, at least in part, to its providing instruc- 
tion that elsewhere cannot be found as readily or 
atall. Its chairs of Applied Statistics and Eugenics, 
Librarianship, and Phonetics are examples of im- 
portant subjects that can probably not be studied 
to the same advantage in any other institution. To 
some extent, however, the increase may reflect the 
fact that, when all is said and done, the Metropolis 
of the country has a special need for its university. 
Whatever may have been its cause, the present 
increase in numbers, with the prospect of further 
extension, has emphasised the need for greater 
accommodation and resources, if advantage is to be 
taken of the public disposition to benefit by this 
institution. The history of University College sug- 
gests that the public has a special interest in foster- 
ing its growth. A pleasant tradition tells how a 
cultivator of grass lawns in the United States, com- 
paring notes with the lawnkeepers of Oxford col- 
leges, could find no difference between their methods 
and those practised in America, except that at Oxford 
the perfection he was envying was said not to be 
expected until the work had gone on for a few hun- 
dred years. The time taken in forming the tradi- 
tions of a University doubtless varies with its epoch 
and circumstances, but at best and at any period 
such traditions are of slow growth. They are, never- 
theless, indispensable to a full university training. 
Most students have to acquire knowledge at the 
same time as they are first relieved from school 
discipline and are entering responsible life. The 
influence of a university career on the students lies 
largely in the help its traditions give them in forming 
their own and each other’s characters during that 





critical period, and in a society of which their teachers 


are a part, are beginning to learn how their know- 
ledge may be used. This is not to be attained 
merely by setting up a universal knowledge stores, 
at which students can buy wisdom for themselves 
over the counter, as they can buy proprietary 
medicines at a chemist’s shop. However complete 
and elaborate it may be, the apparatus for teaching 
will not be sufficient while it remains merely a 
naked mechanism. It must be so clothed with 
fitting traditions as to become a corporate body, 
with feelings that students learn to respect, and 
fear or would be ashamed to hurt. To attract, 
hold, and do justice to its students it must indeed 
possess the material resources that enable it to 
provide the necessary instruction, and assure its 
vigorous life and growth. These resources, however, 
can be used to their best advantage only when 
they are joined to a body that is forming these 
traditions. It is because among such _ bodies 
University College, London, is the eldest and most 
illustrious of the institutions founded since the 
early part of the last century, that the additional 
resources it is now requiring are likely to fructify 
in its charge, and that a great public interest 
depends on its obtaining them. 

In particular is this true of its engineering depart- 
ment. The development of this branch was by 
no means as rapid as that of others, and it had 
indeed to wait fifty years before the practical 
genius of a, great teacher found and showed the 
rest of the country how to make academic training 
in the subject effective. Though engineering was 
included in the original programme of the college, 
it was represented up to 1840 only by occasional 
courses delivered by professors of physics. At that 
date Vignoles was appointed to the Chair of Civil 
Engineering, and a few years later Bennet Wood- 
croft was appointed Professor of Machinery, and 
Eaton Hodgkinson of Mechanical Engineering. On 
the retirement of Woodcroft and the death of 
Hodgkinson their chairs fell into abeyance, but that 
of Civil Engineering was continued and held by 
Pole and Fleeming Jenkin among others, ultimately 
becoming fused in a chair of Civil and Mechanical 
Engineering. It was not, however, till Sir Alexander 
Kennedy’s tenure of this chair from 1874 to 1889 
that the teaching of theory was coupled with work 
in an engineering laboratory. The method Kennedy 
introduced was recognised rapidly and generally as 
putting instruction in engineering on a new basis, 
and it has since been adopted in every engineering 
school of importance throughout the kingdom. As 
Kennedy applied it, it did not consist merely in 
providing tools and machines on which students 
might produce the results that were explained in 
theory. Such a discipline would have been infected 
with the essential vice of pure laboratory work when 
applied to illustrate practice. In pure science the 
purpose and duty of the laboratory is usually to 
subordinate all conditions to the object of some 
experiment, and to use all its resources freely. In 
practice, on the contrary, many conditions have 
to be taken as they occur, and no more effort must 
be used than is necessary for the purpose in view. 
While therefore Kennedy introduced appliances of 
precision into his enginering laboratory, he did 
not allow them to be used until their order of 
accuracy had been recognised. On any piece of 
work, moreover, he required the student to define 
the order of accuracy that was wanted, and to 
obtain it by the simplest means, reserving appli- 
ances of greater precision for purposes in which they 
were needed. By thus impressing on his students 
the need to take constant account of orders of 
magnitude Kennedy took the most notable step 
towards reconciling the age-long differences of view 
between theory and practice, and set up mechanism 
for training men to recognise and measure the facts 
of practice at the same time as they were learning 
engineering theory. 

No tradition could be more valuable to a school 
of engineering. In our issue of March 12, 1920, 
we gave an account of engineering education as then 
practised at the College under the guidance of Pro- 
fessor E. G. Coker, F.R.S., and of the extensions that 
were contemplated in its various branches. These 
extensions have now been carried out and a large 
part of the equipment put in; and among the 
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attention of engineers may be directed especially to 
that of which the object is to complete the equip- 
ment of these laboratories, and a modest endowment 
for the purposes of the Chair of Civil and Mechanical 
Engineering, henceforward to be associated with 
Kennedy’s name. For these purposes a further 
sum of 20,000/. to 25,0001. has still to be raised. 
As those who have read our earlier account will 
remember, the training at University College 
provides the sound scientific basis necessary for 
any branch of engineering, with special courses for 
individual branches and in particular for civil, 
mechanical, electrical and municipal engineering, 
and enables suitable students to undertake research 
and general post-graduate work in any of these 
branches. The interests of every branch of the 
profession and of the engineering industries will be 
served by the completion of the great extension 
that is now being made, which should be a further 
help towards fitting the engineering profession 
and industry for the international competition 
with which it is faced. Though no direct Govern- 
ment contribution can be obtained, it appears 
that donations extending over not less than seven 
years entitle the donors to deduct income tax 
from the amount contributed, and to charge their 
gross subscription against their super-tax income, 
both of which deductions will be recovered by the 
College from the Inland Revenue. Those who sub- 
scribe in this way will therefore attract to the 
College from the State a substantial increment on 
the net amount contributed. 








COAL TRADE INTERESTS. 


THE opening of the new Safety in Mines Research 
Station at Buxton, of which we published an account 
in our issue of June 17, may turn out to have been 
a suggestive occasion. It attracted a crowded and 
representative audience, and the proceedings 
showed conclusively that the work and prospects 
of the Safety in Mines Research Board, by whom 
the station has been erected, are followed with 
keen interest by every branch of the coal industry 
and every class and party in the State. The 
Board includes active and critical representatives 
of both employers and miners as well as distinguished 
scientific members, and the Miners’ Welfare Com- 
mittee, by whom it is financed and supervised, is 
representative of every class in the community, 
including men eminent in the sciences concerned. 
The Board has indeed more need than most similar 
bodies of all the judicious support it can obtain. 
By their importance and their complexity the 
problems they are attacking are among the gravest 
and most difficult of the many now under investiga- 
tion in this country. Our readers are familiar 
with the scientific value of the researches the 
Board has already inspired, and will endorse the 
general welcome that has been given to the new 
station on its opening. It was remarked that of 
the assurances of confidence and support expressed 
at the opening ceremony none were more ungrudg- 
ing than those tendered by the spokesmen of the 
Mining Association and Miners’ Federation. It may 
not, however, be recognised generally that the 
function had a particular significance apart from 
the special purposes of the Board. It was the first 
occasion since the coal strike of last year on which 
the representatives of the employers and the miners 
in the industry had joined publicly in a common 
undertaking. 

The subject matter of the Board’s activities is 
one in which both parties in the industry have 
obviously a common interest. It is said that over 
8,000,0001. a year is being spent merely in com- 
pensation to victims of accidents in mines and the 
Board’s endowment of 250,000/. and expenditure 
of 50,000/. a year in the endeavour to avoid the 
largest part of these accidents is a trifling invest- 
ment compared to the merely economical stakes. 
In spite of this evident identity of interest, it is 
notorious that till recently influential groups 
among the miners had a lurking suspicion of activi- 
ties such as those of the Board, believing them to 
be camouflage, and dictated by some ulterior 
motive. The opening of the Buxton station has 


directed a closer and more intimate attention to 
the Board’s work than perhaps it had received 
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before ; and as the result of this better acquaint- 
ance the suspicions of the Board’s work felt by 
even the most irreconcilable groups among the 
representatives of the miners seem to have been 
completely removed, and its proceedings are likely 
in future to attract their wholehearted interest 
and support. This is a gratifying change, but its 
chief value would be lost if those who are now enjoy- 
ing it with enthusiasm allow themselves to forget 
their earlier suspicions. They ought on the con- 
trary to remember carefully how far they were 
removed in earlier days from the confidence they 
have now attained; and the experience may 
perhaps dispose them to believe that other suspicions 
and dissensions which have even more disastrous 
consequence, may turn out to be equally unfounded. 
The country and the coalmining industry have 
difficult times ahead, in which they will be no more 
able to afford extravagance than they were last 
year, and least of all the extravagance of internal 
dissension in the industry. Coal mining is still 
saddled with a surplus of men introduced during 
the war, and unfortunately no economic data exist 
on which a safe estimate could be founded of the 
number of men that the industry can carry. At all 
times such an estimate would be difficult to make, 
but in existing conditions it would involve elements 
of prophecy beyond the power of any possible 
wisdom. It is certain that, at least in some dis- 
tricts, ascertainment of profits in an early future 
will show that the coal industry is beginning to 
reap the whirlwind from the wind it sowed last 
year, and the situation can only be met if all those 
engaged in the industry pull together. British coal 
fields have still vast resources of coal, unsurpassed 
or even unrivalled in quality, by the help of which 
the difficulties even of the present situation might be 
tided over if these resources were used to their full 
advantage. The scarcity of supplies during the strike, 
especially in export markets, has, however, stimu- 
lated the development of other grades of coal, 
which later on will give rise to other problems. 
It may be hoped that means will be found in suffi- 
cient time for dealing with these problems. For 
the moment, however, the fundamental interest of 
the coal industry lies in solving promptly the 
problems that are immediately present, which may 
be summed up as amounting to the enquiry of how 
best to expand the demand and reduce the cost 
of production. If means are not found to effect 
these objects, all classes dependent on the industry 
will suffer, most of all the workmen themselves, 
and beyond question including their organisations. 
It is idle to wait until a solution has been found 
for every problem. On paper comprehensive 
schemes dealing with all difficulties at once through- 
out the entire industry are easy enough to construct. 
In practice, on the contrary, such schemes usually 
amount to an attempt to introduce the thick end 
of the wedge first, and they are the more dangerous 
because hungry men can easily see the advantages 
they offer in theory, though they are unable to 
realise the insuperable difficulties with which they 
will meet in practice. To have any prospect of 
success remedial measures must proceed step by 
step, though most of them have some fundamental 
difficulties in common. The introduction of new 
machinery, for example, may often have no chance 
of success unless it is assisted by the willing co- 
operation of the men who work it. Still more 
generally, few remedies are possible without sub- 
stantial capital expenditure, which cannot be 
recouped if the industry is prevented from working 
by obstruction from within. To take a specific 
instance, a good deal of foreign coal has found its 
way into what used to be regarded as British export 
markets, because it is cleaned and graded as British 
coal often is not. If owners were assured that 
they had only to deal with external competition, 
the capital expenditure involved in arrangements for 
such grading might and usually would be a justifiable 
investment. If, on the other hand, the pits may 
have to be shut down a few weeks or months after 
the plant has been put in, its installation may be 
simply a gamble that no prudent enterprise could 
entertain. The first condition of meeting the 
present difficulties is that some means should be 
found for giving the industry sufficient assurance 
of internal co-operation to justify the adoption of 
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measures that economically would be unjustifiable 
without it. 

The problems of production are, however, only a 
part of the difficulties that have to be solved. Those 
of consumption are no less important, and if. the 
spirit shown at the Buxton meeting extended to the 
other aspects of the coal mining industry, the 
example of the miners would be likely to react on 
their industrial customers. The shipbuilding trades, 
for example, have seemed for a long time past to be 
standing on the brink of an economical reform. 
They set up a joint committee to investigate the 
causes of the depression from which they were 
suffering, and if its recommendations had been 
followed the efficiency of the industries would have 
increased, trade would have been kept in the 
country which went abroad, and the yards would 
have been prepared to take greater advantage of 
such fresh business as arose than they can in 
existing conditions. Yet in spite of the wise 
recommendations of the report no practical effect 
seems to have been given to them. The industry 
itself suffers together with the many industries it 
employs, most or all of which are users of coal. 
The miners have found out for themselves that in 
regard to research into measures of safety they 
have been allowing themselves to be deluded by 
an unwarranted suspicion. Their suspicion has 
fortunately not stopped the work from proceeding, 
but the suspicions that are harboured by some 
groups of miners are less innocent in their effects. 
They operate to prevent owners from being able to 
undertake prudently measures that, could they be 
so undertaken, would be of great and immediate 
value to the industry. Not only as between 
employers and workmen, but as between different 
unions, times call for give and take. The Buxton 
spirit among the miners marks the end of one 
mischievous suspicion. Is it too sanguine to hope 
that it may spread to other aspects of coal mining, 
and in fact other great industries with whose 
operations its own are bound up ? 





NOTES. 


SHaws WATERWORKS CENTENARY. 


Suc great stress is now placed on the necessity 
of a pure water supply, in order that public health 
may be properly safeguarded, that there is a ten- 
dency to forget that waterworks, if of a somewhat 
primitive kind, are by no means a modern develop- 
ment. Low pressure supplies, via wooden pipes 
or stone or brick conduits, and even cast lead pipes, 
were given in certain parts of this country by the 
Romans, and London was supplied from Hertford- 
shire by the New River Company as early as 1613. 
Generally speaking, however, it was not until the 
passing of the Waterwork Clauses Act in 1847 that 
much impetus was given to this development, and 
the Shaws Water Company’s works, the, centenary 
of whose foundation was celebrated at Greenock 
on Wednesday, June 22, may therefore be aptly 
described as among the pioneers of this important 
factor of civilisation. It appears in fact that steps 
were first taken to give a public supply of water in 
Greenock, then a town of about 10,000 inhabitants, 
in 1773, but by 1825 this had proved to be insufficient, 
and a careful survey of the resources of the neigh- 
bourhood was made by Mr. Thom, of Rothesay 
at the instance of Sir Michael Shaw Stewart, 
superior of Greenock. Mr. Thom in a long report 
proposed the use of Shaws water for this purpose, 
and a company entitled the Shaws Water Joint 
Stock Company was formed to undertake the neces- 
sary development. The works included the forma- 
tion of the great reservoir (now known as Loch 
Thom), containing 1,780 million gallons, the com- 
pensation reservoir, containing 90 million gallons, 
and a main aqueduct, 54 miles long. Subsequently 
several additional small reservoirs were formed. 
Some of the water was used for power purposes by 
mill owners. The scheme was formally opened on 
April 16, 1827. By 1845 the demand had grown so 
rapidly that powers were obtained to construct a 
second aqueduct and to build what are known as the 
Kelly and Crawhin reservoirs. This increased 
demand was partly due to the “bulk supply,” 
which the water company had been giving to the 
town since 1838; and this connection became 
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still closer when in 1866 the private undertaking 
was purchased by the Corporation for 170,0001. 
The Act permitting this purchase also provided for 
further extensions. These included the increase 
of the capacity of the Loch Thom reservoir from 
1,780 to 2,500 million gallons. At the present time 
the Greenock water undertaking comprises 19 
reservoirs with a total storage capacity of 4,230 
million gallons and a catchment area of 10,000 acres. 


Tue Burnina OF MINERAL OILS IN WICK- 
Fep Lamps. 


A PAPER on wick lamps seems rather antiquated 
in our days, when oil lamps have almost disappeared 
from most houses. Yet the quantities of kerosene 
used for illuminating purposes are certainly still 
sufficiently great to justify Mr. J. Kewley and 
Mr. J. S. Jackson in bringing a paper on some 
problems of “ The Burning of Mineral Oils in Wick- 
Fed Lamps” before a recent meeting of the 
Institution of Petroleum Technologists. A good 
wick oil should have a high initial illuminating 
value, should retain that value as the oil is being 
consumed, and should not cause deposits on the 
chimney. As to these and other properties, kerosenes 
differ widely. Messrs. Kewley and Jackson analysed 
and tested, with the assistance of the laboratory 
staffs of Shell-Mex, Limited, and of the Bataafsche 
Petroleum Mij. of Amsterdam, and, further, of 
Messrs. Stadelmann and Co., a great many kerosenes 
ranging in density from 0-79 up to 0-85 and in 
initial boiling points from 133 up to 187 deg. C. 
A kerosene should essentially consist of hydro- 
carbons. The chief impurities are sulphur com- 
pounds, sulphonates and oil-soluble naphthenates, 
some of which are non-volatile and tend to car- 
bonise the wick. The sulphur compounds are 
further responsible for the formation of the white 
bloom on the glass chimney; the black bloom is 
due to carbon. The white bloom is more marked 
in anew chimney than in an old one which has been 
washed several times ; the bloom consists partly of 
alkali sulphates, the alkali coming from the glass, 
but it may contain ammonium salt (from the air), 
and it is deposited chiefly on relatively cool portions 
of the chimney. The initial illuminating value of 
a kerosene, which depends largely upon the chemical 
composition, is difficult to determine. In the smoke 
test, developed at Amsterdam for this purpose, 
use is made of the lamp supplied with the Weber 
photometer. This lamp has an annular wick, only 
4-5 mm. in diameter, which gives a small conical 
flame, the height of which is read off on a millimetre 
scale behind ; the slightest increase in the critical 
height of the flame gives rise to a long smoky tail. 
Whether the initial candle power will be maintained 
depends also upon the physical properties of the 
oil, its viscosity and capillarity. The viscosity 
(decreasing as the temperature rises) was measured 
in an Ostwald viscosimeter, the capillarity (increas- 
ing with the temperature) by watching the capillary 
rise in tubes. The most viscous kerosenes showed 
the greatest capillarity, but the two properties did 
not correspond for different oils. The falling-off 
in the candle-power of a burning wick is partly 
caused by the carbonisation of the wick, but a 
distinction must be made between the charring 
of the wick and the deposition of a loose crust 
of carbon; a large charred area is, in fact, favour- 
able to good light. The choking of the wick is not 
important; Mr. Kewley had used many wicks 
over and over again without any loss of light. 
Provided that the kerosene was free from abnormal 
amounts of aromatics and high boiling fractions, the 
main cause of the carbonisation was found to be 
insufficient oil supply. When the oil level was 
kept constant, a wick would burn steadily without 
loss of candle-power for 72 hours. Lamp reservoirs 
should be large ; some lamps would not burn unless 
three-quarters full, and lamps were on the market 
which seemed to have been designed without any 
regard to the conditions under which the oil was 
to burn. Analysing the oil in the lamp reservoir 
before, during and after burning, Mr. Kewley ob- 
served no change in the oil composition. 








New Paper Putp MILLs In CANADA.—It is announced 
that the Nipigon Corporation intend to erect at Port 
Arthur, Ontario, Canada, a large pulp and paper mill 
at a cost of ahout 1,500,000. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THe Summer Meeting of the Institution of 
Mechanical Engineers is being held this year at 
Birmingham, for the fifth time since 1860. The 
gathering is about twice the size of that at Ipswich 
last year, when, it will be remembered, anticipated 
transport difficulties almost caused a postponement, 
though the numbers are considerably below those 
attending the last Birmingham meeting in 1910. 
On that occasion the meeting was held jointly 
with the American Society of Mechanical Engineers, 
an unusually large number of papers being read, 
mostly on matters connected with railway prac- 
tice. This year, only one paper has been selected 
for discussion. By the courtesy of the City of 
Birmingham Education Committee, the Institution 
has been granted the use of the Central Technical 
College, where the members were officially welcomed 
on Tuesday, June 28, by the Right Hon. the Lord 
Mayor of Birmingham and the members of the 
Birmingham Reception Committee. 

The Lord Mayor, in welcoming the members, said 
Birmingham could still lay claim to be the metro- 
polis of the engineering world. There were some- 
thing like 1,200 different industries carried on in 
the district, and of these engineering was regarded 
as the most important. The Institution of Mech- 
anical Engineers sprang from small beginnings in 
Birmingham itself. In 1847, some tests on loco- 
motives were being carried out on a steep incline 
near Bromsgrove, when, during arain storm, shelter 
was obtained, by those concerned, in a platelayer’s 
hut, and then and there the idea of the Institution 
was conceived. After a few weeks, a meeting was 
held in the Queen’s Hotel, when George Stephenson 
was elected President. Later, other premises were 
obtained, and these were still in existence. Members 
would have opportunities of inspecting some of the 
large engineering works that had grown up, and of 
comparing present-day conditions with those exist- 
ing at the time of their last visit seventeen years 
ago. He believed still further progress would ensue. 

Sir Henry Fowler, in tendering thanks on behalf 
of the Institution, said he, personally, felt the 
occasion was of the nature of a return home. This 
was the eightieth anniversary of the birth of the 
Institution, which had later left the city, and it was 
the fortieth anniversary of his own departure from 
Birmingham to which he owed the best technical 
education possible at the time. He was proud to 
have been welcomed by the first citizen of such an 
important place and trusted it would have continued 
progress. As to the Institution itself, in 1847 there 
were 170 members, and when it left Birmingham in 
1877 there were over 1,000, an increase of more than 
ten times. Now, in 1927, there were over 10,000 
members, another tenfold increase. The first two 
meetings had been held in the Queen’s Hotel, but the 
growing Institution had made two other moves before 
it finally left the city. Referring to the previous Bir- 
mingham meeting, he recalled that another railway- 
man, Sir John Aspinall, was in the chair, and further 
that, whenever he met any of his friends of the 
American Society, they still spoke of the pleasant 
memories of the welcome they had received and 
of the interesting work they had seen. Birming- 
ham was then a large town; now it was a city. 
The interests were very widely spread, and instead 
of the three or four days they had available to 
inspect its activities, three or four months would 
scarcely suffice. At this point the Lord Mayor 
vacated the chair in favour of the President, through 
whom the meeting conveyed a vote of thanks to 
the Lord Mayor for his courtesy. 

INFLUENCE OF Mortor-CaR PRACTICE. 

After the secretary had read the minutes of the 
last meeting and the names of members and other 
classes elected since that date had been read; the 
President called upon Mr. H. Kerr Thomas to read 
his paper entitled “‘ The Effect of the Automobile 
Industry on the Midlands,” which is reprinted 
on page 26 et seg. The discussion was opened by 
Sir John A. F. Aspinall, who, in asking if any 
cars were really produced in 1896, recalled that he 
officiated as judge in motor-car trials as far 
back as 1897. Mr. E. C. Healey had offered a 
prize of one thousand guineas in that year to 





stimulate the infant industry. Great difficulties 
were experienced in obtaining competitors even 
for this substantial prize, but finally some entries 
were made, and a test of two days, under various 
conditions, was arranged in the grounds of the 
Crystal Palace. Not one of the stipulations laid 
down was filled, and the committee were therefore 
reluctantly compelled to refuse to recommend 
anyone to receive the prize. He would like to refer 
to one small point in connection with the use of 
broaching machines. In the days of Ramsbottom, 
mountings used to be attached to the boiler shells 
by means of bolts with square necks, and the holes 
for these were made with a broach. 

He had been struck by the number of mechanics 
and artisans employed in the automobile industry, 
which the author had stated to be a quarter of a 
million in 1925. He considered this was one of the 
greatest products of the industry—that is, the large 
number of men in this country who had learned 
to work with a high degree of skill and precision. 
The niotor-ear industry demanded pre-eminently 
the knowledge of what could be done and a know- 
ledge of how to do it. Going back to the days of 
Whitworth, it would be remarked that he and other 
engineers not only advocated accuracy but sim- 
plicity, and these qualities were being developed in 
motor-car engineering. 

He had often wondered what was the best 
form of garage. These were now extending in 
numbers and size, and occupied, very often, costly 
ground. He had given, on a previous occasion, the 
number of cars per mile on the 178,000 miles of 
roads in England, Scotland, and Wales. It had 
worked out to 6-9, but a prediction he had made 
had proved too low, as last year the figure was 
8-5 cars per mile. This enormous and increasing 
output meant the probable absorption of more 
costly ground for garages. He visualised the future 
garage as modelled on a locomotive erecting shop, 
a long building with a clear passage down the centre 
on each side of which were arranged the cars, 
each in a cage of its own. An electric travelling 
crane running along the shop could pick out the 
car required, and space would thus be saved. Such 
a building might have four or five stories. 

Dr. H. 8. Hele-Shaw was the next speaker. He 
quoted the author’s statement that the amount 
paid in wages in the motor-car industry was some- 
thing like 40,000,000/. per annum. This showed the 
important part played by the engineer in reducing 
unemployment. At the same time, he thought 
another aspect might have been considered. This 
was the export trade. We had allowed our great 
rivals to absorb some of the trade of our Colonies and 
Dependencies. More attention must be paid to this. 
He would pay a tribute to the car with the produc- 
tion of which Mr. Thomas was connected. The 
high quality of the steel employed had enabled 
results to be obtained in Australia which should 
give an enormous impetus to British cars. Similarly, 
conditions in South Africa demanded attention. 
The very best material and the very best workman- 
ship were essential. He was not sure whether 
steel or rubber was the most important material 
in a car, but he considered a third factor, viz., 
ball bearings, was equally important. The propor- 
tion of ball bearings used in car work compared 
with other uses was astonishing. The use of 
ball bearings demanded attention, as there were 
hundreds of differences in tolerances and limits. 

Mr. G. H. Lanchester said a few points of early 
motor-car work might interest the meeting. The 
use of ball-bearings in cars round about 1895 or 
1896 was due to his brother, who was also respon- 
sible for the first roller bearings designed to carry 
heavier loads than were then possible on ball 
bearings. His first car, constructed in 1895, had 
live axles, wire-spoke wheels, and other details which 
were now standard practice. He first used magneto 
ignition in 1897 on the motor-car. This method, up 
to then had only been employed to a very limited 
extent on such machines as stationary gas engines. 

Mr. H. F. Lee Orcutt, after complimenting Mr. 
Thomas on having provided engineers with some 
valuable facts, referred to the good work of the 
Institution of Automobile Engineers, which should 
be given increasing recognition. 

Mr. L. A. Legros followed. He wished only 
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to touch on the historical value of the paper, and 
reminded the meeting that road locomotion had 
previously made two abortive appearances, viz., 
in 1830, under Gurney, and again about 1860. It 
was in 1896 that the real birth came. The magneto 
had been tried on ‘gas engines quite early, and many 
other inventions had had similar starts. Thus 
James Watt had invented the sliding change gear, 
and William Murdoch, roller bearings. As to the 
use of special steels, he considered the armour-plate 
industry was the parent of the special alloys. He 
had himself been familiar with chrome-vanadium 
steel as far back as 1904. Heat treatment had 
been understood before its general practice. He 
thought the question of skilled labour should be 
made clear. Skill lay in the ability to measure 
so as to produce machinery which itself could 
produce work to measurements within limits. This 
was a different thing from the ability necessary to 
work to limit gauges. The use of ball bearings was 
certainly wider than was usually understood. For 
example, a motor bicycle had normally about 
250 balls distributed in various parts. These could 
be produced at a cost of under 10d. He considered 
that the British engineering industry had made 
errors in the export trade by sending commercial, 
instead of technical, representatives abroad. 

Mr. W. Deakin thought that the machine-tool 
industry in the Midlands had not responded to 
demands made upon it for new machinery as quickly 
as it might have done, though finance had some- 
thing to do with the matter. The machine-tool 
trade had been neglected generally, as it presented 
little that was spectacular. He did not quite 
agree with the remarks the author had made as to 
year cutting abroad, and made a humorous appeal 
for the endowment of research in this industry, for 
which a supply of good brains existed. 

Mr. E. Bruce Ball asked for information regarding 
the number of hours required to complete the 
actual parts of a motor vehicle, as given by the 
author. Were the 250 hours men-hours or machine- 
hours ? 

Mr. T. Lockwood Bunce agreed that the question 
of skill needed examination. He thought hardly 
any was required with modern machinery, ex- 
cept in jig making, in which the craftsman was 
necessary. The whole position was bound up with 
the question of apprenticeship. Apprentices were 
becoming impossible to obtain in the foundry and 
machine shop. The position as regards heavy 
engineering must be seriously considered; old 
machines which needed training to work them 
must be discarded, and new tools designed which 
did not need skilled men to operate them. Mr. 
C. V. A. Eley referred to the extensive use of 
ball bearings, and to their early introduction. 
Professor P. M. Baker was doubtful about the 
correctness of the statement that skilled men were 
dying out, and thought greater attention should be 
paid to training workmen. 

Lieut.-Colonel A. E. Davidson, referring to the 
trials of 1897, said he had been employed as 
observer on trials in 1905. In the Army they 
were interested rather in the heavier load-carrying 
vehicles. In tests for vehicles for South Africa, 
only one petrol-driven machine had been put 
forward, and was considered to be very complicated. 
He had been struck, on returning to Birmingham 
after an absence of 25 years, with the improved 
conditions for operators which now existed, to which 
he would attribute the improvement in technique. 
It was impossible to do fine work in bad light, and 
the lighting conditions had been improved, with a 
definite reduction in the amount of smoke in the 
atmosphere. 

Mr. G. F. O’Riordan said that research work on 
rubber was indicating the possibility of using this 
material for springs instead of steel with a great 
saving of weight. In France, rubber springs were 
being used to replace laminated-steel springs, and 
machinery for the production of such rubber springs 
was being put down in Leicester. 

Mr. W. H. Patchell rose to say that Sir John 
Aspinall’s comments on the garage question had 
suggested to him that the most economical way to 
store cars was to stand them up endways. 

As the time allotted to discussion was then ex- 
pended, the President called upon the author to 
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reply. Mr. Thomas said he was unable to state 
how many cars were actually in existence in 1896. 
He thought the garage question was one that needed 
serious consideration. As regards ball bearings, 
there were 12 to 20 sets in every car, and though the 
total quantity used was enormous, they were made 
by comparatively few firms. In reply to Mr. Ball, 
the number of hours given was machine hours. 

The President then proposed a vote of thanks 
to the persons, organisations and firms that had 
issued invitations to the Institution in connection 
with the meeting or assisted it in other ways. 

In the afternoon, the members divided into several 
parties for different visits, the chief of which 
were to the University of Birmingham, Messrs. 
Cadbury Bros. works at Bournville, and the Dunlop 
Rubber Company’s works at Fort Dunlop. The 
Institution Dinner was held in the evening at 
the Grand Hotel, the chair being taken by the 
President. 

Wednesday was occupied by a whole-day visit 
to Wolverhampton, where a number of works were 
visited. Owing to the very large number of works 
which appeared on the official programme for this 
and other days, to which invitations had been 
issued, it is not possible for us to give the complete 
list here. A selection among the various works 
gave the members an opportunity of seeing some- 
thing of most of the industries carried on in the 
Birmingham district. In connection with Wednes- 
day, however, we should mention that lunch was 
provided by Messrs. John Thompson Water Tube 
Boilers, and that the members were invited to a 
garden party at “‘ The Terrace,” Codsall, by Major 
and Mrs. S. J. Thompson. Members who did not 
proceed to Wolverhampton had an opportunity 
of visiting various works in Birmingham, lunch being 
provided there by Messrs. Walter Somers and the 
General Electric Company. In the evening a recep- 
tion and dance was held at the Town Hall, by in- 
vitation of the Birmingham Reception Committee. 

On Thursday, a whole-day visit was paid to 
Derby, various works being visited, including both 
the locomotive and carriage works of the London, 
Midland and Scottish Railway. The programme 
included an invitation for lunch from the Railway 
Company. 

To-day, alternative whole-day visits are arranged 
to Coventry, Rugby, Stratford-on-Avon and War- 
wick, or Kenilworth and Warwick. At Coventry, 
lunch is being provided by Messrs. Alfred Herbert, 
and at Rugby by the British Thomson-Houston 
Company. 





THE LATE MR. J. H. MACALPINE. 


WE regret to record the death of Mr. John Henry 
Macalpine, which occurred at Mount Vernon, 
N.Y., on May 31 last, at the age of 68. Mr. Mac- 
alpine, after a very active life, had been in bad 
health for the past four years, and in February, 
1926, suffered a stroke from which he never 
completely recovered. 

Though a great deal of his work was carried 
out in the United States, Mr. Macalpine was of 
Scotch extraction and was born in Paisley in 
1859. After studying under Kelvin at Glasgow 
University, where he had a successful scholastic 
career as regards the winning of prizes, but left with- 
out taking a degree, he joined the firm of Messrs. 
R. Napier and Sons, though he does not seem to 
have been regularly bound in apprenticeship to 
them. He gave twelve years’ service to this com- 
pany, enjoying throughout the confidence of its 
general manager, Dr. A. C. Kirk, and during part 
of the time he was its representative in Russia. 
In 1892, he went to the United States for the 
first time, as superintendent of the Detroit 
Dry Dock Engine Works, Detroit, while subse- 
quently he served for some four years at the Bureau 
of Steam Engineering, Washington, on the staff 
of Rear-Admiral George W. Melville, the Engineer- 
in-Chief of the United States Navy. These six 
years in America were followed by a return to his 
native land, where for some months he acted as 
the engineering partner of Messrs. Blackwood and 
Gordon, Port Glasgow. At this period, however, he 
was paying increasing attention to the investigation 





of the vibration of steamships, a subject on which 
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he, in collaboration with Mr. H. C. Flood, published 
an article in ENGINEERING of July 13, 1894, and two 
subsequent issues. 

This contribution was intended to supplement the 
then recent work of Yarrow and Schlick, by show- 
ing that while a simple-harmonic motion, such as 
would occur on a reciprocating engine piston, if 
the crank were infinitely long, could be represented 
by a curve of sines, in actual practice the curve 
produced would have pointed crests and hollows 
of still smaller curvature, and that these differences 
would become more pronounced the shorter the 
connecting rod in proportion to the stroke, a fact 
which, it was claimed, had been previously over- 
looked. As a result of experiments on the Anchor 
Line steamship Circassia, he also found that the 
vibrations of the ship, set up by the engine, were 
three in number, one with a period the same as the 
period of revolution of the engine, one with half 
that period and one with a fourth of that period, 
the second period vibration being much the most 
prominent as the engines were run, the intensity 
being the greatest when the speed was 57 r.p.m. 
A very slight increase in this intensity would there- 
fore have caused considerable annoyance. Mac- 
alpine further discovered that, at a very slightly 
lower speed, the fourth period reached its maximum. 
At such times the vibration in the after end of the 
saloon was most unpleasant, though it only persisted 
for a minute or two at a time. There were two 
points of minimum vibration for the second period 
vibration, the positions of which were discovered by 
experiment. The view taken was that to place the 
engine at the nodal position was no remedy, even if 


‘that position could be determined with sufficient 


accuracy, because it was by no means certain before- 
hand, whether the forces or couples would play the 
more important part in causing the vibrations. Since, 
however, the forces vanished when the couple was 
a maximum, they could not produce effects which 
would even approximately counteract one another, 
however the machinery was placed in relation to 
any part of the ship. 

This communication seems to have attracted 
little attention, and it was not until nearly three 
years later (February 19, 1897) that Mr. Macalpine 
returned to the subject in our columns. His second 
article marked a step forward in that it suggested 
that the proper way of preventing vibration in 
steamships was to provide an engine which was 
practically balanced in running and thus to remove 
all causes of disturbance. The chief reason advanced 
for this procedure was that to attack the problem 
through the ship was to introduce too many factors, 
some of which, such as the speed of the engine and 
the disposition of the cargo, were not fixed quantities. 
A second article in the same year (October 22, 1897) 
was devoted to an analysis of the inertia forces of the 
moving parts of an engine, one of its objects being 
to explain the occurrence in steamships of vibrations 
of shorter period than that of the revolution of the 
engine. The author’s methods showed a consider- 
able grasp of mathematical analysis, combined with 
a clear recognition of the practical importance of 
the subject. 

Mr. Macalpine dealt with the same subject a 
third time in 1901, in which year he presented a 
paper before the Institution of Naval Architects 
with the title ‘‘ A Solution of the Vibration Prob- 
lem.” An account of this paper, which attracted 
a good deal of comment both written and spoken, 
appeared in our issue of July 5, 1901, and in sub- 
sequent issues in the same volume. The comment 
was, however, by no means entirely unanimous. 
Mr. F. C. Billetop and Mr. (afterwards Sir) Philip 
Watts referred with approval to the design of the 
engine, with which a large part of the paper was 
concerned, while Mr. A. E. Seaton wrote in the 
contrary sense. The author took up the definite 
attitude that the short period forces must be 
balanced before any completely satisfactory solu- 
tion of the vibration problem could be obtained 
and that this could not be done with the ordinary 
type of direct-connected marine engine. 

In 1902, Macalpine returned to the United States, 
where he undertook the completion and the conduct 
of the trials of the U.S. destroyers Hopkins and Hull 
for Messrs. Harlan and Hollingsworth, of Wilming- 
ton, Delaware. In 1904, he entered into partnership 











_ JULY I, 1927.] 


ENGINEERING. 


23 





with his former chief, Admiral Melville, under 
the style of Melville and Macalpine, consulting 
engineers and naval architects. This partnership 
lasted five years. While, however, he was devoting 
so great a part of his energies to the improvement 
of the reciprocating engine for marine work, 
dominance was slowly but surely passing from that 
type of prime mover to the steam turbine. Mac- 
alpine seems to have recognised this as soon, or 
sooner, than most, for it was about this period that 
he invented, in nominal conjunction with Admiral 
Melville, his floating-frame reduction gear, which 
was intended to make the use of mechanical gearing 
practical for much higher powers than was then 
possible. An experimental spur-wheel reduction 
gear embodying this device was described in 
ENGINEERING for September 17, 1909, in which 
article details were given of a Westinghouse equip- 
ment, which was capable of transmitting 6,000 h.p. 
at a pinion speed of 1,500 r.p.m., and a reduction 
ratio of 5 to 1. In the following year, Macalpine 
himself went to Pittsburgh, where, for the rest of his 
active life, he was engaged in co-operation with Mr. 
George Westinghouse in consulting work and in 
writing. 

The object of the floating-frame device was to 
secure alignment wholly by the interaction of the 
teeth in contact and to render the operation inde- 
pendent of the skill of the workman in laying out and 
fitting the bearings. It was claimed that the results 
obtained exceeded those possible with the more 
ordinary rigid designs. As was pointed out at the 
time, however, there was a natural reluctance among 
marine engineers to adopt spur gearing for the main 
drive of ships and Mr. Macalpine’s ideas received 
little acceptance, though his design was employed on 
the U.S. naval collier Neptune, a description of which 
appeared in our issue of November 17, 1911. Ina 
very long article, which appeared in ENGINEERING 
for May 5, 1916, and no fewer than six subse- 
quent issues, he discussed the various problems 
of reduction-gear design, in their relation to marine 
work, most exhaustively, his attitude being that 
the difficulties which were then being experienced 
could most easily be overcome by the use of his 
floating frame, owing to the certainty with which 

‘the evenness of the tooth pressure could be main- 
tained and limited to 450 Ib. per square inch. He 
insisted that his invention was not designed to 
counteract the effects of bad gear cutting, but to 
overcome the need for delicacy in alignment. 
He also argued in favour of the geared, as opposed 
to the direct-connected, turbine, an attitude of 
which the events of the last few years have con- 
firmed the justice. His arguments were reiterated 
in a paper which he read before the Institution of 
Naval Architects in 1917, on which occasion they 
were, on the whole, favourably received. It would, 
however, be unwise to dogmatise on the claims 
made by Macalpine for his arrangement, as time 
alone can show whether its advantages will give it 
@ preponderance over more ordinary methods. 
So far its practical application has been small. 
It is curious, however, to note, as an instance of the 
working of the human intellect, that while in his 
early investigations on balancing he contended that 
the right course was to go to the root of the matter, 
in his later activities he was an equally strong sup- 
porter of a device that mitigated an evil but 
did not attempt to remove it. 

Mr. Macalpine was, in all his work and recreations, 
intensely sympathetic. He enjoyed co-operating 
with those who were in any way connected with the 
subject on which he was then engaged. His con- 
centration on any problem was great and, as might 
perhaps be expected, he had the natural defect of 
this quality, an impatience—not infrequently 
fiery—with those who did not understand his point 
of view or who were attacking the same problem 
from another angle. Nevertheless, it would not be 
too much to say that his great characteristics were 
his rigid probity and directness of action. On 
one occasion he complained to Admiral Melville 
that he might be suspected of not doing the right 
thing. Melville replied that such a fear was ground- 
less, as his probity was universally recognised. 

Mr. Macalpine was a member of the Institution 
of Naval Architects, of the Institution of Engineers 
and Shipbuilders in Scotland, and of the Society of 





Naval Architects and Marine Engineers, New York. 
He was also connected with the American Society 
of Naval Engineers and with the Edinburgh Mathe- 
matical Society. During his residence in Pittsburg, 
he took an active part in the religious and social 
activities of the town. He married Miss Mary J. 
Coats, of Paisley, in 1892, who survives him. He 
also leaves a daughter and two sons. 





NATIONAL PHYSICAL 

LABORATORY. 

THE annual inspection of the National Physical 
Laboratory took place on Friday, June 24, when 
Sir Ernest Rutherford, O.M., President of the 
Royal Society and ex officio Chairman of the 
General Board, Sir Richard Glazebrook, Chairman 
of the Executive Committee, and Sir Joseph E. 
Petavel, Director of the Laboratory, received a 
very large number of visitors. Some two hundred 
demonstrations and exhibits had been arranged, and 
were clearly explained by the staff, whose courtesy 
we take this opportunity of acknowledging. The 
annual report* of the Executive Committee records 
that satisfactory progress has been made with 
research work, though it has been interfered with in 
a few departments by routine operations. In some 
departments there has been a decrease in the 
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the buildings were made during the year. 
erection of the new Physics Building, the urgency 
of which is recognised, has not yet been started, and 
only a few demonstrations were given in the new 
high-voltage building, which is still being equipped. 
The demonstrations given at the annual inspection 
are dealt with in the course of our comments on 
the work of last year. 

Engineering Department. Fluid Friction. Wind 
Pressure.—The experiments on the resistance to 
the flow of air and water over a wave surface, which 
were undertaken with the object of elucidating the 
nature of the frictional resistance exerted by the wind 
on the surface of the sea, have been extended. To 
do this, solid surfaces of sine-wave shape, differing 
in dimensions, but geometrically similar, were made 
of corrugated asbestos roof-sheeting, and were set 
up in the wind channel. The frictional resistance 
was determined by the momentum method, and the 
results showed that the single condition, vl/y = a 
constant, satisfies the condition for dynamic simi- 
larity. In order to determine the corresponding rela- 
tion when the wave surfaces are not solid, a rectan- 
gular closed channel was constructed of glass. This 
conduit was half filled with water, and air was 
blown through it at known speeds. The experi- 
ments are being continued with a larger channel. 
The relation between heat transmission and fluid 
friction has also been investigated by Dr. Stanton 
and Miss D. Marshall in the following way : 
A corrugated-copper pipe was provided with a 
hot water or steam jacket. Cold water was passed 
through the pipe, the surface temperature of which 
was determined by means of an extensometer. 
Whilst the heat transmission varied with the 
velocity of flow in approximate accordance with 
Reynolds’ law, there were large numerical differ- 
ences from the theoretical values. It would appear, 





* The National Physical Laboratory. Report for the Year 
1926. Published by H.M. Stationery Office for the 
Department of Scientific and Industrial Research. Price 
7s, 6d, net. 
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therefore, that the law does not apply to momentum 
losses in the fluid due to eddies of considerable 
magnitude. 

The determinations of the distribution of wind 
pressures, which were made on the roof of the 
laboratory of the Metropolitan-Vickers Electrical 
Company at Manchester, showed marked discrepan- 
cies between the results of the full-scale tests and the 
model tests made in a wind channel. The discre- 
pancies were possibly due to a wooden fence in front 
of the building. Further observations were made 
after the removal of this fence, and these are being 
analysed. In order to be able to integrate the 
wind pressures which exist simultaneously on bridges 
at several points far apart, Mr. C. Jakeman has con- 
structed an instrument which can be fixed at the 
road level and operated by a pressure tube carried 
up above the structure. The tube is connected to 
a pile of capsule diaphragms. These move a silver 
wire brush which slides over a potentiometer wire 
of manganin. A constant current is passed through 
this wire and the potential drop between the brush 
and one end of the wire is recorded on a voltmeter. 
The whole circuit is insulated, so that the potentials 
picked off by the brushes of a number of instruments 
can be added together and the sum will be propor- 
tional to the mean pressure at a number of points. 
Three of these instruments have been combined in 
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the manner indicated in the diagram, Fig. 1, so 
that air pressures up to 20 Ib. per square inch 
can be plotted against millivolts to give a regular 
curve, which is almost a straight line. The difficulty 
was to operate this electric anemometer so as to 
maintain electrical contact for long periods between 
the brush and potentiometer wires without undue 
friction, and although this difficulty seems to have 
been overcome, Mr. Jakeman demonstrated another 
method, which is now under trial in a wind channel. 
A vertical plate attached to a horizontal rod, which 
slides in two ball bearings, is pressed by the wind 
against a wire which is kept taut by a weight; 
another wire close to it is similarly mounted, but is 
not exposed to lateral pressure. The difference in 
the electric resistances of the two wires is determined. 

Vibrations of Structures and Roads.—Mr. J. H. 
Hyde gave a demonstration of a simple new hori- 
zontal seismometer for studying the vibrations 
generated in structures and the ground by traffic 
and machinery. This, like his vertical vibration 
recorder, draws clear curves on a piece of smoked 
glass. These are sufficiently distinct for magnifica- 
tion and for measurements to 0-00001 in. The 
instrument consists of two heavy inverted pendulums 
supported on rigid bars which, in oscillating about 
a horizontal axis, stretch a horizontal spiral spring. 
The amplitude of the vibrations caused by two pile- 
driving monkeys, weighing 240 Ib. and 460 lb., falling 
on a tree trunk, which was either standing on the 
ground or was buried 2 ft. deep, were found to 
be the same when the intervening ground was level 
and when a pit, 6 ft. deep and 30 ft. long existed 
between the pile driver and the point of observation. 
The shock was also the same on the level and at 
the bottom of a pit, when the distance from the 
pile-driver was the same. It was further observed 
that the vertical movements of the upper and lower 
window sills of a house were identical with the 
movements of the open ground under the same 
conditions. Road vibration tests are being made 
with a motor lorry running over both new and 
obstructed roads, the obstacles being balks of wood 
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faired off at the leading and trailing edges. The 
concrete road, 1 mile long, in Middlesex, which is 
being tested on behalf of the Ministry of Transport, 
is divided into six sections, and is further subdivided 
into 30-ft panels of different construction, which are 
separated from éach other by expansion joints. 
Skidding is prevented by proper surfacing. To 
investigate the effect of wheel dimensions on the 
wear of roads, a standard truck has been fitted with 
wheels ranging in diameter from 18 in. to 40 in. 

Bearings, Lubrication, Graphite.—In order to de- 
termine the changes in the attitude and eccentricity 
of a cylindrical bearing with variations in the load. 
Dr. Stanton has been using the journal, 7-5 in. in 
diameter and 8-5 in. in length, which we described 
last year. The attempts made to measure the 
horizontal and vertical displacement of this bearing 
by delicate micrometers having failed, the valve 
method, devised by Mr. H. A. Thomas, of the 
Electricity Department, was adopted. In this, the 
ends of a small inductance coil are connected to a 
condenser and to the terminals of a high-frequency 
valve oscillator. When a metal plate is brought 
near the coil, the eddy currents produced in it set 
up a back electromotive force and reduce the grid 
current ; this change is proportional to the dis- 
placement of the plate for a range of about } in. 
The coil was bolted to the bearing, so that it could 
be adjusted. The plate consisted of a flat spring, 
one end of which rested on the bearing. The other, 
consisted of a small hemisphere of hard steel 
pressed against the journal, which is of larger 
diameter than the shaft, so that it can run half 
immersed in an oil bath. The displacement 
measured agreed with Sommerfeld’s theory up to 
eccentricities of 60 per cent.; beyond that, a discre- 
pancy was observed which may be due to the break- 
down of the oil film on the offside of the bearing. 
The frictional resistances observed were in remark- 
ably good accordance with Sommerfeld’s theory. 
The same bearing is also being used for determining 
the pressure distribution at loads up to 1,200 Ib. 
maximum. In the previous experiments, a maxi- 
' mum eccentricity of 77 per cent. was observed with 
a total load of 9,400 Ib. The loading was not 
increased above this point, on account of the risk 
of seizing. The pressure distribution is indicated 
by a number of fine copper tubes, which are con- 
nected to gauges. 

The variation with the temperature of the static 
friction between lubricated surfaces of hardened 
steel and bronze, at loads up to 1,600 1b. per square 
inch and temperatures up to 120 deg. C., has been 
studied for a considerable number of lubricants, 
including mineral, vegetable (rape and castor), and 
animal (sperm and lard) oils. It was found that 
the coefficient of friction remained practically 
constant over the whole range of the loads, and that 
the values observed were practically the same as 
those obtained in the Deeley machine. In the case of 
the mineral and sperm oils, the friction coefficient 
rose slightly as the temperature increased up 
to 120 deg. C., and there were definite indications of 
the tendency of the surfaces to seize in the region of 
the critical temperatures, such as had been observed 
for the same oils in the worm-gear tests. There was 
also a tendency to seize at higher loads, which varied 
with the surface conditions. The Deeley machine 
discriminates between lubricants under the usual 
test. conditions, but it is not considered advisable 
to extend the temperature and load ranges at 
which these tests are carried out. With respect to 
the dry sliding friction of graphite, Mr. H. Jakeman’s 
experiments at low pressures have not yet explained 
why the seizing temperature of combinations of 
metals, metals and graphits, and graphite on 
graphite should be so nearly constant as they 
appear to be. In the experiments with dry graphite 
plates, the atmospheric pressure was reduced from 
760 mm. of mercury to 380, 152, 1-5 and 0-2 mm., 
and seizing took place at 384, 396, 408, 389, and 
above 410 deg. C. (410 deg. being the experimental 
limit). Experimenting at low pressures is very 
difficult, and the value 408 seemed doubtful, though 
it was again obtained when the tests were repeated. 
A vacuum of 0:09 mm. was the lowest that could 
be maintained for the duration of a test. The 


frictional resistance of graphite on graphite changes 
with the air pressure and temperature ; 


as the 








temperature rises, the resistance at atmospheric 
pressure is first somewhat irregular, becomes con- 
stant between 300 and 350 deg. C., then diminishes 
and rises comparatively suddenly to many times 
its normal value. The friction in these sliding tests 
is due to the air film between the surfaces, while the 
viscosity of the air depends on temperature only and 
is independent of pressure for pressures from 1 
atmosphere down to 0-01 atmosphere. 

Power Transmission by Gears.—Gears have been 
purposely made with known errors, in order to 
investigate the effects of errors in pitch, base-circle 
diameter, concentricity and radial alignment of 
the teeth, on the efficiency of power transmission. 
The first set of gears tested by Mr. Hyde consisted 
of two pinions with 37 teeth. There was a pitch 
error of 0-0015 in. on four teeth. These meshed 
with two wheels with 38 teeth, which were correct 
within 0-00015 in. The combinations were run for 
15,000,000 revolutions at 1,500 r.p.m., the tooth 
load being 1,000 lb. per square inch, corresponding 
to 54h.p. The efficiencies observed at the beginning 
and end of the tests were 99-2 and 99-5 per cent., 
respectively. Mr. Tomlinson (Metrology Depart- 
ment) found there was a wear of about 0-001 in. 
at the tip of the teeth, on the driving faces only, 
and no appreciable wear below the pitch line. 

Hardness.—The research by Mr. R. G. C. Batson 
and Mr. G. A. Hankins into the results of hardness 
determinations by means of diamond cones, Brinell 
balls and the Rockwell method, have been com- 
municated to the Institution of Mechanical Engi- 
neers. With very hard steel, the diamond cone 
gives good results at angles of 120 deg. and loads 
of 100 kg.; for soft materials, » (the coefficient of 
friction or adhesion) must be known, and can be 
obtained by using cones of 120 deg. and 90 deg. 
The relation between Brinell hardness and ultimate 
tensile strength is still under investigation. Mr. 
Batson’s demonstrations last week included the 
application of a diamond, which had already been 
in use for two years, to a l-mm. steel ball, and the 
crushing, in a more powerful machine, of three 
larger balls, which were placed one on top of the 
other in a small frame. The middle ball generally 
split into two or three pieces, and was always the 
first and sometimes the only one to be thus 
affected ; the contact faces of the balls were 
flattened. 

Endurance Tests on Nuts of Reduced Sizes.—In 
explaining his tests on bright nuts, Mr. Jakeman 
pointed out that the minimum size of a nut may be 
assumed to be that in which the bearing surface 
of the nut is made equal to the core diameter of the 
bolt, since, when this is the case, the elastic limit of 
the bolt (in tension) and of the nut (in compression) 
will be reached at approximately the same load, 
when both are of similar steel. If the normal pro- 
portion of thickness to width is maintained, the 
thread bearing surface will be much greater than 
the nut bearing surface. This assumption of mini- 
mum size is reasonable, in that, if the nut be com- 
pressed beyond the elastic limit, the friction between 
it and the bolt, and between it and the abutment, 
will be greatly increased, so that the corners are 
subject to excessive strain. The sizes of nuts, on 
this assumption, were shown plotted on a curve (a 
straight line), the test values at which the elastic 
limit of the core diameter was exceeded being 
marked by circles, and those in which failures had 
occurred at loads less than that limit being indicated 
by black discs. 

Almost all the circles lay above the curve and 
the discs below it. The chief exceptions applied to 
certain nuts for l-in. bolts, in which the tensile 
strength of the steel used was found to be extra- 
ordinarily low. Another curve exhibited showed that 
the sizes of the nuts used for large bolts in marine 
engineering fell between the B.S.W. size and the 
minimum size calculated as above, while, for very 
large bolts, the sizes closely approached the calcu- 
lated minimum. This minimum curve may there- 
fore be accepted as a basis for obtaining a practical 
standard for small nuts, by increasing the smallest 
sizes by a determined amount, in order to provide 
for the greater effect of errors in the fit of nuts and 
the fit of spanners in small sizes. The minimum 
size calculated in this manner shows that the British 
Standard fine-thread bolts have slightly larger nuts 





than the standard Whitworth bolts. The tests also 
indicated that it was not necessary to use larger 
nuts for the latter, as is laid down in the existing 
standards. 

Spring Research. Road Vehicles.—The materials 
for laminated springs, which were being tested on 
the Hankins machine described by us last year, were 
spring'steels of chrome-vanadium and nickel-chrome, 
including both low and high chromium contents. 
All were oil-quenched and tempered between 350 
deg. C. and 400 deg. C. The results showed 
that all the materials could be heated to give 
rotating-cantilever fatigue limits of the order 
+45 to + 50 tons per square inch, and tensile 
strengths of about 100 tons. The ductility and 
Izod values were low, unless tempering was carried 
out at higher temperatures. Endurance tests were 
first made, with 0-6 per cent. carbon steel, on 
two types of springs—a ten-leaf spring (with a 
master leaf 2 in. wide, .°, in. thick, and nine 
leaves 2 in. by 0-2 in.), and a six-leaf spring 
(in which all leaves were 2 in. by } in.) ; the latter 
springs were five-eighths of the weight of the former, 
but stood the same number of repetitions. Similar 
tests were then performed with the same types 
of springs made of silico-manganese and chrome- 
vanadium steels ; again the six-leaf spring proved 
as good as the ten-leaf, but the results of sub- 
stituting these alloy steels for carbon steel were 
disappointing. Further tests were made with 
six-loaf springs of chrome-vanadium ; 0-6 per 
cent. carbon steel, oil-hardened at 950 deg. C. 
and reheated at 450 deg. C.; silico-manganese 
steel hardened either at 900 deg. C. and reheated 


‘at 540 deg. C.; or hardened at 1,000 deg. C. 


and tempered in salt at 500 deg. C. The tests 
indicate that, on the whole, the superior test values 
of special steels are not retained when they are 
made into laminated springs. 

As regards road-vehicle drives, comparative tests 
have been made on a lorry of 6-9 tons total weight, 
(1-5 tons on the front axle) loaded with 3 tons 
of cast iron, before and after the modification of 
its rear-spring suspension to produce the conditions 
of a Hotchkiss drive. The driving-wheel diameter 
was 40 in. and the wheels were chain-driven. In 
the first type of suspension, radius rods were used © 
to permit the tension of the chain to be varied. 
The arrangement ensures that the springs are not 
called upon to resist the tendency of the axle 
to rotate, or to transmit the tractive effort from 
the axle to the chassis ; in the modified arrangement 
the sliding brackets (to which both ends of the 
rear springs were attached in the first design) were 
replaced by fixed brackets and the radius rods 
were omitted. The tests, which included starting 
quickly uphill on low gear, rounding sharp corners 
and negotiating an obstacle, showed no appreciable 
variation in the spring deflection between the two 
methods of suspension. 

(To be continued.) * 





FLoops AND ELECTRICAL INTERCONNECTIONS.—One 
thing demonstrated at the time of the flood of the River 
Mississippi was the great value of having the electrical 
systems of cities and large towns inter-connected. 
Throughout Arkansas and other lower Mississippi States, 
electricity was available in the houses and works of the 
partly submerged area, because it was supplied by over- 
head lines, forming part of a grid system connecting power 
plants in various parts of the country. 


Butk SuppLy IN YorKSHIRE.—A_ bulk supply at 
33,000 volts, from the Yorkshire Electric Power Company 
to the Shipley Urban District Council, was inaugurated 
on Thursday, June 30, by Sir Andrew Duncan, chairman 
of the Central Electricity Board. A public supply of 
electricity has been given in the town from a local station 
for twenty-six years, and last year the electricity sold 
amounted to nearly 4,500,000 kw.-h. The change may 
therefore be said to be directly due to the economies 
which are obtainable by large scale generation, and it 
is of interest as being the first example of its kind to 
occur since the passing of the Electricity (Supply) Act 
of 1926. The supply is obtained from a sub-station 
at Rodley on the company’s main network, whence it 
is transmitted through duplicate cables, with an aggregate 
capacity of 30,000 kw., to Shipley. At a sub-station at 
the latter place, the energy is stepped down to 6,300 volts 
for the supply of the town and to 11,000 volts for use on 
the power company’s local high-pressure distribution 
system. The sub-station equipment at Shipley consists 
of two 4,000 kv.-a. three-phase transformers for connection 
to the 11,000 volt mains, together with appropriate 
switchgear. It is estimated that 10,000 tons of coal 
less will be burnt in Shipley as a result of the change. 
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DYNAMIC BALANCING MACHINE. 


THE conditions under which the crankshaft of a 
motor-vehicle engine run are decidedly complex. The 
reason is that the loads on the pins are constantly 
varying throughout the cycle, while the bearings by 
which the shaft is constrained have a certain degree 
of freedom, due to the fact that they form part of a 
relatively light structure which is free to move about 
the points of contact of the tyres with the ground. 
From this it would appear that in a machine for 
balancing crankshafts dynamically, the actual working 
conditions under which the shaft will ultimately be 
required to operate should be reproduced as nearly as 
possible. This point has been kept in view in the 
machine, designed by Mr. C. M. Linley, which we 
illustrate in Figs. 1 to 6, above. 

The machine, which is known as the Avery-Linley 
dynamic balancing machine, is manufactured by 
Messrs. W. and T. Avery, Limited, Soho Foundry, 
Birmingham. The shaft is balanced as a whole, and 
it is not necessary to reverse it in the machine to 
detect unbalanced forces set up at either end. The 
general appearance of the machine is shown in Fig. 6. 
The shaft is mounted on a floating cradle provided 


| 





with cross members carrying the bearings, the cross 
members being adjustable to suit the position of the 
bearings for different types of crankshaft. The weight 
of the cradle is roughly the same as that of an engine 
crank-case and cylinders, assuming the jackets of the 
latter to be filled with water. The main frame of the 
machine, which is mounted on two end trestles, bolted 
to the floor, is provided with an upright at each corner, 
as shown in Fig. 6. Four vertical spring blades are 
attached to the inside face of these uprights at the 
top, and support the square frames visible at each 
end of the machine in the figure. The cradle of the 
machine is in turn mounted inside these frames on 
horizontal spring blades at each end. The weight of 
the cradle is taken by helical springs, with an adjustment 
at the top, as shown in the figure. It will be clear 
that the system of suspension described permits 
movement at either end in either a vertical or horizontal 
direction, but prevents any rolling action. 

If the shaft is out of balance, lateral oscillations 
will be set up on the cradle, the amplitude of these 
vibrations indicating the magnitude of the unbalanced 
forces. In the Avery-Linley machine, means are pro- 
vided for introducing a counter-balancing force at each 
end of the cradle. The forces can be controlled in both 
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magnitude and direction while the machine is running, 
and it is, therefore, possible by adjusting the radial and 
angular positions of the two weights by which they are 
generated to eliminate the lateral vibrations of the 
floating frame. The required displacement of the 
weights from their initial position gives a measure of 
the unbalanced forces set up by the rotating shaft, 
and, therefore, enables the latter to be corrected for 
balance. 

The counterbalancing weights are arranged as 
follows. At each end of the floating frame there is a 
hollow mandrel, as shown in Figs. 1 to 3. These 
mandrels are mounted on ball bearings, and are in 
axial alignment with the crankshaft, to which they 
are coupled through a flexible coupling. A spindle 
passes through the mandrel, and has two flats machined 
across the end nearest to the shaft. A groove is cut 
at an angle across each flat, as shown in plan in Fig. 2. 
The counterbalancing weight at each end is made up 
of two metal strips bolted together, with distance 
pieces between, as shown in Fig. 5, and each of the 
strips has a pin registering with one of the grooves 
in the end of the spindle as indicated in the same 
figure. It will be evident that if the spindle is moved 
through the mandrel, the weights will be traversed 
across the front of the faceplates. The arrangement 
for moving the spindle will be clear from Figs. 2 and 
3. As shown in the latter figure, the outer end of 
the spindle is fitted with a double ball-thrust race, of 
which the central stationary washer is held in a cap 
formed on the end of a fine-threaded screw. A small 
hand wheel with a vee rim is provided for turning 
this screw, and the axial traverse of this wheel, which 
has a definite relation to the radial displacement of 
the balance weight, can be read off on a suitable scale. 

To vary the position of the weights with respect 
to the crank webs, spiral slots are cut in the mandrel, 
as shown in Fig. 2. A collar sliding over the outside 
of the mandrel is fitted with internal pins passing 
through these slots, as shown in Figs. 2, 3 and 4, — 
and these pins are carried through a second collar 
sliding on the central spindle to register with axial 
slots cut in the spindle. A ring, fitted with side plates, 
embraces the collar in such a manner as to control 
its position without preventing its rotation, and this 
ring can be moved along the mandrel by the hand lever 
shown in Figs. 2 and 4. It will be clear that any move- 
ment of the hand lever will rotate the spindle, and with 
it the balance weights, with respect to the mandrel 
and therefore to the crankshaft. 

The cranskhaft is driven by a belt connecting one 
of the mandrel face-plates with a pulley on a driving 
shaft mounted below the machine bed. The driving 
shaft is driven through a flexible coupling from an 
electric motor mounted directly on the floor. The 
arrangement permits of free vibration of the cradle, 
but the flexible coupling prevents any vibrations set 
up by the motor being transmitted to the machine. 
Particular attention has been given to the design of 
this coupling. It is broadly of the flexible-dise type, 
but the usual central disc of fibre or thin sheet steel 
is replaced by a light centre in the form of a cross. 
The four corners of the latter are connected by flexible 
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strips of steel, and the pins on the driving and driven 
couplings are fastened to these strips at the centre. 

In operating the machine, the crank is first roughly 
balanced in a static balancing machine, and it is more 
convenient if any excess weight observable is left on 
the throws nearest to the ends of the crankshaft. The 
crank is then placed in the dynamic balancing machine 
and revolved at various speeds. Dial indicators are 
provided for indicating lateral displacement of the 
cradle, as shown in Fig. 6, and when movement is 
visible at either one or both ends it is eliminated by 
trial and error movements of the compensating weights. 
When the shaft is running without oscillation at 
either end, the machine is stopped, and the degree of 
eccentricity and displacement of the balance weights 
with respect to the crank webs are ascertained from the 
scale readings. An indication is thus afforded of the 
points at which the crank is out of balance, and the 
superfluous metal is removed by drilling or grinding. 
The crank is then returned to the machine for verifica- 
tion, and as it may be necessary to remount it more 
than once, the bearings are provided with quickly- 
detachable caps. 





THE EFFECT OF THE AUTOMOBILE 
INDUSTRY ON THE MIDLANDS.* 


By H. Kerr THomas. 


I.—Frew who are familiar with the design of auto- 
mobiles and their general methods of construction, can 
have failed to notice how profoundly the development 
of the motor vehicle has affected the general practice 
of mechanical engineering throughout the world. 
It may be of some interest to make a brief survey of 
the influence of automobile engineering upon the 
mechanical industries of the Midlands. 

In the early “ Nineties,” the development of the 
safety-bicycle had resulted in the growth of a great 
industry to meet the popular demand for what must 
ever be regarded as a curious vehicle. The manufacture 
of cycles had, for no very definable reason, been con- 
centrated in Coventry. Once the centre of a textile 
indusiry—the manufacture of silk ribbon—Coventry 
had embraced the art of watch-making and, as the 
older art declined, the population turned to the newer 
as a natural employment for workers to whom delicacy 
and precision of touch had become habitual. 

James Starley, a Sussex man, who had been working 
as a gardener at Lewisham in Kent, and who was a 
natural mechanic and amateur watch-maker, had left 
his gardening and become an employee of a firm of 
sewing machine makers in London. Thence, in 1857, 
he migrated with a few friends to Coventry, and com- 
menced the manufacture of sewing machines in the 
watch-making city, this being the origin of the Coventry 
Machinists Company. In 1868, he began to make 
bicycles after a French model, and from this grew the 
cycle industry, which in the last five years of the 
Nineteenth Century had assumed considerable pro- 
portions. In 1895, Lanchester produced his first motor 
car, and in the same year a car designed by Austin 
was built by the Wolseley Sheep-shearing Machine 
Company. Thus was started in Birmingham the germ 
of the new industry, which was later to have a far- 
reaching effect on the practice of mechanical engineer- 
ing throughout the world. 

By this time Coventry had come to be regarded as the 
naturai centre of the manufacture of machines which 
were then the only means of mechanical road transport 
for passengers, and when in 1896 the first motor manu- 
facturing company was formed it was only natural that 
Coventry should be selected for its habitation. It came 
about that the Daimler Company had its beginning 
in a disused silk mill, the City’s newest industry thus 
literally rising from the ruins »f its oldest, and from 
Coventry as a centre, the movor industry has since 
spread through the surrounding district. 

By 1896, there were established factories with 
capital at their command, which had laid themselves 
out to build standardised vehicles and to market them. 
It happened that in Coventry the makers of bicycles 
had created some demand for machine-tools of a more 
complex character than the older and more familiar 
tools of the machinist. Having been long renowned 
for the manufacture of machine-tools, the district 
of which the city of Birmingham is the centre 
was not slow to respond to the demands of a 
new industry within its confines. The complexity 
of this new product with its multiplicity of gearing 
afforded scope for all manner of innovations in 
established practice, but an important fact must be 
noticed. In the early days of the automobile industry 
the demand for machine-tools was too irregular to 
justify machine-tools makers in manufacturing highly 
specialised machines in the limited quantity required, 
and so for a number of years machine-tool designers 
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proceeded on conservative lines, making only such 
special machines for the motor trade. as they could 
dispose of in other markets. At the same time the 
demands of the motor trade were great enough to set 
the tool designers thinking, and radical changes were 
speedily made in the design of standard machine-tools. 
It became the duty of the machine tool salesmen to 
push these machines in the ordinary machinery market, 
and thus commenced some twenty-five years ago a very 
noticeable change in machine-shop practice which has 
now become stabilized. 

II.—One of the first changes brought about by the 
automobile engineer was the general use in engineering 
practice of alloy steels (which will be referred to later) ; 
as a result, machine tools had to be capable of working 
on much harder steel than had hitherto been the case, 
and this practice rapidly spread to other branches of 
engineering. 

Amongst the machine tools to be developed for 
automobile work were boring machines. The early 
practice with automobile engines was to employ 
separate castings for each cylinder, and it was possible 
to machine these on the ordinary type of boring machine 
with a single horizontal spindle. Later, two cylinders 
in pairs became the rule, and a type of machine was 
evolved employing two spindles. It is now common 
practice to machine eight cylinders in line with eight 
boring spindles. 

Motor-cylinders are of relatively small size, and 
with improvements in tool steels, cutting can be 
accomplished rapidly, so that the accumulation of 
borings proceeds at a corresponding speed. With a 
vertical boring spindle, the borings fall out at the bottom 
and so cause no trouble. Hence resulted the evolution 
of the vertical multi-spindle boring machine which is 
now in universal use for this purpose. Such machines 
as these have no general use in other branches of 
engineering, and a special line of machinery has there- 
fore been produced. 

The author believes it is correct to state that the 
first design for a multiple-keyed shaft (now knownas 
splined) was due to the ingenuity of Dr. Lanchester, 
and their production was standardised in the Lanchester 
works from their early days. The formation of a 
shaft with a solid key was unknown until the advent 
of the automobile. Loose keys were originally fitted 
into grooves provided for the purpose, but under on- 
ditions of vibration and high speed, this practice soon 
proved inadequate. The first attempt to evade it— 
that of providing a square shaft—was unsatisfactory 
for many reasons, the chief difficulty being the ten- 
dency to burst on the part of a wheel so mounted. It 
was then discovered that it was possible, by means of 
a milling operation, to cut four or more keys solid with 
the shaft, and the problem then arose of cutting the 
corresponding keyways in the boss of the wheel. 

The older practice of cutting the keyway by means 
of a slotting machine proved expensive and inaccurate ; 
this antiquated method was superseded by the cutting 
of four, six, eight, or even twelve keyways in one 
operation by means of a drift or broach, and the 
earliest machines for accomplishing this were developed 
in the Lanchester works. The modern practice for 
cutting the splines of a shaft, which originated in a 
factory under the author’s management, is to consider 
the shaft as a kind of gear-wheel and to cut the splines 
by means of a hob, a method which gives exceedingly 
accurate indexing, and is at the same time rapid in 
operation. The finishing of this complex section is 
now accomplished by grinding. 

Another specialised operation is that of milling the 
cams which operate the valves of an internal-combus- 
tion engine. The oldest practice was to cut individual 
cams in a milling machine, using two semi-circular 
cutters for the base and point of the cam. The feed of 
the cutter was in the direction of the longitudinal axis 
of the cam, and the flanks were finished with still 
another cutter. The modern way is to make the cams 
integral with the shaft and to mill each cam with a flat 
milling cutter rotating in the direction of the periphery 
of the cam; the cutter is caused to approach and 
recede from the cam while the cam-shaft rotates, the 
precision movement of the cutter being regulated by 
a master cam on the machine. Machines for doing 
this, as well as those for grinding the finished cam 
after hardening, were first developed in this country, 
and are now standard practice all over the world. 

It is somewhat curious that the wide range of gear- 
cutting machines began as, and has remained to a great 
extent, the monopoly of French, German, Swiss or 
American manufacturers, and remarkable improvement 
in accuracy and speed have been effected in their design. 
The operation of finishing gears by grinding which was 
first practised in America, has been perfected by a 
Birmingham firm which now deals with a very wide 
range of subjects, this most difficult and highly special- 
ised operation having been placed upon a commercial 
basis. 

Such machine tools as turret, capstan and automatic 
lathes are, of course, suitable to the general market, 











but one important maker in the Midland district has 
informed the author that the considerable output 
required by the automobile industry, coupled with the 
high grade of steel on which operations have to be 
performed, has resulted in alterations in design from 
which users in general have benefited considerably. 
The automobile trade has given a great impetus to the 
design of grinding machines which at first were only 
used for finishing small circular work, and to-day we 
find large flat surfaces dealt with by machines which 
were designed specially for automobile use, and which 
also are now available for general purposes. Moreover 
the practice of grinding from the rough forging as is 
commonly the case with crankshafts, originated in 
connection with automobile work. 

The motor trade, too, has been a very great stimulus 
to the design of small tool outfits, and to the develop- 
ment and use of precision gauges for interchangeable 
work ; this in turn has reacted upon the development 
of machine-tools so that the effect of the trade on indus- 
tries generally has been all for the good, as it has from 
the first set an example to all other manufacturers in 
methods and apparatus for the production of inter- 
changeable repetition work. An instance of this may 
be given from the author’s own experience. In one fac- 
tory with which he was formerly connected it had been 
the practice to bed crank-shafts by the time-honoured 
method of hand-scraping. By the introduction of 
proper manufacturing methods he was able to eliminate 
this entirely, interchangeable bearings being manu- 
factured in quantities which could be placed in their 
seatings, and in which crankshafts could be run, 
without any hand-fitting, and this is now common 
practice. 

One of the radical changes made by machine-tool 
makers has been the extensive use of ball bearings, 
and again it must be noticed that the earliest ball 
bearings used on a car in this country were fitted on a 
Lanchester vehicle. As a result of this our entire 
perspective of high-speed bearings has been changed. 
Ball bearings of an elementary type were used in cycle 
work forty-five years ago, but it was not until they 
had been fitted, and their reliability proved, in cars 
where they were required to sustain very heavy stresses, 
that their use became general in machine-tool design. 
It may also be pointed out that the use of splined shafts 
and hardened gears, has been extended beyond the 
motor-car industry and very largely adopted by machine 
tool makers everywhere. Not only has the design of 
machine-tools been thus modified, but the entirely new 
industries of gear-cutting and gear-grinding—of both 
of which there are examples in this city—owe their 
existence to the motor-car manufacturer, who fre- 
quently finds it convenient to have this difficult work 
done by specialists. 

From its earliest days the manufacture of auto- 
mobiles has perforce proceeded along the lines of multiple 
production, and to secure this with economy of labour 
and interchangeability of products, the utmost ingenuity 
has been exercised. Not from choice but from absolute 
necessity has the production manager been driven to 
the extremity of elaboration in the design of ancillary 
devices for holding the object worked upon, and for 
guiding the cutting tools, all of which are now included 
in the singular but comprehensive word “jigs.” 
So we find the new industry of jig-making, and 
the machine-tools employed in the business well 
represented. , 

III.—Perhaps the most far-reaching effect of the 
motor industry has been brought about in the depart- 
ment of metallurgy. Till the end of the Nineteenth 
Century, steam- or gas-engines were the usual prime- 
movers, and it was a maximum that such an engine 
should be heavily constructed ; in fact, the more metal 
that was put into it, the greater was its prospect of 
longevity. There was no object in designing a stationary 
engine of light weight for its power, hence the specific 
stresses in the elements of such engines were very 
moderate. In these circumstances there was no need 
to employ anything but ordinary mild steel in the 
manufacture of forgings, and we find that nickel and 
other alloy steels, although manufactured, were in 
very small demand. Heat-treatment was consequently 
unnecessary and generally unthought of. 

With the advent of the motor-car, however, the 
designer was faced with the necessity of reducing weight 
in hitherto unthought of directions, and thus had to 
seek from the steel maker material which would possess 
the necessary strength to permit of the cross-sections 
being greatly reduced. Arising from this need an 
unprecedented demand sprang up for alloy steels which 
could be obtained as a standard product at reasonable 
price, and, in contrast with the low-carbon steels with 
which the older mechanical engineers had worked 
for so many years, we now find nickel, chromium, 
vanadium, cobalt, silicon, manganese, and molybdenum 
alloys in daily use. Generally speaking, the use of 
alloy steels, until the commencement of the present 
century and apart from armament purposes, was con- 
fined to the manufacture of cutting tools ; and hardening 
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these in a blacksmith’s fire constituted the only heat- 
treatment then practised. The result of the change 
has necessitated the incorporation of the complicated 
processes of heat-treatment in every-day shop practice, 
without which the advantage of the finer steels would be 
missed. 

It may be said without fear of contradiction that the 
metallurgist owes his importance to-day in a very 
great measure to the motor industry for, while it is 
true that other industries might have made similar 
demands on the knowledge of the steel makers, no other 
has done so to anything like the same extent in so short 
a period of time. Automobile engineering has therefore 
afforded unique opportunities: to both the steel maker 
and the metallurgist, and has forced upon mechanical 
engineers in general, and the works manager in particu- 
lar, an entirely new regimen in his shop methods. More- 
over, as in the case of machine-tools, we find the manu- 
facture of furnaces a not inconsiderable industry, to 
which the number of such appliances bearing names 
from this district affords testimony. 

IV.—There are two Midland industries of great 
magnitude which have been almost wholly developed 
to meet the requirements of the motor-car, but which 
are not in themselves strictly speaking branches of 
mechanical engineering. The first is the manufacture 
of aluminium. The demand for this metal in this 
connection is, of course, due to its lightness in weight. 

In the thirty-five years covering the existence of the 
motor vehicle, the world’s production of aluminium 
has grown to an annual output of 150,000 tons and 
this is constantly being increased. Approximately 
two-thirds of this is consumed to-day in the motor- 
car industry, while of the remaining one-third 
about one-half is used for electrical purposes and the 
remainder for domestic utensils. The large demand for 
aluminium castings for motor vehicles in the Midlands 
has brought into existence important concerns special- 
ising in casting this metal, and there are a large number 
of foundries so engaged in the Birmingham area 
alone. 

Formerly, aluminium was used in the nearly pure 
state, but alloyed with other metals it is now used in 
automobile engineering for such components as crank- 
cases and gear-boxes, and it is perhaps not generally 
known that it is extensively used for the wheels of 
heavy motor vehicles. The London General Omnibus 
Company now use exclusively aluminium rear wheels. 
These were formerly made of cast steel, so that a very 
considerable saving is effected in the weight of the 
vehicle, and in point of strength and durability the 
wheels appear to be in every way equal to those made 
of cast steel. 

In recent years, in response to the ever-growing 
demand for lightness and increased engine speeds, 
alloys of aluminium have been developed which are 
capable of being forged ; and in the form of duralumin 
and similar alloys, which can be stamped into intricate 
sections and which possess high specific strength, the 
metal is in constant demand for connecting rods and 
similar parts; moreover these alloys are amenable 
to heat-treatment and their powers of resistance are 
increased by this means. 

The other great Midland industry to which reference 
has been made is the manufacture of rubber, and here 
again the magnitude of the business (which has one 
of its greatest representatives within the limits of 
Greater Birmingham) is entirely traceable to the 
demands of the motor trade, and its growth ina rela- 
tively short period is an industrial phenomenon. In 
1908, the world’s production of raw rubber was 65,400 
tons, and in 1925 it had risen to 515,947 tons. This is 
directly due to the rapid increase in the number of 
motor vehicles in the country. Between the years 
1904 and 1925, the total number of petrol-driven 
vehicles in Great Britain had been multiplied by about 
35, that is to say the number had increased from 
40,361 in 1904 to the astonishing figure of 1,373,567 
in 1925. It is not surprising therefore that a firm 
whose name is a household word in the manufacture 
of tyres and whose works are situated in Birmingham, 
should be one of the largest of its kind in the whole 
world, employing no less than 14,000 hands. 

One other industry may be mentioned which, although 
far older than the motor trade, has, nevertheless, 
been very greatly influenced by it and particularly so 
in the Midlands. This is the manufacture of drop- 
forgings in steel and non-ferrous metals—particularly 
duralumin—which are used more largely as component 
parts of motor vehicles than for any other purpose. 
It has already been remarked that to be manufactured 
successfully, motor cars must be produced in large 
quantities. This fact is particularly favourable to the 
use of drop-forgings as a large output is essential to 
offset the high cost of the dies in which the forgings 
are produced. The largest drop-stamping works in 
the country are to be found in the Midland district and 
by far the largest part of their business is the making 
of forgings for the motor trade. 

Now that electricity is extensively used as the source 
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of power in machine shops of all kinds, it is natural 
that, with so many factories engaged in making motor 
vehicles, the consumption of current for power pur- 
poses in the Midlands should be continually increasing. 
Unfortunately, it is not possible to obtain a record 
of the total consumption of power by any individual 
industry. This would, of course, form a most valuable 
index to manufacturing activity. At the present 
time the general engineering trade is more than 60 per 
cent. electrified and the motor industry still more com- 
pletely so. In the south-west Midland area, 90 
per cent. of the total electrical energy generated is 
consumed by industrial undertakings, and, taking 
the monthly average for 1823-24 as 100 per cent., 
we find that in the south-west Midlands the production 
of electricity in 1924 was 111-4 per cent., in 1925, 
130-5 per cent., and in the first half of 1926, 138 per 
cent. These figures may be considered a fair indication 
of the activity in motor manufacture in the district. 

V.—The pyramid of functions and processes of which 
in any industry some one individual has always to be 
the apex, is in the case which we are surveying a 
structure of extreme complexity. Like any other 
architectural entity, the stability of the whole depends 
upon the lowest course of masonry, which consists of 
the actual workers who produce the various components 
of the product. Nor is this all; there may be as many 
as 3,000 separate components in a motor vehicle, and 
it may be taken that the average number of operations 
on each part is twelve. When between 30,000 and 
40,000 precision machine operations have to be carried 
out on each of many thousand motor vehicles in a year 
the task becomes a formidable one. 

It is perfectly true that if time were no object a 
single good all-roand mechanic could produce (and it 
has been done more than once) a complete motor 
vehicle, but the cost of so doing would be unthinkable 
if any real output were required, and certainly many 
months would be needed for the work. Now the actual 
parts of a motor vehicle of average size (apart from its 
body-work) are made complete in about 250 hours, a 
result which is only accomplished by the combined 
skill—if the word may be permitted—of machine-tools 
and machine operators, and the most perfect and pro- 
ductive machine-tool is only of use when it is operated 
with intimate knowledge and skill. Even fully auto- 
matic machines, which may produce thousands of pieces 
per hour, demand the highest grade of labour to set 
up the tools before the actual work can be started, 
while tools which are semi-automatic must be guided 
continuously with judgment and knowledge on the 
part of their operators, or the work is a failure. 

Machine-tools have been so specialised that the 
same process has had to be applied to the operators, 
and to label such workers ‘‘ unskilled ’’ because their 
work is specialised is surely a misnomer. The skilled 
turner, faced with the problem of machining a motor 
piston in 15 mins., with some thirty dimensions (and 
also its weight) correct to thousandths of an inch, 
might well recoil from the impossible task ; yet it is 
within the author’s own experience, that by dissection 
of the various operations, this seemingly impossible 
undertaking is daily performed by youths with no 
more than a few week’s experience, and the precision 
of movement which they attain in a short time fills 
one with astonishment. 

Obviously, one cannot class such labour as “ un- 
skilled ’’ ; it is most conspicuously the reverse, but it 
differs from the older kind in that the skilled turner, 
working with an unskilful machine, has to think out 
all the means to the end he has to attain, whilst in 
the case of the youth with the skilled machine, this is 
done for him, and thus, relieved of responsibility, he 
is able to concentrate on the attainment of extreme 
skill in one operation only. Scores of other examples 
could be given, but the case cited is an illustration of 
what is happening in the modern machine shop, that 
is in the shop which is devoted to the production of a 
standardised product in quantity. 

It may be objected that the making of motor vehicles 
is a special trade, and is not a fair example of general 
mechanical engineering. The answer is that at present 
it may not be, but for the future there can be no question 
of its not being so. In the United States, the making 
of motor vehicles is now one of the most important 
industries in the country, and its influence there on 
the methods of the other mechanical industries is an 
accepted fact. Competition alone will in our own case 
compel a similar adoption of these methods which 
have proved as essential in a motor trade here as else- 
where. 

The fact to be faced is the undeniable shrinkage of 
what used to be called skilled labour. Such labour is 
generally considered essential in work which is only 
concerned with individual production, and certainly 
so in the department of jig and tool making. Whether 
this opinion is a sound one is debatable. The author 
for his part finds it difficult to subscribe to it. Radical 
changes have often been necessary in the past and will 
probably be required again. 
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It would seem that there are two courses open, either 
to produce an exotic class of manually skilful mechanics 
by somewhat forcible methods, or else to recast the 
processes by which we manufacture individual objects, 
and by subdividing and dissecting them, make it 
possible for what is at present classed as semi-skilled 
labour to perform the necessary work, always with the 
assistance of special precision machines. For this such 
machine-tools as are exemplified by what is known as 
the jig-boring machine, must be available in much 
greater numbers than is at present the case, despite the 
great progress that has been made since the time, which 
the author remembers, when there were only two such 
machines in this country. This is perhaps peering 
too far into the future, our immediate concern being 
present-day conditions as they have already been 
affected. ‘ 

It is plain that with the change from hand to machine 
manipulation, many complex devices must be added to 
the machine to take the place of the operator’s hand and 
to enable tools to be applied to the work with a force, 
and at the same time a precision, of which no human 
hand would be capable. It used generally to be 
stated that with the introduction of machinery the 
human labour so displaced would be transferred to and 
absorbed by those industries engaged in making 
machine-tools. This statement cannot be supported 
by facts. Were it true there would be no advantage, as 
the total ratio of labour to product, though indirectly 
applied, would remain the same. 

The growth in output in the motor industry has been 
accompanied by a corresponding growth in employment, 
and the following table shows the number of persons 
employed, in grades up to and including managers of 
departments, during the period of eighteen years. 


Year. Number employed. 
1907 54,000 
1911 99,000 
1921 221,000 
1923 . 220,000 
1924 235,000 
1925 250,000 


There are in Britain about 15,000 men employed in 
the manufacture of machine-tools for all purposes ; 
in the whole world it is estimated that there are but 
150,000, whilst in the automobile industry in this 
country the proportion of tool makers to those in all 
other trades is only 7 per cent. They are those who are 
required to produce and maintain the jigs and tools 
needed by the remaining 93 per cent. of the workers. 
Plainly, therefore, the total quantity of what was 
formerly classed as skilled labour has greatly diminished. 
What has happened is that by intelligent application of 
mechanical principles the quantum of human skill 
going into the product is no longer the same. 

When we speak of labour-saving devices it should be 
understood to imply not that less labour is employed, 
but that means have been placed in the hands of labour 
which have rendered it vastly more productive. At 
a time within the author’s recollection the cost of an 
engineering product was one-third materials, one-third 
labour and one-third establishment charges. Four 
years ago the figures for the whole engineering industry 
as determined by the Employers’ Federation were : 
materials, 43-17 per cent.; labour, 19-84 per cent. ; 
oncost, 36:99 per cent.; while in the automobile 
factories to-day typical figures would be: materiais, 
75 per cent. ; labour, 11 per cent. ; oncost, 14 per cent. ; 
though it would vary from 55 to 80 per cent. in the 
case of materials, from 15 to 10 per cent. in the case of 
labour, and from 30 to 10 per cent. in the case of oncost, 
a proportion io which the whole mechanical engineering 
industry must tend as methods, which have proved right 
in automobile work, are more generally adopted. 

VI—lIt remains but to examine the effects that this 
change of method has produced in the manner and 
amount of remuneration to the worker. At the begin- 


TABLE I.—Piece Work. 




















| 
| Virtual Percentage 
Time | Total hourly Oncost. Total reduction 
taken. | earnings. rate. cost. of cost. 
1 2 3 4 5 6 
10-0 10-0 1-00 10-0 20-0 0 
9-0 10-0 1-il 9-0 19-0 5 
8-0 10-0 1-25 8-0 18-0 10 
7:0 10-0 1-43 7-0 17-0 15 
6-0 10-0 1-676 6-0 16-0 20 
5-0 10-0 2-00 5-0 15-0 25 
4-0 10-0 2-50 4-0 14-0 30 
3-0 10-0 3°33 3-0 13-0 35 
2-0 10-0 5-00 2-0 12-0 40 
1-0 10-0 10-00 1-0 11-0 45 
0 10-0 o 0 














ning of the industrial movement, about eighty years 
ago, it was appreciated that the repetition of similar 
; mechanical operations was immediately followed by a 
material reduction in the time required for their 
performance, and as an inducement to greater effort 
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in this direction payment for the amount of work done | 
was substituted for payment by the hour. It is painful | 
to reflect to-day upon the way the resultant acquisition 
of skill was rewarded at that time, in complete disregard | 
of elementary psychology, by people who should have 
known better. It has taken a generation to live down | 
the result of the blunder. Happily, however, under | 
more enlightened management an equitable system has | 
been developed and has come into general use to the | 
great advantage of all concerned. Whether straight- 
forward piece-work or the premium-bonus system is | 
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In Table II is shown the result of working a full 
premium system, i.e., when the whole of the time saved 
is credited to the worker. It will be seen that the 
resulting rates of payment to the worker in column 6 
of this Table are exactly the same as the rates in column 
3 of Table I and the percentage of cost reduction is also 
similar. The two systems are in effect alike with the 
difference that piece-work disregards the workers’ 
shop rate and the premium system takes it into account : 
in other words, under piece-work there would be no 
saving through employing a low-rated man or boy, 


TABLE II.—Fvtt Premium. 
When the whole time saved is credited to the worker. 





















































Hourly | Total Virtual Percentage 
Time wages Time Bonus. earnings. hourly Oncost. Total reduction 
earned, saved. rate. of cost. 
1 2 3 4 5 6 7 8 9 
10-0 10-0 0 0 10-0 1-00 10-0 20-0 0 
9-0 9-0 1-0 1-0 10-0 EG | 9-6 19-0 5 
8-0 8-0 2-0 2-0 10-0 1-25 8-0 18-0 10 
7-0 7-0 3-0 3-0 10-0 1-43 7-0 17-0 15 
6-0 6-0 4-0 4-0 10-0 1-666 6-0 16-0 20 
5-0 5°O 5-0 5-0 10-0 2-00 5-0 15-0 25 
4-0 4-0 6-0 6-0 10-0 2-50 4-0 14-0 30 
3-0 3-0 7-0 7:0 10-0 3-33 3-0 13-0 35 
2:0 2-0 8-0 8-0 10-0 5-00 2-0 12-0 40 
1-0 1-0 9-0 9-0 10-0 10-00 1-0 11-0 45 
0 0 10-0 10-0 10-0 x 0 10-6 
TABLE II1.—Firty Per cent. PReEMruM WORK. 
When half the time saved is paid to the worker. 
Hourly Virtual | Percentage 
Time. wages Time Bonus. Total hourly Oncost. Total | reduction 
earned. saved. earnings. rate. | of cost. 
1 $ 3 4 5 6 7 8 | 9 
10-0 10-0 0 0 10-0 1-00 10-0 20-0 0 
9-0 9-0 1:0 0-5 9-5 1-056 9-0 18-5 7:5 
8-0 8-0 2-0 | 1-0 9-0 1-125 8-0 17:0 15-0 
7:0 7:0 3-0 | 1°5 8-5 1°215 7:0 15-5 22-5 
6-0 6-0 4-0 | 2-0 8-0 1-333 6-0 14-0 30-0 
5-0 5-0 5-0 2:5 7°5 1-50 5-0 12-5 37°5 
4-0 4:0 6-0 3-0 7:0 1-75 4-0 11-0 45-0 
3-0 3-0 7:0 3-5 6°5 | 2°17 3-0 9-5 62-5 
2-0 2-0 8-0 4-0 6-0 | 3:00 2-0 8-0 60-0 
1-0 1-0 9-0 | 4-5 5-5 | 5-55 1-0 6°5 67-5 
0 0 10-0 | 5:0 5-0 | 0 5-0 75-0 
| | 

















adopted is immaterial, as either can be adjusted to 
give the same result; the basic principle is that for 
any cycle of operations an allowed time is established 
and adhered to. 

It will be of interest to analyse the effect of this. | 
For purposes of illustration we will assume a worker | 
earning an hourly rate of 1s. who is allowed a minimum | 
of ten hours fora certain task. We will also assume that 
in the factory it is found that the establishment charges 
or oncosts are at the rate of 100 per cent. of the produc- 
tive labour. It follows that if the task is completed 
in the allowed time the man will earn 10s. and the cost 
of the work will be 20s. exclusive of the cost of material. 

Table I shows the effect, when the piece-work 
system is adopted, of reducing the actual time for the 
work; for equal decrements of time the workers’ | 
rate shows a logarithmic increase while the total cost | 
decreases at a linear percentage rate. 


| system where one-half of the time saved is credited 


while with the premium system there would be an 
advantage. 


Table III shows the effect of a 50 per cent. premium 


to the worker. It is seen that the workers’ rate 
only increases about half as fast as in the case of the 
full premium system and the cost decreases 50 per 
cent. faster. 

It is for others to decide which would in the end 
produce the most advantageous result—the greater 
incentive to the worker or the greater reduction in 
cost. Whatever system is adopted, however, the 
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practically universal, and as all the work is of a repe- 
tition character the result is that high wages are the 
rule and certainly operatives who are rated at something 
considerably lower than “ skilled” tool makers ulti- 
mately receive very much more money. 

A survey of the wages paid in the British motor 
industry during the last four years show that the average 
earnings of all classes of skilled and unskilled men 
have been as follows :— 


Year. Average Earnings. 
1923 71s. 10d. per week. 
1924 75s. 54d. per week. 
1925 78s. 3d. per week. 
1926 79s. 5d. per week. 


The estimate of the S.*iety of Motor Manufacturers 
and Traders of total wages paid by the industry at 
the present time amounts to 40,000,000/. per annum. 








CONCRETE MIXER FITTED WITH 
HOISTING GEAR. 


WHEN describing the exhibits at the Public Works 
Exhibition, held at the Royal Agricultural Hall in 
1923, we dealt with a concrete mixer made by Messrs. 
John Fowler and Company (Leeds), Limited, of the Steam 
Plough and Locomotive Works, Leeds. The mixer 
was described on page 645 of our issue for November 23, 
1923, but since that date the manufacturers have added 
a hoisting winch to the machine, for lifting the mixed 
concrete to any desired point, and have also made a 
number of modifications to the mixer itself. 

The machine is now made in three sizes, known as 
the 6/4, 10/7 and 21/14, the first and second figures 
referring respectively to the volume in cubic feet of the 
unmixed and mixed materials. The three machines are 
all generally similar in construction, and the capacity 
of the smallest is sufficient for all ordinary work, the 
|larger being intended for use on important contracts 
|such as the erection of large buildings and works. 
| The medium-sized machine is shown in Figs. 1 to 3 
| above, and on page 29, from which it will be seen that 
| the general arrangement of the mixer is very similar 
to that of the earlier models. 

A Petter engine is still employed for the drive, 
but a larger size has been selected to deal with the 
double duties of mixing and hoisting, which can be car- 
ried on simultaneously. In the small model, the 
engine is designed to start on petrol and run on paraffin, 
but for the larger models, a semi- Diesel unit is employed. 
Both types of Petter engine have been previously 
described in our columns. 

As regards the detailed particulars of the machine, the 
main frame is pressed from a single channel iron, thus 
greatly reducing the number of angles, gusset plates, 
and so on, employed in the construction. The centre 
of the drum is made from semi-steel, while the side 
plates are light steel pressings, a form of construction 
permitting the weight to be a minimum while leaving 
ample metal at the wearing surfaces. The drive from 
the engine to the main shaft is by roller chain. The 








effect is much the same, and a machinist carrying out 
repetition work will inevitably earn a greater sum than 
a more highly rated * skilled’? man who has no oppor- 
tunity of increasing his actual hourly rate by any | 
amount of application. 

In the automobile industry payment by results is | 


main shaft carries a reel, and from this a wire rope is 
taken to a second and larger reel mounted on a shaft 
running across the top of the frame, as shown in Fig. 2. 
The cross shaft carries two further reels on which the 
cables attached to the loading skip are wound. The 
drum is discharged from the back, the discharging gear 
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being shown in Fig. 1. This consists of a hinged 
scoop, the position of which is controlled by a hand 
lever. In the position shown, any concrete that 
may fall on to the scoop merely slides back into the 
drum, but when the scoop is lifted, the concrete is 
discharged down it into a hand barrow or other recep- 
tacle. The drum is mounted on rollers, and as the 
drive is from the main shaft near to the top of the 


machine frame, the tension in the chain tends to | 


lift the drum, thus effectively reducing the load on the | 
| machines in actual use, and it will be noticed that the 


rollers. 


The arrangement of the winch will be clear from | 
the figures. As already mentioned, it may be used | 


quite independently of the mixing drum, as it is 


engaged or disengaged by means of a clutch while the 
engine is running. The clutch lever can be clearly 
seen in Fig. 3, but a point that is not brought out in the 
illustration is that when this lever is moved in the 
direction for declutching, it engages a brake operating 
on the winding gear. The speeds of the various winch 
shafts are given in Fig. 2, but it should be mentioned 
that the winch on this model will lift 10 cwt. at a speed 
of 60 ft. per minute. 

The view given in Fig. 4 shows one of the smaller 


winch lever is in such a position that both the winch 
and mixer can be conveniently controlled by one 
man. 





29 


CHINA AS A MARKET FOR 
MACHINERY. 
By WatteR BuCHLER. 


THE unsettled state of China has greatly affected 
the demand for machinery from that market, but 
the pessimism reflected in the cabled and written 
reports of the daily Press, which gives more than 
ample prominence to political and other topical 
news, while saying little—in fact, nothing—regarding 
commerce in China, should not be taken too seriously. 
Although the difficulties of transportation caused 
by military operations, and the hesitation on the 
part of Chinese to buy new machinery owing to the 
uncertainty of the political situation giving rise to 
labour troubles, have caused a decrease in machinery 
imports during recent years, these still represent 
four times the average value for pre-war years. The 
figures in Table I will convey an idea of the amount 
China has been buying. 











TABLE I. 
Machinery. 1923. | 1924. | 1925. 
£ £ £ 
Agricultural .. , 53,241 51,328 28,225 


For electrical power stations 255,345 148,056 150,176 
Printing, bookbinding, and 


paper-cutting oe ae 104,328 189,282 114,010 
Propelling .. Py id 262,042 359,925 335,962 
Pump and pumping me 70,761 70,238 112,522 


For the textile industry 


..| 2,149,367 | 1,010,282 596,194 
Machine tools 


37,786 83,403 38,752 














Total... ee .-| 2,942,870 | 1,912,515 | 1,375,841 





The Chinese are, on the whole, a poor people, but 
they are very anxious to employ foreign machinery 
for agricultural as well as for industrial purposes. 
‘** Wars” have always existed in that Empire, but as 
they are conducted according to Oriental ideas of 
waging warfare (intrigue, propaganda, compromise, 
and the winning-over of the other side by hard cash), 
they do not preclude trade except in those areas 
directly in the sphere of military operations. Railways 
usually suffer most from such troubles, and the demand 
for locomotives and rolling-stock in general conse- 
quently greatly diminishes ; this was the case especially 
in 1925, when there was an almost complete absence 
of the orders for railway material and machine shop 
supplies, usually placed by the Chinese Government. 

These unfavourable conditions for business continued 
last year, but in spite of lack of funds and absence of 
normal organisation, substantial orders were placed 
for rails, locomotives, and rolling-stock in general. 
These emanated mostly from Manchuria, which is 
the most progressive and among the richest provinces 
of China, and, what is as important, the least disturbed. 
China’s railways have been developed mainly through 
a spirit of obtaining concessions, combined with 
politics and finance, the desire of Chinese officials 
to make fortunes on a get-rich-quick basis contributing 
a considerable impulse. The scope for railways and 
rolling-stock, are almost unlimited in China, and 
the field has hardly been touched as yet. In the 
writer’s opinion, most of the really sound business, 
both for railway materials and the loans enabling 
these to be bought, will pass in future through private, 
and the usual business, channels, the contracts being 
obtained in open competition. The same may be 
said in respect of the mining possibilities which China 
presents, the exploitation of which only awaits better 
means of transportation, organisation of railways, 
and a better understanding with the Chinese. 

The use of electricity is steadily spreading throughout 
China, and power is being more and more utilised for 
industrial purposes. The demand for electrical 
machinery and plant for generating electricity was 
fair last year, although irregular in previous years. 
In this connection Tables II and III, on page 30, of 
China’s imports of machinery and materials should con- 
vince manufacturers and exporters of the remarkable 
trade vitality that country continues to show in spite 
of civil war and labour troubles. 

Among the large number of articles for which 
there is a demand in China—and which may be classed 
as electrical machinery—transformers, motors, meters, 
oil engines and suction gas plants are prominent. 
Competition is keen, and Continental countries are 
making considerable headway, particularly Switzerland 
in electrical machinery and materials. 

The number of cotton mills in China is gradually 
increasing, and the fact that the Japanese find that 
field a more profitable one than is furnished by their own 
country is evidenced by the large number of mills 
they have established and the policy they are pursuing 
of buying up or obtaining control of Chinese cotton 
mills when in financial difficulties through mismanage- 
ment. This policy is helping Japan to secure a greater 
share of China’s requirements in textile machinery. 
But the machinery she supplies does not compare in 
quality with Western manufactures, although it is 
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attractive from being considerably cea There is 
an increasing demand for knitting machinery in 
China for the manufacture of cheap hosiery to supply 
the country’s own needs as well as for export markets 
in the Far East. Many mills are installing weaving 
plants besides enlarging their capacity by means of 
additional machinery. There are about 130 cotton 
mills in China, of which 75 belong to Chinese and 
55 to foreigners. The total number of spindles and 
looms operating is 2,500,000 and 26,000 respectively. 
One of the most progressive industries in China is 
the flour milling industry, which is well organised and 
equipped with the most modern foreign machinery. 


There are about 100 mills of importance in China, and | 





500,000,000 population are engaged in agriculture) up 
to more modern ideas. The employment of foreign 
machinery is, therefore, sure to increase within com- 
paratively few years. 

Tramways as a means of cheap and quick local 
transport, are becoming more and more appreciated, 
and where in use (as in Shanghai, Peking, Dairen, and 
Harbin) have proved profitable enterprises. The 
country has very many large cities at present without 
any other means of locomotion than the rickshaw, 
wheelbarrow, and Peking cart. The demand for 
| motorcars shows also an increase, as more roads are 
| being constructed every year in many parts of China, 
particularly in the north. 






































TABLE II, 
' _ 
Machinery for Electric Power Stations. | Electrical Materials. 
’ 
Imports from— } 1923. | 1924. 1925. | 1923. 1924. | 1925 
| | | 
oe «> sh . | f l| ‘ | : | : 
| £ £ £ | £ £ | a 
Hongkong | 14,325 7,747 5,795 | 106,744 118,637 77,250 
Great Britain ae 5 | 122,858 41,113 60,462 | 218,791 226,621 209,811 
Germany .. 67,366 20,934 38,808 366,471 398,010 243,846 
France 13,756 1,231 -— —_— _ _— 
Italy 19,396 17,232 1,348 _— —_ — 
—. oo| 6,611 | 971 18,372 436,648 397,988 414,209 
US +! 18,733 | 38,092 19,849 231,350 222,813 148,993 
Total incl. other nations ..| £265,845 | £152,484 £151,380 || £1,418,084 £1,434,118 £1,205,763 
! | 
TABLE IIl, 
Imports into China of 1923 | 1924. 1925. 
! 
= = 2 : ; 
| £ | g £ 
Locomotives and tenders 204,700 | 195,000 156,000 
Motor-cars ; ow | 298,000 (1,286) 455,000 (2,025) 667,000 (3,169) 
Motor cycles -| 18,700 (387) | 17,000 (434) 14,700 (262) 
Railway carriages and wagons (ine huding tram- | | 
cars)... oa 137,000 394,000 188,000 
Bicycles, &c. oe 4 58,100 (10,795) 108,700 22,504) 48,100 (11,270) 
Vehicles (other kinds) . . =] 237,000 290,000 | 400,000 
! ' 





Figures in brackets give number. 


with the increasing consumption of flour in the Far | 


East, more mills are likely to be erected and more 
machinery required. The Americans have shown 
much enterprise in securing contracts for flour-milling | 
machinery, and most of the business has gone to them. 
British manufacturers and exporters would do well to 
pay more attention to the requirements of flour mills 


in China, especially those in or near the Treaty Ports, | 


such as round Shanghai. 
Considerable progress has been made in sugar pro- 


duction, and refining, in Manchuria and in the south of | 


China. With the large areas China has suitable for 
cane and beet cultivation, there is no reason why she 
should not refine more of her own sugar. At present, 
there are about 17 refineries of any magnitude in China, 
and large quantities of refined sugar are imported. 
More and more sugar is being consumed in the country, 
and as conditions become more stable, more ‘sugar 
mills are certain to be erected. So far, the Japanese 
have shown the most enterprise in this particular 
industry (in South Manchuria). 

The number of cigarette and tobacco factories is 
increasing every year. This refers particularly to those 
started by Chinese. Chinese workshops have turned 
out some cigarette machinery, copies of American 
models at less than half the cost, but the quality in 


the matter of accuracy, durability, etc., leaves much | 


to be desired, and were it not due to the high value of 
money in China, there would be fewer attempts to copy 
foreign machinery, while turning out lower-grade 
material. The low cost of cigarettes in China creates 


an enormous consumption, and foreign manufacturers | 


of cigarette machinery are likely to find China a profit- 
able field. 

Primitive methods in many branches of China’s 
industries are still practised. Of this, the vegetable oil | 
industry is typical. 


&c., will enable them to extrac: the maximum of oil 
from the material. Even in some foreign oil mills in 
China, more oil could be extracted if better machinery 
were employed. Foreign manufacturers will find that, 
by educating customers—or rather prospective cus- 
tomers—to the use of better machinery, they them- 
selves will also benefit. 

Education is making steady headway in the country, 
and modern methods of agriculture are slowly being 
introduced. The Chinese farmer still uses ancient 
implements, due more to ignorance than to lack of 
appreciation of foreign methods. The Chinese Govern- 


ment itself is trying to educate the people to better 
ways, and foreign missionaries and returned Chinese 
students who have studied abroad, 
educating agriculturalists 


are gradually 


(the majority of the 


There are, approximately, 60 shipbuilding and 
| engineering works in China, of which 10 undertake 
| the construction of ships and large repairs on a modern 
basis and scale. This has made China a good market 
| for such accessories as boilers, turbines, etc., imports 
| for three years having been as in Table IV. 











TaBLeE IV. 

] | 

| - 1925. | 1924, | 1923. 

| 

£ £ £ 
Great Britain 156,000 191,000 130,270 
U.S.A. 51,714 49,700 57,000 
Germany 48,100 30,050 39,950 
Belgium 49,2 8,560 3,730 
Japan 16,270 16,000 19,000 
Sweden 11,450 51,700 10,250 
Italy .. 2,220 9,000 5,000 
Others 5,046 9,990 8,400 
Total £340,000 367,000 273,000 











| 
| There is scope for further foreign enterprise in such 
| machinery, as elevators and elevator accessories, 
owing to the policy of erecting large buildings in such 
Treaty Ports as Shanghai, Tientsin, Dairen, Hankow, 








The Chinese have not yet sufficient | 
knowledge to realise that the latest crushing machinery, | 


and a few other towns. Hand labour is still largely 
used in sawing wood, but the Chinese are putting up 
jan increasing number of sawmills; the Japanese 
| operate about 10 large sawmills in Manchuria alone. 
| Altogether there are about 100 sawmills in China of 
| any considerable size, besides many small ones. 

| Sufficient has probably been said to show what an 
| excellent opening the China market presents to enter- 
| prising manufacturers and exporters. It is, however, 
| essential for firms to have an idea of how business is 
carried on in the country, as methods of trading differ 
considerably from those in the West. There are two 
ways of working the China market: either to sell 
through a foreign importer established in one of the 
| Treaty Ports (preferably Shanghai, which is the centre 
of China’s import and export trade), or to open one’s 
own branch or branches and sell direct to Chinese 
dealers. Exporters who do not specialise in any 
particular line, but ship to different markets a variety 
of articles, would be well advised to appoint some 
reliable firm in Shanghai to represent their interests. 
Those who specialise in machinery and intend to con- 
centrate on the China market should send out their 
own representative to make a careful study of condi- 
tions, and at the same time to open a branch, estab- 
lishing agencies in such important trading centres as 
Tientsin, Hankow, Dairen, Harbin, and Hongkong. 
The policy on the part of Chinese of buying from stock 
to cover their monthly, in fact daily, requirements, is 





extending, owing to the uncertainties of exchange and 
the general industrial outlook. Foreign engineering 
firms cater to the trade from stock in many lines, in 
order to secure orders. This policy should certainly be 
followed for the common articles of commerce, as 
otherwise the business will go elsewhere. But before 
shipping out costly machinery for large industrial 
undertakings such as cigarette and flour manufacture, 
requirements should be carefully studied and met, 
even if they entail extra trouble and expense. In 
starting one’s own selling organisation, the most 
important matter is to obtain a reliable and active 
compradore, who acts as a sort of go-between. The 
compradore receives a salary to cover his staff's 
(Chinese) wages, and a small commission on all orders 
received, the amount of commission depending upon 
the nature of the article. In return, it is for him to 
bring in the business, and he guarantees payment up 
to 25 per cent. of the amount in case a dealer defaults 
or does not take delivery of the goods ordered. Shroffs 
(salesmen and collectors) constitute the most important 
section of the compradore’s staff, and the remainder 
will be. the usual clerical assistance for accounts, &c. 
When attempting to open up trade, it is absolutely 
necessary to make a first-class display in a prominent 
part of the business centre of the town, no matter what 
the expense may be. The Chinese attach considerable 
importance, and often judge the standing of a firm by 
its showrooms and. offices and general report; they 
do not make inquiries of banks;-or believe much in 
general references. Firms sending out their own 
representative should insist that he set about acquiring 
a knowledge of Chinese (Mandarin), as this is an 
| incalculable asset, in fact is becoming more and more a 
| necessity in commercial intercourse with the Chinese, 
whose high reputation for straight dealing is fully 
justified. With them price comes first, but sentiment 
also plays an important part in one’s dealings with 
them. Terms of payment vary according to the class 
| of machinery sold: they may be cash on delivery—a 
policy usually followed by British and American firms— 
or part payment on delivery, and the balance within a 
stipulated time; in some cases, deposits will be asked 
with order and the balance against delivery. Japanese, 
anxious to secure the orders, sometimes grant short 
terms of credit, and German houses have been known 
to adopt a similar policy. Advertising and general 
propaganda should be extensively undertaken, and 
catalogues got up well in English and Chinese. Brands 
should be given in the case of articles sold on a large 
scale, as the Chinese buy on the reputation of a “ chop ”’ 
(brand), and are often prepared to pay more for an 
article with an established ‘“‘ chop” than for one just 
as good, but not so well known. 

While wars may constitute a handicap to the free 
development of business, the Chinese, being a born 
trader, always manages to trade as long as there is a 
profit to be made, even if it means getting merchandise 
“through the lines at an extra copper.’ Last year 
was a very disturbed period for China, with labour, 
political, and military troubles, but despite these 
disturbed conditions, the country purchased larger 
quantities of textile machinery than in 1925. Great 
Britain shipped to that market, in the first eleven 
months of 1925, 1,338 tons valued at 177,412I., and 
in the same period in 1926, 856 tons, valued at 227,650. 








INTERNAL-COMBUSTION ENGINE WITH VARIABLE Com- 
PRESSION: ADDENDUM.—We understand that Messrs. 
G. Cussons, Limited, The Technical Works, Lower 
Broughton, Manchester, have the sole sale rights for 
the Ricardo variable-compression, internal-combustion 
engines, a detailed illustrated description of which 
appeared on page 638 of our issue of May 27 last. 





LAUNCH OF THE 8.8. “ Laurentic.”—On Thursday, 
June 16, the triple-screw steamer Laurentic, which is 
being built for the Liverpool-Canadian service of the 
White Star Line, was successfully launched from the 
east yard of Messrs. Harland and Wolff, Limited, Belfast. 
She has been built with a straight stem and cruiser 
stern, and is to have two masts fitted, with telescopic 
topmasts, while her main dimensions are :—lIgength, 
600 ft.; breadth, 75 ft.; and depth, 45 ft., and the 
gross tonnage will be about 18,700 tons. There are 12 
separate watertight compartments, and a double bottom 
runs all fore and aft. The accommodation, in which 
special attention has been paid to the increasing volume 
of tourist third cabin passengers, provides for a total of 
1,600, and there will also be an unusually large capacity 
for refrigerated cargo of all kinds. A notable feature of 
the vessel is the rather unusual combination of propelling 
machinery, which consists of two sets of four-cylinder 
triple-expansion engines driving the two wing shafts, 
which exhaust into a low-pressure turbine direct coupled 
to the centre line of shafting ; the designed sea speed 
being 16} knots. The steam, which is superheated, is 
supplied by four double-ended and four single-ended 
boilers burning coal under natural draught. Three 
turbo-generators, each of 100 kw., supply the electric 
current, in addition to which there is a 36-kw. oil-driven 
dynamo, situated well above the water line, for use 
when the main sets are out of action. 
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NOTES ON NEW BOOKS. 

THE ordinary tensile test still remains the engineer’s 
fundamental test for metals, though it cannot be 
applied directly to material, as it leaves the furnace or 
forge, nor to finished parts. The impact test, and the 
hardness and wear tests are partly applicable to the 
piece and are also of prime importance. But the engi- 
neer requires, in the first instance, information on the 
ultimate strength of his material, as he does on its 
chemical composition. Conditions may change if 
further research, and particularly X-ray studies, 
should provide the engineer with a real insight into 
structure and cohesion phenomena, and enable him 
to correlate and interpret properly the test data 
submitted to him. At the present time, good 
books by experts on the performance and inter- 
pretation of tensile tests, like ‘‘ Der Zugrersuch,” 
by Messrs. G. Sachs and G. Fiek (Leipzig: Akademische, 
Verlagsgesellschaft ; price 12 marks) are welcome 
although there is no lack of them. The authors 
of this latest example have divided their task. 
Dr. Ing. Sachs, of the Kaiser Wilhelm Institut fiir 
Metallforschung, has written, in simple and largely non- 
mathematical language, the first two general and theo- 
retical parts on stress and strain, elasticity, deformation, 
fractures and on their connection with the crysta!line 
structure of the material. Particular attention is paid 
to the influences, upon the results, of temperature, 
cold work, and rate of stress application, &c., and to 
elastic fatigue. Mr. Fiek is one of the members of 
the Materialpriifungsamt, and his third part on 
the construction of tensile testing appliances naturally 
refers to a good many devices due to his late chief, Dr. 
Martens. He describes various details, such as load- 
ing arrangements, clamps, gauges, extensometers, &c., 
rather than the actual machines, and has entitled his 
contribution, ** Points of View for the Detection of 
Apparatus for Tensile Testing.” Apart from some 
excellent photographs of metal fractures, of micro- 
structure and X-ray stress-strain diagrams, the illustra- 
tions in the volume are diagrams. The system of 
references adopted is one of the minor commendable 
features. The book of 252 pages is divided into 177 
sections. In section 115 on elastic hysteresis we find, 
for instance, mention of Masing-Polanyi (1925); and if 
we look for these names and the date in the long and 
fairly complete literature list, we can easily identify 
the particular paper among several entries by the 
reference to the section. The reference to sections 
by preference to pages thus has an advantage with- 
out inconvenience to the reader. 


The first volume of the lectures on “ Theoretical 
Physics,” by Professor H. A. Lorentz, now published in 
an authorised English translation by Messrs. Macmillan 
and Company, Limited (Price 12s. 6d. net.), deals with 
Aether Theories and Aether Models and with Kinetical 
Problems. The volume is based upon the courses 
of lectures delivered by Professor H. A. Lorentz at 
Leiden, and edited, apparently in abbreviated form, 
by pupils of his. The translation from the Dutch 
has been undertaken by Dr. L. Silberstein and Mr. 
A. P. H. Trivelli, of the Eastman-Kodak research 
laboratories at Rochester, New York State. The 
task of the translators was not easy, and has not been 
altogether successful in the endeavour to preserve 
the charm of the style of Lorentz by making the 
translation as literal as possible. The treatment is very 
succinct. Aether theories are dealt with under the 
sub-headings of aberration of light, mechanical aether 
theories, Kelvin’s model of the aether, attraction and 
repulsion of pulsatory spheres, and the Michelson 
experiment. The latter, first, experiment of Michelson 
is described in a little more than four pages of the first 
sub-section, and the explanation of the negative results 
of the experiment by contraction in the direction 
of motion occupies half a page. No date is given, and 
the names of Lorentz and Fitzgerald are not mentioned. 
The preceding pages on the aethers of Stokes, Planck 
and Fresnel, and on the theory of aberration have, of 
course, anticipated much that might have been dis- 
cussed in connection with the Michelson experiment. 
What the reader would like to know is the view of 
other leading physicists on the further development of 
these theories. This is, apparently, to be given in two 
further volumes which are promised. Meanwhile, the 
reader will understand that the lectures are more concise, 
masterly surveys, of the highest value to the initiated, 
than expositions, for the student. This applies also to 
the kinetic papers, dealing with gases and electrons, 
friction, sound, and with the work of Kundt and 
Warburg, Knudsen, Einstein, O. W. Richardson, 
Lesage and others, though in these cases references are 
made to such recent years, as 1916 and even 1919. 





For some years, the Library Association, of Bucking- 
ham Palace-road, S.W.1, has been issuing a subject 











index to periodicals in the form of class lists, dealing 
with noteworthy articles and papers published in 
approximately 600 periodicals, English and foreign. 
So far, the years 1915, 1916, 1917-19, 1920, 1921 and 
1922 have been dealt with. Each section forms a quarto 
volume. Section K, Science and Technology, of the Sub- 
ject Index to Periodicals, 1922. (London: the Library 
Association: Messrs. Grafton and Company, 51, Great 
Russell-street, price 1/. 1s. net), is now before us. It 
contains 6,200 entries from some 300 periodicals. The 
entries are arranged alphabetically, according to sub- 
jects, and they state merely titles, author and journal, 
volume and pages and number of figures. All such 
work makes very heavy claims upon the time and care 
of the compilers; one sympathises with them in their 
work but cannot help feeling somewhat doubtful about 
the value of the undertaking. 


Messrs. Macmillan and Company have recently 
issued three text books on advanced physics written by 
American authors. The belief is wide-spread that it is 
customary to spoon-feed American University students 
in a way that is unusual in our own universities. 
Whether this suspicion be, or be not, well-based, the 
better class of American scientific author certainly takes 
great pains to avoid ambiguities and to help his reader 
over difficult points. These characteristics are well 
represented in the three volumes under review. Of 
these, Professor A. H. Compton, who occupies the 
chairof Physics in the University of Chicago, contributes 
a volume on ‘“‘ X-Rays and Electrons ’’ which is published 
at 25s. net. Professor Compton was the discoverer 
of the famous ‘‘ Compton effect,’’ which has done so 
much to clear up difficulties in picturing the re- 
actions between radiation and matter, and has made it 
possible to frame a rational theory of the constitution 
of the fixed stars. The book is based on lectures 
delivered during the past five years to the under- 
graduates at the University of California and at that 
of Chicago. It is a comprehensive, clearly written, and 
up-to-date treatise. Another of the three volumes 
is entitled the “‘ Theory of Vibrating Systems and 
Sound,” which is published at 20s..net. The author 
is Dr. Irving B. Crandall, of the Technical Staff of the 
Bell Telephone Laboratories, Inc. In a certain sense 
the volume may be regarded both, as an introduc- 
tion and a supplement to Lord Rayleigh’s famo 
treatise to which there are numerous references in the 
text, but the work is complete in itself and forms an 
excellent text book for advanced students. It includes 
the results of many recent investigations, in particular, 
those relating to architectural acoustics, a subject 
which has received special attention from American 
investigators, who have made extremely valuable 
contributions to the subject. The text of the book is 
founded on a course of lectures delivered last year at 


the Massachussetts Institute of Technology. The. 


general mathematical theory of vibration is developed 
in detail, the subject matter being fully up to date. 
The third of the three volumes under review is of a 
more general character as its title ‘‘ An Introduction to 
Contemporary Physics,” willindicate. It is published 
at 25s. net, and like those just noticed is also due to a 
member of the Bell Telephone technical staff, Dr. K. K. 
Darrow. A treatise of this type has been badly needed 
in view of the revolutionary changes made during the 
past few years in our views regarding radiation and 
matter. The eariier part of the volume is devoted 
mainly to discussing the electron and the atom. This 
is followed by a section on waves and quanta, whilst 
the concluding chapters are devoted to the analysis 
to spectra. Throughout the author has exhibited 
much caution in distinguishing between observation 
and hypothesis. The acquired data of physics have 
a character of permanence, whilst the hypotheses by 
which they are co-ordinated are subject to changes 
which at times are almost revolutionary in character. 





Among many publications of the primer class of E. 
Sammlung Géschen, we have received two volumes by 
Messrs. P. Holl and E. Treiber, on ‘‘ Wasserturbinen ”’ 
(Berlin and Leipzig : Walter de Gruyter and Company, 
price 1.50 mark each volume), and four books on 
electrical subjects. These are the third volume on 
“* Elektrochemie, Energie,’ by Dr. Heinrich Danneel, 
‘* Elektrometallurgie,” by Professor K. Arndt, “‘ Tragbare 
Akkumulatoren,” by Dr. Ing. Richard Albrecht, and 
‘“* Telegraphic mit Morsezeichen,” by Professor J. Herr- 
mann. Most of these little monographs, all of the price 
stated, are new rewritten editions of former publica- 
tions. Their popularity is evidently well maintained. 





The development of water power is among the most 
conspicuous of those that have been made in the present 
century and even in the last ten years. It has advanced 
most in the United States, where great resources 


of power are found side by side ‘with unsurpassed 
technical and manufacturing facilities. Other 
countries also lave great resources of water power, 
which have provided manufacturing countries with 
increasing markets for equipments for water-power 
schemes and have induced continual improvements 
of design. By reason of the modern association of 
water-power schemes with electrical generating and 
driving machinery, in the business of which this 
country has a prominent share, British manufacturers 
have given considerable attention to the export 
trade in hydro-electric plant. There seems some 
prospect, moreover, that before long some attempt will 
be made to turn to greater account the relatively 
small but by no means insignificant water power to 
be found in this country. Hitherto engineers have 
quite rightly laid stress on the fact that interest on 
capital and cost of maintenance may often put water 
power at a disadvantage in comparison with fuel, 
particularly in countries where fuel is cheap, At the 
present time, however, fuel is not so cheap as it was, 
and the design of hydro-electric plant is constantly 
improving, with a corresponding reduction in the cost of 
maintenance. It seems, therefore, quite likely that 
before long increased consideration will be given to the 
possibility of turning sources of water power in this 
country to some account, whether by large schemes, 
such as that of the Severn Barrage, or by smaller ones, 
for which suitable sites may possibly be found. In 
these circumstances a short outline of ‘ Water-Power- 
Practice,"’ (London, Crosby Lockwood, price 21s. net), 
by Mr. F. Johnstone-Taylor, will be found opportune 
and convenient to some who may have such work under 
consideration. It does not deal with electric plant, but 
gives a sketch of the various classes of civil engineering 
work that enter into water-power practice, and a 
description of modern types of turbines. With so 
large a subject discussed in so small a space, much 
must necessarily be omitted. The author has, however, 
selected for treatment the methods and designs most 
approved in modern practice, and illustrated them by 
reference to individual works and designs that are 
fairly typical of the best results vet obtained. 


It is perhaps doubtful whether any public service 
can show so much voluntary activity as that of 
meteorology. As far back as 1800 there were some 80 
observing stations in operation, and when in 1919 the 
Government took over the British Rainfall Organisation 
the accumulated records comprised the observations of 
more than 10,000 observers, of whom about 5,000 were 
still at work. These 10,000 people during the last 
66 years collected the material for a Rainfall Atlas 
of the British Isles, which has been prepared under the 
direction of a Committee of the Royal Meteorological 
Society, and is published by it at 49 Cromwell-road, 
S.W.7, at the price of 15s. net. It contains three full- 
page maps showing the rainfall distribution in the 
average of the years 1881-1915, in the very wet year 
1872 and the very dry year 1887; a series of 56 half- 
page maps, showing for each year from 1868 to 1923 
the distribution of rainfall expressed as a percentage 
of the average; and 12 full-page maps showing for 
1881-1915 the distribution of average rainfall for each 
month of the year. A preliminary map is also given 
on the same scale as the full-size rainfall maps, showing 
contour tints, county boundaries, and some rivers and 
towns, to facilitate the identification of particular 
places on the rainfall maps. These maps are prepared 
from the same original blank maps as were used in the 
publications of British Rainfall now issued by the 
Meteorological Committee of the Air Ministry, with 
which they are therefore comparable. The work of 


preparing the annual average map on which the whole . 


work is founded was carried out by the British Rainfall 
Organisation under the guidance of Dr. H. R. Mill, 
who contributes an introductory description of the 
history and contents of this work, and some detailed 
suggestions as to the way in which the Atlas should be 








used and the information that can be derived from it. 
Its publication is certainly an important event in the 
history of British metereology, and will provide water 
engineers and teachers and students of meteorology 
with a body of information that has not hitherto been 
directly available. The maps are produced with 
remarkable clearness, especially having regard to the 
large amount of information they carry. 





Nac Hamapi BarraGeE, Ecyrpt.—We learn from the 
current issue of the British Chamber of Commerce 
of Egypt Monthly Journal that a British firm, Messrs. 
Sir John Jackson, Limited, has secured the tender 
for the large Nag Hamadi Barrage contract. Messrs. 
Jackson’s tender, namely, 1,976,621/.E., was the lowesi 
of the ten submitted. Among the remaining nine, 
two German firms offered 1,999,435/.E., and 2,035,4782.E., 
respectively, and two French firms 2,394,992/.E., and 
2,395,5711.E. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicited from abroad, the Names, Sc., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Fatent has been sealed, when the word “ Sealed”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acis. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


265,019. A. F. Sanders, Dursley, and R. A. 
Lister and Company, Limited, Dursley. Lubri- 
cation Systems. (2 Figs.) February 27, 1926.—The 
invention relates to the lubrication of fluid pressure 
engines, and its principal object is to provide a system 
whereby lubricant contained in a sump can be continu- 
ously circulated to the working parts of the engine 
automatically and without the aid of a circulating pump. 
The invention comprises, in combination, a ring-feed 
lubricator 5 for a main bearing of a crankshaft 4, a 
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centrifugal catcher 12 on the crankweb 13 which supplies 
the crankpin with lubricant escaping from the end of 
the ring fed bearing 2 or 3, and a collector 20 adapted to 
return surplus lubricant from the crankpin to the well 6 
of the ring lubricator, thereby constituting a self-acting 
lubricant circulating system without involving the use of 
apump. Preferably, the flow of lubricant to the end of 
the bearing 2 or 3 is assisted by a helical groove 9 formed 
either in the shaft or in the bearing. (Sealed.) 


MINING, METALLURGY, AND METAL- 
WORKING, Kc. 


265,043. P. M. Holman, Camborne, and A. T. 
Holman, Camborne. Rock Drills. (5 Figs.) April 
28, 1926.—The invention consists in improvements in 
rock drills wherein the drill steel is rotated and blows 
are imparted to it by means of a hammer piston. Accor- 
ding to the invention, in a rock drill having a hammer 
piston 14 and a central turning rod 16 which extends 
engthwise through the interior of the drill and through 
a passage in the piston, the turning rod 16 is engaged 
directly with the drill-bit 13 or is formed in order that 
it can be so engaged, instead of with an intermediate 
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member that is operatively connected with the drill-bit 
as heretofore. The forward end 17 of the turning rod 
16 slidingly enters an aperture in the drill bit 13 and 
the forward end and aperture are complementary and 
non-circular in cross-section, Alternatively, as shown 
in Fig. 2, the forward end 17 of th» rod engages the end 
of the drill-bit 13 by means of a screw threaded engage- 
ment which may be, for instance, similar in general 
construction to the screw-threaded engagemeft for 
retaining the breech-iock of a gun in position. (Sealed.) 


MOTOR ROAD VEHICLES. 


265,471. Albion Motor Car Company, Limited, 
Scotstoun, and D. C. McIntosh, Broomhill, 
Glasgow. Brakes. (1 Fig.) August 23, 1926.— 
The invention relates to mechanism for operating 


brakes on vehicles provided with bogies of the kind 
in which a -braking effect is simultaneously applied 
to all four wheels of the bogie or equivalent, the pull 
being applied to a floating member connected to a 
brake cn each axle of the bogie. According to the 
invention, the brake actuating mechanism comprises 
a floating lever 18 on one side of the bogie pivot 





suspended at its upper end from the vehicle, a similar 
lever 22 pivotably suspended from a stationary point 
on the other side of the bogie pivot, a link 21 connecting 
the middle points of these levers, links 17, 25 connecting 
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their lower ends with the respective brakes on the two 
axles 10, 11 and an actuating rod 26 attached to the 
upper end of the floating lever 18. (Sealed.) 


PUMPS. 


264,614. The Pulsometer Engineering Company, 
Limited, Reading, and J. Bjornstad, Reading. 
Pumps. (2 Figs.) November 5, 1925.—The invention 
relates to pumps suitable for use with surface condensers 
and water de-aerators. A pump suitable for use with 
surface condensers and water de-aerators is provided 
between the impeller chamber 11, in which the impeller 
5 rotates with its periphery opposite the inlet of the 
surrounding water delivery chamber 12, and the forward 
end wall of the pump casing 1, which carries a stuffing 
box 7 for the driving end portion of the impeller shaft 6, 
a water chamber 13 that is in restricted connection with 
the impeller chamber through a hole in the division wall 
14 between the two chambers 11, 13 through which the 
impeller shaft 6 passes and is provided with a water 
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thrower 20 adapted to be rotated by the impeller shaft 
and arranged adjacent to the hole in the division wall, 
the water chamber 13 having at its upper portion an 
outlet for connection to a hot well. The bearing 8 for 
the rear end of the impeller shaft 6 is located in a chamber 
17 that is in communication at its rear end with the water 
delivery chamber 12 of the pump and at its forward end 
with a balancing chamber 16 in communication with the 
impeller chamber 12, so that when the pump is in use, 
water will flow from the delivery chamber 12 into the 
rear end portion of the chamber 17 containing the rear 
bearing 8 and through the rear bearing and the balancing 
chamber 16 into the impeller chamber 11, thus causing 
& positive circulation of water through the bearing 8. 
(Sealed.) 


265,275. Hathorn, Davey and Company, Limited, 
Leeds, and H. R. Lupton, Leeds. Ram Pumps. 
(1 Fig.) November 2, 1925.—According to the 
invention, the pump is provided with a delivery valve 3 
which, in the event of the pressure exceeding a pre- 
determined amount, will automatically be held fully 
open so as to cause the ram to be merely subjected 
to a constant load during the in and out strokes. In 
an embodiment of the invention the delivery valve 











spindle 5 has associated therewith a claw 7 which 
normally allows the delivery valve spindle to work 
freely up and down, but which is adapted to be raised 
to lift and retain the delivery valve 3 off its seat in 
the event of the pressure exceeding the predetermined 
amount. The claw provided on the end of a spindle 8 
passing through a gland 9 in the valve cover to the 
atmosphere, and the delivery valve spindle is provided 
with a shoulder or collar 6 with which the claw is 








adapted to engage when lifting the valve off its seat. 
The claw spindle 8 is externally loaded with a spring 11 
to balance the hydraulic pressure on the area of the 
spindle during the normal action of the pump. Thus, 
when the pressure is normal, the spring 11 will hold 
down the claw 7 and spindle 8 and allow the valve 5 
to work normally, but should the pressure rise above 
a predetermined value the pressure on the area of the 
spindle will raise the claw so as to lift and retain the 
valve off its seat. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


264 ,613. The General Electric 
Limited, London, and C. H. M rith. 
Wagon Tipping Apparatus. (4 Figs.) November 5, 
1925.—The invention relates to apparatus for tipping 
railway wagons. According to the invention, rotary 
wagon tipping apparatus comprises at least one substan- 
tially annular supporting member divided into two 
relatively movable segments 1, 2, means 4, 5 for rotating 
the apparatus, and a device 14 associated with the 
annular supporting member for retaining the wagon in 
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position during the tipping operation. When in the 
untipped position the wagon may be supported by a 
rocking cradle 8, and the motion of the wagon and the 
cradle during tipping may be limited by a bolster 12. The 
annular supporting member is rotatably supported on 
rollers 4, 5 so disposed that when the apparatus has 
rotated through a portion of its angular travel, the 
segments 1, 2 of the annular supporting member are held 
in position at or near their true circular configuration. 


(Sealed.) 
MISCELLANEOUS. 


265,704. John Shaw and Sons (Salford), Limited, 
Salford, and J. Shaw, Salford. Forming Presses. 
(4 Figs.) November 18, 1925.—In a hand-operated 
baling-press comprising a press-box d supported by a 
pair of end frames each composed of two uprights a 
and a cross-bar b, all of channel section, a long screw, 
one end of which is journaled in a travelling cross-bar b 
whilst the other end carries a press head, and a nut 
mounted on the screw and adapted to engage the up- 
rights a to take the reaction thrust of the screw, a single 
central bar of channel section supports the press-box 
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and connects together the end frames. The ends of the 
cross-bars b are connected by angle bars e and founda- 
tion angle bars g are secured by angle cross-bars f to 
the uprights a. A U-shaped bar secured to the founda- 
tion bars g supports at its ends rail-tracks o for the wheels 
n of the travelling cross-bar /, the other ends of the tracks 
being carried by a cross-bar p secured to the uprights a. 
The side doors of the press box are locked by loops 
pivoted to lugs 7 interconnected by a bar which forms a 
pivot for the catch of the top door. (Sealed.) 
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TORSIONAL FATIGUE LIMITS. 
By T. H. Burnuam, B.Sc. 


Ir has been estimated that 80 per cent. of the 
failures of machine parts in practice are directly 
attributable to fatigue, so that there are solid and 
practical grounds for the increasing attention that 
is being given to the investigation of this type of 
fracture. It may be said, however, that our know- 
ledge of the processes involved in the fatigue of 
metals is still incomplete, and in particular certain 
phenomena in connection with failure under reversed 
torsional stresses remain mysteries of a somewhat 
baffling nature. Every practical contribution to 
the subject appears, therefore, worthy of attention, 
for, even if it adds nothing fundamentally new to 
our knowledge, the results afford, at any rate, a 
means of checking existing theories and help towards 
explanation of the processes involved. From this 
point of view considerable interest attaches to a 
recent paper, in the Zeitschrift des Vereines Deutscher 
Ingeniewie by Dr. Féppl on the behaviour of a 
structural steel under repeated torsional stress. 

In these experiments test pieces of the dimensions 
shown in Fig. 1 were held fixed at one end, with 
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|trequency of the torsional oscillations is without 
| influence from n = 0 or static loading to n = 2,400, 
| but suggests that for higher alternations the energy 
| developed would depend on the frequency. This is 
in accord with Gough’s view that at very high speeds 
the plastic strain does not have time to develop. 

Under reversed stresses of increasing intensity, 
after a zone of perfect elasticity, a condition of 
elastic hysteresis supervenes, the energy given up 
by the straining forces being converted into heat. 
The curves plotted in Fig. 2 show the energy 
developed as a function of the torsional strain for a 
number of Féppl’s specimens. They are similar 
but not coincident, the dispersal being considered 
due to differences in the material, and not to 
experimental error. Similar continuous _ strain- 
temperature curves have been obtained before, 
e.g., with the Haigh machine, but as the limiting 
stress is not sharply defined, they are useless for 
determining the fatigue limit. As regards the 
portion of the curves near the origin, experiments 
carried out with the original Strohmeyer calorimeter 
showed that up to a certain range of stress no 
evolution of heat was observed. On the other hand, 
Gough has shown that strain hysteresis and slip 








the other rigidly attached to a flywheel, which | bands were. produced with practically all ranges of 
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was given oscillatory impulses of the same frequency 
as the natural period of the system. The material 
used was a constructional steel of the following 
composition : C, 0-52 per cent. ; Si, 0-22 per cent. ; 
S, 0-015 per cent.; P, 0-029 per cent.; Mn, 
1-32 per cent.; the tensile properties being : 
Y.P., 33 tons per square inch; M.S., 46-5 tons per 
square inch; El., 16 per cent.; R. of A., 64 per 
cent. The calorimetric method of testing was 
employed, the mean heat dissipated per cycle per 
cub. cm. of material being determined for given 
values of angular strain after a steady state. had 
been reached. The heat developed is a measure of 
the damping of oscillations not externally sustained ; 
in fact, the author has entitled his paper the 
damping power of the steel in question. It will 
be recalled that some of the earliest work on reversed 
stresses was taken up from this point of view. In 
1865 Sir W. Thomson studied the damping of 
torsional oscillations, and observed that the oscilla- 
tions diminished less rapidly after a period of rest, 
and hence drew attention to elastic recovery or the 
process of attaining a state of elasticity from 
a non-elastic state as the result of rest. Dr. 
Foéppl is, in the main, in agreement with the 
majority of previous investigators that the 


and also experiments by Gough have yielded a 
linear relation between strain and temperature up 
to a certain point at which discontinuity occurred, 
and which was found to be reasonably in agreement 
with endurance tests, but Gough has pointed out 
that not only calorimetric, but microscopical 
methods have failed to discover the limiting condi- 
tions leading to the formation of cracks. 

The torsional fatigue limit of Dr. Féppl’s speci- 
mens is given as 14-8 tons per square inch, but 
from the curves it is not clear why this precise value 
is chosen. The corresponding critical strain was 
0-0029 radians. 

Féppl says that there is a second critical point in 
the curves at a strain of 0-0025 to 0-0026, above 
which the damping power increases rapidly and 
at which something special occurs, e.g., a change in 
structure. He points out, however, that some 
specimens withstood many million reversals above 
the critical deformation point, and does not connect 
it with the torsional fatigue strength. 

It may be mentioned here that the conventional 
method of determining the fatigue limit from curves 
of this type is to produce the steeply rising straight 
line portion back to the base line. If this operation 
is performed in Fig. 2 the points correspond more 
closely with Féppl’s so called critical point than 











with the figure quoted for the limiting fatigue strain, 
and it appears that owing to the differences between 
the specimens which have caused the dispersal of 
the curves, a strain of 0-0025-0-0026 may be just 
above or just below that necessary eventually to 
cause fracture of a particular specimen. 

The effect of surface finish on fatigue strength 
has long been recognised. Coker’s photo-elastic 
experiments demonstrated the stress concentration 
occurring around holes, discontinuities and scratches, 
but a large theoretical reduction.in strength was 
not obtained in practice under reversed stresses. 
Nevertheless, the greatest care should be taken to 
avoid scratches on reciprocating parts, as the 
present experiments demonstrate. 

The number of alterations which a specimen 
would withstand was found to depend on the surface 
conditions. Although the rods were. tested in a 
polished condition, fracture occurred along unavoid- 
able scratches or microscopic defects in the surface. 
This was only true, however, if the specimen with- 
stood a large number of stress reversals—10,000,000 
or above—and in this case the results were no longer 
a criterion of the quality of the material. On the 
other hand, if the rods broke under a relatively 
small number of alternations, surface scratches 
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were without effect on the results. Foéppl suggests 
that it is not practicable to determine torsional 
strength on account of the impossibility of elimina- 
ting all defects during the preparation of the 
specimen. Even the unavoidable scratches on a 
fair polish may lead to fracture when the torsional 
stress is about 20 per cent. below the fatigue limit. 

It is well known that the effect of understressing 
is, in the case of many metals, permanently to 
strengthen them, sometimes as much as 30 per cent., 
so that the fatigue range found by loading up as in 
the experiments under discussion would be greater 
than the limiting range found on new specimens. 
It is also known that an increase in fatigue range 
may be produced by overstressing the material. 
Some of Féppl’s results on understressing and over- 
stressing are given in Fig. 3. Specimens 88, 94 and 
95 were stressed for a long time a little below the 
critical point, the angular strain was then increased 
5 to 8 per cent. and again lowered. The dynamic 
calibration curves now lie considerably higher than 
before, the heat evolved being two or three times 
greater. Specimens 86, 87, and 92 which were 
stressed for a longer time and further above the 
critical point, showed a greater change in the 
damping power or heat evolution. Foéppl says that 
a change occurred not only at the circumference 
but over the whole section of the specimens, the 
change being started by a trigger like action and the 
structure being transformed to a labile condition. 
This conception is probably similar to our idea of 
plastic flow above the fatigue limit, but it must be 
remembered that, by overstressing, the material has 
been hardened and strengthened, and would require 
a greater effort to give the same angular deformation. 
After stressing above the limiting range, resting 
reduces the area of the hysteresis loop, and it is 
to be noted that specimen 90 after ageing for six 
weeks possessed a lowered damping power. 
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application of cyclical variations of stress, and the 
static calibration curve of Féppl’s specimen was 
changed after subjection to reversed torsional 
stresses as shown in Fig. 4, the stress and deforma- 
tion ceasing to be linearly proportional at lower 
values. 

One of the specimens—No. 92—broke at the 
radius. Onsubjecting the gauge portion to a tensile 
pull an incipient circumferential crack (0-8 mm. 
long and 0-3 mm. deep) opened up. The author 
says that the crack originated in a small surface 
defect, in the absence of which the specimen might 
have lasted many more millions of reversals. 
Specimen 82 was continuously under test for about 
3 months, the temperature at the middle of the test- 
piece being somewhat over 100 deg. C. It fractured 
in the key-way, no incipient crack being discoverable 
in the gauge length. The breakages in this position 
were thought to be due to unevenly transmitted 
pressure caused by inaccurate fit of the keys in the 
key-ways. When strong paper 1 mm. thick was 
placed between the specimen and the grips fracture 
at this point was avoided. In three cases fracture 
occurred at the radius where the cylindrical portion 
joined the ends. The temperature at the radius 
was only 40 deg. C., so that at these positions the 
specimens were less tough than at the middle. 

A good deal of work on torsional fatigue yet 
remains to be done, and a number of phenomena 
are without a satisfactory explanation—how, for 
example, elastic hysteresis or a state of imperfect 
elasticity can exist at all without resulting failure— 
but theories have already been advanced by several 
workers which present a satisfactory picture of the 
process without the introduction of any other 
critical point than the fatigue limit—the position 
of which, however, depends on the past mechanical 
history of the specimen. Haigh’s maximum strain 
energy theory is to the effect that elastic failure 
takes place when the strain energy absorbed in 
virtue of the elastic strain of the metal exceeds a 
limiting value. Under reversed stresses the mole- 
cules move to and from the crystal lattice and the 
vitreous zones along the slip planes, the sliding 
motion being resisted by friction. Eventually, the 
movement of a large number of molecules prevents 
orderly rearrangement occurring, and the material 
becomes mechanically as well as dynamically irre- 
versible with the formation of incipient cracks. 
Gough has endeavoured to arrive at the funda- 
mentals of fatigue failure by studying single 
crystals. He showed that in the process of hardening 
by slip, the slip planes buckle, thus causing intense 
local stresses from which interatomic breakdown 
may occur. It was found that cracks started from 
a massing effect or grouping of fine slip bands. 
Under alternating torsional stresses a complex 
system of slip bands were formed, as a large number 
of planes enter into the distortion. The plane of 
slip and the direction of slip changed abruptly and 
frequently round the circumference of the cross 
section. Féppl’s specimen No. 92, which broke at 
the radius clearly showed, on polishing, many 
fatigue cracks uniting into one, so that it may be 
that the action of fatigue in polycrystal metals is 
not far different from that in a single crystal. 





BRIDGE RECONSTRUCTION WORK OF 
THE MINISTRY OF TRANSPORT.— 
No. IX. 

Tue building of bridges forms one of the most 
ancient outlets for engineering skill. We are 
fortunate, therefore, if for historical reasons only, in 
still possessing examples of te way, in which the 
old pontifices carried out their work. In the very 
nature of things, however, the number of such 
examples must be small. The early bridges were 
toa large extent, if not entirely, military works and, 
as such, often suffered destruction, in accordance 
with the dictates of the strategical situation. Even 


in more peaceful times natural decay and the 
growing demands of the traffic of the district 
exerted a destroying influence and imposed on 
engineers a considerable amount of reconstruction. 
With these came a chance to introduce improved de- 
signs and modern methods of building, a chance, it 
may be added, which was not always seized as it 





might have been. Not infrequently all these phases | 
have occurred on the same site. For not only is the | 
site, which was best for a bridge in Roman times, | 
often still the best to-day, but the layout of the | 
roads has made it inadvisable to deviate from the 
original course by more than is absolutely necessary. 

These general propositions may be illustrated by 
reference to the series of bridges, which have spanned 
the River Usk at Newport, Monmouth from the 
earliest times to the present day, the latest 
of which was formally opened by the Minister of 
Transport, Col. the Right Hon. Wilfrid Ashley, M.P., 
on Wednesday, June 22. 

Newport Bridge may not be inaptly described as | 
the key to South Wales. Each member of the long | 
series has been constructed on the site of an old 
ford, which was undoubtedly used by the Romans, | 
and it is probable that their erection was primarily 
necessitated by the remarkable rise and fall of the 
tide, which is characteristic of the River Usk at this 
place. The records make it clear that there have 
been a number of bridges, all of which were con- 
structed of timber and the combined life of which 
covered many centuries, and that their history 
has been marked by more than one interesting 
episode. For instance Simon de Montfort burnt 
the bridge of his time to secure his retreat 
to the Midlands against the army of Prince 








build a modern structure in its place. Messrs. 
Mott, Hay and Anderson, were appointed Engineers, 
and Major W. E. Lloyd, M.C., the Borough Engi- 
neer of Newport, was associated with them. The 
contract was let to Messrs. Sir William Arrol and 
Company, Limited, the price for the bridge-works 
being 140,275/. 10s., of which the Ministry of Trans- 
port contributed 91,1787. General drawings of the 
1820 bridge, with the temporary bridge in position, 
are given in Figs. 100, 101 and 102, while the new 
bridge is shown in Figs. 103, 104 and 105. 
Figs. 115, 116, 117, 118 and 119, on page 36, and 
Plate IV., illustrate the new bridge at various 
stages of its construction, while more detailed 
drawings of its various features are given in 
Figs. 106 to 114 on page 35. 

The work of demolishing the old bridge was 
begun on June 10, 1924, so that the work has 
occupied the gratifyingly short time of three 
years. During that period the traffic has, of course, 
been carried by the temporary bridge. The length 
of the new bridge from face to face of the abutments 
is 356 ft. 74 in., and it has an overall width of 
60 ft. between the parapets. The carriageway 
is 36 ft. wide and the width of each of the two 
footways is 12 ft. 

The new piers, of which there are four, stand in 
approximately the same position as those of the 
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Edward, while as recently as 1839 the Chartists | 
designed to break down one of its successors, so | 
that the non-arrival of the mails from South Wales 
might be used as a signal for a general rising. 
All the earlier wooden bridges, it may be noted, 
were floored with loose planks, as a precaution 
against the abnormal tides, a factor which has also 
had to be taken into consideration in constructing 
the bridge we are about to describe. 

The last wooden bridge was demolished in 1800, 
its place being taken by a stone bridge, which was 
constructed by Mr. David Edwards, of Pontypridd, 
at a cost of 10,165/. In 1864 this bridge was found 
to be inadequate for the traffic, and it was widened 
by setting back the footpaths on cantilever brackets. 
Later on still a dip on its western approach was 
filled in. During the later stages of its career this 
bridge was 475 ft. long and 35 ft. wide, with a 
carriage way 23 ft. wide. It consisted of five arches 
and four river piers, the spans of the arches varying 
from 55 ft. to 70 ft. Three different classes of 
stone were used in its construction. Lisweny lime- 
stone, old red sandstone, and a coarse grained yellow 
stone quarried in France. The carriage way was 
paved with stone setts. 

Immediately after the war it became obvious 
that this bridge, which had then been in existence 
for 120 years, was not wide enough to carry the in- 
creasing traffic, and that its foundations had suffered 
considerable damage from the tides. On the advice 
of Mr. Basil Mott, C.B., M.Inst.C.E., it was, 
therefore, decided to erect a relief bridge as a 
temporary measure; and the structure, which 
had served the same purpose during the reconstruc- 
tion of the Southwark Bridge, London, was 
acquired, and erected by Messrs. Sir William Arrol 
and Company, Limited, at a cost of over 30,0001. 
The measure of relief obtained in this way was, 
however, small; and it soon became clear that the | 


best policy would be to demolish the old bridge and | 








old bridge, but they are carried on entirely new 
foundations. These foundations consist of rect- 


| angular caissons, of which there are two to each 


pier. They were sunk by compressed air into 
the red marl below the river bed as clearly illus- 
trated in Figs. 117 and 118. This important part 
of the re-construction, especially in the case of 
the four northern caissons, was, however, compli- 
cated by the large quantity of dirt in the upper 
strata of the river bed. The pier construction 
itself is unusual, as shown in Fig. 119, and was 
necessitated by it being essential fo leave the 
old pier foundation undisturbed between the two 
separate portions of the new foundations. The 
old foundations are covered with a thick apron 
of concrete and, as is clear from the illustration, the 
masonry of each pier is built up from the top of 
the concrete filling of its two caissons at a level 
slightly below the low water level of the ordinary 
spring tides. The space between the two caissons of 
each new pier is bridged by a semi-circular arch 
41 ft. 6 in. in diameter (Fig. 108). 

As regards the work of re-construction, except 
for the removal of the footpaths, the old bridge, 
as is clear from the illustrations, was left intact, 
until all the eight caissons for the new bridge had 
been placed in position. During its subsequent 
removal specially-constructed temporary arch 
centrings were placed in position under the stone 
arches to prevent any sudden collapse. When the 
arches were cleared away, a start was made with 
the cofferdams for the new piers. During this 
part of the work great difficulty was experienced 
in keeping the cofferdams free from tidal water, 
owing to the porous nature of the river bed, a 
state of affairs which was complicated by the frequent 
stoppage of the pumps, owing to the muddy nature 
of the water. The stoppages that were necessitated 
by these two causes delayed the earlier stages 
of the construction by several weeks. 
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The east abutment is founded on three rectangular 
caissons, which were also sunk by compressed air. 
The wing walls are built on a foundation of concrete | 
piles. The west abutment foundations were exca- 
vated in free air within a coffer dam of sheet steel 
piling. The piers and abutments are faced with 


local pennant stone and have a hearting of 6 to 1 | 


concrete. The string courses, skewbacks, and | 
turtle backs are of Devonshire granite. 
The roadway and footpaths are carried in each 


of the five spans by seven steel arch ribs spaced | ‘ 





Fig. 115. Earty STaGe IN SINKING First Calsson. 


| of masonry. About 4,400 cubic yards of concrete 
| were used in the foundations and 5,000 cubic yards 
in the hearting. The amount of pennant stone 
| and granite used was 50,000 and 8,500 cub. ft. 
| respectively, together with 500 cubic yards of 
| brickwork. In addition, 660 tons of structural 
steelwork were incorporated in the structure and 
other material employed included 100 tons of 
| cast iron parapet, 3,200 sq. yards of waterproof 
|asphalte, 1,400 cubic yards of roadway concrete, 

2,200 sq. yards of roadway asphalte, 1,400 sq. 





8 ft. 6 in. apart, the footpaths being cantilevered | yards of stone flagging and 1,100 ft. of granite | 


pine Pe from the face rib on each side as shown | 
in Figs. 112, 113, and 114. 
and decking plates are supported directly by 


the ribs near the crowns of the arches and by | 
The road surface | 
on the bridge is level from the west abutment to the | 
middle of the centre span with a 3-in. camber and | 
covering of asphalte, and thence slopes | 


spandril posts in the haunches. 


a }-in. 
towards Clarence Place at gradients varying between 
lin 30 and 1in 40. As shown in Fig. 112, adequate 
provision is made for the accommodation of the 
telegraph, telephone and power cables, as well as 
for the gas and water mains. A double line of 
tramway runs across the bridge. The electric 
light standards are of handsome design and were 
cast in bronze in the local foundry of Messrs. W. 
Baker and Company (1910), Limited. 

An interesting discovery was made during the 
sinking of one of the caissons. This proved to be a 


carved limestone rood, which was embedded in the | 
It | 
dates from the fifteenth century, and was identified | 
as once forming part of a wayside cross, the remains | 


marl some 21 ft. below the river bed level. 


of which are still standing on a neighbouring hill. | 
Although it is considerably worn and weathered, 
the general outline of the original carving can | 
still be traced. It has been placed in the Newport | 
Museum. 

The total material excavated for the pier founda- 
tions and the abutments was 5,000 cubic yards. 


The steel floor system | 


kerb. 





LOW-TEMPERATURE CARBONISA- 
TION OF BITUMINOUS COAL. 


By Davip BRowNLIE. 


THERE is now hardly any need to emphasise that 
the era of the wasteful and inefficient practice of 
burning raw coal direct as a fuel is coming to an end, 
and that we are definitely on the threshold of a 
transition stage leading to the adoption of more 
scientific methods. Apparently, however, judging by 
the statements continually broadcast in the Press 
by many journalists, politicians, and Government 


A. | officials, the general opinion is that low-temperature 


carbonisation of coalis some entirely new idea which 
originated with Coalite and that the number of 
processes is of a very limited character, while no 
commercial plant, w hatever may be meant exactly 
by this term, is yet in existence. 

In the present contribution, therefore, I have 


| interesting and promising low-temperature carboni- 
sation processes as applied to bituminous coal only, 
‘and distinct from brown coal, lignite, shale, peat, 
wood, tar sands, blackband ironstones, and other 
| solid carbonaceous material. Further, because of 
considerations of space, by the term “ low-tempera- 
ture carbonisation ’’ in the present article, I mean 


given a list of what, in my opinion, are the 50 most | 


| 
| 





carbonisation processes, at, say, 2,000 deg. F. or 
over, of the towns gas and the metallurgical coke 
oven industries, and involving temperatures not 
over, say, 1,600 deg. to 1,700 deg. F., while generally 
being within the range of 800 deg. to 1,200 deg. F. 
The popular idea of low-temperature carbonisa- 
tion is of a process at about 900 deg. to 1,100 deg. F., 
giving a residual smokeless fuel, free burning because 
of its 9 to 12 per cent. volatile matter, on the 
lines of ‘‘Coalite’’; but the matter is much more 
complicated, since free-burning smokeless fuels, 
with little or no volatile matter, can be obtained 


| to-day by carbonisation even at 2,000 deg. F., due 


to close-grained structure, allowing the maximum 
surface action on the same lines as. charcoal. 
Also, hydrogenation is not included in the present 
contribution ; that is, the preparation of liquid 
fuels direct from coal or other solid fuel by heating 
under high pressure with hydrogen on the Bergius 
principle, or the preparation of synthetic liquid 
fuels from methane (CH,), carbon monoxide (CO), 
or other gases, as associated, for instance, with 
Franz Fischer, Patart, and other workers, and now 
being developed on such an enormous scale by the 
Badische Anilin and Soda Fabrik in Germany. 
Altogether, there are well over 250 different 
processes for the low-temperature carbonisation of 
coal and other solid fuels, some of them extending 
back more than 75 years, and over 1,000 different 
patented ideas, of which, however, the greater 
portion have not progressed beyond the theoretical 
or laboratory work, or attained to the dignity of 
a “* process,” by which is meant an actual experi- 
mental or large-scale plant. It has been a matter 
of some difficulty to draw up this list of 50 typical 
processes for the low-temperature carbonisation of 
bituminous coal. The selection would have been 
much less difficult if space had allowed of a list 
running to 100. However, these 50 processes, each 
with at least one experimental retort, cover the 
ground fairly well and give some indication of the 
enormous amount of time and money that has been 


In addition the demolition of the old bridge involved | the narrower sense of heat treatment by methods | expended on the subject, in spite of all kinds of 


the breaking up and removal of 7,500 cubic yards | | different from those of the existing high-temperature | opposition and discouragement. 


The list given, is 
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arranged in alphabetical order, with the country of 
origin in brackets :— 


1) Allegemeine Vergasung G. (Germany). 

2) Bussey (United States). 

3) Caracristi-Piron (United States). 

4) Carbocoal (United States). 

5) Carbocite Dual Carbonisation (United States). 
6) Coalite (Great Britain). 

Crozier (Great Britain). 

Delkeskamp (Germany). 

Deutsche Erdol G. (Germany). 

Dobbelstein (Germany). 

Doherty (United States). 

Dvorkovitz (Great Britian—Russian origin). 
Fellner-Ziegler (Germany). 

Freeman (Great Britain—American origin). 
(15) Fushun Colliery (Japan). 

(16) Fusion Retort:(Great Britain). 

(17) Greene-Laucks (United States). 

(18) Hartmann (United States). 

(19) Hird (Great Britain). 

(20) Illingworth (Great Britain). 

(21) Kohlenscheidungs G. (Germany). 

(22) Kohlenveredlungs G. (Germany). 

(23) McEwen-Runge (United States—Great Britain). 
(24) McIntire (United States). 

(25) Maclaurin (Great Britain). 

(26) Marshall-Easton (Great Britain). 

(27) Meguin (Germany). 

Merz and McLellan (Great Britain). 
Midland Coal Products (Great Britain). 
N.T.U. (United States). 

Nielsen or L.N. (Great Britain—Danish origin). 
Parr (United States). 

Pehrson (Great Britain—Swedish origin). 
Pintsch (Germany). 

Plassmann (Germany). 

Power Gas Corporation (Great Britain). 
Pure Coal Briquette (Great Britain). 
Raffloer (Germany). 

Richards-Pringle (Great Britain). 

Salermo (Italy, France, Great Britain). 
Shimomaura (Japan). 

Strache (Austria). 

(43) Summers (United States). 

(44) Thwaites (Australia). 

(45) Thyssen (Germany). 

(46) Tozer (Great Britain). 

(47) Traer (United States). 

(48) Trumble (United States), 

(49) Turner (Great Britain). 

(50) Zuyderhoudt (Holland). 


(40) 
(41) 
(42) 


Grouping these processes into sections, in the 
first place we have combined low-temperature 
carbonisation and combustion of the residual fuel 
in a furnace setting. The McEKwen-Runge process, 
which is the invention of S. McEwen, consists in the 
use of pulverised raw coal in vertical, continuous, 
internally heated, cylindrical retorts, in two stages, 
one above the other. In the first, preheating and, 
to some extent, oxidation takes place, averaging 
675 deg. F. for a fall of each particle in 35 seconds ; 
while the second retort is the carbonisation unit 
proper, using heated inert gases at 1,500 deg. F. 
with 35 seconds’ duration as before, averaging 
1,050 deg. F. The pulverised low-temperature fuel 
is then burnt in the furnace along with the 
residual gas. A large plant of 200 tons per 24 hours 
is now operating at the Lakeside Power Station, 
Milwaukee, and an installation is to be erected in 
Great Britain. The principle of burning the 
carbonised fuel on mechanical stokers instead of 
in the pulverised form constitutes the feature of the 
processes of Merz and McLellan of London, and 
Julius Pintsch of Berlin, the latter using part of the 
hot furnace to carbonise the charge and the former 
highly superheated steam. A number of Pintsch 
plants on the above lines are in commercial opera- 
tion in Germany. 

The Coalite and the Tozer processes both consist 
essentially in carbonising swelling bituminous coal 
at about 1,000 deg. F. in small-diameter, inter- 
mittent, externally heated retorts, generally of 
cast-iron, so that the swelling plastic charge is 
strongly compressed internally against the retort 
walls. This gives a dense hard fuel, with 10 per 
cent. to 12 per cent. volatile matter, thus eliminating 
the difficulty of the natural porosity of a low- 
temperature fuel when allowed to expand during 
carbonisation. As is now well known, Coalite large- 
scale plants have been operated at Wednesfield, 
Plymouth and Barking, and especially at Barugh, 
near Barnsley, where a plant of 64 retorts, according 
to the C. H. Parker second design, has just been 
completed. The Tozer process has for long been 
worked in an experimental plant at Battersea, and 
a large commercial installation is now operating at 
Ballengeich, Natal. The principle of compressing 





the plastic low-temperature charge mechanically, 
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combined with continuous operation so as to give 
a high throughput, has now also been developed on 
the most ingenious lines, and is represented by 
three German processes of Dobbelstein, Plassmann 
and Raffloer, all based on original laboratory work 
of Franz Fischer at Mulheim-Ruhr. 

It is impossible to describe these processes in a 
limited space, but the general principle is that 
of enclosing the coal in narrow metal cells, heated 
on each side, contained in a large slowly rotating 
cylinder, so that the plastic swelling charge is 
compressed by internal pressure against the cell 
walls, generally with the help of a heavy loose roller 
on the open top of the cells, and a reciprocating feed 
ram. The degree of heating is truly low tempera- 
ture, not exceeding 1,000 deg. F., and a dense hard, 
smokeless fuel is delivered continuously. A retort 
on the designs of the late Otto Dobbelstein has 
been operated at Essen, and a large Plassmann 
installation has just been completed also at Essen, 
after many months’ running of a previous experi- 
mental retort. This process is being introduced 
into Great Britain by the Leeds Fireclay Company, 
Limited. As regards the Raffloer process, this 
is the invention of E. Raffloer, of Duisberg, and it 
is understood that the erection of a commercial plant 
is to be undertaken in New York. To this section 
also belongs the German Meguin process worked by 
the Meguin A.G. of Butzbach, in which a rapidly 
rotating vertical retort is used, so that the heated 
plastic charge is compressed by centrifugal force. 

Further, with regard to the production of a 
hard smokeless fuel, the Pure Coal Briquette, the 
Midland Coal Products, the Smith Carbocoal, 
and the new McIntire processes are all based 
on the principle of the carbonisation of briquetted 
coal so as to give a product with less than 5 per 
cent. volatile, but entirely free-burning, because 
of the close-grained structure. In the Pure Coal 
Briquette process, which is primarily the work of 
E. R. Sutcliffe, the briquettes are made without any 
binder by direct and very high compression at 
8 to 10 tons per square inch, of coal blended with 
10 to 15 per cent. coke breeze or other fuel to 
prevent expansion, the retorts being internally 
heated by a current of low-pressure steam and inert 
gas at about 1,600 deg. F. A large plant of 100 
tons capacity per 24 hours has recently been 
started up at Leigh, Lancashire. In the Midland 
Coal Products process at Netherfield, Nottingham, 
pitch briquettes from non-coking bituminous coal 
are employed, with total gasification of part of the 
charge by a blast of steam and air in vertical con- 
tinuous retorts, giving carbonised briquettes and 
a large yield of gas, which is used in gas engines. 
A plant of 100 tons per day capacity has been 
running at Nottingham for a number of years, 
supplying electricity from gas engine-driven gene- 
rators now of 3,000 h.p., to the Colwick Estates. 

The well-known Smith Carbocoal process has been 
operated for a considerable period at Clinchfield, Vir- 
ginia, in the largest low temperature carbonisation 
plant in the world, having at one period a through- 
put of over 400 tons of coal per 24 hours. The 
principle is essentially low-temperature carbonisa- 
tion of the coal at about 1,000 deg. F. in internal 
screw conveyor retorts, for 2 to 2} hours, briquetting 
the resulting 10 to 12 per cent. volatile fuel with 
pitch, and high temperature carbonisation at about 
1,800 deg. F. of the pitch briquettes. During the 
past year or two the process has been greatly 
improved by C. V. McIntire at the new large scale 
experimental station, Fairmont, Virginia. Mr. 
McIntire has now solved the problems of the internal 
screw conveyor retort, the new design having ope- 
rated continuously for 12 months, while a new secon- 
dary high-temperature retort has also been evolved 
that is said to give the necessary high temperature 
carbonisation in 1 hour only, instead of the eight 
previously required. 

Finally, in this connection, the Delkeskamp pro- 
cess of Dr. Rudolph Delkeskamp, of Berlin, is on a 
different and very striking principle, namely, that 
of colloidal briquetting. By this method, coal, for 
example, is made into briquettes by grinding part 
of it, say 5 to 25 per cent., with water to a colloidal 
condition and using this as a binder for the bulk, 
giving an intensely hard briquette for carbonisa- 
tion by ordinary pressures of only 1 to 2 lb. per 
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square inch without any external binder and allow- 
ing of easy carbonisation. 

A very important series of low-temperature 
carbonisation processes, including such systems as 
the Carbocite Dual Carbonisation, Fellner-Ziegler, 
Fusion Retort, Kohlenscheidungs G., or K.S.G., 
Nielsen (L.N.), Pehrson and Thyssen, use the 
principle of the long horizontal or slightly in- 
clined rotary cylindrical mechanically continuous 
retort, on somewhat the same general principle 
as the rotary cement kiln. In the Carbocite Dual 
Carbonisation process the invention of Clarence 
B. Wisner, of Canton, Ohio, the coal is first “‘ ther- 
modised’” or oxidised with air on the internal 
principle within an upper cylindrical rotary retort 
and then carbonised by external heating in a 
lower retort. The three German processes, the 
Fellner-Ziegler at Gelsenkerchen, the Kohlenschei- 
dungs G.,or K.S.G., at the Karnap Collieries, Essen, 
and the Thyssen at the Thyssen Works, Mul- 
heim, represent alone a most extensive large-scale 
experience under commercial conditions of low- 
temperature carbonisation at not more than about 
1,000 deg. F. They are all externally heated so 
as to obtain the rich undiluted gas, the Thyssen 
retort having an inside spiral arrangement to 
increase the length of travel of the coal, while 
highly interesting, in connection with the Fellner 
and Ziegler process, is the manufacture of Gasol, 
liquefied hydrocarbons from the residual gas, sold 
in high-pressure cylinders for welding, in competi- 
tion with acetylene welding. 

The Kohlenscheidungs G process is particularly 
important for Great Britain, because of the claim 
that hard, smokeless, fuel with, say, 10 per 
cent. to 12 per cent. volatile matter can be produced 
direct from bituminous coal in continuous operation 
without compression. The design embodies one cylin- 
der inside another, and in the inner cylinder the coal 
is preheated to not over 400 deg. F. It then falls 
into the outer cylinder direct into the hottest zone, 
at about 1,200 deg. F., and meets at the same time 
a jet of highly-superheated steam, so that undue 
expansion of the charge does not take place. This 
plant was a project of the late Hugo Stinnes, but has 
now been taken over by the International Combustion 
Corporation, and it is understood that a large plant 
is now to be erected in South Wales by the associated 
company Coal Oil Distillation, Limited, of London. 
The Fusion Retort process is the invention of 
T. W. Stainer-Hutchins, and also uses the principle 
of external heating, but under carefully controlled 
conditions as regards progressive rise in temperature, 
the maximum as a rule not being over 800 deg. F. 
A characteristic feature is the use of loose heavy 
‘* breakers,” placed end to end in the retort, made 
of boiler plate, which continually roll over as the 
retort turns round, striking glancing blows and 
preventing the formation of internal scurf deposits. 
An experimental installation has been operated for 
a number of years near Middlewich, Cheshire, and 
a large plant is at present being erected near Mans- 
field, while also an installation is at work in Esthonia, 
and the principle is also being used for carbonising 
wood, drying, slaking lime, and other operations. 

In the Nielsen process, introduced originally in 
1918, the principle embodies internal heating of the. 
cylindrical rotary retort, using the sensible heat of 
producer or other gas, giving a maximum tempera- 
ture of not over about 1,000 deg. F. The rich gas 
evolved by the low-temperature carbonisation is 
mixed with the producer gas. A Nielsen plant was 
operated for some time at the Chatterly- Whitfield 
Collieries, Stoke, and there is an experimental 
installation at Barugh, Barnsley. 

The Pehrson process, which is the invention of 
A. P. Pehrson, a Swedish engineer, long resident in 
Sheffield, employs a special variety of rotary retort, 
heated internally by passing heated inert gases 
through the charge underneath from each end, so 
as to increase the rate of heat transmission. 

In another important general method of low- 
temperature carbonisation use is made of internal 
screw, spiral, or paddle conveyors. These are em- 
ployed for example, amongst many others, by the 
Greene-Laucks, the Hird, the Kohlenveredlungs G, 
the Marshall-Easton, the Salermo, and Shimomaura 
processes. In the Greene-Laucks process, with 
which is associated the Allis-Chalmers Company, of 
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Milwaukee, a vertical externally heated cast-iron 
retort is used under low-temperature carbonisation 
conditions. It has an internal screw conveyor with 
a hollow perforated large-diameter shaft, through 
which the gases and vapours evolved are withdrawn. 
The method used by H. P. Hird, of Bradford, the 
first experimental plant having been erected at a 
colliery in Wakefield, is that of a vertical internally- 
heated retort with a screw type of agitator working 
in the upper portion only. The Kohlenveredlungs G 
process, operating at the Leopold Edderitz Mine, 
near Halle-on-the-Saale, is primarily intended for 
brown coal and non-coking coal, on a most 
ingenious principle. The plant consists of a verti- 
cal continuous retort, with louvred or perforated 
sides. Heating takes place from inside, a closed 
central rotary cast-iron screw or corrugated cylinder 
being employed with a gas burner inside. This hot 
rotating cylinder conveys and carbonises the charge 
at 840 deg. to 930 deg. F. in the form of a narrow 
concentric layer between it and the perforated 
retort wall, the carbonised fuel being discharged 
continuously from the bottom of the setting, while 
the gases and vapours pass-out through the perfora- 
tions into a surrounding casing. 

The mechanical conveyance of the charge con- 
tinuously through a retort setting in another class, 
is performed by means of a series of small travelling 
carriages, trays, or similar device. Each is filled with 
coal. This results in a progressive low-temperature 
carbonisation as represented by the Richards-Pringle 
and the Traer processes, while to the continuous 
coke oven type, which embodies what is virtually a 
long coke oven with a reciprocating floor, belongs 
the Summers process. In this connection, molten 
metal, such as lead, is often employed as the heating 
medium on the continuous principle. Of these sys- 
tems the best known is the Caracristi-Piron, work- 
ing at about 1,200 deg. F., with 5 min. carbonisation. 
In connection with this the Ford Company have 
spent a verg large amount of money. Again, we 
have the principle of a vertical retort divided trans- 
versely into a series of compartments or zones, each 
containing slow moving mechanical agitators or 
ploughs, the material being scraped round in a thin 
layer, passing down from one zone to the other with 
progressive heating. Characteristic of this group are 
the Hartman and the Freeman processes; of the 
latter there is an experimental retort at Willesden. 

A very important general method also is combined 
total gasification of the charge in the lower part 
of the setting with a regulated blast of steam and 
air, and low-temperature carbonisation in the upper 
portion, with separation of the maximum amount 
of definite low-temperature tar. This is represented 
in Great Britain chiefly by the processes of the 
Power Gas Corporation; in the United States by 
the Doherty processes; in Japan by the plant 
at the Fushun Colliery (Manchuria); in Austria 
by the well-known work of Professor Strache, 
and in Germany by a large number of processes 
of which it is only possible to mention as typical 
the Allgemeine Vergasung G. (Berlin) and the 
Deutsche Erdol G. (Berlin) processes. 

In the Power Gas Corporation system a very deep 
generator is employed, up to 14 ft., operated on 
the ordinary producer principle, so that the 
descending charge of bituminous coal is subjected 
to low-temperature carbonisation. Almost all the 
tar is given off at less than 1,000 deg. F. by the 
producer gas passing up from the generator below. 
A plant on these lines is operating in Scotland, 
while a number of Mond gas installations have 
been converted to “‘semi-low-temperature car- 
bonisation ” principles. 

The Doherty Company of New York have spent 
a large sum of money on the commercial scale 
investigation of low-temperature carbonisation of coal 
according to four general methods, namely: Total 
gasification and carbonisation with either producer 
gas or water-gas operation; use of inert heated 
gas in a vertical retort; and the employment of 
molten lead. They have had operating for a 
number of years the largest total gasification 
plant in the world, combining producer gas and 
low-temperature carbonisation, at the Hazel-Atlas 
Glass Works, Washington. 

The same principle is in use at the Fushun 
Colliery, Manchuria, although at present chiefly 





working on shale, while the well-known Doppelgas 
process of Professor Hugo Strache, of Vienna, 
operates on the water-gas principle, with definite 
recovery of low-temperature oils from the upper 
part of the setting. In Germany this subject has 
also received a large amount of attention, both in 
connection with bituminous coal and brown coal 
briquettes, and a large number of plants were 
erected during the war for oil production. 

Following upon this, the plan of partial gasification 
only, to provide the heat to carbonise the rest of 
Bussey, Maclaurin and the N.T.U. processes. The 
the charge, is employed in such systems as the 
Maclaurin process is well-known because of the 
large plant now operating at Glasgow, having a 
throughput of 100 tons of coal per twenty-four hours. 
The retort resembles a small blast-furnace with 
a regulated supply of air blown in at the bottom. 
The characteristic feature is that each particle 
of the charge has about thirty hours’ heating, so that 
the smokeless fuel with only 3 per cent. to 4 per cent. 
volatile is hard, dense and free-burning, the yield 
including, true low-temperature oils. The N.T.U., 
with which G. W. Wallace is associated, operates 
under large-scale commercial conditions at Santa 
Maria in California, at present on a peculiar variety 
of bituminous limestone, but is also applicable to 
non-coking coals. 

Then, again, the principle of carbonising the 
charge in a vertical retort with a current of inert 
gas is used by Paul Dvorkovitz. A plant on these 
lines is now under erection at Slough, the gases at 
about 750 deg. F. being introduced at the top and 
passed downwards. In the Crozier process for coal, 
colliery refuse and shale, in connection with which 
there is a demonstration retort at Wembley, following 
upon an installation at Rangoon, the system adopted 
is a vertical continuous externally-heated cast-iron 
retort having a series of connecting “ pipes” in 
the charge, through which the flames and hot 
gases are passed. The condenser is of a special 
type giving a partial fractionation at the same 
time. In the Thwaites process, which is operated 
at Melbourne, a vertical continuous externally- 
heated fire-brick retort is used, giving low- 
temperature carbonisation at about 750 deg. F. 
in the upper portion, and high-temperature car- 
bonisation at 1,800 deg. F. in the lower, while 
in the Dutch Zuyderhoudt process small metal 
retorts are used with central perforated containers 
for the withdrawal of the gases and vapours. 

In the Marshall-Easton process a pair of inter- 
meshing screws is employed, with an externally 
heated vertical retort, while the Salerni process of 
Edward Salerni, an Italian engineer resident in Paris 
is also full of interest. This has recently been intro- 
duced into Great Britain under the name of the 
Salermo process and a plant is now being erected at 
the Fulham Gas Works. The principle employed 
is a series of long, horizontal, semi-circular troughs 
with paddle agitators. The coal flows through 
the whole installation sideways from one trough to 
another along the entire length in a transverse 
direction, that is, at right angles to the paddle shafts. 
This process is operating in the Sarre, making 
smokeless low temperature fuel for blending with 
the swelling Sarre coals to use in metallurgical coke 
ovens, and there are other plants at the Langebrugge 
Power Station, Ghent, and in Italy. 

Very remarkable also and almost entirely un- 
known in Great Britain is the work of Dr. Kotaro 
Shimomura, carried out at the Seimi Works of the 
Osaka Gas Company, Osaka, Japan, ever since 
1908. Essentially, the principle is the low tempera- 
ture carbonisation of swelling bituminous coals for 
a very short time, at 570 deg. to 1000 deg. F. in 
horizontal internal screw conveyor retorts, the fuel 
being then blended with the bulk to give the best 
quality high temperature carbonisation coke in 
Semet-Solvay ovens at 1830 deg. F. to 2500 deg. F. 
This work was commenced before that of the 
Sarre, and the low temperature carbonisation plant 
has been in continuous and successful operation 
for a number of years. Horizontal externally 
heated metal retorts are used, with an internal 
screw conveyor. 

In the preparation of a hard smokeless fuel from 
swelling bituminous coal, still another method is 
to heat the charge in definite stages, so as to allow 





the reactions to complete themselves at one point 
before proceeding to the next. This group is repre- 
sented by the Illingworth and the Parr processes. 
Generally, the Illingworth carbonises first at about 
750 deg. F. to prevent subsequent swelling, follow- 
ing with a second stage at say 1100 deg. F. for 
hard smokeless fuel. An installation is at work 
at the Pontypridd Gas Works, the smokeless fuel 
being on sale under the name of Ricoal. In 
the Parr process of Professor S. W. Parr, of 
Illinois University, the well-known scientific pioneer 
of low temperature carbonisation, the coal is pre- 
heated in a rotary retort to about 650 deg. F. 
just before the plastic stage, and then carbonised 
in vertical metal retorts at about 1375 deg. F. 
without expansion. 

Finally, with regard to the Trumble and the Turner 
processes, these depend on carbonisation under 
pressure, by means of steam. The Trumble process 
is the invention of M. J. Trumble, of California, 
and it embodies the use of a number of small 
steel retorts in series, operating at up to 200 lbs. 
pressure, with carbonisation on the internal principle 
at about 1200 deg. F., by steam the gases evolved 
being passed through the charge in one retort 
after another. The experimental plant is at 
Alhambra, California, and a very large installation 
is now to be erected. The Turner process is 
the invention of Charles Turner, of Manchester, 
and a plant is now in opertion at Coalburn in 
Lanarkshire, the heating being carried out in vertical 
retorts on the internal principle by low pressure steam 
at about 6 to 7 Ibs. pressure. 
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(Continued from page 24.) 


Fatigue Tests of Single Crystals of Aluminium.— 
In the course of further studies into the mechanism 
of distortion of single crystals of aluminium, Messrs. 
H. J. Gough, S. J. Wright and D. Hanson have made 
use of reversed torsional stresses which, though 
complex, do not deform the test piece as a whole, so 
much as tension tests. The results are, therefore, 
more directly comparable with the behaviour of a 
particular crystal in a crystalline aggregate. The 
distortion of an aluminium crystal, it is concluded, 
takes place by slip on one (or more) of the four sets 
of octahedral planes, and in the direction of one 
of the three principal lines of atoms, on each of 
these four planes. There are thus 12 directions of 
stress, and one, the resultant of several of these 
stresses, will be the direction of the maximum 
stress, along which slip is likely to occur. This 
view may appear incompatible with the ordi- 
nary assumption that the elastic properties of a 
cubical crystal are directional. The test piece 
was placed in the Stromeyer machine (which was 
adjusted for a pressure of + 1 ton per square inch) 
and was removed and examined after 58,000, 
100,000, 200,000, 1,000,000, 2,853,700, and 7,203,000 
reversals ; it broke after 9,274,900 reversals. The 
slip bands visible in our illustration, Fig. 2, were 
brought out by polishing, not by etching. At 
first there were several somewhat indistinct sets 
of parallel lines, whose direction depended upon the 
angle A between the axial plane (of the X-ray 
examination) and the reference plane. As the 
number of stress reversals increased, the lines of 
maximum stress became more pronounced. In 
Fig. 2, which was taken after 2,853,700 reversals 
at A = 300 deg., the change over from one system 
of slip bands to another is very marked. It is 
clear that a slip at any point is confined to that 
octahedral plane, which is most highly stressed in 
the direction of one of its intersections with the 
remaining octahedral planes. Slipping is accom- 
panied by a progressive hardening of the plane 
concerned, the hardness at any point depending 
largely upon the intensity of the shear stress in 
the neighbourhood. This was shown by Brinell 
tests on the polished specimens, which were some- 
times mounted in fusible alloys. Slip does not 
appear to occur in the stages immediately preceding 
fracture, so that fracture is the result of the propa- 
gation of discontinuities, which are set up initially 
by internal stresses during strain-hardening. Other 
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experiments have also been made. The density 
of the single crystal was not appreciably changed | 
by directly reversed stresses, for which + 0-74) 
ton per square inch seemed to be the safe range, | 
for the stable position of the axes, at any rate. | 
Nor did the unloading part of a cycle of repeated | 
loading and unloading produce any plastic deform- | 
ation, which could be detected in the microstructure. | 
Specimens consisting of several large crystals are now | 
being submitted to torsional stress. 
Thin Steel Strips. Wrought-Iron Chains.—Mr. | 
H. J. Gough’s work on the acceptance tests for thin | 
steel strips for aircraft (described by us in 1925) is 


the reduction in the thickness of the strips after a 
certain period of running, and is compared with the 
total work absorbed per square inch of surface. 
With a load of 13-3 1b. per square inch a test at 
720 r.p.m. takes 3 to 6 hours, during which a good 
bonded asbestos will wear about 0-006 in. or 
0-007 in. 

Mr. Batson’s inquiry into the stresses in cast-iron 
pipe sockets caused by caulking and internal pressure, 
involved experiments with two types of sockets 
for 25-in. pipes, one conforming to the B.E.S.A. 
standard and the other of lighter design. Experi- 
ments were made on sockets, caulked both by 


14 deg. If detonation is due to the spontaneous 
ignition of the unburnt residue, as these computa- 
tions indicate, temperature, not pressure, is the 
determining factor. The fact that knock occurs 
more readily in large than in small cylinders, with 
poppet (rather than sleeve) valves, in badly designed 
combustion chambers, under boost conditions, and 
with well (not badly) placed sparking plugs and 
at normal (not high) altitudes may all be 
ascribed to the higher temperature of the unburnt 
gases. Nickel carbonyl does not appear to 





exert any anti-knock effect in closed vessels. 
Mr. Fenning’s further experiments on the explosion 


being continued, because the theory of Southwell| hand and by a pneumatic tool with run lead and| of mixtures of carbon monoxide, oxygen and 
and Skan states that there is a parabolic relation- |“ woolly’ lead. The stresses due to caulking were | nitrogen lead him to the conclusion that the 


ship between the crippling load and the reciprocal | 
of the width of the strip, whilst the observations | 
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CRYSTAL. 


indicate that the relationship is linear. The | 
apparatus used, however, involved a lateral con- 
straint, of which the theory does not take account. 
The practical value of the test is fully recognised. | 
The joint research of the engineering and metal- 
lurgy departments into the causes of failure of 
wrought-iron chains has been completed and has 
fully confirmed the conclusions of Messrs. Gough, 
8. J. Wright and D. Hanson, which we outlined last 
year. Both impact tests and X-ray analysis have 
further shown that the brittleness of some chains 
and hooks is confined to the skin. This brittleness 
can be produced in new links by repeated small 
surface impacts, which make the skin liable to crack 
under bending stress. The stress is concentrated at 
the ends of the crack and propagated into the ductile 
material beneath. Low-temperature annealing and 
normalising render the links sound again. 
Brake-Lining Materials. Caulking. Cconcrete.— 
For testing bonded asbestos brake linings, the use 
of which is increasing, Mr. Jakeman has con- 
structed the machine illustrated in Figs. 3, 4,5. It 
consists of a cast-iron friction wheel A, 2 ft. in 
diameter, upon which four pieces L of similar 
material are pressed by means of the spring balance 
M and the links E. The test pieces Q are secured in 
pairs in the cast-iron holders H, and the whole 
loading device is supported on a frame which in 
turn is mounted on the ball bearings B and the 
shaft S. The friction is measured by the torque 
which must be applied to the frame to keep it in 
horizontal position. The end plates are marked J, 
and the packing strips K; R is the revolution 
counter and T a tie rod. The small letters indicate 
screws and nuts. By spraying water into the 
inside of the rim the surface temperature is main- | 
tained at about 90 deg. C., when the machine is 
run by a variable-speed motor at from 80 r.p.m. to | 
720 r.p.m. The wear is calculated by measuring | 





found to be higher on the lighter socket than on | 


the standard socket for all the types of joints tested. | 
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No sockets were.broken by caulking or internal 
stresses. The stresses gradually decreased after 
caulking and became constant within seven or 
ten days. The application and release of internal 
water pressure further reduced the stress in the 
socket, which once more became constant after 
about 50 such applications. The stresses were 
higher with “ woolly ” lead and with hand caulking 
than with run lead and machine caulking. 

The experiments on the strength and elasticity of 
concrete and reinforced concrete mixed with 
different percentages (37 per cent. to 80 per cent. 
of water) showed that high values of the modulus 
of elasticity (4,000,000 lb. per square inch and 
more) were reached with about 50 per cent. of 
water after one month. 

Gas Explosion and Gas Cylinders.—Mr. F. W. 
Fenning’s experiments confirm that when knock 
occurs it takes place late in the “explosion time,” 
i.e., Shortly before the maximum pressure would 
normally be reached. This indicates that the 
condition of the unburnt residue of the charge at 
the moment of the knock is a more important 
factor in detonation than the initial pressure and 
temperature. The temperature when the knock 
occurs can only be deduced. Assuming that the 
residue had been compressed adiabatically by the 
advancing flame, the temperatures for normal air- 
fuel mixtures of pentane, hexane, heptane and avia- 


| tion spirit, would be 486, 470, 446 and 480 deg. C., 


if the specific heat y was 1-35. For the value 
y = 1-33 these temperatures would be lower by 


accepted values for the dissociation ratio of carbon 
dioxide at high temperatures are far too high. 
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The determination by Mr. A. Bailey of the 
physical properties of liquefied gases between the 
temperatures of 10 deg. and 85 deg. C. and up to 
maximum pressures of 3,500 Ib. per square inch 
has been completed for liquid sulphur dioxide, 
anhydrous ammonia, chlorine, methyl chloride, 
carbon dioxide and nitrous oxide, and has brought 
out the fact that the gas pressures, especially of 
the last two liquefied gases (CO, and N,O), as 
commercially obtained in cylinders, are much higher 
than the values accepted by chemists for the pure 
gases. The discrepancy is due to the presence of 
considerable amounts of gases like nitrogen and 
air, respectively, which are not condensed in the 
cylinder. One object of the tests was to determine 
the extent, to which the volume of the cylinder 
might be filled without the risk of the dangerous 
rise in gas pressure. A gas, like anhydrous hydro- 
cyanic acid (prussic acid), which boils at 26 deg. C., 
would be dangerous in itself; but the internal gas 
pressure within the probable range of temperature, 
is not high. The safety test can therefore be 
simplified by determining the density of the 
liquid by means of the piezometer, illustrated in 
the diagram, Fig. 6. The body of the piezometer 
consists of an aluminium cylinder, into which is 
fitted a graduated glass tube, 8 in. high, and of 
zs in. wall thickness. This rests with its flattened 
base on a rubber washer; the other washers are 
of brass or soft copper. 

Materials at High Temperatures.—With the aid of 
the furnace equipment, which we have previously 
described, Mr. H. J. Tapsell and Mr. W. J. Clenshaw 
have continued their investigations of the mechanical 
properties of Armco iron, mild steel (with 0-17, 0-24 
and 0-51 per cent. carbon content), and of some 
ternary alloys at high temperatures. Mr. Tapsell 
agrees with those who hold that creep does not 
occur below certain limiting stresses, and that these 
stresses may be well above the limits of proportion- 
ality and the yield-points. A long life may be pre- 
dicted for a material, therefore, if the permanent 
deformation developed at the limiting creep stress 
is a permissible value. He finds that for the carbon 
steels mentioned, this limiting stress is higher 
than the limit of proportionality at temperatures 
below 500 deg. C. The curves of limiting creep 
stress and of limit of proportionality recede from 
one another, however, as the temperature falls, 
the difference between the two at any temperature 
depending upon the ability of the material ‘to 





strain-harden at that temperature. At present the 
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UNDER-TYPE STEAM WAGON; ROYAL AGRICULTURAL 


CONSTRUCTED BY MESSRS. FODENS, LIMITED, ENGINEERS, SANDBACH, CHESHIRE. 
Fig.3. 
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permanent deformation can only be determined in 


isolated cases. For Armco iron, at 355 deg. and the 
limiting creep stress, it was only 2 per cent. This 
was attained in 30 days. At lower temperatures it 
might be 15 per cent. or more, the limiting creep | 
stresses being then much higher than the yield 
stresses. To determine the creep stresses at high 
temperatures the specimen was suspended in a fur- | 
nace, 10} in. long, which was mounted vertically | 
in an angle-iron framework with extensometers pro- | 
truding from its lower end. The temperature of the | 
nickel-chromium heating coils was controlled by | 
means of iron spirals in hydrogen. Boiler-tube 
steels, and various nickel-chromium alloys, with or | 
without small amounts of ternary constituents, are | 
now under test at temperatures of 800 deg. C. 
One of these alloys, with a breaking load of 38 tons | 
per square inch, when tested in the ordinary way at | 
800 deg., failed in 37 days, when a load of 2 tons 
per square inch was applied continuously. Speci- 
mens of nickel alloyed with up to 60 per cent. of 
chromium, which had been cold tested, were also 


exhibited. The flow first became marked, and then 
diminished again as the chromium percentage 
increased. 


Finally, we may mention a compression plant, | 
which the Engineering Department has constructed | 
for the testing propeller blades in a 3-in. air| 
channel at air speeds of more than twice the 
velocity of sound. This 600-h.p. set will have an 
output of 2,800 cub. ft. of air per minute. 


(Z'o be continued.) 





JOHANNESBURG Gas Works ExtTenstons.—-Johannes- 
burg Municipal Council are making extensive additions 
to their gas works plant. After receiving the report of | 
Mr. W. R. Herring, their consulting engineer, the Council | 
accepted the tender made by Messrs. Blane and Com.- | 
pany, on behalf of West’s Gas Improvement Company, 





|extends to produce and implements. 
Limited, of London. The new plant will cost 158,1607. | case, makers are affected by conditions in foreign 
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THE ROYAL AGRICULTURAL SHOW 
AT NEWPORT. 


CONSIDERABLE attention is being directed in the 
Press and elsewhere at the present time to the condi- 
tion of the agricultural industry, and there appears 
to be no doubt that farmers in many parts of the 
country are in a somewhat serious position. This 
to some extent may explain why the entries of 
livestock at the Royal Show at Newport, which 
opened on Tuesday last, are lower than they have 
been at any show held since 1919. The falling off 
is common to all classes of livestock, and also 
In the latter 
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as well as in the home market, and although 
British agricultural machinery is at least equal in 
quality to that of any other country, sales abroad 
have been seriously curtailed by international 
conditions quite outside the control of the manu- 
facturers. 

In many cases, again, firms who custo- 
marily exhibit farming appliances at the show 
also cater for other branches of engineering, and 
are therefore affected by the general depression 
throughout the trade. It is significant in this 
connection that among the absentees are one or 
two well-known firms, having wide interests, who 
have made a practice of exhibiting at the Royal 
Show almost since its inception eighty-two years ago. 
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The actual number of livestock entries, exclusive 
of poultry, is 2,871, and this forms a marked 
contrast to the figure of 4,031 at Reading last year. 
It should be mentioned, however, that the latter 
constituted a record, with one exception, that of 
Cambridge in 1922, when the entries totalled 4,200. 
As regards agricultural appliances, there are 9,486 
sq. ft. of shedding in the implement yard at Newport, 
as against 10,870 sq. ft. at Reading. This figure has 
varied between 10,800 and 14,494 in the last nine 
years, and it will thus be seen that, although the 
present figure is the lowest over that period, the 
percentage reduction is not serious, and might, if 
taken alone, be easily accounted for by a difference 
in venue, or other unimportant cause. Unfor- 
tunately, however, a much higher proportional 
falling off is recorded in the number of stands, the 
actual number of 369 being again the smallest 
recorded since 1919, and 85 below the average over 
the nine years. It is quite outside our province to 
deal with the political aspects of the farming ques- 
tion, but it is permissible to state that the industry 
can only claim preferential treatment if it can be 
shown that it is already making the best use of 
modern developments. The latter have mainly 
been in the direction of increased mechanicalisa- 
tion, and it is probable that if all the factors are 
taken into consideration, the British farmer com- 
pares quite favourably in this respect with those 
of other countries. It appears certain, however, 
that the industry is on the eve of a further develop- 
ment, that of the extended application of electricity 
to agriculture, and before passing on to a descrip- 
tion of the exhibits at Newport, a brief reference 
may be made to this important subject. 

One of the avowed objects of the Electricity 
(Supply) Act, 1926, is to render a supply of elec- 
tricity available to those areas, and more particu- 
larly rural areas, that are, at present, without it. 
The economic and technical: problems which will 
have to be solved are many, and-are being subjected 
to close investigation by electrical engineers. Not 
less important, however, is that when the supply is 
available, the farmer shall be familiar with the 
equipment whereby he is to utilise it, and, if possible, 
have some experience of its operation. That this 
need, we are glad to say, is recognised, is evident 
from an inspection of certain specialised exhibits 
at the show this year. For the first time, we believe, 
there are displays of electrically-driven farm equip- 
ment, which have been designed with a view to their 


|use on public-supply systems. If the farmer can 





be persuaded to visualise the latent possibilities of 
this development, there should be a steadily 
increasing demand for this class of apparatus. 
Even as it is, there is no need for undue pessimism. 
For instance, in the district served by the Ayrshire 
Electricity Board, there are 73 farms which take 
a supply from the public system, and whereas two 
years ago there were only 200 farms taking advant- 
age of this form of energy, the figure has now risen 
to 700. A further stimulus will be given when 
the farmer discovers that, as it is, electricity is 
cheaper than many other forms of power, and offers 
many advantages, such as convenience and improved 
lighting, which are not easily obtainable in any 
other way. In dealing with the actual exhibits 
at the show, we propose to follow our usual practice 
of describing those embodying recent develop- 
ments rather fully, instead of attempting to include 
the whole of the very numerous appliances shown 
in what would, of necessity, be a very superficial 
review. 

The relative merits of steam and petrol-engined 
wagons of the heavier class is a matter of keen 
controversy at the present time. Were the numbers 
of each type in use on the roads in the south of 
England regarded as a criterion of their popularity, 
the petrol wagon would appear to have an enormous 
advantage, and it is only by studying the conditions 
in the industrial areas of the north that a true sense 
of proportion is attained. On a recent count, on the 
main road between Liverpool and Manchester, steam 
wagons were found greatly to preponderate, and 
there seems little doubt that for dealing with heavy 
loads on relatively rough road surfaces they are at 
least the equal of the petrol-driven vehicle. This 
position can only be maintained, however, if the 
designs keep pace with the constant improvements 
in wagons driven by internal-combustion engines, 
and, in view of this, it is interesting to note that 
Messrs. Fodens, Limited, of Sandbach, one of the 
oldest firms in the steam-wagon industry, are 
exhibiting an entirely new model at the Show. 
This model, which is illustrated in Figs. 1 to 5, 
page 40, is of particular interest in that it marks 
an entirely new departure for the firm. Previously 
they have always manufactured over-type wagons, 
but, as will be clear from the illustrations, the new 
model is of the under-type form. 

The boiler, shown in Figs. 1, 2 and 4, is of the 





vertical water-tube type, with a working pressure 


of 250 lb. per square inch. The heating surface is 
65-17 sq. ft. The firebox is held on to the outer 
shell by 3-in. bolts, 62 in number, passing through 
flanges, and by removing these bolts the firebox 
can be disconnected for tube cleaning or inspection, 
every part being rendered readily accessible. Firing 
is effected from the footplate, use being made of a 
coal-chute on the bunker. The latter is fixed at 
the back of the cab between the two seats, as shown 
in Fig. 4. When the sliding door of the bunker is 
opened, coal slides down the chute directly into 
the centre of the firebox, thus greatly simplifying the 
process of stoking and reducing to a minimum the 
time that the furnace door is kept open. The boiler 
is lagged with asbestos and sheet steel, and is fitted 
with a superheater in the smoke-box. It is tested 
at 400 lb. per square inch before being put into 
service. The boiler-feed pump is of the double- 
acting type with two flanges in line. It is gear- 
driven from the crankshaft, and the eccentrics are 
fitted with roller bearings. 

The engine, which is shown in Figs. 1 to 4, is sus- 
pended horizontally across the chassis frame by two 
spherical bearings, one on the crank-case and cover 
and the other on the gear-case, to prevent chassis 
distortion from being transmitted to the engine. 
Apart from these two supports, a suspension eye-bolt 
between the two slides, fixed at the front to the 
frame cross-member, is the only connection between 
frame and engine. The latter can therefore be 
dropped for inspection or adjustment with a mini- 
mum of difficulty. The engine is of the double- 
acting, high-pressure type, with two cylinders each 
of 7-in. bore with a 10-in. stroke. The steam and 
exhaust valves are operated from a camshaft, indi- 
cated in Fig. 4. By moving this shaft horizontally, 
and thus altering the lead of the valves, three 
forward and one reverse movements are obtained, 
together with a neutral position The camshaft is 
driven from the crankshaft through spiral gears 
mounted on a shaft carried on roller bearings. The 
crank-case is made of cast steel, and the same 
material is employed for the gear-case. The latter 
contains two double-helical gear wheels, one being 
mounted on the crankshaft and the other on the 
gear-shaft. The wheels are interchangeable, so 
that a lower ratio can be obtained at any time to 
suit special circumstances. The drive from the 
gear-shaft is through a propeller-shaft fitted with 
two universal joints to the rear axle, as shown in 
Figs. 1 and 4. The normal engine speed is 
236 r.p.m., giving a road speed of 12 m.p.h. with 
a ratio in the reduction gearing of 2-42 to1. Other 
ratios available are 3-056, 3-226, and 4 tol. The 
rear axle is of the overhead worm-driven type, 
the worm being of steel and the wheel of bronze. The 
differential gear is of the usual type, and the final 
transmission is through floating axles. The rear 
axle is completely enclosed and all the shafts are 
carried on roller bearings. The axle itself is a 
steel forging, dished to accommodate the worm 
wheel. The worm housing is a separate cast-steel 
piece, fastened by studs to the axle casing. A torque 
rod is provided, one end being anchored on the 
worm housing and the other to a channel bolted 
across the frame. To withdraw the rear axle from 
under the chassis, it is only necessary to uncouple 
the brake and torque rods and take out the spring © 
pins. 

The chassis frame is of the usual pressed-steel 
channel type, the side members being 7 in. deep by 
3 in. wide, strengthened with fishplates. The 
steering gear is of the Ackermann type and is 
operated through a machine-cut worm and worm 
wheel housed in a cast-steel box, which is totally 
enclosed to enable the gear to be runin oil. Centre- 
point steering is secured by utilising cast-steel dished 
front wheels, as shown in Figs. 2 and 4. Internal- 
expanding brakes, of large size, are provided on the 
rear wheels, the diameter inside the brake drum 
being 2 ft. 5 in. 

The controls are conveniently arranged within 
the driver’s reach, but do not project into the cab 
to impede his movements. The starting valve, 
injector valve and steam-jet valve are on the left, 
and the change-speed control on the right. The foot 
brake is operated with the left foot, and the release 
valve by the right foot. The cylinder-drain cocks 
and injector water valve are mounted between 
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the two seats. 
rear of the chassis and has a capacity of 194 gallons, 
sufficient for a run of 30 miles on full load. The 
coal bunkers have a capacity sufficient for a 60 mile 
run. The lorry is equipped with electric lighting, 
the C.A.V. dynamo being driven by belt from the 
gear shaft. An adjustable windscreen is fitted, 
and the front plate round the boiler is slightly 
hollowed out at the side to give the driver a clear 
view to the front. We may say, in conclusion, 
that one of these wagons has been tested out over 
about two years’ running, and has given complete 
satisfaction. 

Although the most satisfactory solution of the 
problem of country-house lighting is undoubtedly to 
obtain current from the nearest public supply, 
economic considerations frequently preclude the 
possibility of laying the necessary mains, in which 
case the prospective consumer is practically forced 
to install plant for generating his own supply. 
Many admirable self-contained sets are now 
available for this purpose, but the majority of 
these are not of sufficient size to supply current 
for heating or cooking. No difficulty of course 
exists in making a set sufficiently large to meet 
all requirements, but there is a distinct gap 
between the small automatic set driven by a petrol 
or paraffin engine, and the miniature power house 
requiring the attention of a skilled man. To fill 
this gap, Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester, have introduced the set 
illustrated in Fig. 6, page 41, which is exhibited in 
operation at the show on the stand of the British 
Electrical Development Association. The prime 
mover consists of a Crossley two-stroke vertical oil 
engine, developing 20 b.h.p. at a speed of 400 r.p.m. 
This engine is of the semi-Diesel type, and runs on 
crude oil, but as a smaller engine of the same type 
was fully described on page 232 of our issue for 
February 19, 1926, we may at once pass on to a 
description of the rest of the appa-atus. The engine 
is direct-coupled to a generator manufactured by 
The British Thomson-Houston Company, Limited, 
and is controlled by an automatic switchboard 
made by the Austin Lighting Company, Limited, 
of Banbury. The latter firm have standardised 
the whole equipment in four sizes, having outputs 
of 34, 6, 8} and 12 kw. The equipment includes 
a water heater, made by the Clarkson Thimble Tube 
Boiler Company, operated by the waste heat from 
the engine exhaust, providing 75 gallons of hot 
water per hour for use in radiators or other purposes. 
A water cooler, manufactured by Messrs. Heenan 





The water tank is mounted at the | and Froude, Limited, is employed to cool the engine 


jacket water. 

The engine is fitted with an electrically-heated 
ignition plug for starting up, and it is motored round 
until it fires by supplying current to the dynamo 
from storage batteries. The main control is effected 
by a drum-type switch. In starting up the plant, 
the drum is moved at 15-second intervals. The 
first movement switches on the current to the 
ignition plug, the second completes the circuit for 
motoring round the engine, while the third switches 
off the plug and closes the battery-charging circuit. 
The plant will then continue in action until the 
battery is fully charged, when the drum switch is 
automatically moved two further notches. After 
the first of these two movements, the output from 
the dynamo is reduced, and on completion of the 
second, the dynamo is disconnected from'the battery 
and the supply of fuel to the engine is cut off. 
Throughout the charging period, the voltage on the 
supply mains is kept constant by a regulating switch, 
which cuts out cells from the circuit as required to 
compensate for the increased battery voltage. 

After the plant has stopped, and the process of 
discharging the battery commences to lower the 
voltage, the regulating cells are automatically 
re-introduced into the circuit as required. The 
regulating cells do not, of course, get discharged to 
the same extent as the main battery cells, and they 
are therefore independently controlled through the 
regulating switch to ensure that they are never 
overcharged. Should the fuel supply fail, or the 
engine stop for any other reason, the dynamo is 
automatically disconnected and the plant shut down. 
An addition to the standard equipment enables the 
plant to be started automatically, if the demand for 
current exceeds a predetermined amount, without 
waiting for the battery to be discharged. This 
addition is particularly advantageous in cases where 
a heavy demand, in comparison with the normal 
load, occurs at intervals, as, for example, when 
electric ovens are in use. The fitting enables a 
smaller battery to be used, as the current for the 
ovens is, in effect, supplied directly from the dynamo, 
the battery being only called upon when the demand 
exceeds the full output from the engine. It will 
readily be appreciated that this set can be usefully 
employed for a variety of purposes other than house 
lighting, and we understand that several sets have 
been ordered for use in lighthouses, both to supply 
current to the lantern and to operate fog-signalling 
apparatus. The Round Island Light, off the Scilly 
Isles, has already been equipped in this way. 
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In addition to the set described, Messrs. Crossley 
are exhibiting, on their own stand, a wide range of 
crude-oil and paraffin engines, small pumping 
units, and so on. These are shown in operation 
in the majority of cases, and include a 62 b.h.p. 
horizontal crude-oil engine of the cold-starting 
type, vertical two-stroke engines ranging from 
20 b.h.p. to 6 b.h.p., and some petrol-paraffin en- 
gines. Practically all of these exhibits have been 
described in our columns on previous occasions. 

The hopper type of engine, which was originally 
developed for farm work, finds great favour for 
such purposes as driving barn machinery, on account 
of the fact that it is entirely self-contained and 
requires no erection. The type has constantly 
been improved, but the majority of those at the 
show, where practically every well-known engine 
maker has an example, are so excellent in their 
way as to suggest that little further improvement 
is possible. One of the newest engines in this class 
is shown by Messrs. Ruston and Hornsby, Limited, 
of Lincoln, and is illustrated in Fig. 7, on this page. 
The engine is similar in design to the other Ruston- 
Hornsby petrol-paraffin engines, but, as will be clear 
from the illustration, it is provided with an enclosed 
splasher over the crank-case and large-end_ bearing, 
fitted so as to make the engine proof against dust 
and dirt. This feature is particularly valuable for 
elevator work, where the moving grit and chaff 
are liable to cause trouble with open-type engines. 
The engine is of the four-stroke type, with an 
automatic inlet valve, the exhaust valve being 
operated by a push rod. Magneto ignition is 
fitted, and it is only necessary to pour a little petrol 
into the carburettor for starting, after which the 
engine will change over readily to paraffin. A 
spring-loaded centrifugal governor is fitted, and 
arrangements are made for varying the speed 
slightly from the standard if required. As will be 
seen from the figure, the engine is fitted with two 
flywheels to ensure smooth running. It will be 
appreciated from the above description that the 
engine has not been designed with a view to giving 
the required horse-power for a year or two at the 
lowest possible cost, as the makers rightly claim 
that the low first cost of the cheapest engines is 
more than offset by their short life and extravagant 
fuel consumption. By this we do not mean to 
suggest that the cost is excessive, but that the 
engine has been designed to give a long life with 
good fuel economy and freedom from mechanical 
breakdowns. 

Apart from the hopper-type engine described, 
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Messrs. Ruston and Hornsby are showing a number 
of other petrol-paraffin engines, a 150 brake horse- 
power vertical oil engine, a 20 brake horse-power 





horizontal oil engine, and a number of pumps and 
other agricultural appliances. The two engines 
referred to are of the cold-starting type, and are 
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ELECTRICALLY-DRIVEN LAWN MOwER; 
MeEssks. RansoMEs, SIMS AND JEFFERIES, 
LIMITED. 


generally similar to those described in ENGINEERING, 
on page 153 of vol. cxv, and page 8 of vol. ex, 
respectively. The firm’s agricultural implements 
are so well known as to render further description 
unnecessary, but it may be mentioned that they 
are showing the standard binder described on 
page 726 of our issue for December 10, 1926. 

The exhibit of Messrs. R. A. Lister and Company, 
Limited, includes a new 1}h.p. vertical, four-stroke 
engine entered for the Society’s Silver Medal. We 
illustrate this exhibit in Fig. 8, on page 42, from 
which it will be seen that it is of particularly clean 
external design. The engine, which has a cylinder 
bore of 3 inches and a stroke of 3 inches, develops its 
rated power at 700r.p.m. Itis fitted with overhead 
valves, and the valve-operating mechanism, although 
totally enclosed, is readily accessible. The inlet 
valve is of the masked type, to give a quick 
opening with a corresponding increase in effi- 
ciency. The carburettor is of the floatless type, 
and is fitted with an automatic air valve. The 
crankshaft is a steel forging, fitted with balance 
weights, and is carried on ball bearings. The con- 
necting rod is also a steel forging, fitted with renew- 
able bushes. The gudgeon pin is of the full-floating 
type, held in position by a spring ring. The lubri- 
cation is automatic throughout. 

Messrs. Lister are also exhibiting petrol and 
paraffin engines of their standard patterns, ranging 
from 14 to 18 b.h.p. Examples are shown of* 
stationary, semi-portable and portable models in 
the various classes. Farm implements made by 
the firm are also shown, including horse and tractor 
ploughs, pumps, saw benches, and dairy appliances. 

In our introductory remarks, we mentioned that 
examples were to be seen at the show of electrically- 
driven farming implements. A very complete display 
of this type of machine is being made by Messrs. 
Ransomes, Sims and Jefferies, Limited, of Orwell 
Works, Ipswich, and we imagine that it will be 
generally agreed that they are entitled to the very 
greatest credit for their pioneer work in this direc- 
tion. The machines shown fitted with electrical 
drive include root and chaff cutters and other 
farm machinery, and it should be explained that in 
these, and also in the larger electrically-driven 
machines shown by the firm, the electric motor 
forms an integral part of the machine, and is not 
merely an independently-mounted unit coupled to 
the usual driving pulley by a belt. The two 
electrically-driven machines which are likely to 
attract the most attention are a threshing machine 
and a lawn mower, the former being exhibited on 
the stand of the British Electrical Development 
Association. It may be mentioned, in passing, that 
a number of other electrically-driven farm imple- 
ments are also shown on the latter stand. 

The threshing machine referred to is shown in 
Figs. 9 and 10 on this page. As will be clear from 





these two figures, it is entirely self-contained, and is 
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of the makers’ Homestead type, which has 
achieved a deservedly high reputation as an exter- 
nally-driven machine. The general construction of 
the machine follows standard practice, the special 
features being that, in the first dressing apparatus, 
the chaff and other impurities are removed by 
suction instead of by blast, and that the machine 
is fitted with a cup-type grain elevator and awner. 
The fan casing and elevator can be seen respectively 
in Figs. 9 and 10. The second dressing apparatus 
is fitted inside the frame, instead of outside as in the 
firm’s smaller machines. As will be clear from the 
illustrations, the motor is suspended below the 
frame and the starter is mounted at a convenient 
height at the side. As shown in Fig. 9, a belt is 
taken from the motor pulley to the drum shaft 
directly above it, and the drive to the various units 
is taken by belts from pulleys at both ends of the 
drum shaft. The machine is fitted throughout with 
ball bearings enclosed in dust-proof housings, and 
has a capacity of 60 to 90 bushels of oats per hour. 
The motor, which is also manufactured by Messrs. 
Ransomes, Sims and Jefferies, Limited, is of a type 
specially developed for agricultural work. It is a 
100-volt machine of the direct-current type, and 
develops 12 b.h.p. The threshers can, of course, be 
supplied with motors suitable for any voltage re- 
quired. The motor is totally enclosed for the purpose 
of excluding dirt and dust, and is shunt-wound. It 
may be of interest to mention that in a recent 
demonstration of one of Messrs. Ransomes 54-in. 
threshers, driven by a 25-h.p., 3-phase, 400-volt 
motor, also of the firm’s manufacture, the combina- 
tion dealt with 199 cwt. of grain, and 282 bales of 
straw, weighing 191 cwt., in 8 hours 38 minutes. 
The consumption of electricity amounted to 9-6 kw., 
or 0-45 kw. per ewt. of grain, equivalent to 12-93 kw. 
per acre. The charge for power, in the particular 
area where the tests were conducted, which was 
served by the Chester Corporation, was 13d. per 
kw., making a total cost for power of 13s. 3d. 

The electrically-driven lawn mower exhibited by 
the same firm is shown in Fig. 11, page 43. It is 
known as the Electra, and is being entered by the 
makers in the competition for the Royal Agricul- 
tural Society’s Silver Medal. Both the propelling 
and cutting motions are driven by the motor, 
which is of } h.p. and is again of the firm’s own 
manufacture. The machines can be supplied for 
either direct or alternating current at any of the 
usual voltages. As will be evident from the illus- 
tration, the supply is brought to the machine 
through a flexible cable clipped to a cable arm. 
The latter swings about a vertical axis, and is held 
in any required position by a pin catch controlled 
by the lever shown on the inner end of the arm. 
In use, the arm overhangs the machine on the side 
on which the grass has already been cut, and holds 
the cable quite clear of the blades. When the end of 
the lawn is reached, the traversing motion is stopped 
and the machine turned by hand in the direction of 
the trailing cable. The catch on the cable arm is 
then released by depressing the lever, and a sharp 
swing over given to the arm. This has the effect 
of again throwing the cable well clear of the machine 
on the side on which the grass has already been cut, 
when the arm is again locked and the traversing 
motion re-engaged. The latter operation is effected 
by the hand lever on the handle grip, the actual 
drive to the roller from the motor being through 
epicylic reduction gearing. The cutter drive is 
engaged by a quarter turn on the handwheel visible 
in the figure. The machine is extremely easy to 
control, and leaves a very smooth surface, due to 
the evenness of the drive. The power required is 
small, and the machine can saf+ly be connected up 
to a lighting circuit. 

The firm of Messrs. Barford and Perkins, Limited, 
of Peterborough, are exhibiting a 4-foot petrol- 
driven motor roller, an 8-ton three-wheel type 
motor roller, an independent road scarifier, garden 
rollers, and model dairy plant. The 4-foot roller 
is illustrated in Fig. 12, page 43. This roller 
weighs 38 cwt., and the back rollers can be changed 
to give rolling widths of either 4 ft. or 6 ft. For 


this purpose, the two back rollers are readily remov- 
able, and a second set of rollers, shown behind the 
machine in the figure, are substituted, the operation 
of changing over occupying about 40 minutes. The 
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machine, when fitted with the narrower rollers, is 
generally employed for footpath work, the wider 
rollers being fitted for rolling grass, on cricket 
grounds or golf courses. When it is desired to use 
the roller for light road work, such as patching or 
rolling chippings after tar spraying, another pair 
of back rollers can be substituted, increasing the 
total weight of the machine to 2} tons. In this 
condition, the rolling pressure of the back rollers 
is equivalent to that of a 5-ton tandem machine. 
The 8-ton three-wheel roller, although exhibited 
for the first time, is generally similar to the 12-ton 
machine described on page 59 of our issue for July 11, 
1924. As in the case of the larger machine, the 
weight can be varied by the makers’ well-known 
water ballast principle. The back and front rollers 
are filled through plug openings in the ends, and 
when the sprinkling-water tank is also filled, a 
weight variation of nearly 2 tons is obtained. 
The distribution of the weight can also be varied. 
enabling the weight on the back rollers to be in- 
creased when working on steep hills, thus increasing 
the adhesion of the driving roller and reducing the 
resistance of the front. The back rollers have 
renewable cast-iron rims and hubs. These wheels 
are of the disc type, and the plates are an accurate 
machine fit in the rims and hubs. The holding 
bolts are thus entirely relieved from.shear stresses. 
The frame of the roller is of the box-girder type, 
a heavy sub-frame forming the bottom member, 
and the tanks and head the top member of the 
girder. The engine and transmission units are 
carried on the sub-frame, which can be removed 
from the machine as one unit. The form of con- 
struction described enables a scarifier to be bolted 
directly to the side plate without imposing any 
stresses on the engine or gearing. The engine is a 
four-cylinder model developing 28 brake horse- 
power, and has a cylinder bore of 3} in. with a 
stroke of 5in. It is fitted at the rear of the chassis 
in an accessible position. The power is transmitted 
through a single plate clutch, lined with Ferodo, 
to a three-speed gear box. The three ratios give 
road speeds of 14, 24 and 4 m.p.h. A fuel-storage 
tank of 30 gallons capacity is provided, in addition 
to a service tank holding 8 gallons, giving sufficient 
fuel storage for seven days’ normal working. The 
engine can be supplied to run on either petrol or 
paraffin, a vaporiser being fitted for the latter fuel. 
The driving rollers are 5 ft. in diameter by 15 in. 
wide, and the front rollers 3 ft. 6 in. in diameter, 
with a total width of 4 ft. 2 in. They overlap 
the inside edge of the driving rollers by 4 in. 


(To be continued.) 





THE DESIGN OF PLANT FOR HIGH- 
TEMPERATURE SERVICE.* 
By R. W. Battery, Assoc.M.Inst.C.E. 


In any attempt to operate plant at higher tempera- 
tures, using steel as the metal of construction, which 
at present seems the only commercial possibility, it is 
clear from the results of short time tests that the metal 
will have to be used at temperatures for which the 
ultimate strength, as ordinarily obtained, is falling 
appreciably with increase in temperature. This is a 
range where softening is a factor to be reckoned with, 
and the ultimate strength given by the short time test 
has an arbitrary value depending upon the testing 
speed, and means very little by itself. We have passed 
out of the region where a factor of safety based upon the 
ultimate strength determined by the usual test has 
any real mvaning. Nevertheless, factors of safety may 
be made just as real for high-temperature operation, 
but they must be placed upon a duration basis which 
has regard to the distortion permissible. 

The idea has been favoured in some quarters, that 
since the rate of creep decreases rapidly with decreasing 
stress, there is a limiting stress below which creep does 
not occur, and it is assumed that the metal behaves 
elastically at this or lower stresses. Some investigators 
have used a method which they consider yields a 
limiting creep stress. This method, however, is open 
to grave criticism, as will be shown, but before viewing 
the results of creep tests, it is necessary to determine 
the order of rate of distortion one must keep within, or 
be able to measure, in order to justify the assumption 
of an elastic material. 





* Paper read before the North Western Branch of the 
Institution of Mechanical Engineers, on April 21, 1927. 
Abridged. 





Taking steel at 450 deg. C., a modulus of elasticity 
for this temperature of 11,500 tons per sq. in., and 
a stress of 2-5 tons per sq. in., the ‘elastic’ strain 
is xan" Suppose that plastic distortion of an equal 
amount, which is quite sufficient to upset the results 
obtained by elastic theory, occurs in a life of say, 
10,000 working hours, the average rate of plastic strain 
per hour is aaiww or 2-17 x 10-° per hour. No creep 
tests with which the author is acquainted, where a 
limiting creep stress has been claimed, have been carried 
to anything approaching this degrce of sensitivity. For 
example, the smallest rates of creep in Lea’s tests are 
over 1,000 times this figure, and in the more searching 
tests of French and Tucker the measured rates are 
over 100 times the figure given. 

Behaviour of Metals under Creep Tests.—The general 
character of the time-extension diagram for a tensile 
test was shown by one of Dickenson’s diagrams, 
and Fig. 1, on page 45, exhibits. these characteristics. 
The creep may be divided into three stages, an initial 
stage OA, during which there is very rapid extension, 
which settles down to a second stage, AB, over which 
the rate of creep is fairly steady, and at B the third 
stage is reached in which the rate of creep increases at 
a growing rate until fracture occurs at C. For practical 
purposes, engineers are interested chiefly in the initial 
stage and the early part of the second stage. 

Without considering any results of tests, it will be 
seen that if a diagram is plotted between stress and the 
logarithm of the rate of creep, the curve must be 
asymptotic at one end to the ultimate stress as deter- 
mined by the short time test and to the limiting creep 
stress at its other end, as indicated in Fig. 2. In 
obtaining a limiting creep stress, this flattening 
out of the graph at a definite stress is the necessary 
criterion. 

French and Tucker, in their investigation of a 
0-24 per cent. carbon steel, determined the initial creep 
and the steady rate during the second stage for a 
number of stresses for the constant temperatures of 
295 deg. C., 430 deg. C., and 595 deg. C. For each 
temperature, they plotted the rate of creep. during the 
second stage with the stress, and they assume that the 
intercept on the stress axis, i.e., at zero creep, gives the 
limiting creep stress. Fig. 3 reproduces their diagram. 
When their stresses are plotted with the logarithm of 
the rate of creep, a very different result is obtained, and 
it is seen, in Fig. 4, that, in the case of the results for 
295 deg. C. and 430 deg. C., no indication of the cessation 
of creep is shown. At 595 deg. C., their results show a 
tendency to exhibit a limiting creep stress, but if one 
considers all the points between 5-5 and 3, it is certainly 
impossible to say at what stress the curve would 
flatten out. The results for 295 deg. C. show a distinct 
tendency to bend round to the ultimate stress, viz., 
30-7 tons per sq. in., as obtained by a short time test. 
The dotted line represents actual stresses allowing for 
the reduction in cross sectional area that results from 
the initial creep. 

The three curves appear each to represent a portion 
oi the complete relation shown by Fig. 2, such as 
would be anticipated from general considerations. 
The question arises how far is one justified in extra- 
polating the curves for 295 deg. C. and 430 deg. C. to 
lower rates of creep. If the effect of temperature at a 
given stress, and therefore intensity of strain harden- 
ing, is only to alter the rate of softening, it should not, 
upon the considerations we have given, do more than 
alter the rate of creep. Or if creep is found to occur 
at a given stress at a high temperature it would be 
expected to occur at the same stress at a lower tempera- 
ture, but at a very much lower and perhaps insignificant 
rate. Dickenson’s tests lend support to this idea, 
and in his paper he enquires whether the law that fits 
his results applies at lower temperatures and says, 
“If so, there seems to be no reason why a cold test 
piece of say 0-3 per cent. carbon steel should not, in 
time, be: pulled in two by a load of 8-5 tons per sq. 
in.,”’ but he indicates that if this were so it would take 
roughly one thousand million million years. 

When we consider (a) that all Dickenson’s steels 
and a nickel-chromium alloy show a similar behaviour 
over a wide range of temperature and duration, although 
the individual behaviour as to life was very different 
at a given temperature, for example, the nickel-chro- 
mium alloy at 600 deg. C. has a life about 3.) times 
that of 0-3 per cent. carbon steel; (6) from data 
upon the softening of strain-hardened metals, softening 
at all temperatures is indicated; (c) the lower the 
temperature in French and Tucker’s tests the less 
indication is there of a limiting creep stress, there 
appears to be safe ground for extrapolating the graphs 
to a log rate of creep (strain per hour) of 5. It is 
seen that at 430 deg. C., continuous creep would appear 
to occur at a rate of 10-* strain per hour under a stress 
of 3-6 tons per sq. in. 

That creep can occur in a steel at such a rate has 
been shown, in the case of stainless iron at 400 deg. C., 
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by McVetty, of the Westinghouse Electric and Manu- 
facturing Company.* 

Fig. 5 shows the results of his tests, which indicate 
that under a stress of 18,000 Ib. per sq. in., which is 
1,000 Ib. per sq. in. less than the proportionality limit 
determined in the usual way, creep is shown after 
800 hours roughly at a rate of 1-6 x 10-8 strain per 
hour. Although the greatest care was exercised in 
devising sensitive temperature control, it was found 
that the exact behaviour was masked by temperature 
fluctuations. 

Lea has employed a method similar to that used by 
French and Tucker, and likewise has found limiting 
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that, if they exist, their values, in all probability, are 
so low as to be of little value for design purposes 
where it is required to utilise the properties of the 
metal to the fullest extent. If creep is present, the 
criterion which must determine whether or not its 
amount may be neglected in design calculations is 
whether the amount of such creep in the life of the 
part is negligible or not compared with the elastic 
distortion. If it is, as is the case at low temperatures, 
then the material, as regards stress distribution, behaves 
in accordance with the clastic theory, but if the reverse 
is true then the elastic theory is useless, and stress 
distributions must be determined upon some other 
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due to its sponsorship in some authoritative quarters. 
The most common argument advanced by its devotees, 
when its determination is questioned, is that, even if 
a limiting creep stress has not actually been found, 
if the creep is such as to result in very long life of a 
part, then the corresponding stress may be regarded, 
for all practical purposes, as though creep had ceased. 
The fundamental error of this argument is that the 
distortion is considered only from the point of view 
of its own actual magnitude and not in relation to the 
elastic distortion which, as already indicated, determines 
whether a metal may be considered elastic or plastic. 
The matter would be of little importance if results 
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creep stresses, but, as shown by Fig. 6, these 
cannot be upheld when the results are plotted 
with the log rate of creep. Further, as Lea’s 
tests were not carried out to the same degree 
of refinement as regards smallness of the rate 
of creep measured, his deduced limiting creep 
stresses are of a higher order than those of 
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are shown in Fig. 7. 

Curves 1, 2, 3 and 4 refer to carbon steels of increas- 
ing carbon content and represent the result of Lea’s 
tests. For comparison, the author has added a curve 
marked 0-24 C., F. and T., showing the limiting creep 
stress deduced by French and Tucker. 

Basis for Design.—The behaviour of metals when 
plastically deformed and the phenomenon of creep 
have been examined in some detail, with the object 
of finding a rational basis for design. It has 
been shown that tests upon steel have not been 
carried far enough to determine limiting creep 
stresses, and reasons have been given indicating 





* Discussion of ‘‘ Methods of Test in Relation to Flow 
in Steels at Various Temperatures,” by H. T. French, 
Amer. Soc. Testing Materials, 1926. 

tH. J. Tapsell and J. Bradley ‘“‘ Mechanical Tests at 
High Temperatures on a Non-Ferrous Alloy of Nickel 





Chromium.” ENGINEERING (1925), vol. cxx, pp. 614, 
648, and 746. 


basis more in accord with the facts of plastic distortion. 
A region would exist where the two distortions are 
comparable in magnitude, and it has been shown 
that for the two to be equal after a period of 10,000 
hours’ service, the average creep rate for steel would 
need to be of the order of 2 x 10- strain per hour. 
A creep of fifty times this rate, or a strain rate of 
creep of 10-6 per hour, would only result in a 4-in. 
diameter tube becoming 4-04 in. after 10,000 hours’ 
service, and this would be quite a practicable figure 
in a plant where high-temperature operation is aimed 
at. Obviously, from the data that have been given, the 
plastic conditions would determine stress distribution 
in such a case. In extreme cases, an even larger creep 
rate might be found economical. 

Unfortunately, the idea of a limiting creep stress has 
already obtained some hold, partly no doubt due to 
its simplicity, partly because the wish may have been 
father to the * an t, and partly also, one may think, 
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are much the same whatever condition is assumed, but 
this is not so, and as the plastic state results in so 
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much easier stress conditions than are calculated from ~ 


elastic considerations, engineers will fail to get, or be 
scared from getting, the most from metals at high 
temperatures if they adhere to a limiting creep stress 
and the elastic theory. 

Sufficient has been said to show that if plant is to 
be designed for highest practicable temperature 
operation, the behaviour of the metal will fall well 
within the plastic region, and it is necessary to lay 
down what appear to be the most satisfactory principles 
for the development of appropriate theory and expres- 
sions for the strength and distortion of parts of different 
form, and under different straining actions. 

Our earlier examination of the mechanism of plastic 
distortion, when the elastic distortion is negligible, 
justifies the following statements :— 

(1) Distortion is by shear, and is confined to the 
planes on which the maximum shear stress 
occurs. 

(2) The rate of shear will be a function of shear 
stress and temperature. This relation must be 
determined experimentally. 

(3) The density of the metal remains constant, and is 
uninfluenced by stress. 
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(4) Certain geometrical features will be the same as 
for elastic distortion, e¢.7., in the bending of a 
beam initially straight, plane sections would 
remain plane. 

Referring to (2), the author is unaware of creep 
tests in shear having been made, and, at the moment, 
the relation between shear strain and linear strain 
under plastic conditions in the different cases that 
arise is a matter of uncertainty in the author’s mind, 
and requires investigation. 

On the view put forward by the author, the relation 
between stress and strain will no longer be represented 
by Hooke’s law, but by an exponential expression, 
tending towards this law as a limit at low stresses. 
On this basis, a hollow tube exposed to internal pres- 
sure will fail first at its external surface, and not at 
the inner surface as it should according to the ordinary 
theory, and it will be permissible to adopt higher 
working stresses than if these were fixed by a supposed 
limiting creep stress. 

There are thus good reasons for expecting better 
service from metals at high temperatures than would 
be expected from elastic considerations, and the action 
taken at the Langerbrugge station, for example, has 
something in justification. Unfortunately, as will have 
been gathered, so little has been demonstrated in a 
fundamental sense by experiment that rational specu- 
lation like that offered is the only way, at present, in 
which the little existing information can be used at all. 
The need for experimental data of the right kind 
cannot be too strongly urged, and although such 
considerations as those given are useful as a guide, 
engineers are concerned with complicated structures, 
and the question that arises is how to proceed to higher 
temperatures without too risky experiments. 

Practical Means of Proceeding to Higher Tempera- 
tures.—Where parts are under fluid pressure, it may be 
taken that stresses would be proportional to the 
pressure, and if the real limiting creep stress is very 
low, as it appears to be for steel, then the results of 
creep stress tests afford a guide to what may be done 
without making conditions more severe than at present. 
For example, Fig. 8 has been interpreted from French 
and Tucker’s tests upon a medium carbon steel and 
gives the stress for a constant rate of creep of 10~° strain 
per hour ; a finer degree of creep is desirable, but data 
do not exist to cover this. Suppose now that a 
part has been found satisfactory at 400 deg. C. under 
a pressure of, say, 1,000 lb. per square inch and working 
stress of 4:8 tons per square inch, Fig. 8. indicates that 
it should be at least as satisfactory under a pressure of 
440 lb. per square inch at 500 deg. C., and 270 lb. per 
square inch at 550 deg. C. If greater pressures are 
desired at the higher temperatures, principles such as 
those developed in this paper should provide a reason- 
ably safe guide, proportions being altered for a given 
case, so that the stress remains the same. 

Parts under centrifugal stresses provide their own 
very special problem, namely, that if high speeds are 
used high stresses are inevitable, and unless special 
steels are employed some means of artificial cooling or 
shielding is necessary. ; 

Fatigue.—Fatigue has been left out of consideration 
because, at higher temperatures, the fatigue character- 
istics are much better retained than the static pro- 
perties, and fatigue should not give rise to problems 
comparable with those that are associated with distor- 
tion due to creep. 

Conclusions.—Whilst our knowledge is fairly satisfac- 
tory for all stresses under which elastic behaviour pre- 
dominates, there is extremely little information relating 
to stresses and temperatures at which plastic distortion 
will be the ruling factor, and since for high-temperature 
service plastic distortion will have to be an accepted 
feature, the need for experimental work to provide 
an equally good basis for design in this region is an 
important one. Meanwhile the author hopes he has 
indicated that there is room for more optimism in 
proceeding to higher temperatures than is generally 
thought to be the case. 





TRANSATLANTIC TELEPHONY. 


THE report of the committee on transatlantic 
wireless telephony, which was published recently by the 
Stationery Office (Cmd. 2858), contains some interesting 
particulars of the work which led up to the establish- 
ment of a successful transatlantic radio-telephonic 
service. The committee, which was appointed in 
March, 1923, largely as the result of the demonstration 
given at the New Southgate works of the Western 
Electric Company in January of that year, began by 
obtaining data with a view to outlining the problem 
on which it was engaged. Measurements were made in 
this country of the strength of signals received from 
America and .of the strength of the atmospherics, the 
tests extending over a complete 24 hours in each case. 
At the same time signals were transmitted from 
this country to America, where similar records were 
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made. Among the plant installed in connection with 
these experiments was an antenna 7 miles long. This 
was erected at Chedzoy, Somerset, for determining the 
value of this type of aerial in combating atmospheric dis- 
turbances. The results of these experiments led directly 
to the installation of a 200-kw. transmitting station at 
Rugby and a receiving station at Wroughton, near 
Swindon, both of which are now in commercial service. 
It has been found, however, that a considerable im- 
provement will be obtained by moving the receiving 
station farther north, and another antenna is therefore 
being built near Cupar for this purpose. American 
experience on this point has been similar, and the 
receiving station at that end has therefore been moved 
from Rocky Point to Houghton on the Canadian frontier. 

The early measurement work, referred to above, 
showed that the best wave length for transatlantic 
work was between 5,000 and 6,000 m. As, however, 
there were already 40 services working in this band, 
attempts were made to operate the transmitters on 


. both sides of the Atlantic on the same wave-length. This 


has been successfully done by the use of switching 
devices, which are actuated by the voice and 
switch the transmitting and receiving circuits at each 
end on or off, according to the direction in which speech 
is proceeding. This report completes the work of the 
committee, and they are to be congratulated on having 
attained so great a degree of success in so short a time. 
In a valedictory paragraph they recommend that the 
improvement of the present partially secret system 
should be continued to a conclusion, and we sincerely 
hope that this recommendation will be adopted. No 
doubt the technical difficulties are great, but though 
the public find the present service useful its lack of 
secrecy must tend to hinder its full and free develop- 
ment. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Sales of Cleveland pig iron 
continue on a disappointing scale, even for this usually 
dull period of the year. With the small quantities 
available for disposal still in excess of market demand, 
producers’ stocks are being steadily augmented, but they 
disregard customers claims for price concessions, repeating 
the declaration that current quotations are unremunera- 
tive. No. 1 quality is 72s. 6d. ; No. 3g.m.b., 70s. ; No. 4 
foundry, 69s.; and No. 4 forge, 68s. 6d. 


Hematite.—There is just a little more buying of East 
Coast hematite iron. Producers are as keen as ever to 
liquidate stocks, but with the small output now barely 
sufficient to cover the moderate market demand, they 
are becoming less disposed to shade recognised figures. 
= lis put at 77s. 6d.; and mixed Nos. are quoted at 

7s. 

Foreign Ore.—Consumers of imported ore continue to 
hold off the market, as their already large stocks are 
steadily increasing owing to the considerable deliveries 
they are having to accept against old contracts. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
selling slowly, and values show a further downward ten- 
dency. Good average qualities are offered freely at 
20s., delivered to works in this area, and business has 
been put through at lower figures. 


Manufactured Iron and Steel.—There is not much 
business in the various branches of finished iron and 
steel, and quotations are stationary. Inquiries for some 
descriptions of steel are, however, rather better. Common 
iron bars are Ill. 5s.; best bars, 11/. 15s.; best best 
bars, 12/. 5s.; iron rivets, 111. 15s.; steel rivets, 121. ; 
packing (parallel), 8/.; packing (tapered), 11l.; steel 
billets (soft), 71. 12s. 6d. ; steel billets (medium), 8/. 2s. 6d.; 
steel billets (hard), 87. 12s. 6d. ; steel ship plates, 8/. 2s. 6d.; 
steel angles, 7/. 12s. 6d. ; steel joists, 7/. 12s. 6d. ; heavy 
steel rails, 82. 10s.; and galvanised corrugated sheets 
(No. 24 gauge in bundles), 141. 5s. 


Iron and Steel Imports.—Tees Conservancy Commission 
returns issued this week of imports of iron and steel to the 
Teeside from Holland, Belgium, France, Norway, Sweden, 
India, Germany, and coastwise, for the eight months 
ending June 30 last, and the figures for the same months 
a year ago, as well as those for the corresponding pre- 
war period in 1913-14, show that during the past eight 
months the aggregate unloadings reached 278,063 
tons, as against 133,799 tons a year ago, and 47,549 tons 
in the pre-warperiod. The tonnage of pigiron unshipped 
to the end of June last amounted to 87,799 tons, as 
against 38,670 tons a year ago, and 218 tons in the 
pre-war period. Arrivals of crude sheet bars, billets, 
blooms and slabs, to the end of June last, reached 150,715 
tons, as against 84,092 tons a year ago, and 30,307 tons 
in the pre-war period; and imports of plates, bars, 
angles, sheets, and joists during the recent months 
totalled 39,549 tons, as against 11,037 tons a year ago 
and 17,419 tons in the pre-war period. 

Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees last month totalled 85,663 tons, 
comprising 13,113 tons of pig iron, 4,871 tons of manu- 
factured iron, and 67,679 tons of steel. Italy was the 
largest buyer of pig iron, taking 4,508 tons, and the Irish 
Free State, with an import of 810 tons, was the best cus- 
tomer for manufactured iron. India was, as usual, by far 
the heaviest purchaser of steel, taking 16,027 tons. Other 
principal importers of steel were Australia 14,360 tons ; 
Japan, 4,759 tons ; Portuguese West Africa, 2,752 tons ; 
Chile, 1,741 tons; Sweden, 1,532 tons; Ceylon, 1,223 
tons; and Nigeria, 1,190 tons, 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—No improvement can yet be 
reported in connection with the Scottish steel trade, and 
instead of a rush for deliveries before the approaching 
holiday period things are very quiet indeed. Contracts 
on hand are being gradually cleared off and few are being 
booked to take their places. This state does not augur 
well for the autumn months, and unless a rush of fresh 
business comes along in the near future a quiet spell is 
very certain after the holidays. Shipbuilders have booked 
quite a number of orders during the past few months, and 
it is thought that all the material required has not, as 
yet, been covered, so that there is a possibility of a certain 
amount of work from that direction. Inquiries coming 
to hand do not represent any volume of business, and 
the opinion is gaining ground that buyers are holding out 
of the market in the hope of securing better terms from 
steel makers when the latter are forced to cut prices to 
secure enough work to keep their plants running. So far, 
quotations are being maintained at recent levels. In 
the black-sheet trade, the demand for the lighter gauges of 
the better grades is exceedingly good, and order books are 
well filled up. Otherwise the trade is quiet. The follow- 
ing are the current market quotations: Boiler plates, 111. 
per ton; ship plates, 8/. 2s. 6d. per ton; sections, 
71. 12s, 6d. per ton ; and sheets, under ¥ in. to } in., 10/. 
to 127. per ton, all delivered at Glasgow stations. 


Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland, the demand, at present, is very small. The con- 
sumption of hematite locally has fallen off considerably, 
and the same is also the case with regard to foundry iron. 
The export side of the business is also poor, and there 
is no evidence of any revival. In the meantime, stocks 
are increasing, and although prices are showing little 
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change, producers are prepared to shade quotations 
rather than to add to stocks. The current prices are: 
hematite, 82s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 85s. per ton, and No. 3, 80s, per ton, 
both on trucks at makers’ yards. 


Malleable Iron Trade.—There has been no change in 
the state, of the West of Scotland malleable iron trade 
over the week and hand-to-mouth conditions are general. 
Specifications are very slow for bar iron, and re-rolled 
steel bars are also in poor request at present. The price of 
‘Crown ”’ bars shows no change at 10/. 15s. per ton 
delivered at Glasgow stations. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 2, was 566 tons. Of that total, 449 tons 
went overseas and 117 tons coastwise. For the corre- 
sponding week of last year, the figures were, 298 tons 
overseas and 59 tons coastwise, making a total shipment 
of 357 tons. 


Scottish Shipbuilding—Employment «in the Scottish 
shipbuilding industry is gradually improving, and the 
returns for the past month bear this out. As will be 
seen below, the figures of the output are 45 vessels of 
47,391 tons. Contracts booked last year and held up 
owing to labour troubles are steadily being completed 
and new vessels being laid down, but nevertheless some 
of the yards have not.a very large amount of work on 
hand yet, despite the fact that a fairly large number 
of orders have been placed since the beginning of this 
year. During the past month about twenty new contracts 
were booked, but of that number at least a dozen were 
for small craft of one kind and another. Shipbuilders 
complain of the very poor prices which they have to 
accept at present, and, when costs are fully reckoned, the 
margin is negligible. The output figures for last month 
and for the half-year are as follows :- 


June, 1927. | Six months, 1927. 








Vessels. Tons. Vessels. Tons. 

The Clyde ... . See 40,465 100 145,171 

The Forth ... sea 8 953 26 6,414 

The Tay ... — 3 5,000 5 8,500 
The Dee and Moray 

Firth PSP ae 6 973 14 2,801 

45 47,391 145 162,886 


The Clyde figure for the month of June is the highest 
monthly output for the year to date, but it does not 
bring the six months’ total up to that of last year, when 
the output was 158,552 yons. It is satisfactory to note, 
however, that the industry would seem to be in a more 
healthy condition, and that the prospects for the autumn 
are, if anything, much brighter, provided that no labour 
troubles arise and we have a period of industrial peace. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Purchases of steel from local furnaces 
are not on a par’ with the current rate of production. 
Difficulty is consequently being found in maintaining 
activity at its present level. A fact that weighs consider- 
ably with producers,‘ however, is that at the bulk of 
consuming works, stocks are exceptionally light, and 
that any forward movement in the finished branches 
must be reflected immediately in steel production. Both 
coke and pig iron are available at rates that are con- 
sidered to be highly favourable to buyers. Hard basic 
steel billets are quoted at 8/. 12s. 6d. and 9/. 2s, 6d. per 
ton, medium billets at 8/. 2s. 6d., and soft basic at 71. 
The last-named represents a reduction of 5s, per 
ton on the rate prevailing a fortnight ago. Lincoln- 
shire and Derbyshire foundry pig iron are quoted at 
71s. 6d. to 72s, 6d.-per ton. Crown bars maintain 
their former quotation of lll. 10s. per ton. Firms 
specialising in steelworks plant and boilers report un- 
precedented difficulties during the past twelve months, 
accompanied by heavy losses. For much of the foreign 
business in circulation they are being undersold by 
France and Germany, while former customers in this 
country were so heavily hit by the recent coal strike 
that many of them are unable, as they would like, to 
sanction improvement schemes that would bring work 
to Sheffield. At the moment order books are improving, 
and there are prospects of more continuous employment, 
but the attainment of higher selling prices is considered 
to be out of the question in face of the force of foreign 
competition. Slightly better reports are received from 
railway steel branches. The axle and tyre departments 
are slightly better employed, though still working 
below productive capacity. Foreign contracts are 
subject to exceptionally keen price cutting. A Notting- 
ham firm has received a share of a contract for 1,000 
open goods wagons to be built for the London and 
North Eastern Railway Company. Electrical and auto- 
mobile engineering figure amongst the most progressive 
lines. Sheffield. should derive some benefit from the 
big contract placed with an associated undertaking by 
the London Power Company. 


South Yorkshire Coal Trade.—The exceptionally low 
prices prevailing in several of the principal grades of 
fuel are beginning to attract increased attention. Several 
districts are reported to be making preliminary inquiries 
with a view to renewing stocks of house coal for the 
coming winter. There is also a tendency on the part 
of householders in the Sheffield area to order in larger 
quantities than during the past three or four months. 
The demand for industrial fuel, while insufficient to 
occupy collieries full time, is inclined to be progressive. 
Manufacturing concerns in the heavy trades are taking 





advantage of the further offer of spot lots at attractive 
rates. Exports are slowly expanding at keenly competi- 
tive prices. Short-time working at the collieries has 
caused stocks of slacks to be considerably reduced, with 
the result that values show a harder tendency. Business 
is being done in blast-furnace coke as low as 12s, per 
ton at ovens. Quotations :—Best branch handpicked, 
27s. 6d. to 288. 6d.; best house coal, 21s. to 22s. 6d. ; 
screened house coal, 19s. to 2ls.; screened house nuts, 
16s. to 17s. 6d.; Yorkshire hards, 16s. to 17s.; Derby- 
shire hards, 16s. to 17s. ; rough slacks, 10s. 6d. to 11s. 6d. ; 
nutty slacks, 8s. to 9s.; smalls, 3s. to 5s. 6d. 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—There is a general consensus of 
opinion that coal prices are as low as possible. Demand, 
however, remains very limited and buyers continue to 
follow. a hand-to-mouth policy, and until there are 
definite signs of prices advancing, no material alteration 
is anticipated. Though the majority of collieries are 
working intermittently because of the lack of trade, and 
thousands of miners are idle through non-unionist 
troubles in the coalfield, free supplies of coal are abundant 
to meet the limited requirements of shippers. Thousands 
of wagons are held up under load on the railway and in 
the colliery sidings because of the slackness of trade. 
While colliery salesmen are resisting making any further 
reductions in prices, declaring that they prefer to close 
down, buyers able to make quick shipments can still 
secure small concessions on quoted prices. Best 
Admiralty large is about 20s. 6d., with seconds at 19s. 6d., 
and ordinaries down to 18s. Monmouthshires rule from 
17s. 6d. to 19s., and drys from 18s. to 19s. 6d., Smalls 
are also freely available from lls. 6d,. for the inferior 
grades to 13s. 6d., for the best bunker descriptions. The 
only class of coal to show any strength is sized, the make 
of which is curtailed by the lessened production of large 
and small. Dry nuts rule from 17s. 6d. to 21s. 6d., with 
bituminous nuts from 19s. 6d. to 20s. 6d., and washed 
dry duff from 13s. 6d. to 14s. 6d., with unwashed dry duff 
12s, 6d. to 13s. 6d. An indication of the general slack- 
ness is illustrated by the fact that one colliery holding a 
contract for 52,000 tons of smalls over the year has 
been unable to supply the required 1,000 tons per week 
owing to stoppages at the pits caused by wagons being 
held up under load with large coal. The smalls were 
required for patent fuel making in France, and the 
customers have been compelled to buy Scotch and German 
smalls to keep their works going. Exports of coal as 
cargo foreign from South Wales in the past week 
amounted to 430,950 tons, compared with 485,790 tons 
in the preceding week, shipments at Cardiff being reduced 
from 268,120 tons to 264,835 tons, at Newport from 
101,470 tons to 68,885 tons, at Port Talbot from 50,140 
tons to 35,610 tons, and at Llanelly from 8,350 tons to 
2,580 tons. At Swansea, exports rose slightly, namely, 
from 57,710 tons to 59,040. The outlook is indeed 
gloomy at present, and it seems that no improvement 
can be expected until outputs are further curtailed, 
when it is believed that orders which are being held 
back will come into the market. 


Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 14,737 tons, against 30,201 tons 
in the preceding week. Shipments of tinplates and terne- 
plates totalled 7,371 tons against 10,672 tons, black- 
plates and sheets 3,632 tons against 760 tons, galvanised 
sheets 1,659 tons against 3,577 tons, and other iron and 
steel goods 2,075 tons against 15,192 tons. 


Coal Loading Invention.—An apparatus has been 
patented by a Cardiff docksman, which it is claimed 
can be adapted to the existing tips tospeed up the loading 
of;coal to 1,200 tons per hour. The general opinion of 
those in the coal trade is that the unique conditions 
under which Welsh coal is marketed make it impossible 
for the coal to be shipped at such a speed, owing to the 
necessity of mixing and minimising breakage. 





Fuet ror Moror VEHICLES IN AvusTRALIA.—The 
Commonwealth of Australia is becoming concerned at the 
rapid increase in the importation of petrol. Since 1918 
the consumption of petrol has risen from _ 1,700,000 
gallons to 20,000,000 gallons a year. The consumption is 
at present being doubled every three years. . The Federal 
Government now grants a bounty on power alcohol made 
from locally-grown crops, and has instituted a petrol 
tax. 





LauncH OF THE M.S. ‘‘ Et Ateto.”—On Tuesday, 
June 28, the twin-screw motor tanker El Aleto was 
successfully launched from the Walker shipyard of 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, where she is being built to the order of Lobitos 
Oilfields, Limited. The new vessel, which is classed 
100 A.1 at Lloyd’s, and is designed to carry about 10,000 
tons on a draught of 26 ft. 3 in., is of the two-deck type 
with poop, bridge and forecastle, and has been con- 
structed on the longitudinal system of framing, the main 
dimensions being as follows: Length, 455 ft.; breadth, 
57 ft. 2 in.; and depth, 33 ft. ll in. Twenty separate 
compartments and ten ’tween deck spaces are fitted for 
the carriage of oil, all of which are steam-heated ; and 
three duplex oil pumps are fitted for the cargo handling, 
one forward and two aft. The main propelling machi- 
nery, which is situated aft, will be installed by Messrs. 
J. G. Kincaid and Company, Limited, and will consist 
of two sets of single-acting, four-cycle Harland and 
Wolff—B. and W. engines, is designed to give the ship 
a speed of 11} knots when fully loaded. 





NOTICE OF MEETING. 





THE INSTITUTION oF NAVAL ARCHITECTS: SUMMER 
MEETING.—Monday, July 11, to Friday, July 15, at 
the Senate House, Cambridge. Tuesday, July 12, at 
10 a.m., “‘ Ships from Pepys’s Manuscripts,” by Mr. G. 
8S. Laird Clowes. ‘The Propulsive Efficiency of Row- 
ing,” by Mr. F. H. Alexander. At 5 p.m., ‘‘ Pulverised 
Fuel for Marine Purposes,’ by Engineer-Captain J. C. 
Brand. At 9 p.m., Reception, Sidney Sussex College. 
Wednesday, July 13, at 9.30 a.m., Visit to Bedford. At 
8.30 p.m., Reception in the Engineering Laboratory, 
Cambridge. Thursday, July 14, at 9.30 a.m., at the Arts 
School, Benet-street, Cambridge, ‘‘The Analysis of 
Screw Propeller Efficiency with Particular Reference to 
Froude’s Method,” by Mr. G. S. Baker. ‘‘ Average Sea 
Speeds of Ships under Winter Weather Conditions,” 
by Mr. J. L. Kent. ‘“‘ Deformation and Stress Distri- 
bution in Rigid Airships,” by Prof. W. Hovgaard. At 
8 p.m., Institution Banquet, in the Hall of Trinity 
College, Cambridge. Friday, July 15, at 9.20 a.m., 
Visit to Ipswich. 








Carspon-Arc Butt-WELDING MAcHINE.—The Lincoln 
Electric Company, of Cleveland, Ohio, have recently 
introduced a butt-welding machine for work that cannot 
be done by resistance welding, such as the closing of a 
tube with a plug. For the purpose, direct current is 
supplied to the carbon arcs of the machine at between 
40 volts and 60 volts. 





Corrosion CAUSED BY BRiINnE.—An important problem 
to refrigeration engineers is the corrosion by brines, 
either sodium chloride or calcium chloride, of ‘copper, 
steel, or grey cast iron. An investigation by a French 
authority, M. Pierre, shows that the active element of 
this corrosion is due to the formation of an electrolytic 
couple, due to the association of air, brine, and the metal, 
and thus the dissolution of air should be avoided by 
submerging the return brine pipe so that it delivers below 
the level of the fluid in the main container. Strong brines 
cause more rapid corrosion, and the presence of magne- 
sium chloride increases the activity. Lime or soda 
should be used with them to neutralise the formation of 
hydrochloric acid. 





New Rartway BripGE on THE RIVER Mevuse.—With 
a view to reducing the time necessary for operation and 
increasing the clear height available above the water 
level, the old double-track railway swing bridge across 
the Koning Dock, at Rotterdam, has been replaced by a 
bridge of the lifting type. The lifting portion of the 
bridge is in the middle, and is raised by four steel 
ropes. This bridge, which has been built by the 
Gutehoffnungshiitte, of Oberhausen, Rheinland, has the 
feature, in distinction from the more common design for 
such structures, that the power plant is not located at 
the centre of the movable portion, but is accommodated 
in one of the towers. In this way a considerable dead 
load is avoided. A 200-h.p. direct-current motor can 
raise the lifting section through a height of 130 ft. 
in one minute, as compared with four minutes for the 
slewing of the old swing bridge. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Empire and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—Four separate calls are reported from the Public 
Works Department, New Zealand:—(I) For 50-kv. 
lightning arresters for Waikato electric power scheme. 
Section 235 (Ref. No. BX 3605); (II) For 11,000-volt 
switchgear and metering equipment for Waikaremoana 
electric power scheme. Section 57 (Ref. No. BX 3602) ; 
(III) For 50-kv. lightning arresters for Waikaremoana 
electric power scheme. Section 59 (Ref. No. BX 3603) ; 
(IV) For 10,000-kv.-a. transformers for Waikato 
electric power scheme. Section 227 (Ref. No. BX 
3604). Tenders for Nos. I, II, and ITI are to be presented 
by October 4, and those for No. IV by October 25.—The 
Victorian Government Railways Commissioners are 
inviting tenders for the supply and delivery at the 
Newport Power House of one 5-ton electric transporter 
(three-motor type). Contract No. 40384. Local repre- 
sentation is essential. Tenders to reach Melbourne by 
August 31. (Ref. No. AX 4866.)—Documents and 
drawings, which may be seen on application to Room 50 
until July 14, have been received relative to a call for 
tenders for the construction at Danzig of a new harbour 
basin. Tenders to be received by July 25. (Ref. No. AX 
4872.—)There are three separate calls from the State 
Electricity Commission of Victoria, Australia :—(I) For 
the manufacture, supply, and putting into service at 
Yallourn of one electrically-operated deep dredger for 
brown coal. Specification No. 27/70 (Ref. No. AX 
4870); (II) For the supply, delivery, and putting into 
service at Yallourn of one 40-ton, nominal capacity, 
single-crab, three-motor type, electrically-operated 
travelling crane. Specification No. 27/58 (Ref. No. 
AX 4869); (III) For the supply and the delivery of 
four high-pressure water-tube boilers with superheaters, 
&c.; steel structural work and external covering for 
boiler-house, &c.; condensate drums, hot-wells, &c. 
A complete system of piping for the whole of the plant, 
with valves, &c. (Ref. No. AX 4850). Tenders for 
No. I are to be presented by August 29, for No. II by 
November 14, and for No. III by November 28, 
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EARLY STAGE IN SINKING CAISSONS. 
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PLATE IV. 
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the tout that the above is our SOLE ADDRESS, 
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Journal and any other publications bearing 
somewhat similar titles. 
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== 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
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DETERIORATION OF STRUCTURES 
IN SEA WATER. 


UnpeEr the auspices of the Department of Scientific 
and Industrial Research, the council of the Institu- 
tion of Civil Engineers appointed, in 1916, a com- 
mittee to study the effects of sea water on structures 
of various kinds and types. Up till 1924, the 
research was financed by the State, but since then 
only one-half the total expenditure has been thus pro- 
vided, the residue being furnished by subscriptions 
from outside sources. Treasury support is to be 
wholly withdrawn on March 31 next, and if the 
investigations in hand are to be completed, the 
requisite funds must be provided by voluntary 
contributions. The Institution of Civil Engineers 
has accordingly now issued an appeal for further 
subscriptions. The total required is not large, the 
expenditure during the past five years having 
averaged 7251. per annum, of which, as stated, one- 
half was obtained from railway companies, harbour 
authorities, and others directly interested in the 
maintenance of structures exposed to sea water. 
The total cost up to date has been 13,547]. It 
is estimated that another 5,5001. will complete the 
research, and it is for this sum that an appeal is 
now being made. 

The importance of the inquiry is indisputable, 
and is strikingly illustrated by the specimens of 
ruined timber, corroded metal, and damaged con- 
crete exhibited in the Museum formed in a room 
provided by the Institution of Civil Engineers at 
Great George-street. Here will be found a section of 
a 14-in. by 14-in. teak dolphin timber from Rangoon, 
which was honeycombed by Teredo in eight 
months. Another specimen, a black butt pile from 
Auckland shows holes $3 in. in diameter made by 
the same pest, and a 13-in. pile from Singapore 
has been even more relentlessly attacked. At 
Perth, S.A., even Jarrah piles have been ruined in 
11 years, though specimens cut from the non- 
submerged lengths are still as sound as ever. A 
specimen from Devonport shows holes made by the 
Teredo which appear so truly circular that they 
might have been drilled. In home waters, the 
LIimnaria appear to be the principal agents in 





4! pest in less than nine years. 


destroying timber. They make smaller holes than 
the Teredo, but what they lack in size they make 
up for in number. Tarred pitch-pine and tarred 
Blue gum have been destroyed at Heysham by this 
Specimens, both of 
these and the Teredo are shown in the Museum, 
some of the specimens of the Teredo being nearly 
18 in. long. 

Submerged in fresh water, timber seems to have 
almost an indefinite life. At the least it seems to 
be good for fully 100 years, whilst piles have been 
found to be still sound after the lapse of a thousand. 
On the other hand, even in temperate climates, the 
average life of timber exposed to the sea cannot be 
reckoned at more than 10 or 15 years, whilst in the 
tropics it is often less than two. Creosoting has not 
proved wholly effective, and the committee have been 
studying the possibility of obtaining better results 
by the addition of certain poisons. Some arsenical 
compounds appear to be promising. These are 
stated to be insoluble in water, but can be dissolved 
in creosote, alcohol or fuel oil. 

Other specimens on view in the museum show that 
timber is not the sole sufferer from the ravages of 
marine life. Portland cement concrete at Karachi, 
containing large limestone pebbles, has been attacked 
by certain Lithophaga, which have, in cases, even 
penetrated the concrete to get at the lime; and 
Portland stone at Devonport has suffered from the 
ravages of still another agent. On the other 
hand, it is noted that concrete decking at the 
Devonport fuel depot seems to have suffered in 
no way from a prolonged saturation with oil. There 
have, it appears, been several instances of the 
failure of reinforced concrete in harbour and dock 
work. The museum contains samples of stirrups 
and main reinforcements removed from Henley’s 
— | Jetty on the Thames. The metal has been prac- 
tically destroyed by corrosion which, moreover, led 
to the splitting off of the concrete covering, thus 
increasing still further the exposure to the destruc- 
tive agencies. The work of the committee has 
shown fairly definitely that it is advisable in 
subaqueous work, that the metal should be covered 
by at least 2 in. of concrete. 

As some set off to the destructive action of sea 
fauna, on timber piles, it may be recorded that 
samples on view in the museum show that marine 
growths sometimes seem to retard the corrosion of 
iron. Thus, when a curious growth of oysters on 
an iron girder at Singapore was removed, the metal 
below was found to be practically rust free, and a 
similar effect was observed in the case of a 6-in. by 
5-in. steel I beam at Kowloon. 

The relative resistance to corrosion of various 
steels and irons is still under investigation. Appar- 
ently none of the alloy steels tried so far, have proved 
perfectly resistant, although some of them were 
markedly superior in this regard to ordinary struc- 
tural steel. The protective properties of various 
paints is also being studied, and very promising 
results have been obtained with tar. An interesting 
point already established appears to be that cold 
working per se has little or no effect on the corrosion 
of ferrous material. The tests were however, made 
under conditions little likely to be met with in 
practice, since the specimens had been uniformly 
overstrained, and were completely insulated during 
the test. In practice, overstrained material is likely 
to be coupled up electrically with normal metal, 
so that corrosion is promoted by electrolysis. An 
interesting exhibit in the museum is an iron bolt 
which had been embedded partly in oak and partly 
in other timber. The oak covered metal has been 
eaten away so as to reduce its section by some 50 
per cent., whilst elsewhere the original diameter 
has been sensibly maintained. Another exhibit 
is a 6-in. brass nail from the dockgates erected in 
1805 at Leith. This was removed in 1919 and was 
still quite sound. This sample is of particular 
interest in view of the highly unsatisfactory results 
obtained with the high tensile copper alloys specified 
for the new Catskill Aqueduct works as described 
in 1917 in Enetngertne (vol. civ, page 152). In 
this case many bolts, pipes and rods failed spon- 
taneously whilst still in store, and in other cases 
after a few months’ service. 

The impossiblity of making accelerated tests has 





inevitably prolonged the work of the committee 
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which is investigating the deterioration of structures 
exposed to the sea, but it is hoped that another five 
years’ work will practically complete the research. 
In view of the certainty that maintenance costs will 
be reduced as the result of the experiments and 
observations made, it may be confidently expected 
that the committee’s appeal for the very moderate 
sum yet required will meet with an adequate 
response from harbour engineers and dock autho- 
rities both at home and abroad. Owing to the 
important sea works under their control, assistance 
might well be also solicited from the Admiralty. 

In its general aspect, the inquiry discussed above 
may be regarded as but one section of a general 
problem confronting the engineers of to-day. 
During the major part of the Nineteenth Century, 
the engineer was mainly engaged in discovering 
how to utilise natural resources. As matters now 
stand, the problem of conserving them becomes daily 
more insistent. Forests are rapidly disappearing, 
and in spite of improved technology, coal is becom- 
ing harder to win and more costly. Moreover, 
whilst our iron ore reserves are ample for the present, 
the fact that Sir Robert Hadfield has estimated, at 
20 million tons, the annual wastage of iron by rust, 
is sufficient to justify the fear that at no very remote 
date our descendants may encounter an iron famine. 
Coal may possibly be replaced by other fuels, and 
power developed in other ways than by means of 
necessarily inefficient heat engines. No possible 
substitute for iron is, however, as yet conceivable, 
and this consideration makes it imperative to dis- 
cover means of effecting a substantial reduction in 
the amount now dissipated in the form of rust. 





THE ECONOMY OF HUMAN ENERGY. 

Work is a form of exercise that few people take 
for the good of their health, and still fewer, as the 
French say, for the King of Prussia. Most workers 
require the inducement of getting some result for 
their effort; and this perhaps is just as well, 
because the community depends for its living on 
what it can get out of its energy or power of doing 
work. If an individual or even a community were 
wholly self-supporting, it might please itself as to 
the extent to which it chose to exercise this power. 
In civilised life, however, no community is self- 
supporting. It needs the products of other countries, 
and can get them only in so far as the other countries 
will take its products in exchange. To induce this 
exchange it must be able to give as much of its own 
products as competing communities can offer. 
How much it can give depends not merely on the 
energy it spends on these products, but also on the 
value it gets for that expense of energy. In most 
occupations the value will vary with the operator’s 
skill, but in all of them it may decrease through 
fatigue, for which indeed no better measure has yet 
been found than the loss of energy it indicates. 
A fundamental problem of industry is, therefore, 
so to regulate fatigue as to obtain the largest return 
for a given expense of energy, or, in other words, to 
use the available human energy with the utmost 
economy. An obvious condition of this economy 
is that no more fatigue shall be incurred in a spell 
of work, or a series of spells. than will be recuperated 
completely by the intervening rest. This, however, 
though an essential condition of economical working, 
is not necessarily sufticient. The period of work must 
also be so defined as to yield a maximum average 
output, the amount of which will depend partly on 
the operations and circumstances of the work, and 
partly on its duration. From time to time extraordi- 
narily wide variations have been found in the extent 
of product to be obtained by a given operation, 
which in effect means the amount of livelihood it 
earns. Accordingly the study of fatigue is directed 
not merely to the immediate comfort of the worker. 
It extends also to determining whether he can get 
a better living by his work. 

A common gibe at such studies is to say that 
nowadays men do not work hard enough even to 
know what fatigue is. In some instances, unfortu- 
nately, this may be true, and the result is to reduce 
the workers to much the same level as those who 
live on the dole. The subvention indeed is not paid 
directly from a public fund, but it falls on the indus- 
try even more immediately. In the best event it 





reduces the customer’s contribution to standing 
charges by an amount proportionate to the hoarded 
energy and smaller output. In most instances, how- 
ever, the effect of stinting energy goes much further, 
and deprives the industry of orders and the equiva- 
lent means of livelihood. It is in industry what 
poorness of blood is understood to be in the indi- 
vidual, and goes from bad to worse if the disease is 
not treated and cured. Only in a very small 
minority of men is it both voluntary and incurable. 
The great majority of cases arise from one or both 
of two causes. A man’s willingness to work as hard 
as he can, and to some extent even the amount 
of fatigue involved in doing so, depends on the 
assurance he may feel that he is increasing his share 
of the product his work is contributing to obtain. 
The practice of preventing a man’s earnings from 
increasing with his production, whether it is intro- 
duced by a disposition among employers to cut 
piece or equivalent rates as output increases, or is 
imposed by a trade union rule or custom, deprives 
the worker of the tonic influence of this assurance. 
In most occupations it prevents him conclusively 
both from getting the economic equivalent of his 
available energy, and from contributing his full 
share of the economic output by the offer of which 
customers are led to increase their orders and reduce 
the burden of overhead charges on the aggregate 
living of the workers. It is perhaps not too sanguine 
to believe that both employers and trade unions 
have realised, or are coming to realise, how this 
restriction of incentive has worked and always is 
bound to work. Incentive, however, is not suffi- 
cient to enable a man to do more than he can. No 
man by taking heed can add a cubit to his stature, 
and not uncommonly it happens that a man is 
engaged in a class of work for which his natural 
abilities do not fit him. The consciousness of this 
inability may well operate to counteract any 
incentive, and to prevent him from putting out his 
full energy on a task in which experience has taught 
him that he cannot succeed. For such cases the 
remedy is plainly to find the man an occupation 
for which his abilities do fit him. 

Most men, however, do not decline to incur 
fatigue in their work, and both for them and their 
industry the problem is how to get full value for the 
energy spent and fatigue incurred. Some part of the 
solution may be found in modifying the details of 
the operation, and some in revising or attending to 
the complex works’ circumstances in which they are 
performed. The importance of economising human 
energy was naturally felt more in the United States 
than in this country from the time its industries 
began to increase faster than the population that 
was available to serve them. It is not surprising, 
therefore, that it was in that country the first steps 
were taken not only te invent labour-saving 
machinery, but also to economise the energy of 
those who worked either on the machines or by 
themselves. It was not, indeed, until close on to the 
outbreak of war that the subject began to attract 
attention in this country. As is well known, 
the Ministry of Munitions made some investigations 
into the fatigue of munition workers, and after the 
end of the war these investigations were taken over 
and extended by the Industrial Fatigue Research 
Board, and a few years later began to be made and 
applied to industrial purposes by the National 
Institute of Industrial Psychology. The former 
body has just issued its Seventh Annual Report, 
[H.M. Stationery Office: Price 9d. net.], covering 
the year 1926. It gives evidence of continued 
activity in the investigation alike of problems with 
wide or general industrial importance, specific 
problems submitted to the Board by Government 
Departments and industrial associations, and 
laboratory investigations on muscular effort, the 
acquisition of skill, and other subjects. Reports have 
been issued on many of these enquiries, to which we 
have drawn attention at the time, and the investi- 
gation of some of them is still in progress. The 
operations of the Board seem, in fact, to be continuing 
with unabated vigour in all directions except that of 
vocational guidance. On this important subject 
it will continue to follow up the histories of the 
groups of a hundred children each, who were tested 
in 1924 and placed in occupations respectively 
according to, and independently of, the results of the 





tests. With this exception, however, it is proposing 
to leave further investigation into the subject to 
the National Institute of Industrial Psychology, 
which has received a grant for the purpose from the 
Carnegie United Kingdom Trust. 

The most notable feature of the present report 
is that the Board is appealing for further trial 
to be given to its results in establishments other 
than those in which they were obtained, and for 
closer relations with industries in respect both to 
the application of proposals submitted by bodies 
such as itself and the National Institute of Industrial 
Psychology, and the definition of problems that 
should be submitted to such bodies for investigation. 
A large part of the Board’s work has naturally 
related to the engineering trade, and those who 
have followed our accounts of the Board’s investi- 
gations will not suspect that we lack either sympathy 
with its object or admiration for the perseverance 
and ingenuity with which many of its investigations 
have been conducted. Since, however, the Board 
is asking again for the confidence and co-operation 
of industry, we must repeat that so far as concerns 
the engineering trades it is not likely to obtain 
either on any effective scale until its investigations 
are planned and conducted with the co-operation 
of scientific men who have first-hand experience 
of industrial work. Every engineer knows that in 
shop practice there are many important circum- 
stances which cannot be expressed in general 
terms, and of which the effect is unlikely to be 
appreciated by those who have not been familiar 
with them from the inside. No methods are 
likely to be introduced into industry successfully 
unless account is taken of such circumstances, 
and nothing but practical experience can enable 
an investigator to judge how and to what extent 
allowance must be made for them. 

It is idle for the Board to invoke the fact that, 
for instance, a number of their investigations have 
shown advantage to the worker and to the work 
through introducing rest pauses and standardised 
methods of training. The advantages that have 
been shown in the Board’s investigations have 
been only a fraction of those that were obtained 
in the United States through similar measures 
many years before the Board came into existence. 
The American results were obtained by engineers 
in the course of actual work ; and before it incurred 
the expense and risk of altering its methods a 
prudent industrial establishment that was con- 
sidering the Board’s results would be likely to 
require evidence that the Board’s proposals offered 
not only some advantage but also the utmost 
advantage such a change could yield. The Board 
has steadily neglected to produce such evidence, or 
apparently even to seek it. In a recent paper Mr. 
L. A. Legros expressed regret that up to now 
no critical inquiry had been made into the extent 
to which the work of Taylor, Gilbreth, and their 
followers had permanently affected American 
manufacture. Mr. D. R. Wilson, the present 
Secretary of the Board, while agreeing that in 
principle such an inquiry might be desirable, 
expressed his conviction that in practice it would 
be useless, as, from many inquiries, he had ascer- 
tained that Taylor’s principles were only practised 
by some four or five firms, and, in such of those 
as he visited, only in a very rudimentary form. 
In last month’s number of Mechanical Engineering, 
the Journal of the American Society of Mechanical 
Engineers, one of its past presidents, Mr. Dexter S. 
Kimball, the Dean of the College of Engineering 
at Cornell University, drew attention to these 
statements and protested against them. As against 
Mr. Legros’ observation he quoted reports published 
in the Society’s Journal in 1912 and 1922, which 
hardly support his protest. They testified, in- 
deed, to a wide adoption of Taylor's principles, 
but failed to disclose either the critical inquiry 
for which Mr. Legros has asked, or even the specific 
facts on which such an inquiry could be based. 
On the contrary, the Committee that made the 
earlier report stated expressly that, although it 
had hoped to present statistics on the extent to 
which labour-saving management was in use, it 
had been unable to do so, and the later report 
was no more specific. The earlier committee 
attributed its failure to obtain this information 
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partly to an objection among manufacturers to 
give away trade secrets, and partly to reluctance 
to acknowledge improvements that had been 
introduced by outside experts. In respect, how- 
ever, to Mr. Wilson’s statement, Dean Kimball 
remarks on his own high authority that some of 
the methods introduced in Taylor’s pioneer work 
can be identified in almost any up-to-date manu- 
facturing plant in the country, and that his 
influence on American methods had never been 
so great as it is to-day. “4 
Such a statement by a writer of Dean Kimball’s 
eminence seems a conclusive answer to Mr. Wilson’s 
doubts about the value of an inquiry into the 
recent history of Taylor’s methods in American 
industry, but it stops short of providing the detailed 
exposition and criticism that Mr. Legros asked. 
The generous and broad-minded professional 
hospitality that American manufacturing engineers 
have so often shown to their British colleagues 
makes it difficult to believe that if specific informa- 
tion were now sought in regard to the nature and 
the permanent effect of changes introduced into 
American industry in order to economise human 
effort, the information would be refused. Results 
obtained by the Board from investigations made 
with the co-operation suggested above could not 
fail to be considered seriously by British manufac- 
turers. They would, however, be still more attractive 
and valuable if they were coupled with a detailed 
and practical account of the working of similar 
methods in actual American practice. If Taylor’s 
and similar methods have continued to live up to 
the reported achievements of the pioneers, the prac- 
tice so ascertained would give the Board a much 
higher standard than any at which it has been able 
to aim, and one verified by actual experience. In any 
event, such a study of the precise ways in which 
human energy has been economised by those who 
first and most successfully sought such economy, 
and the extent of advantage that has been derived 
from their methods, should yield ready-made infor- 
mation of the utmost value for the Board’s purposes. 





SOCIETY OF CHEMICAL INDUSTRY. 


A very full programme of Papers on a great variety 
of subjects was put down for consideration at the 
forty-sixth annual meeting of the Society of Chemical 
Industry, which opened at Edinburgh on Tuesday, 
July 5. After civic and scholastic welcomes by 
the Lord Provost of Edinburgh and the Vice- 
Chancelior of the University respectively, the 
Society's medal was presented to Lieut.-Colonel 
G. P. Pollitt, D.S.O., and the President, Mr. Francis 
H. Carr, O.B.E., delivered an address on “‘ Indus- 
trial Chemistry and Progress in Medicine.” On 
the following day a paper on “ Some Aspects of the 
Manufacture of Fibrous Cellulose’? was read 
before the Chemical Engineering group by Dr. 
J. L. A. Macdonald, D.S.O. and four papers dealing 
with the general subject of “‘ The Physiological and 
Industrial Aspects of the Chemistry of Carbo- 
hydrates’? were considered at a joint meeting 
with the Biochemical Society. On Thursday 
lectures on “‘ The Development of the Synthetic 
Nitrogen Industry,” and ‘‘Chemo-therapy in 
Relation to Tropical Diseases,” were delivered 
by Lieut.-Colonel G. P. Pollitt, D.S.O., and M. 
Ernest Fourneau of the Pasteur Institut, Paris, 
respectively, while a “‘ Coal Cleaning Conference ” 
was held under the joint auspices of the Society, the 
Institution of Gas Engineers and the Coke Oven 
Managers Association. At this conference, at which 
Dr. C. H. Lander took the chair, four papers were 
presented, with which we deal more fully below. 
The afternoons during the meeting were devoted 
to visits to places of interest in the neighbourhood 
and the evenings to social functions, including the 
annual dinner of the Society. 

Dr. J. L. A. Macdonald’s paper on ‘Some 
Aspects of the Manufacture of Fibrous Cellulose ’’, 
indicated the lines along which progress had been 
made in the manufacture of fibrous cellulose. In 
the design of the digesters used in the preparation 
of sulphite pulp the engineer and chemist had co- 
operated with remarkable success. The problem 
was to produce a pulp uniformly cooked in every 
part of the digester and to provide adequate means 


product between successive cooks. Steam under 
pressure was now used for raising the tempera- 
ture, and stationary digesters had been built with 
capacities as large as 13,000 cub. ft., with an 
annual output of 10,500 tons. 


CoaL CLEANING CONFERENCE. 

The first paper read at the Coal Cleaning Confer- 
ence was presented by Messrs. W. R. Chapman and 
R. V. Wheeler, and was entitled ‘“‘ A Comparison 
of Processes for the Cleaning of Coal.” The 
authors began by pointing out that in the simplest 
and ideal case of coal cleaning there were only two 
products, viz., clean coal and refuse. All pit 
coal, however, contained stratified particles, which 
were partly coal and partly incombustible material. 
A few particles of this nature in the clean coal 
might undesirably increase the ash-content, while 
to discard them with the refuse was to reduce 
the output of the pit. In selecting a process for 
cleaning coal it was therefore desirable to choose 
one which enabled the cleanest of the interstratified 
particles to be collected with the coal and the dirtiest 
to be discarded with the refuse; or, alternatively 
one which allowed any pre-determined proportion 
of the interstratified particles in the coal to be re- 
tained in the clean coal fraction, the remainder 
passing into the refuse. 

When comparing coal cleaning processes, ore 
important factor was their ability to deal with the 
middlings fraction of a raw coal. It was also 
important to consider the mechanical stresses to 
which the particles were subjected during the 
various operations, and the time during which 
they were in contact with the water. Further, 
such matters as the ease of control of the plant, its 
cost of operation, the amount of floor space required, 
and the number of accessory appliances must be 
reviewed. 

The broadest classification of coal-cleaning 
processes divided them into two groups, known as 
wet and dry cleaning respectively. The former 
included all processes that required the presence of 
water, e.g., froth flotation. Other processes in 
this group were those in which a current of water 
was employed, such as the Draper, Baum and 
Rheolaveur washers and the Deister-Overstrom 
concentrating table, and those in which a medium 
of specific gravity greater than that of water was 
employed, such as the Chance process. The dry- 
cleaning processes were divided into those in 
which a vertically upward current of air was used, 
such as the Wye separator, and those in which 
advantage was taken of the different coefficients 
of friction of coal and shale, such as spiral separa- 
tors. When the Draper washer and Wye separator 
were used, the coal must be carefully sized before 
it was fed in. This necessity did not exist on the 
Baum and other forms of jig washer, nor on the 
Rheolaveur and Chance washers, or on the Deister- 
Overstrom table, assuming that coal above 4 in. in 
size was never cleaned mechanically. 

As regards the practical operation of cleaning 
processes, it was advantageous for a washer to be 
able to fulfil the following conditions: Differentiate 
between light and heavy middlings, impose little 
mechanical stress on the particles, the particles 
should be in contact with the water for a minimum 
time, fine adjustments should be reduced to a 
minimum, rapid starting and stopping should be 
provided, there should be efficient operation with an 
irregular and variable size feed, and there should 
be a minimum of accessory appliances. The eight 
typical cleaning processes already mentioned were 
considered in detail with respect to each of these 
conditions, and the conclusion was drawn that no 
one coal-cleaning process was universally the best. 
Each process was better than all the others under 
some particular set of conditions, but no process 
yet devised could be regarded as the most suitable 
for cleaning all coal under all conditions. 


Wasuine BY FrotH F oration. 

In the second paper on “‘ Froth Flotation applied 
to a Baum Washer,” Mr. W. Guider described an 
old pattern of Baum washer, the products from which 
were very unsatisfactory. An investigation showed 
that the real cause was fine dirty material in the 
water, for which no satisfactory outlet was provided. 
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Since the settling tank was not run off continuously 
the fine dirt accumulated in the washer water, 
until such fine dirt as entered with the slack went out 
with the washed coal. There were two possible 
methods of improving matters, either to screen out 
the fine material from the dry slack or to remove the 
fine dirt continuously from the washer. It was 
decided to supplant the fine jigger screen by a 
froth-flotation plant, so that froth would be deli- 
vered on to the coal in place of dirt. Instead of 
water containing fine coal and dirt going to the sump. 
and being returned to the circuit, a coal-free tailing 
would be obtained, which could be run to waste. 
Accordingly, a machine was installed, which was 
capable of dealing with 25 tons per hour of less than }'; 
in coal. In this about 6 per cent. of coal was lost 
with the tailings, which was, however, only about 
1 per cent. of that fed to the machine and a negligible 
percentage of the dry slack fed to the washer. 

The total cost of running the flotation plant was 
24.7d. per ton of recovered coal, and the advantages 
accruing from it had entirely justified its installa- 
tion. A well-washed slack of 6 per cent. ash was 
obtained with unfailing regularity, and the additional 
coal recovered, with a throughput of 3,000 tons per 
week, was about 30 tons. On the other hand, the 
slack was loaded into the wagons in a wetter condition 
than.under the old system, and attempts made to 
secure further de-watering had not been successful. 
This was probably due to the high percentage of fines. 


CoaL PREPARATION. 

The third paper was entitled ‘“‘ A Consideration 
of Certain Problems Encountered in the Preparation 
of Coal for the Market,’’ and was presented by 
Mr. F. 8. Sinnatt. The subjects selected for review 
were essentially those which were of interest to the 
chemist. The preparation of coal, it was pointed 
out, for the market was an integral part of the 
coal mining process and began when the coal hewer 
placed it in the tubs. A certain amount of skill 
was, however, necessary to distinguish certain types 
of impure coal, and it was not economical for the 
hewers to pick in limited illumination, when the 
purification could be carried out more efficiently on 
the surface. The difficulty and cost of bringing 
the dirt from the coal face to the washer were 
critical factors in the economics of the process, 
and suggested the need for some system of dry 
purification near the coal face. The paper briefly 
reviewed the various aspects of the relationship 
existing between the properties of coal seams and 
the preparation of commercial grades for the market. 
The heterogenous nature of the seams was considered, 
and an attempt was made to indicate in general 
terms the effect this might have upon the commercial 
grades obtained from the seams. It was pointed out 
that the sized coals obtained from screening the 
run of the mine not only exhibited differences in 
caking properties, but also in the amount of ash 
present and the melting point of that ash. Atten- 
tion was called to the absence of any uniform 
nomenclature for describing the commercial grades 
of coal, and the necessity for an investigation of the 
sizes of coal most suited to particular coal seams 
was suggested. 

The effect of the size of the coal upon the results 
obtained by carbonising it, both in gas retorts ~ 
and in low-temperature carbonisation processes, was 
discussed, and attention was drawn to the asso- 
ciated problem of the influence of the addition of 
inorganic matter to coal upon the mechanics of its 
carbonisation and combustion. 

In connection with blending, it was shown that 
if, for example, equal proportions of two seams 
were mixed together at a colliery and the blend 
was then separated into commercial grades by 
screening, the grades would contain varying pro- 
portions of the two seams and would differ in such 
properties as calorific value, according as the seams 
were distinct in properties and yielded varying pro- 
portions of the sized coals. The methods of testing 
coals were briefly examined and the ash character- 
istic curves prepared from results obtained with the 
Henry tube and by the method of specific gravity 
analysis, were compared. 


PNEUMATIC SEPARATING METHODS. 


The final paper taken was entitled “ Notes on 
the Cleaning of Coal with Special References to 
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Pneumatic Separation,” and was presented by Mr. 
C. W. H. Holmes. The object of utilising water 
for coaling washing was, it was stated, the sharp 
separation of heavy particles from lighter ones. 
If this could be effected by other means, such as 
air, the necessity for water disappeared, a state of 
things which facilitated the possibility of dressing 
minerals in waterless districts, the cleaning of coals 
at temperatures below freezing point, and the 
separation of materials lighter than water. Such 
problems had led to the employment of pneu- 
matic separation. The earliest type of pneumatic 
separator was on the lines of the hydraulic jig, 
but probably the only design of this class still in 
use was the plumb jig. The next step forward 
was the paddock jig, followed by the Sutton, Steele 
and Steele pneumatic separator. It would appear 
that this type of separator was difficult to operate, 
very sensitive to variations in the character of the 
feed, and to overload, and required delicate adjust- 
ment. To overcome these difficulties the banking 
bar was devised, which was as essential to the 
efficiency of a pneumatic separator, as the con- 
denser was to the steam turbine. This improve- 
ment led gradually to the development of the S.J. 
pattern separator for cleaning coal. This machine, 
while working excellently on a size ratio of 2:1, 
was now being superseded by the Wye separator, 
which operated successfully over a wider range of 
sizes. The reasons for this change were that the 
limitations of the S.J. separator with regard to size 
required the installation of a multiplicity of screens 
and a large building with incidental equipment, so 
as to house the cleaning of a comparatively small 
tonnage. The treatment of coal on the 2:1 ratio 
had been carried out in the test house at Birtley 
down to ,), in., but the screening or separating 
of such sizes was not a commercial proposition. 
The solution of this problem was found in the Wye 
separator. 

The ultimate aim of the experimental work that 
was now being carried on was to treat the maximum 
range of sizes at the highest possible efficiency. In 
view of the fact that, with the possible exception 
of the Rheolaveur, no wet process had yet suc- 
ceeded in treating unsized coal at high efficiencies, 
it seemed possible that any claim to treat unsized 
coal efficiently in the dry state should be sub- 
stantiated in practice. A theoretical examination 
of the question was made to support the author’s 
contention that the generally accepted theory and 
the facts of pneumatic separation were at such 
variance as to render the former untenable. 

In the second part of the paper the dry cleaning 
of coal by pneumatic separation was discussed in 
relation to the carbonisation industries, and some 
notes were given on the process, which was being 
carried out by the Britley Iron Company. The 
data given indicated that considerable progress 
had been made during the past three years. 





NOTES. 
Trsts OF COMMERCIAL FLOWMETERS. 


In a paper published in the June issue of Refri- 
gerating Engineering, Mr. A. J. Nicholas, of the 
Pennsylvania State College, describes a series of 
experiments made with commercial flow meters. 
The types examined included a shaped nozzle of 
1-5 in. diameter, a 2 in. diameter thin plate orifice, 
a thick plate orifice of the same size, a Venturi 
meter of 1} in. throat diameter, an ordinary Pitot 
tube and a reversed Pitot tube. The whole set 
were arranged in series and coupled up to a blower, 
which was capable of supplying 90 cubic ft. of air 
per minute at a 28-in. water gauge, and corres- 
pondingly greater deliveries at lower pressures. 
The air discharged from the series of meters was 
passed through a control valve into a ‘‘ Durley 
Box” from which it could escape either through 
2 in. or 1$ in. orifices. The volume discharged 
was calculated by Mr. Durley’s coefficients, and 
was taken as the standard for determining the 
discharge coefficients of the meters under test. 
Throughout the tests no measurements were 
recorded for any meter, when the effective head 
over it was less than 1-67 in. of water, this being 
the minimum figure recommended by the American 





Society of Mechanical Engineers. The Venturi 
meter and the shaped-nozzle proved to have practi- 
cally identical discharge coefficients, which ranged 
from a minimum of 0-925 up to one of 0-984. The 
lowest figure was observed when the discharge 
was 0-2164 lb. per second, and the maximum when 
the discharge was 0-1036 Ib. per second. The test 
results were, however, a little irregular. The thin 
plate orifice gave pretty consistent figures; the 
coefficients observed ranging from 0-616 up to 
0-643. This orifice, which as stated above, belonged 
to a commercial meter, was not truly sharp edged, 
having been formed by punching a 2 in. hole through 
a thin plate, the burr being subsequently removed by 
a supplementary operation. The thick plate orifice, 
on the other hand, had been formed by drilling, and 
was consequently sensibly sharp-edged. The plate 
in which the hole was drilled was 3-in. thick. The 
coefficient in this case ranged between 0-745 and 
0-781. 


Fire Risks 1n WorksHopP OFFICES. 


The necessity of taking into account all possible 
fire risks, when erecting shop offices and structures 
of a similar nature, is illustrated in a recent fire 
which occurred in one of the engineering shops of 
the Ordnance Factories, Royal Arsenal, Woolwich. 
The main shop building is a modern one of the 
ysual construction; the structure is, generally 
speaking, fireproof, with the exception of the roof, 
which is not of a permanent nature. On the other 
hand, the office, which stood in the middle of the 
shop, and in which the fire originated, was made of 
wood, and, as is common practice in such cases, was 
raised some 3 ft. above the floor of the shop. The 
fire was observed about an hour after the cessation 
of work, and the subsequent damage was practically 
confined to the office itself, which was almost 
entirely destroyed, and to the roof immediately 
above the office. The main conclusion to be drawn 
from a consideration of the facts outlined above is 
that shop offices, which generally contain important 
papers, drawings, and records, should be constructed 
of fire-proof materials. Furthermore, it is desirable 
that the space beneath an office, which is raised 
above the floor of the shop, should be left com- 
pletely open in order to facilitate inspection by the 
supervisory staff. 


ENGINEERING AND FINANCE. 


The appeal that Mr. McKenna has made more 
than once for a reconsideration of the position of 
the Bank of England in regard to other banks 
must be taken seriously by industry, and not least 
by the engineering trades, to whose prosperity 
adequate financial support is indispensable. At 
the large and representative meeting called by the 
British Engineers Association, the proceedings 
of which were discussed in our issue of 24th ultimo, 
Mr. McKenna’s observations were received with 
approval as well as respect, and his demand for an 
enquiry on the subject does not seem to be met 
satisfactorily by Mr. Churchill’s mere unwillingness 
to grant it. Apart from his own experience as 
Chancellor of the Exchequer, Mr. McKenna speaks 
with the authority that attaches to the head of a 
bank that has always been prominent in industrial 
finance, and his statement that the existing relation 
of the Bank of England to the commercial banks 
restricts unduly the amount of credit available 
for industrial undertakings, though it may not 
be conclusive evidence that he is right, is prima 
facie good ground for enquiring whether he may not 
be. It seems likely, therefore, that engineers 
whose attention has been called to the subject, 
and who have read his previous speeches on it, such 
as that which he delivered to the shareholders 
of his bank at the beginning of the year, will be 
disposed to support the enquiry he suggests by 
all means in their power. The matter is of grave 
consequence in their industry, and no doubt, should 
be left on the minds of those who can grant or 
refuse an official enquiry that the great engineering 
trades know it to be of the greatest importance. 
At the same time it is no less important to show 
that the question is recognised as one of great 
technical complexity, only to be considered with 
the deliberation and expert knowledge that its 
difficulties as well as its gravity demand. Mr. 


Churchill’s chief objection to the proposed enquiry 
seems to be that it would be likely to cause an 
unsettled state of mind. The present refusal of an 
official enquiry may be maintained, and proposals 
may be made for an unofficial investigation. A 
condition that such an enquiry should be useful is 
that it should be adequate. Doubtless, it should 
be made by representatives not only of merchants, 
from whose ranks the directors of the Bank of 
England are drawn, and of bankers, but also of 
industry and of agriculture. Probably no method of 
propaganda would be more effective than the report 
of a committee representing these several interests, 
if the members of it had also a sufficient mastery of 
economics to enable them to derive their conclusions 
from facts within the knowledge and experience of 
laymen. A sound and generally intelligible report 
should do much to form public opinion, if it appeared, 
as the result of expressed facts, impartially and 
completely surveyed. Little but mischief is to be 
expected, on the other hand, from discussions in 
which the results of such an investigation are 
assumed without proof. Whatever may be the 
rights of the matter, the problem must be recognised 
not only as complex and difficult, but also as too 
critical to justify avoidable risks in its solution. 
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The Diary of Henry Teonge: 1675-1679, Chaplain on 
board H.M. Ships ‘‘ Assistance,” “‘ Bristol”’ and ‘* Royal 
Oak.’’ Transcribed from the original manuscript and 
and edited with an. Introduction and Notes by 
G. E. Marwarinc. The Broadway Travellers, 
London: George Routledge & Sons. 

On May 20, 1675, the reverend Henry Teonge left 

his country parish at Spernall in Warwickshire, 

on a lean horse, to seek employment in the fleet. 

He was driven forward by poverty, and pawned a 

good deal of his small wardrobe before he reached 

Chatham, almost penniless. He was here received 

by Lieutenant Haughton “with bottles of claret, 

and after, by Captain William Holding with enter- 
tainment of the same fashion.” A day later, he 
was entered on board the frigate Assistance, which 
was under orders for the Mediterranean. The 
scenes abroad a ship bound for foreign service 
surprised and amused him; but he found naval 
life, with its regular succession of meals, congenial, 
and wrote a diary of his experiences which throws 

a shaft of light upon the Navy of his day. Henry 

Teonge was, indeed, a diarist of real genius. He was 

a keen observer, who could always distinguish what 

was characteristic or curious from what was ordinary 

and usual; and, better than that, could note it 
down in a series of vivid thumb nail sketches. After 
joining Sir John Narborough’s flag, off Tripoli, the 

Assistance was detailed to convoy home the Syrian 

trade, and Captain Holding sailed for Alexandretta. 

Here he went ashore, taking his chaplain with him, 

and they set out for Aleppo in company with several 

other British officers. The chaplain’s journal of 
the journey is a very remarkable contribution to 
the literature of travel. Communities of British 
traders were then living in the middle east, 
laboriously building up the vast structure of British 
trade, and when the travellers reached Aleppo, 
they were given a tremendous welcome. The 
countryside was ransacked for viands and drinks, 
and, the British consul and a certain Mr. Browne 
entertained the visitors. Thirty-three dishes includ- 
ing “‘a great dish with a pyramid of march-pane”’ 
loaded the consul’s table’; but Mr. Browne sur- 
passed even this. His dinner table was 24 yards 
long, and was set with “‘ above an hundred princely 
dishes, besides cheese, and other small dishes of 
rare kinds of sweetmeats.” The chaplain was not, 
however, content to spend his time in eating and 
drinking. He filled his journal with observations 
upon the life of Aleppo as he saw it. A collection 
of races, each with its own habits, its own streets 
and its own customs, were then living under the 
easy but capricious rule of a few Turkish officials. 

Teonge’s rapid sketch covered everything: he 

visited Jews, Greeks and Turks alike, and his diary 

gives an extraordinary vivid picture of town life 
in the middle east, 250 years ago. After a bicker 

with the Turkish authorities, the visitors and a 








caravan of traders set out for the coast; and the 
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British merchants—whom Teonge is pleased to 
call the “ noble Aleppines ”’—regaled their protectors 
for a good part of the voyage home. Whenever 
there was a calm, the merchants invited the con- 
voying officers to come on board ; and the chaplain’s 
journal becomes little but a record of entertain- 
ments. “19. At 4 our Captain and the Aleppines 
went on board the Tartan, which is to carry them 
over to serenade and make merry (20) I preached a 
sermon “ Hallowed be Thy name.” Teonge returned 
to his parish in Warwickshire with 601. in his pockets ; 
but debt drove him to sea once more. Again he 
visited the Mediterranean, but this time it was 
in less congenial company. Lord Mordaunt, after- 
wards 3rd Earl of Peterborough, was aboard the 
Royal Oak in which Teonge had been entered as 
chaplain. This nobleman fancied himself as a lay 
preacher and “taking occasion by my not being 
very well, would have preached and to 
that intent sat up till 4 in the morning.” The 
chaplain determined that nobody should usurp his 
holy office and “ did so handle ” his lordship “in a 
smart and short discourse that he went out of the 
cabin in great wrath.” Teonge ’s second voyage was 
disastrous : Captain Langston died and was buried 
at Port Mahon, and the chaplain’s journal is filled 
with entries of deaths and burials at sea. But 
Teonge never gave way to depression. He wrote 
Latin verses for the tombstones of his captain and 
William New, the first lieutenant; he visited the 
Franciscan friars at Port Mahon; and to the very 
end of the calamitous voyage he noted down every- 
thing that was interesting in what he saw or charac- 
teristic in the people he met. 

Teonge seems to have kept his diary solely for his 
own, and possibly for his family’s, interest. For over 
a hundred years his neat and orderly manuscript 
was hoarded with other family papers ; and it was 
first published in 1825 by Charles Knight. The 
authenticity of the diary was questioned, and a long 
literary controversy followed. After many vicis- 
situdes, the original manuscript passed into the 
hands of Mr. Asheton Teonge, who placed it at the 
disposal of Mr. G. E. Mainwaring, the editor of this 
second edition. Mr. Mainwaring has edited the 
diary with a care and scholarship that cannot be 
praised too highly. He relates the descriptions in 
the diary to the long forgotten books of travel which 
the chaplain consulted, gives short biographical 
notes of every officer who is mentioned in the diary, 
and minutely examines every naval custom that 
the chaplain refers to. No doubtful entry in the 
journal is unexplained: even the name and career 
of the Grand Master of Malta, whom Teonge visited, 
is noted down in the admirable commentary at the 
end of the book. Those who have attempted to 
search into the naval records of the seventeenth 
century, and know how difficult it is to do so, will 
admire the scholarship and learning which has 
been expended on this excellent edition. But it 
must not be thought for an instant that the book 
will only appeal to a learned élite; anybody who 
can appreciate a good story well told will enjoy 
the narrative of the stout-hearted chaplain, who put 
to sea without a penny, who endeared himself to all 
who knew him, and went back to his native parish 
thanking heaven for his adventures and his safe 
return. 








Praktische Statik. By Professor Rupoir SALicEerR, of 
the Technical High School, Vienna. 2nd _ Edition. 
Leipzig and Vienna: F. Deuticke. 1927. [Price 
30 marks. } 

Tuts large and important work may be descibed 

as an introduction to the theory of structures with 

special reference to constructional steelwork and 
reinforced concrete. The book is mainly intended 
for the use of advanced students, which purpose it 
fulfils admirably on account of the large number of 
fully worked out and well-chosen examples in which 
analytical and graphical solutions are placed side 
by side. This feature cannot, however, fail to be 
appreciated by the engineer in practice, or by 
the draughtsman engaged in structural design, who 
will frequently find the solution of some problem 
with which he is dealing exactly in the form he 
requires. The subject is treated under the following 
heads, to each of which approximately 100 pages 
are devoted :—(1) Introductory; (2) Strength of 
Materials; (3) Beams; (4) Arches, Vaults, and 
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Domes ; (5) Rigid Frames and Portals ; (6) Framed 
Structures and Roof Trusses; and (7) Official 
Regulations and Standard Specifications of the 
Austrian and Prussian Ministries. The book is 
intended to be self-contained, and it is claimed that 
the designer will find all he requires within this 
single volume. 

The whole of the matter has been revised to date, 
and in many respects is in advance of any existing 
English work on the subject. In the treatment of 
wind pressure, however, both in the introductory 
section and also in the design of roofs, it is strange 
that no reference is made to the effect of suction 
on the leeward side of a structure. The assumption 
that the effect of wind is confined to the production 
of pressure on the windward side of a roof only 
is wholly incorrect. It has been established beyond 
doubt that considerable suction is developed on the 
leeward side, in intensity very much exceeding the 
pressure on the windward side, and, of course, 
depending upon the pitch of the roof. Although it 
is true that some engineers still continue to use the 
obsolete ‘“‘ wind pressure” diagram, some account 
of the newer and more accurate assumptions might 
with advantage have been included in the present 
work, 

The section on Beams is excellent, and the method 
of influence lines, much neglected in this country, is 
brought out clearly, especially in its application to 
continuous girders. The deformation and deflection 
of the bent beam is well treated, and is reduced to a 
useful graphic form of solution. Throughout this 
section the application to structures of reinforced 
concrete is brought out prominently. The section 
on Arches contains a great deal of new matter in 
very compact form, and the method of deformation 
and the principle of least work are elucidated in a 
manner which is much to be commended. An 
important section of the book is that concerned 
with statically indeterminate framework, especially 
in its application to reinforced concrete. The 
framework of buildings of rectangular forms of one 
or more storeys has hitherto received scant attention, 
and the approximate methods of calculation 
developed by the author will prove very useful in 
practice. To students and young engineers who 
are able to read German the book can be strongly 
recommended. 





Field Astronomy for Engineers and Surveyors, By Davip 
CrarK, M.A., B.Sc., M.Inst.C.E., Professor of Civil 
Engineering, University of Dublin. London: Con- 
stable and Company, Limited. [Price 10s. 6d, net.] 

Tus book is stated to be largely a reprint of two 
chapters of the author’s “Plane and Geodetic 
Surveying,” Vol. II, published in 1923, but the 
original matter has been revised and brought up 
to date. Effect is given to the change in the system 
of reckoning time introduced in 1925, when 
astronomers adopted the civil usage of taking 
midnight as the division between days instead of 
noon as formerly. Seventy-five years ago the great 
astronomer, Sir John Herschell, strongly advocated 
this change. 

The author expresses the hope that his work 
will be a useful reference book for engineers, and 
also meet the needs of students. It is well adapted 
for these purposes, and should prove most helpful 
as a text-book or basis of lectures, in connection 
with the examinations of the Universities, staff 
colleges and other institutions. Many examples of 
the kinds of problems likely to be presented thereat 
are given, and a useful feature is the setting out in 
detail of the solution of some of them of special 
importance. An interesting list of books and papers 
is appended which indicates that the latest practice 
and literature have been carefully considered. 

The purposes of field astronomy are stated to be :— 
(1) The proper location of a survey as a portion of 
the earth’s surface. (2) The provision of a permanent 
reference for traverse surveys. (3) The control or 
check of exploratory surveys. (4) The accurate 
setting out of inter-State boundaries. 

The additional purpose of connecting charts for 
navigators with land maps might be added. Until 
a comparatively recent date, when the Ordnance 
Survey of Scotland was completed, some parts of 
its coast and some islands were very defectively 
located. 





The manual is well arranged in three chapters 


dealing respectively with Principles, Instruments 
and Observations. 

The definitions given, with the exception of that 
of ‘‘ magnitude,’’ which has long presented difficulty, 
are clear and concise. It may here be recalled that 
doubts about the meaning of “ a degree of latitude,” 
and the seeming absurdity of its relative are being 
shorter near the equator than near the poles have 
long worried many intelligent people, some of 
whom maintained that astronomers had made a 
great mistake. In the autobiography, published 
in 1905, of Alfred Russell Wallace (p. 40, Vol. IT) 
there is a most interesting diatribe on this subject. 
Yet in Herschell’s classical ‘‘ Outlines of Astronomy,” 
the second edition of which was published in 1850, 
the puzzling matter is quite lucidly explained. 

In the small book under review, the geometry of 
the sphere and its application to astronomy are 
dealt with to a suitable extent, and such ruling 
conditions as the practical fixity of the position of 
stars—the nearest of which is about 250,000 times 
as far as the sun is from the earth—made clear. 

Descriptions are given of some of the best forms 
of modern instruments for determining local 
time, azimuth and latitude, and of the construction, 
use, and adjustments of the micrometer microscope 
for the precise reading of scales. It is gratifying 
to observe that English makers of surveying instru- 
ments are still leaders in their very special line, 
in which Ramsden had an unequalled international 
reputation 140 years ago. He was a rare artist, 
but could not be hurried, and took nearly three 
years to complete the great three-foot theodolite 
presented by the King to the Royal Society and 
used in the ordnance survey of the British Isles for 
sixty-six years. 

Professor Clarke gives and compares the various 
standard ways of determining local time, longitude 
and latitude, and describes the newest methods, 
using wireless signals and electric chronographic 
devices for their precise reception. 

How changed are conditions since 1844, when 
Sir George Airy carried chronometers from Green- 
wich to Valentia Island to determine the longitude 
of the end of the great European arc of parallel 
along 52 deg. N. Now, the strokes of “ Big Ben ” 
and other time signals, of greater precision, can be 
heard over a very great part of the world, and 
wireless receiving sets are a common part of the 
equipment of explorers on land and sea. 

The book under review is an excellent production. 
It requires careful reading, but well repays it. In 
future editions it might be well to include a short 
chapter dealing briefly with the application and 
ascertained value of field astronomy in great 
surveys such as those of the British Isles and India. 
For such a chapter, reference might be made to the 
masterly “‘ Notes on the Early Years of the Ordnance 
Survey,” by Colonel Sir Charles Close, K.C.B., 
published in the Royal Engineers Journal in 1924-25. 
A perusal of that fascinating monograph would 
form a useful corrective for the mental indigestion 
which might follow too avid absorption of the highly 
concentrated pabulum which Professor Clarke has 
very ably provided in his up-to-date manual. 





Friction Losses In LINED Pipes.—Recent work by . 
Professor M. L. Enger, of the University of Illinois, 
U.S.A., shows that the friction losses in cement-lined 
pipes of 4 in, diameter are greater than those with tar 
coatings. The difference, however, becomes less as the 
velocity of the flow is increased. Pipes of 6 in. and 
8 in. diameter were also tested, and with them the 
concrete linings gave smaller frictional losses, and the 
difference increased as the speed of flow was increased to 
10 ft. per second, 





LauncH or A Hoprer DREDGER.—On Tuesday, June 
28, a drag-suction hopper dredger, complete with all 
machinery on board, was successfully launched by Messrs. 
Wm. Simons and Company, Limited, to the order of the 
Aberdeen Harbour Commissioners. The dredging equip- 
ment consists of a centrifugal pump coupled to a suction 
frame, fitted with a drag-suction nozzle, and designed 
to dredge to a depth of 42 ft. under water. The lower end 
of the suction frame is controlled by an independent 
steam winch and wire-rope tackle blocks, additional 
winches being fitted at the bow and stern for mooring 
purposes. The hopper is provided with Simons patent 
suction keelsons, in order that the load may be pumped 
overboard in addition to the usual bottom discharge by 
means of doors. Two sets of triple-expansion surface- 
condensing engines comprise the propelling machinery, 
steam being supplied by two multitubular boilers, fitted 





to burn oil fuel under forced draught. 
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AGRICULTURAL TRACTOR OPERATING ON PRODUCER GAS. 








AGRICULTURAL TRACTOR OPERAT- | 
ING ON PRODUCER GAS. 


In many places abroad the cost of petrol and paraffin 
is so high that the employment in agricultural work of 
tractors driven by light-fuel engines is out of the | 
question. It is, however, in some of these countries | 
that mechanical ploughing can be carried out to the | 
greatest advantage, and a large market undoubtedly | 
exists for a satisfactory substitute for the petrol or | 
paraffin tractor. In some cases the heavy-oil engine | 
may offer a suitable alternative, and it will be recalled | 
that we recently described the Avance tractor, operated | 
by an engine of this type, which had given a very good | 
performance in the Argentine. In some countries one | 
of the cheapest and most freely available fuels is 
charcoal, and the Parker Producer-Gas Plant Company, 
of 170, Piccadilly, W.1, have recently developed a | 
suction-gas plant, utilising this fuel, and suitable for | 
employment on standard tractors with minor modifi- 
cations to the engine. 

A demonstration of one of these plants fitted to a 
Peterboro-Parker tractor was given by the company | 
at Perivale last week. The tractor, which is illus- | 
trated in Figs. | and 2 annexed, is manufactured by | 
Messrs. Peter Brotherhood, Limited, of Peterborough, | 
and is fitted with a four-cylinder engine developing 30 | 
brake horse-powerat 900r.p.m., on paraffin. Thecylinder 
bore is 4} in. and the stroke 1s 5} in., and the engine is | 
fitted with a detachable head manufactured under 
Ricardo patents. A two-speed gear-box is employed, 
giving ploughing speeds of 2 m.p.h. and 3 m.p.h. at 
normal engine speed. The steering mechanism is of 
the usual automobile type, and gives a 25-ft. turning 
circle. The rear wheels are 4 ft. 6 in. in diameter by 
10-in. face, and are fitted with angle-iron spuds. The 
front wheels are 3 ft. in diameter by 6-in. face, and 
track with the rear wheels to enable the tractor to 
run in a furrow. The wheel base is 7 ft. 3 in., the 
extreme width 5 ft., and the «pproximate weight 
2 tons 6 cwt. It may be recalled that this tractor was | 
entered for the trials of agricultural motors held at | 
Aisthorpe by the Royal Agricultural Society in 1921, 
and that in the judge’s report it was commented upon 
very favourably, the statement being made that it stood 
quite in a class by itself, both as regards novelty and | 
robustness of design. 

In order to meet the altered conditions imposed by 
the use of suction gas, a special head, in which the | 
particular Ricardo features are retained, is fitted to 
the engine. This increases the compression ratio by 
over 50 per cent., and, as a result, there is practically 
no drop in te when employing suction gas, the 
engine actually developing about 29 brake horse-power | 
at the normal running speed of 900 rpm. We 
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described the Parker producer, as designed to burn 
coke, on page 739 of vol. cxi of ENGINEERING, and, 


although it has been modified since that date to burn | 
charcoal, and has been improved by the addition of a | 


preheater, it is generally the same in principle. The 


hopper and generator can be seen in Fig. 2 mounted | 
From the generator | 
the gas is taken by the flexible pipe visible in both | 
| figures to a scrubber of box form, which is mounted on | 

the near side of the tractor above the engine, as shown | 
There are no moving parts in the generator, | 


on the off-side of the tractor. 


in Fig. 1. 
which, as already mentioned, is fitted with a preheater 


| serving to heat up the incoming air, and also to vaporise 
the water supplied by a drip feed from the small | 


service tank. The cleanser is a welded-up box fitted 
with baffles, and provided with suitable ports for 
extracting the accumulated dust. 
inlet and the cleanser there is a filter for removing any 
residual dust which may have escaped through the 
cleanser. 

The hopper holds from 50 lb. to 70 lb. of charcoal, 


Between the engine | 


| which is sufficient for about four hours’ normal working. 
| If required, however, there would be no difficulty in 
increasing the hopper capacity. The charcoal employed 
is passed through a }-in. mesh, and is freed from dust. 

In the demonstration, the tractor was employed to 
draw a Howard three-furrow plough, the ground being 
unbroken loam of medium quality. The trials were 
entirely satisfactory, the tractor having a wide reserve 
of power when ploughing furrows 7} in. deep, on second 
gear. To demonstrate the capabilities of the set, the 
same plough was drawn for a short time on top gear, 
and the increased load was taken without difficulty. 

The whole plant was started up from cold, and the 
time occupied from filling the hopper to the commence- 

ment of ploughing was about 14 minutes, this period 
including five minutes’ preliminary warming up of the 
engine on petrol. No difficulty is said to occur in 

keeping the fire in all night, enabling an immediate 

| start to be made next morning. A further demonstra- 

| tion of the gas plant is to be given with the producer 


on a Fordson tractor, and a two-furrow Oliver plough. 
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LABOUR NOTES. 


An interesting resolution on the subject of workers’ 
control of State factories was, it appears from the 
official report, proposed at the recent meeting in 
Blackpool of the Amalgamated Engineering Union’s 
National Committee. It was in these terms :—‘‘ That 
the following be forwarded for insertion in the agenda 
of the Labour Party Conference :—‘ That the organised 
industrial and political workers demand from the next 
Labour Government the immediate appointment or 
enactment of “‘ Commissions of Control” of all State 
factories, workshops, and other places of civilian 
employment under their ownership and control, the 
Commissions to consist always of a majority of the 
organised industrial workers (affiliated to the Congress 
and Labour Party) over other members, be appointed 
by the Ministers of State in consultation with Advisory 
Committees set up by the Congress and Labour 
Party, be responsible only to Ministers of State, and 
be authorised to exercise complete powers of adminis- 
tration of all departments under their control. They 
shall control all allocations of work, appointments, 
remuneration, conditions and discharge of staff, 
including all Service officers and other labour of any 
and every kind. They may appoint sub-commissions, 
committees and individuals, and authorise these to act 
in any way they may deem advisable. In all matters 
and policies, the Commissions shall be charged with 
the duty of raising the status of the workers, together 
with the institution of uniform conditions of pay, hours 
and discipline, and to firmly establish the workers’ 
power over all Government arsenals, dockyards, fac- 
tories, stores and other places of employment of any 
and every kind.’” 





The proposal had the support of the representatives 
of the two London Divisions, but eventually it was 
withdrawn, and, on the motion of a South Wales dele- 
gate, seconded by a Bolton delegate, the following 
amendment was adopted unanimously :—‘‘ That E.C. 
draft a resolution embodying the principle re ‘ Workers’ 
Control of State Factories’ for submission to Labour 
Party Conference.” 





At the end of May, 14,201 members of the Boiler- 
makers Society were “‘ signing the books ’’ as compare: 
with 14,984 at the end of April. The number drawing 
superannuation benefit was 4,199 as compared with 
4,192, and the number on the sick fund was 2,648 as 
compared with 2,596. The expenses in May were 
9,6111. 17s. 1d.; the April total—which included five 
weeks’ outlays—was 12,613]. 18s. 2d. In spite of a 
strong recommendation by the Executive to accept 
the shipyard procedure agreement, the members, 
for the second time, refused to do so. On this 
occasion the agreement was rejected by 2,660 votes 
to 1,911. The total membership of the society was 
67,845 at the end of May. 





At its conference in Aberdeen last week, the National 
Federation of Building Trade Operatives rejected a 
proposal for a confederation to replace the existing 
organisation. The confederation was designed to 
embrace all the unions in the industry and to make it 
easier for the bricklayers’ and plasterers’ unions, which 
now stand apart, to come into one organisation of 
building trade operatives, which would then include 
bricklayers, masons, paviors, quarrymen, woodworkers, 
painters, plumbers, slaters, tilers, plasterers, and 
labourers. The following resolution was carried on a 
card vote by 107,000 votes to 5,000:—‘‘ That the 
question of closer unity be referred back to the emerg- 
ency committee with the instruction that their labours 
should be devoted to finding a method of completely 
amalgamating the unions in the building industries.” 





The Labour Party and the Trades Union Congress 
have now appointed their representatives on the 
Special Committee which is, on behalf of Labour, to 
investigate the associated problems of the living wage, 
family allowances, and nationalisation of insurance. 
Miss Julia Varley, Mr. H. H. Elvin, Mr. A. A. H. 
Findlay, Mr. J. W. Bowen, Mr. R. T. Jones, Mr. Geo. 
Hicks, and Mr. W. W. Citrine are to represent Congress, 
and Mr. F. O. Roberts, Mr. Arthur Henderson, Mr. 
Geo. Lansbury, Mr. Hugh Dalton, Dr. Ethel Bentham, 
and Mr. H. Morrison the Labour Party. 





The Sydney correspondent of The Daily Telegraph 
states that the Industrial Commissioner has fixed 
85s. a week as the basic wage for a married man with- 
out children, representing an increase of ls. upon 
the standard fixed in December last. The representa- 
tives both of the employers and the employees on the 
Commission dissented, the latter declaring that the 
wage should be 97s. The new wage, which applies to 
all industries in New South Wales with the exception 





of the rural, which will be considered soon, involves 
1,000,000/7. yearly increase in the wages bill. The 
Commissioner also fixed the women’s minimum at 
46s., an increase of 4s. 





A proposal to alter the present agreement regarding 
working hours and conditions, with a view to reduc- 
ing production costs, has been made to the Iron and 
Steel Trades Confederation by the employers in the 
Scottish manufactured iron trade. A joint com- 
mittee of employers and workmen is to consider it and 
report. The scheme aims, it is understood, at a re- 
arrangement of tonnage rates and working conditions 
which would give increased production without reduc- 
ing wages. The working hours would be increased. 





According to the latest returns, the number of 
German workers in receipt of ordinary unemployment) 
relief on June 15 was 596,000—a reduction of 51,000 
since June 1. The emergency relief figures, published 
monthly, show a decrease from 226,000 to 208,000 
during the month from May 15 to June 15. The total 
number in both categories has decreased from 972,000 
on May 15 to 804,000 on June 15. 





The Ministry of Labour states that on June 27, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,004,600, of whom 813,100 were men, 26,200 boys, 
140,200 women, and 25,100 girls. Of the total number, 
649,900 were wholly unemployed, 288,800 temporarily 
stopped, and 65,900 normally in casual employment. 
On June 20, 1927, the number of unemployed persons 
was 987,348, of whom 797,596 were men, 25,226 boys, 
138,914 women, and 25,612 girls; and on June 28, 
1926, it was 1,639,776, of whom 1,223,615 were men, 
43,032 boys, 327,277 women, and 45,852 girls. The 
figures for June 28, 1926, were affected by the dispute 
in the coal-mining industry. 





The Sydney correspondent of The Times, cabling on 
Monday last, states that the recent award of Judge 
Beeby in the Federal Arbitration Court introducing 
piecework in the engineering industry has aroused 


d | strong opposition among trade unionists in the metal 


trade in every State. Indignation meetings are being 
held, and union officials declare that every effort will 
be made to prevent effect being given to the proposal, 
even if they have to defy the Court. 





At the nineteenth sitting of the International Labour 
Conference at Geneva, Mr. Schurch, the Swiss workers’ 
representative, moved a resolution to the effect that 
the Governing Body should consider the possibility of 
placing on the agenda of an early session the question 
of the regulation of the hours of work of commercial 
employees as distinct from industrial workers. Speak- 
ing in support of the resolution, Mr. Schurch said that 
there were 2,000,000 salaried employees in Europe 
organised in the International Federation of Christian 
Trade Unions and the International Federation of 
Independent Employees, and their interests had not 
received sufficient attention from the International 
Labour Organisation. The resolution did not impose 
any time limit on the Governing Body. It simply 
asked that body to examine the possibility of putting 
the question of hours of work of salaried employees on 
the agenda of a future session of the conference. 
Salaried workers had a right to benefit from the move- 
ment for international labour legislation. They had 
formulated their demands, and at the head of the 
programme was the question of hours of labour. 





Further discussion of the subject was deferred till 
the twenty-first sitting. Mr. Wolfe, the British Govern- 
ment representative, said that it had been his intention 
to oppose the resolution because it seemed to him to 
be premature to deal with the extension of the regula- 
tion of the hours of work until the preliminary question 
of the old Hours’ Convention had been cleared out of 
the way. In order, however, not to add to the diffi- 
culties of the Conference, the British Government 
would not divide the conference on the question, but 
would reserve its opposition until the matter came 
before the Governing Body. Mr. Poulton, the British 
workers’ representative, said that he would vote for 
the resolution, subject to the reservation that nothing 
should be done to make worse conditions more favour- 
able than those in the Convention, where such con- 
ditions prevailed. 





The official organ of the International Labour 
Office states that a group of American sociologists, 
religious leaders and economists has recently set up an 
organisation entitled ‘“‘ American Association for Old 
Age Security.” The declared aim of the Association 


is to promote, through legislation, adequate provision 
for the dependent aged in the United States. While the 
Association will leave the decision as to the exact nature 
of the pension or insurance system to be adopted to 
individual States, it hopes to be able to furnish to 
legislators the necessary guidance and information 
in the working out of the soundest and most expert 
pension plan. It will draft carefully worked-out legis- 
lation for introduction in every State in the Union 
and will use all its energies in promoting such legis- 
lation until a constructive programme of care for the 
aged has been provided. 





At Carlisle on Tuesday, the delegate conference of 
the National Union of Railwaymen passed the follow- 
ing resolution:—* That this Congress views with 
disgust the action of the present Government in intro- 
ducing, without a mandate from the electors, the Trade 
Disputes and Trade Unions Bill, which strikes at the 
liberty of the workers and introduces into the law a 
class bias. We call upon the members to do their 
utmost by education and propaganda to ensure the 
early return of a Labour Government to repeal this 
measure.” 

The conference again considered the matter at a 
private session in the afternoon. A resolution was 
moved that the rules of the Union should be amended 
in accordance with the provisions of the Act. This 
was strongly advocated by Mr. Thomas, who said 
that the executive must act in the future as policy 
dictated, and take the necessary steps to keep within 
the provisions of the Bill. An amendment was moved 
to the effect that the N.U.R. should act on the policy 
advocated by the president, and ignore the Act and 
defy the law. On a vote the policy of Mr. Thomas 
was adopted by 70 votes to 10. 





A conference on the wages question took place in 
London on Wednesday between representatives of the 
Shipbuilding Employers Federation and representatives 
of the shipyard trade unions. The whole of the in- 
dustry’s unions sent delegates, and not merely those 
affiliated to the Federation of Engineering and Ship- 
building Trades, Mr. Sherwood speaking for the federated 
group and Mr. Hodgson for the six craft unions which 
are not subscribers to the shipyard procedure agreement. 
At an earlier conference the unions had stated their case 
for an advance of 10s. per week on time wages, and 
an increase of 15 per cent. in piece prices, and the pur- 
pose of Wednesday’s conference was to enable the 
employers formally to communicate their reply. In 
the forenoon, Mr. Barr, the president of the Shipbuild- 
ing Employers Federation, intimated that the employers 
could not concede the advance of wages asked for. 
When the proceedings were resumed after the luncheon 
interval the representatives of the Federation of 
Engineering and Shipbuilding Trades stated that they 
declined to accept the employers’ refusal, and desired 
to have their application further considered in grand 
conference in accordance with the recognised procedure. 
Speaking for the non-affiliated. craft unions, Mr. 
Hodgson said that they also could’ not accept the 
refusal of the increase, and requested the employers 
to agree to refer the application, in so far as it affected 
the members of their unions, to arbitration under the 
Industrial Courts Act. The employers intimated 
that they would arrange for a grand conference to 
discuss the matter with the federated trades, and 
consider the request of the six other unions for a refer- 
ence to arbitration. The six other unions are the 
Boilermakers and Iron and Steel Shipbuilders’ Society, 
the Shipwrights’ and Shipconstructors’ Association, 
the Amalgamated Society of Wood Workers, the 
Painters’ Society, the Plumbers’ Society, and the 
Electrical Trades Union. 





In the course of his reply to the arguments of the 
unions, Mr. Barr pointed out that while it was true 
that the weekly time rates of skilled workers were 
only 37 per cent. above the pre-war level, those of 
semi-skilled workers were 50 per cent. above it, and 
those of unskilled workers 65 to 70 per cent. above it 
—for six or seven hours less work. Moreover, Mr. 
Barr stated, actual figures showed that the present 
average earnings of all pieceworkers worked out at 
4l. 108. per week, although, on the average, only 41 
hours per week were worked. The suggestion that 
a revival was in progress was disproved by the fact, | 
Mr. Barr added, that in the middle of June only 48 
per cent. of the shipbuilding berths of the country 
were occupied by ships on which work was proceeding. 








Maayan Imports OF MACHINERY.—-The imports of 
machinery into Malaya during the first quarter of 1927 
amounted to 53,788 pieces, valued at 809,405/., as 
compared with 52,845 pieces valued at 597,123/. during 
the corresponding period of 1926. 
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4-6-0 TYPE 4-CYLINDER LOCOMOTIVE 
FOR THE GREAT WESTERN RAILWAY. 


THE increasing weight of our express passenger 
trains and the necessity, notwithstanding, of main- 
taining and even increasing the average speed over 
long distance journeys, is providing the small band of 
chief mechanical engineers of British railways with 
some interesting problems. These problems, it is 
not too much to say, are being successfully tackled, 
as is illustrated by the new and improved designs, 
which it is possible for us to describe from time to time 
in ENGINEERING. The latest example of the progress 
that is being made, in spite of the limitations caused 
by loading gauges and permanent-way construction, is 
the new four-cylinder 4-6-0 type express passenger 
locomotive of the Great Western Railway, illustrations 
of which are given in Figs. 1 to 3, page 48. This loco- 
motive, which has been designed by Mr. C. B. Collett, 
O.B.E., chief mechanical engineer, has been constructed 
at the Swindon works. It is the first of a class of 
twenty, which will be known as the “ King” class, 
and will be worthily, if slightly anachronistically, 
named after the Kings of England. This particular 
engine, which is known as King George V (No. 6000), 
is shortly to be dispatched to the United States, in 
order that it may take part in the centenary celebra- 
tions of the Baltimore and Ohio Railroad. Others 
of the same type are rapidly approaching completion, 
and will, it is hoped, be able to assist in handling the 
summer traffic. As a class these engines will be among 
the most powerful in the British Isles, their tractive 
effort being 40,300 lb. at 85 per cent. boiler pressure 
(250 lb. per square inch). This compares with the 
31,625 lb. of the “ Castles,’’ the next most recent class 
on the Great Western Railway, and with the 25,200 Ib. at 
85 per cent. boiler pressure (200 lb. per square inch) of 
the “ Lord Nelson ”’ class of the Southern Railway. The 
tractive effort of the “ Pacific’ class on the London 
and North Eastern Railway is 29,836 lb., and of the 
large Garratt engines on the same railway 72,800 lb. 
The new engines are specially designed for working 
on the London to Plymouth non-stop run, a distance 
of 2263 miles, which is performed at an average speed 
of 55 m.p.h. against some heavy gradients. 

Turning to the engine itself, the adhesive weight is 
distributed over the six coupled wheels by equalising 
gear, the aggregate weight on these wheels being 
674 tons. The weight on the bogie is 21} tons, so 
that the total engine weight, without the tender, is 
89 tons. An interesting point about the engine is 
its bogie, which has outside bearings and springs 
for the leading wheels, and inside bearings and springs 
for the trailing wheels, as clearly shown in the photo- 
graph reproduced in Fig. 3. This arrangement has 
been adopted to secure the necessary clearance between 
the bogie and the cylinders. The latter, of which there 
are four, are not set in a line across the engine, but 
the inside pair are placed well forward in the frames, 
and drive on to the leading coupled axle, while the 
outside pair drive on to the middle coupled wheels. 

Steam is supplied to the inside cylinders through 
piston valves. These are directly operated by 
Walschaert gear, which is placed between the frames. 
The valves for the outside cylinders are operated by 
rocking levers from the inside gear. The inside 
connecting rods have forked big ends, which are fitted 
with a jib and cotter, while the outside rods have 
solid bushed ends. 

The principal particulars of the new class are as 
follows :— 


Cylinders (4) diameter 16} in. 
Piston stroke... aaa 28 in. 
Wheels, bogie, diameter Ss. 
» coupled, dian eter... 6 ft. 6 in. 

Boiler barrel, largest aiameter 6 ft. 

- = smallest diameter 5 ft. 6} in. 

” » length 16 ft. 
Firebox length 11 ft. 6 in. 
Grate area 34-3 sq. ft. 
Working pressure 250 |b. per 


square inch. 
The boiler is of the No. 12 Great Western standard 
type. It has a conical barrel, a Belpaire firebox 
and no steam dome, the steam being taken from an 
open pipe at the highest point over the firebox. The 
firebox is of copper, and is stayed entirely by direct 
steel and copper stays to ths outside casing. A 
standard Swindon type 16-unit superheater is fitted. 
The boiler is equipped with a top feed arrangement, 
the water being fed through pipes in the safety valve 
casing. As a class, the engines will be fitted with the 
vacuum brake, which is equalised on all the coupled 
wheels, but on King George V an automatic valve is 
also provided, so that a Westinghouse train brake can 
be operated. This has been done to enable it to haul 
Baltimore and Ohio stock during the centenary 
celebrations mentioned above. 
The cab is of spacious proportions, and is provided 
with an extended roof and side windows. Audible 





signalling gear for use over sections of the line, which 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and ‘‘standard”’ metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 


Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 


plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








are equipped with automatic train controls, is also 
fitted. The outlook from the footplate is excellent. 
The engine is finished in the ordinary Great Western 
style. 

The tender is of the new standard G.W.R. six- 
wheeled pattern, and is equipped with water pick-up 
apparatus. It weighs 46 tons 14 cwt. when loaded, 
and carries 6 tons of coal. Its water capacity is 
4,000 gallons. 








ENGINEERING Apvisory Councits.—The Board of 
Directors of the General Electric Company of America 
have decided to appoint an engineering advisory council, 
presided over by Mr. E. W. Rice, to advise them on the 
new problems arising in practice and the direction and 
scope of modern engineering and scientific work. 





Eectric Arco WELDING IN CONSTRUCTIONAL WORK.— 
Recently, two steel frame buildings were erected with 
are welded joints at the works of the Westinghouse 
Electric and Manufacturing Company at Pittsburgh, 
Pa. In this work a saving of 11} per cent. is said to 
have been made on the estimated costs of a corresponding 
riveted building. 





STANDARD SPECIFICATIONS FOR FACE-PLATE STARTERS 
ror Exvecrric Motors.—Two new specifications have 
been published by the British Engineering Standards 
Association, No. 246 (1927) for faceplate starters for 
direct current motors, and No. 247 (1927) for face- 
plate starters for alternating current 2- and 3-phase 
induction motors with slip rings. These are intended to 
supersede the B.S.S. No. 82 (1919), which dealt with 
these two types of starters together. The new issues 
are arranged in a similar manner, and both open with 
clauses giving the general definitions of the various 
types of starters, but in the case of the former, No. 246, 
the standard B.H.P. sizes and standard rated voltages 
have been revised, and two standard classes of rating 
—ordinary and heavy duty—-have been recognised. The 
design and construction are specified in detail for both 
types, and the various tests, such as di-electric and per- 
formance, &c., are tabulated. Both pamphlets contain 
a section dealing with the information relating to the 
starters, motors, &c., which is to be supplied to the 
maker with the enquiry, together with a useful appendix 
containing a table of full-load currents for all standard 
sizes and voltages. Copies of these new issues may be 
obtained from the Publications Department, B.E.S.A., 
28, Victoria-street, London, 8.W.1, price 2s. 2d. each 
post free. 
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CENTRIFUGAL CASTING 
PROCESSES.* 
JouHn D. Capron. 


Since the inception of the foundry industry, a large 
proportion of the castings produced have been annular 
inform, Undoubtedly, in early times, before advances 
in foundry practice made it possible to cast intricate 
sections, the proportion of circular castings was even 
greater than it is to-day. It is not surprising, there- 
fore, that early foundrymen were much interested in 
the development of a process which would improve cast- 
ings of this type or reduce the cost of producing them. 
We are accustomed to think of centrifugal casting as 
a new development in the industry, and so little has 
been written on this subject that it is only recently 
that it has attained the dignity of a separate heading 
in the various technical indexes of the country. How- 
ever, we should not overlook the early pioneers or 
their inventions. 

Early Developments in Centrifugal Casting.—Over 
a hundred years ago, in 1809, Anthony G. Eckhart, 
an Englishman, patented a method of casting by 
centrifugal force to “‘ render the cast more perfect and 
neat.” Eckhart’s patents covered the casting of hollow 
bodies of various. shapes, and his illustrations show 
moulds rotating around vertical, horizontal and inclined 
axes. A combination of rotation around two axes 
was used to form spherical bodies.+ Although his 
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Fig.7. SHANKS’ METHOD OF MOULDING PIPE 
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patents were correct in theory, very little information 
was given as to the method of rotating the moulds, 
and in-so-far as is now known, his invention was never 
used. An American, Thomas G. Lovegrove of Balti- 
more, is credited with the next step in the development 
of centrifugal casting. His patents, taken out in 1848, 
cover a crude apparatus for rotating a two-part mould 
and offer the first information as to how rotation of a 
mould was actually accomplished. The development 
of his method was carried forward in England by 
Andrew Shanks, sometimes credited with being the 
first inventor to utilise centrifugal force in casting. 
Shanks’ patents are described in detail in the Scientific 
American, for December 1, 1849, and it is interesting 
to note that the object of the method, as stated in 
the patent, was to do away with cores and to insure 
uniform thickness. The patent covers a horizontal 
machine for casting tubes, as well as a machine for 
imparting vertical rotation to cast vessels. A general 
view of Shanks’ apparatus is shown in Fig. 1. The 
Shanks process was originally based on heating the 
moulds ‘‘ to prevent the iron from setting too rapidly.” 
This invention deserves more than passing notice, as 
the processes described were actually used in the 
production of pipe and sheets. Records indicate that 
in 1852 cast iron gas pipes, 3 in. in diameter and 12 ft. 
long, were being made by Shanks, and, at the same 
time, iron cylinders were being cast which were cut 
apart and flattened out to form sheets. 

The theory of the effect of rotation around two axes 
suggested by Eckhart was again covered by Peters, in 
his machine patented in 1855. Unfortunately, mecha- 
nical difficulties in obtaining the desired rotation 
prevented the inventor from accomplishing satisfactory 
results. The German authority, Professor Enst 
Sewicki, credits the English engineer, Johnson, with 
the method of casting steel wheels.t Other authorities 
claim that the method described in his patents had 
been perfected some years previously by a Frenchman, 
Dumery, and was at that time actually in use in France. 
The latter method was undoubtedly ingenious and 
consisted of placing the body of the wheel with a very 
thin rim in a chill, and, after bringing the rim up to the 
fusing temperature, rotating the mould and pouring 
the annular ring outside the rim full of molten metal. 
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This method was actually used for some time in the 
foundries of Jackson, Petin and Gaudet. 

The year 1859 was one of remarkable advance in 
the art of centrifugal casting. It was at this time that 
Sir Henry Bessemer perfected a method for casting 
bars, plates and rods of malleable iron or steel from 
which the gases had been removed by centrifugal 
force. M. Tresca, in a discussion before the Institution 
of Mechanical Engineers in 1867, refers to rails manu- 
factured at the Imphy Iron Works by this method as 
‘‘remarkably free from blow holes.”* Some years 
later the Commentary Fourchambault Company 
tried casting ingots for rail rolling in moulds placed 
about a centre axis like spokes of a wheel. For short 
ingots this method gave good results which, unfortu- 
nately, were not duplicated with larger ingots.t The 
Bessemer patents refer specially to the possibility 
of varying the metal during pouring, so as to give suc- 
cessive layers of different metals. By this method 
better results were arrived at than Johnson had been 
able to obtain by allowing one casting to cool before 
the second layer was superimposed on it. We find 
that several inventors were impressed with the 
advantage of casting dissimilar metals together. Just 
at this time A. A. Needham of Rockford, Illinois, 
proposed a similar method of casting car wheels, and 
the French patent of M. Grand for combining tin 
and lead was based on the same theory. Professor 
Sewicki claims that credit for this invention should 





not satisfactory, the tyre ‘‘ could be reheated and rolled, 
hammered or pressed to size.’’* 

Many of his patents covered methods of distributing 
the molten metal in the mould. The first investigation 
of this type was made with Sampson Fox, and resulted 
in the production of a bottom-pouring ladle mounted 
on wheels so that it could be run into the mould. 
Holes were placed at regular intervals along the bottom 
so that the iron was delivered in a number of streams 
in order to prevent cold laps and uneven thickness. 
An interesting development of this pouring ladle consists 
of a trough designed with a series of spouts at regular 
6 in. intervals throughout its length. As this trough 
is tipped, iron is fed into the mould at several points.{ 
This pouring device has a reciprocating motion of 3 in., 
so that, during pouring, the metal is fed in with a 
weaving motion giving the effect of a woven fabric. 
This patent also covered the introduction of compressed 
air into the mould to neutralise ‘“‘ the vacuum caused 
by the great heat in the respective moulds.” This 
vacuum they claimed, resulted in iron with ‘“‘ drawn 
and blown holes.” The next important patent was 
taken out by Whitley, working independently. He 
suggested the use of a heat resisting packing as a 
mould lining to conserve the heat in the casting and 
give greater density and tensile strength. Several 
subsequent patents apply to this idea but apparently 
Whitley was not successful in departing from the 
permanent moulds in use at that time. This inventor 
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be given to Huth, and there seems to be some basis for 
his claim, in that the Huth process was actually in 
service at the time his article was written. 

During the same year (1859), Freeborn Adams 
inaugurated the idea of casting copper tubes in a 
vertical mould. For short tubes this method was 
satisfactory, but with longer sections it was necessary 
to use cores to overcome the effect of the combination 
of rotative force with gravity. No discussion of 
centrifugal casting would be complete which omitted 
consideration of the work of the Englishman, Joseph 
Whitley of Leeds, whose patents cover the period 
between 1860 and 1885. Working alone, or in con- 
junction with other engineers, he perfected many ideas, 
which, although they have not in themselves been 
commercially successful, have aided other inventors 
in solving their problems and have been studied in 
connection with many of the more recent inventions. 
It has been said of Whitley that he had a “ keen 
appreciation of the controlling influences - of 
centrifugal castings.”t One of his early patents, 
taken out in conjunction with Bowers, covers a machine 
for casting iron wheel tyres. The patent refers to a 
mould coated with clay into which iron was poured 
or a pasty wrought iron bloom was forced, The force 
of rotation causes the metal to assume the form of the 
mould. It is evident that the process was not always 
successful as the patent provides that, if the result was 





*Paper read before the American Iron and Steel 
Institute, New York, on May 20, 1927. Abridged. 

t “ Centrifugal Casting,” by A. E. Fay, The Iron Age, 
February 28, 1901. 

{ “ Ueber Zentrifugalguss,”’ by Professor Enst Sewicki, 
ta des Vereines Deutscher Ingenieure, June 25, 





*“ Flow of Solids,” by M. Tresca, Proceedings of 
the Institution of Mechanical Engineers, 1867. 

} Casting Steel Ingots Centrifugally,” by L. Cammen, 
The Iron Age, December 7, 1922. 

t “Some Notes on the Development of the Centrifugal 
Casting Process in Great Britain and Europe,” by J. E. 
Hurst, The Metal Industry, October, 1926. 
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also suggested the idea of weighing the metal before 
pouring to control the thickness of the casting, as 
well as a method of removing the casting from the 
mould by means of a screw. 

One of the most interesting of the early inventions 
was that of Chalmers in 1867. He proposed to place 
pipe moulds radially like the spokes of a wheel. In 
addition to the rotation of the moulds around the central 
hub, each individual mould rotated about its own 
axis. It was expected that this combined rotation 
would eliminate the need of cores. There is no record 
that this method was successful, but the idea of similar 
moulds mounted on opposite sides of an axis is used 
to-day to form intricate castings. 

Thompson made use of his patent, dated 1873, to 
produce lead sheets by the centrifugal method. A 
cylindrical mould, rotating horizontally, was used, 
and, after the molten lead had set in the form of a 
cylinder, it was cut longitudinally and flattened out. 
Reference has been made to the uniformity in thick- 
ness and freedom from defects of sheets cast in this 
way. Almost the same year, C. W. Torr combined 
the researches of other inventors and patented a process 
for casting tubes in a rotating horizontal mould. His 
machine was designed for casting long pipes of non- 
ferrous metals. 

Years of investigation were beginning to bring results, 
and, in the Journal of the Iron and Steel Institute - 
for 1882, we find a reference by F. W. Webb, of Crewe, 
to locomotive driving wheels cast by centrifugal force. 
The writer referred to the “‘ sound clean wheels ”’ which 
resulted from this method of casting. To-day it seems 
remarkable that the results were satisfactory, as the 
speed of rotation was maintained at from 40 to 50 
r.p.m. An early form of centrifugal mould for rolling- 
stock wheel tyres is shown in Fig. 3. 

Professor Sewicki refers to G. Héper as the first 
inventor to consider the shape of the spout for carrying 
metal into the mould. His patents, dated 1890, 
cover also the casting of metal into spiral moulds 
for drawing subsequently into wires. Shortly after- 
wards E. P. Forster, of Berlin, worked out some 
developments of the original Shanks’ patents. He 
made use of a spout which could be drawn from the 
mould. The methods suggested were too complicated 
to be practical, but the principles evolved were of value 
in the later development of the art of centrifugal 
casting. The problem of introducing the molten 
metal into the horizontal mould without splashing 
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* Mechanics: Magazine, December, 1864. 
+ “‘ Large Diameter Centrifugal Pipe,” by J. E. Hurst, 
The Iron Age, June 11, 1925. 








58 


ENGINEERING. 


[JULY 8, 1927. 








has been given much attention by engineers. In 
1891, Lane suggested that the iron be introduced into 
the mould in a narrow stream, to which had been 
imparted a rotary motion. As the mould became 
filled, it is gradually withdrawn so that the metal is 
deposited continuously over the entire surface of the 
mould. 

Centrifugal force was utilised commercially late in 
the Nineteenth Century to eliminate blow holes in 
steel ingots for rolling. Credit for the development of 
this process is due to J. L. Sebenius of the Nykroppa 
Steel Works (Sweden). The process was simple, and 
the Sebenius rotator is shown in Fig. 2. Two moulds 
were suspended on a yoke and on opposite sides of the 
hub. These were filled with steel and the machine 
rotated. Centrifugal force caused the swinging moulds 
to assume a horizontal position and at the same time 
forced the impurities and gases out of the steel.* 
Several installations were made in the various plants 
of the company mentioned, and they were operated 
for a number of years. Unfortunately, the method 
was not adaptable for use with large ingots, and since 
the death of the inventor the method has been 
abandoned. 

Many great engineers have tried to solve the diffi- 
culties of centrifugal casting, and in 1895 we add the 
name of Sir Hiram Maxim to the list. The plan of 
this inventor was to make pipes in a continuous 
length by centrifugal force. Metal was fed into a 
rotating mould tapered towards the feeding end, so 
that the liquid metal pressed the moulded pipe forward 
in front of it. At the end of the mould the pipe was 
cooled by a water jacket, and was solidified sufficiently 
to pull out on to rollers. The Nineteenth Century 


closed with most of the elemental research on centri- | 


fugal casting completed. However, there were many 
minor problems as yet unsolved, and a review of the 
first six months of 1900 discloses five patents granted 
on centrifugal casting machines. Among these patents 
is a horizontal casting machine invented by Ferdinand 
Deeming, of Waterbury, Connecticut. This machine 
is equipped with pistons, one of which blocks off the 
mould until the proper time when the molten metal 
is admitted as a body. The other piston serves to 
remove the ingot after pouring. Several inventors 
have tried to make use of the fact that metal cast 
centrifugally around a vertical or inclined axis assumes 
the form of a parabola. Taylor and Wailes, in their 
English patent, dated 1878, refer to the ‘* ring-shaped 
section of a paraboloid of revolution’’ assumed on 
rotation around a vertical axis. The same phenomenon 
is referred to by Davies (1870), Huth (1895), and 
Stridsberg (1900). Theoretically, at least, this tendency 
to parabolic form could be put to use in the production 
of castings of a desired shape, and it has been used for 
casting hollow tapering brass tubes.+ 

The deLavaud Centrifugal Process of Casting Pipe.— 
The first centrifugal process to be used for the com- 
mercial production of heavy ferrous castings on a large 
scale was invented by Demitri Sensaud deLavaud. 
Convinced that many of the difficulties of centrifugal 
casting were due to the moulds used by the early 
inventors, deLavaud started in 1914 a series of experi- 
ments on casting pipe in permanent rotary moulds. 
Heated moulds were first used without success, as it 
was impossible to withdraw the pipe for at least 
three minutes after pouring. After experimenting 
with moulds heated to various temperatures, it was 
decided to try a cold mould. The inventor had to 
pour the pipe himself, as his foundrymen were afraid 
of the action of the hot metal on the cold mould. 
The first pipe cast in this way was satisfactory, and 
could be withdrawn a few seconds after pouring. No 
provision for cooling the mould had been made, and 
as the operation continued and the mould gradually 
heated up, it became increasingly difficult to withdraw 
the pipe, indicating that hot moulds caused the earlier 
troubles. 
were developed which have since been followed in the 
commercial production of centrifugal castings. 

After devoting two years to further development 
of this process deLavaud had a machine built 
in Buffalo with a view to introducing the process 
into the United States. He was not immediately 
successful in convincing foundryinen in this country 
that their problems were solved; but in 1917 the 
National Iron Works, Limited, of Toronto, took over 
the rights for Canada. Commercial production was 
started almost immediately in their foundries and 
the plant has operated continuously up till the present 
time. Shortly after this the Centrifugal Cast-Iron 
Pipe Company and the International deLavaud 
Manufacturing Corporation, Limited, were organised 
to control the development of this process. In 1921, 
the United States Cast-Iron Pipe and Foundry Company 





*“Sebenius Rotator for Steel Ingots,” The Iron Age, 
December 15, 1892, and March 15, 1894. 

+ ‘Control of Centrifugal Casting by Calculation,” 
by Robert F. Wood, Mechanical Engineering, November, 
1921. 


As a result of these experiments, principles | 





obtained the rights for the deLavaud process for 
making pipe in this country, and experimental work 
was immediately started at their Burlington Works, 
Burlington, N.J. The development of the process 
on a commercial basis proceeded rapidly, and early 
in the next year construction of a battery of four 
machines was started at their Birmingham plant.* 
This plant was put in commercial operation in the 
autumn of 1922, and the process proved so successful 
that the battery was duplicated shortly after that 
time. Since then a second plant has been built at 
Burlington. This plant now comprises nine machines, 
which is actually half the expected ultimate capacity. 
The deLavaud process for casting pipe centrifugally 
is simple in its essentials. Each unit, a general view 
of which is shown in Fig. 4, consists of four parts. 
At one end of the machine is a pouring basin or tilting 
ladle A, designed to feed the iron into the mould 
at a predetermined and constant rate. From the 
pouring basin the iron is conveyed into the mould 
by means of a spout B C, long enough to reach to 
the extreme end of the mould. The end of the spout 
C is turned at an angle so that the molten iron flows 
into the mould in the plane of rotation. The entire 
machine is set at a slight angle with the horizontal 
so as to cause the iron to flow down the spout. This 
angle is too slight, however, for the action of gravity 
to effect the distribution of the iron once it is in the 
rotating mould. The mould E F, itself is of steel, 
and its inner surface is just the contour of the outside 
of the pipe. A motor or a water wheel G, serves 
to rotate the mould in its casing H J. The annular 
space between the mould and the casing is filled 
with the cooling medium which keeps the mould 
at a constant temperature. In addition to the 
rotation of the mould, the mould and casing have 


Effect of the deLavaud Process on the Iron.—The 
deLavaud process was developed essentially to give 
a method of economically casting pipe of uniform 
section. However, the force under which deLavaud 
pipes are cast, as well as the action of the cold mould 
and subsequent annealing, improves the physical 
properties and microstructure of the iron to a marked 
degree. It has been stated that “the high tensile 
strength of the deLavaud pipe is undoubtedly due 
to this unusual combination and arrangement of 
structural elements.”* The reduction in the size of 
graphite flakes is obvious under the microscope. In 
this connection it is well to recall Professor Sauveur’s 
statement regarding the effect of graphite on strength, 
“There is no doubt but that, other things being 
equal, the finer and less angular and sharp the 
graphite particles, the stronger must be the iron.” 
The iron used in the process is the same as that used 
in making sand-cast pipe. Test bars were poured 
from this iron before it entered the centrifugal machine. 
An average of nine bars, each 2 in. by 1 in. in section, 
placed flat and supported on 24-in. centres loaded 
at the middle supported a load of 2,087 lb. with a 
deflection of 0-36 in.t After being cast into pipe 
by the deLavaud method, transverse test bars were 
cut from the walls. These bars were }in. by }$ in. 
in section, and were supported on 11}-in. centres. 
Each of the bars tested failed between 225 lb. and 
250 Ib. load. These tests indicate an increase of 
strength of 65 per cent., as shown by the modulus 
of rupture of 37,000 lb. per square inch for the first 
bars, and modulus of rupture of 62,000 lb. per square 
inch for the bars after centrifugal casting. Tensile 
bars cut from these test sections show similar results. 
The untreated iron had an average tensile strength 
of 20,242 lb. per square inch, compared with 35,658 Ib. 





F Ug. 4. THE DELAVAUD MACHINE FOR CASTING PIPE CENTRIFUGALLY 
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a horizontal traverse slightly greater than the length 
of the pipe. This permits the distribution of the 
iron in the mould. 

In actual operation the end of the mould away 
from the pouring basin is first blocked. off with a 
stop plate K. On this plate is the core for forming 
the lead space in the bell of the pipe. This is the 
only core in the operation and is needed to form 
the enlarged interior diameter of the pipe at this 
point; for pipe having a uniform inside diameter 
such as plain end pipe or flange pipe no core is 





| per square inch for bars cut from the completed 
pipe. 

| In considering these tests, it should be borne in mind 
that the strongest part of the deLavaud metal, i.c., 
the outer layer, has been removed by machining. For 
this reason, actual bursting tests on the deLavaud 
pipe are far more indicative of its true strength. Full 
12-ft. lengths of pipe were tested. The bell end was 
threaded and a threaded cap was screwed in place ; 
the spigot end was closed by means of a stuffing box 
held in place in the regular foundry test press. This 





necessary. 

After this step the pouring basin is charged with | 
enough iron to form one pipe. The mould is then | 
advanced until the spout extends nearly through the | 
mould so that the iron flowing out of the end of the | 
spout will enter the bell cavity. With the mould | 
rotating at a speed of approximately 600 r.p.m. | 
(for a 6-in. pipe) pouring is started. As stated above, | 
the iron flows as nearly as possible into the plane | 
of the rotating mould and centrifugal force holds | 
it against the inner surface of the mould. As soon | 
as the molten iron fills the bell cavity, the horizontal | 
travel of the mould is again started; this time, | 
however, it travels away from the pouring basin. | 
In this way iron is fed into each part successively, | 
and the pipe is built up throughout its length. The | 


type of testing apparatus limits the stresses in the 
pipe to those imposed by the internal test pressure. 








Strength of Pipe. 

ae Average Average 

— Wall Bursting Tensile 
| Thickness. Pressure. | Strength. 

| 

H Ib. per Jb. per 

Inches. sq. in. 8q. in. 

6-in. Sand Cast Pipe 0-50 2475 14,600 
6-in. deLavaud Pipe 0:39 3730 29,200 














Asa result of an independent investigation, Professor 
Gillespie, of Toronto University, summarised the 


surface of deLavaud pipe shows some evidence of |change in physical properties resulting from the 


the spiral ribbon of metal from which it is built up, | 
but so rapid is the pouring that there is no evidence | 
of segregations in the metal itself. 

At the end of the horizontal travel of the mould) 


the spout is beyond the end of the pipe, and any | 


deLavaud process by stating that “the strength in 
tension and cross-bending, the resistance to shock and 


the stiffness are about twice as great for machine made 


iron as for the sand cast product.” As long ago as 
1840, Robert Mallet, in ‘‘ An Extensive Study of the 


excess metal flows into a pig basin at the side of | Corrosion of Metals,” made for the British Society of 


the machine from which it is later reclaimed. The 
entire pouring operation takes only a few seconds | 
and the pipe may be immediately withdrawn. This 
is accomplished by placing tongs in the bell end of 
the pipe, and again advancing the mould, allowing 
the pipe to roll out on skids. The short time the 
pipe is in the cool mould produces only a surface 
chill and minor casting strains, which are removed 
by placing the pipe in an annealing oven. After 
bringing the pipe well up towards its critical tem- 
perature, it is allowed to cool slowly as it rolls through 
the oven. The idea of annealing cast-iron pipe is 
not a new one, and pipe cast by the older methods 
were required by specifications to be allowed to 
‘soak ” in the mould until they had lost the “ colour 
of heat.” 





* “‘ Casting Iron Pipe Centrifugally,” E. C. Kreutzberg, 
Iron Trade Review, September 27, 1923. 


| Civil Engineers stated that of two metals having 
approximately the same chemical composition, the 
| denser would resist corrosion to a greaterextent That 
| the finer grain of deLavaud pipe is corrosion resisting 
has been brought out by the soil corrosion tests now 

being conducted by the National Bureau of Standards.+ 
| This is probably due to some extent to the uniformity 
| of deLavaud metal and it freedom from impurities. 
| It is estimated that the force available for the elimination 


* “4 Study of deLavaud Centrifugally Cast Cast- 
| Iron,” by Arthur Phillips, Assistant Professor of Metal- 
| lurgy at Yale University, March 16, 1923. 
} This test and those which follow are taken from the 
| Underwriters’ Laboratories Report on deLavaud Cast- 
| Iron Underground Water Pipe, Faxtinguisher No. 758, 
June 12, 1923. 

+ “*Soil Corrosion Investigation,” by K. H. Logan, 
| Journal of the American Institute of Mining and Metal- 
| lurgical Engineers (1927). 
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of gas and impurities is 32 times as great for a 6-in. 
pipe, cast centrifugally, as for the same pipe made by 
the old sand cast method. DeLavaud pipe fulfills 
the expectations of the inventor in that it is remark- 
ably uniform in thickness. Variation of thicknesses 
average 0-02 in. throughout the circumference. When 
we consider that sand cast pipe often varies as much 
as 0-12in. circumferentially the accuracy of deLavaud 
pipe becomes more remarkable. 

DeLavaud’s desire for economy has also been 
fulfilled, and pipe cast by his method is sold at a lower 
cost per foot than the heavier sand cast pipe. This 
saving has been made possible, however, by numerous 
improvements in the details of the process itself. In 
1919, the plant at Toronto was turning out 15 pipes 
in an hour; to-day the regular output is more than 
double this figure for 6-in. pipe. Obviously the 
process is no longer in the experimental stage, and 
there are in existence at the present time, many 
thousands of miles of deLavaud pipe in sizes from 
4 in. to 20 in., giving satisfactory service in the United 
States and elsewhere. : 

At present there are eight companies operating 
under the deLavaud patents for making cast-iron 
pipe, namely :—The United States Cast-Iron Pipe and 
Foundry Company, plants at Birmingham, Alabama 
and Burlington, New Jersey. The National Cast Iron 
Pipe Company (Sub-licensees of the above Company), 
plant at Birmingham, Alabama. The Stanton Iron 
Works Company, Limited, plant at Stanton, England. 
Tsuda and Company, plant at Osaka, Japan. The 
National Iron Corporation, Limited, plant at Toronto, 
Canada. Compagnie Générale des Conduites d’Eau, 
plant at Liége, Belgium. Hoskins Iron and Steel 
Company, Limited, plants at Sydney and Lithgow, 
Australia. Gelsenkirchener Bergwerke, plant at Gelsen- 
kirchen, Germany. 

Other Centrifugal Processes.—Recently there has been 
developed a method of casting pipe by centrifugal 
force known as the ‘‘ Sand-Spun”’ or “* Mono-Cast ” 
process. This differs in several essentials from the 
deLavaud process. An individual sand-lined mould 
is used for each pipe, and the iron is introduced while 
the mould is warm, the full charge of molten metal to 
form the pipe being poured into the tilted mould. 
The mould is then rotated, and as the desired speed 
for casting is approached, the mould gradually assumes 
a horizontal position. This process is now being used 
commercially by Messrs. R. D. Wood Company of 
Florence, New Jersey, and the American Cast Iron 
Pipe Company of Birmingham, Alabama.* The 
Hurst-Ball system of centrifugal casting is now in 
use in the foundries of Centrifugal Castings, Limited, 
of Kilmarnock, Scotland.¢ Originally, the use of 
this system was limited to short cylinders of rather 
large diameters such as piston rings, engine cylinder 
liners, wheels and roll castings from 10 in. to 30 in. 
in diameter, and up to 36 in. in length. The process 
makes use of hot steel moulds, kept up to the required 
temperature by turning out the castings in rapid 
succession. It was impractical for use in making long 
tubes of small diameters, as contraction on cooling 
such tubes was so slight that they must be allowed to 
cool quite materially before being withdrawn. Through 
the development of a pouring spout somewhat similar 
to that of Whitley described previously, cast-iron 
pipe, 36 in. in diameter and 12 in. long, has been 
produced. This device consists of a tilting pouring 
spout equipped with a helical weir edge approximately 
the length of the casting to be produced. The iron is 
fed into the mould by partially tilting the spout which 
feeds the iron continuously starting at one end of the 
pipe and ending at the other. 

One of the most recent of the various methods of 
casting pipe centrifugally is the Henry-Weitling- 
Peake process. In this method, the mould is kept at 
the correct temperature by circulating hot mercury 
vapour under pressure around the mould. The, 
patent includes provisions for retaining the mercury 
which may be used continuously. Another patent 
controlled by this company covers the use of permanent 
bell cores of gas carbon, as well as the use of carbona- 
ceous linings of the mould.t For a number of years, 
Stokes Castings, Limited, of Mansfield, England, has 
been making castings centrifugally, and their work 
has been taken over recently by the Sheepbridge 
Stokes Centrifugal Castings Company, Limited. The 
Stokes process makes use of permanent moulds heated 
from the castings. Various types of rings and cylinder 
linings are made by this process.§ Centrifugal 
casting is the ideal method for casting piston rings, 
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and in addition to this application of the Stokes and 
the Hurst-Ball systems, there are several others in 
use. The interest that manufacturers take in this 
seemingly small product may be realised when we 
consider that the Ford interests alone use 16,000,000 
rings each year. One foundry makes use of the 
deLavaud process for casting rings with only slight 
modifications from the method described for casting 

ipe.* 
In direct contrast with the method of casting rings 
in cold metal moulds is that used by the Wasson 
Piston Ring Company, Plainfield, New Jersey. The 
rings made by the Wasson method are surrounded on 
three sides by sand during casting. In addition, the 
rotation is vertical, the iron being poured into the 
centre of a dry sand mould representing four rings 
connected by gates. Piston rings in almost all sizes 
are now being made by this method. The British 
Piston Ring Company, Limited, of Coventry, England, 
casts piston ring pots centrifugally. From these pots 
the individual rings are subsequently cut. For some 
years, castings of odd designs have been produced 
centrifugally. This. has been accomplished by placing 
moulds of similar volume on opposite sides of a vertical 
axis and rotating them. As a result of centrifugal 
force, the iron fills the most intricate mould, and the 
impressions are sharply reproduced. In addition, 
the castings are remarkably free from impurities. 
Experiments made on castings of this type, but of 
non-ferrous metals, have been carried on for some time, 
and it is hoped that the process will be developed com- 
mercially in the near future.+ 

In his paper on ‘‘ The Development of the Centrifugal 
Process in Great Britain,’ read before the American 
Foundrymen’s Association late in 1926, Mr. J. E. 
Hurst stated that ‘“‘ the development of the application 
of the centrifugal process to the production of castings 
in steel has not been so extensive as in the case of 
cast-iron.” He refers to the Davis steel-wheel process 
as the only application of importance in England. 
This process is used by Messrs. John Brown and 
Company, of Sheffield, to secure a manganese steel 
rim on wheels. In this country, as well as in England, 
most of the work on the application of centrifugal 
processes to use with steel has been of an experimental 
nature. A method of casting steel pipe in hot moulds 
has been given much attention, and one process has 
already been patented. The same inventor, Leon 
Cammen, has patented a method of casting steel ingots 
and plates centrifugally. His process makes use of 
a “ bottle neck” mould to eliminate splashing. 

Messrs. The McConway and Torley Company, 
operating under the McConway patents, cast disc- 
shaped ingots in permanent moulds. The feature of 
this process is that the metal is placed under pressure 
of 500 lb. per square inch by means of a hydraulic 
piston as the metal sets. This, it is claimed, forces 
all impurities and gases through the pouring hole in 
the centre of the mould. Steel tubes and ring-shaped 
ingots have been produced in this country under the 
Milspaugh patents. Castings of this kind were used in 
the exhaustive investigation of centrifugally cast-steel, 
made by George K. Burgess, of the Bureau of Stan- 
dards.§ As is the case with steel, non-ferrous alloys 
are melted in “‘ batches,” and, therefore, it is difficult 
to have available a continuous supply of molten metal, 
such as is desirable for centrifugal-casting processes. 
Nevertheless, in spite of this handicap, centrifugal 
processes are in use in other industries. The difficulty 
of producing perfect brass and bronze tubes by ordinary 
methods has long been recognised. Since 1918, ex- 
perimental work on the development of a centrifugal 
method for casting such tubes has been under way. 

Centrifugal force has also been used to produce 
aluminium and Monel metal tubes, copper bands and 
large cast-iron paper rolls. Unusual applications of 
centrifugal casting include the manufacture of concrete 
pipe, the casting of babbitt bearings and the applica- 
tion of wax coatings to the outside of paper rolls. 
Professor Sewicki, the first authority to write exhaus- 
tively on centrifugal castings, outlined the objects of 
this process as follows :—(1) To produce dense castings, 
free from blow holes, and as a result having greater 
strength. (2) The elimination of the use of a core, 
resulting in economy of operation. (3) To fill the 
moulds completely and insure sharp outlines in the 
castings. (4) To influence the chemical changes in the 
metal during casting. (5) To make possible the com- 
bination of two or more metals in a casting. It is 
interesting in considering the various processes des- 
cribed, to note how successfully each of the methods 
attains one or more of these objects. 





* “Centrifugal Pipe from Sand Moulds,” The Iron Age, 
April 15, 1926. 
t “ Large Diameter Centrifugal Pipe,” by J. E. Hurst, 
The Iron Age, June 11, 1925. ' 
B Sy Centrifugal Cast Pipe,” The Iron Age, December 25, 


§ ‘‘ Producing Centrifugal Castings,” by H. Cole 
Estep, Iron Trade Review, March 30, 1922. 





* “Casting Rings in Centrifugal Machine,” by E. F. 
Cone, The Iron Age, October 3, 1918. 

+ “Complex Centrifugal Castings,” by R. L. Binney 
and N. I. Terbille, The Foundry, May 1, 1924. 

t “ Centrifugal Casting,” by Leon Cammen, Transac- 
tions American Society of Mechanical Engineers, 1922. 

§ “ Tests of Centrifugally Cast Steel,” by George K. 
Burgess, The Iron Age, March 24, 1921. 








ROYAL METEOROLOGICAL SOCIETY. 


Ar the last monthly meeting of this Society for the 
present session, held on Wednesday, the 15th ult., in 
the Society’s Rooms, 49, Cromwell-road, South Ken- 
sington, Sir Gilbert Walker, F.R.S., the President being 
in the Chair, a paper entitled “ Report on the Pheno- 
logical Observations in the British Isles, December 1925 
to November, 1926,” by J. Edmund Clark, I. D. Margary 
and R. Marshall was presented. This paper stated 
that the 36th report of the new series dealt with 373 
sets of records, a number greater than in any previous 
year. Yet large areas remained very meagrely repre- 
sented, particularly the western halves of Ireland and 
Scotland, and all Scotland north of Inverness. Fresh 
observers in these districts would be warmly welcomed. 
Increasing public recognition of the interest and value 
of the work was evidenced by the co-operation of the 
Ministry of Agriculture, the response to the appeal for 
international work, and the fact that the first of six 
popular talks on meteorology broadcast from 2LO, 
was by Mr. Margary on phenology, and has brought 
in many valuable enquiries. The report sketched the 
history of the Royal Meteorological Society’s work 
from its inception in 1875 under the Rev. F. A. Preston, 
of Marlborough College, its reorganisation in 1891 by 
Mr. E. Mawley, and its gradual development along the 
lines laid down by him. 

The five weeks cold spell preceding Christmas, 
1925, retarded the first indications of the new season’s 
growth, but this was quickly neutralised by warmth 
equally abnormal, culminating in the closing week of 
winter, and continued on to give a most acceptable 
burst of summer at Easter. In consequence, flower, 
bird and insect records were very early up till mid- 
April, notable being those of the arrival of cuckoo and 
swallow, and flowering of hawthorn. Then everything 
was retarded by a prolonged spell of cold, worst about 
mid-May, injuring the fruit crop, particularly apples. 
June was cold and very dry, and in many parts July 
brought a deluge. Yet in the end, field crops cheered 
farmers, being helped by a dry summer and fairly 
warm August, warm September, and early October. 
Grain expectations, however, failed of full realisa- 
tion upon threshing. Destructive mid-October frosts 
damaged late potatoes and practically wiped out autumn 
colouring. Very striking were the many records of the 
return after this of swallows and housemartins, often 
lingering all through November, and in some cases into 
December. 

A second paper, entitled ‘‘ Past Climates,” was read 
by Dr. G. C. Simpson, F.R.S. This paper discussed, 
from the meteorological point of view, the possible 
changes in climate which could be brought about by 
changes in the physical condition of the earth’s surface, 
chiefly changes in the extent and distribution of the 
land masses, and changes in their height—unaccom- 
panied by any variation in solar radiation. It was 
shown that the zonal distribution of temperature 
could not be materially changed, and that there must 
always have been a cold polar zone, a warm tropical 
zone, and an intermediate temperate zone, all very 
similar to those which existed to-day. Further, a 
detailed examination of the existing variations in mean 
annual temperature along various circles of latitude 
led to the conclusion that no rearrangement of land 
and water could have produced larger variations of 
mean annual temperature than were to be found in the 
northern hemisphere to-day. A discussion of the 
existing sheet of inland ice which covered Greenland 
gave good reason for believing that the ice sheet 
which covered north west Europe during the last great 
ice-age could not have heen caused by the elevation of 
Scandinavia. Finally, a discussion of the present 
conditions in tropical regions, where in the coldest 
parts the snow-line is to-day more than 5,000 m. above 
sea-level, led to the conclusion that ice could never 
reach sea-level within the tropics. 





Enquiry into Port CHarces at MomsBasa.—It 
having been contended that the high port and landing 
charges at Mombasa have a very serious effect on the 
development of Kenya and Uganda, the Joint East 
African Board has appointed a special committee to 
investigate the matter, as well as such subjects as 
charges for cables to East Africa and the possible increase 
of inland transport facilities. 





THE RAISING OF AN ArracaN Brincr.—To avoid the 
effects of abnormal floods, the Beiraand Mashonaland and 
Rhodesia Railway decided to raise the Kafue River 
Bridge by about 5 ft. The train service was run on a 
special time table to permit a period of 94 hours each day 
to be available for the work. The thirteen spans, each 
100 ft. long, were raised by means of 28 hydraulic jacks. 
Fach lift of 10 in. was performed in stages of 2 in. and 
concrete blocks were brought into position on the piers 
beneath the steelwork, from temporary stagings. The 
work proceeded with smoothness throughout. 1,000 
concrete blocks and 164 tons of cement were used by the 
method adopted of supporting the bridge, the steel work 
of which weighs 780 tons. 
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MASON’S HIGH-PRESSURE STOP 
VALVE. 

An exhibit which attracted considerable interest 
at the recent joint meeting, in Glasgow, of the 
Institution of Engineers and Shipbuilders in Scotland 
and the North East Coast Institution of Engineers and 
Shipbuilders, was a new form of stop valve designed 
by Mr. H. L. Mason, 66, Victoria-street, Westminster, | 
London, 8.W.1, and suitable for continuous service 
with steam of the highest temperatures and pressures 
in use. The external appearance of the valve is illus- 
trated in Fig. 1 on this page, while its design and 
construction can be followed by an inspection of Figs. 2 | 
to 4. Of these, Fig. 2, is a longitudinal section of the 
valve, and Fig. 3 a plan of the stuffing box, while Fig. 4 | 
shows some of the internal parts removed from the | 
body. The special features claimed for this valve are | 
that a positive closure is obtained in conjuction with | 
fine regulation, and that the destructive effects of | 
wire drawing are entirely eliminated. An additional | 
important advantage is that the valve can be adjusted | 
and the wearing parts entirely removed under pressure, | 
if necessary. 

As will be understood from Fig. 2, the valve is of the | 
combined metallic seat and piston type, the former | 
part being used for complete closure and the latter | 
part for regulation. The valve body, which is of cast | 
steel, has a cylindrical hole bored axially from the | 
bottom upwards through the diaphragm, a slight 
shoulder being formed at the upper end, as shown in | 
Fig. 2. In this hole are jitted a seating ring of Monel | 
metal, an asbestos packing ring, a lantern bush of 
stainless steel, and a second packing ring, all of which | 
are held in place by a flanged cover and plug attached | 
to the body by means of studs. The spindle, which is 
of chrome-nickel steel with an external screw, carries on 
its inner end a mushroom valve of stainless steel and 
a piston valve of Monel metal, the latter being flanged | 
at its upper end so as to make a steam-tight joint with 
the Monel metal seating ring, above referred to, when | 
the valve is completely closed, as shown in Fig. 2. | 
In this position, it will be noticed, the piston has passed 
through the metal seating ring and is surrounded by 
the upper asbestos packing ring which gives additional | 
security against possible leakage. It will be evident, | 
with this arrangement, that in opening the valve no 
flow of steam can take place until the piston valve has | 
been raised clear of the packing ring, by which time | 
the metal seatings will be widely separated, so that | 
they cannot be injured by the cutting action which | 
occurs with wiredrawn superheated steam. Any | 
scoring that may occur can only take place on the lower | 
bevelled edge of the piston valve and the correspond- 
ingly tapered inner edge of the metal seating ring. | 
This scoring, however, does not affect the tightness | 
of the valve when closed, which is ensured by the | 
contact between the horizontal facing of the piston 


HIGH-PRESSURE STOP VALVE. 
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flange and the seating ring. Attention may be called 
to the fact that, in the partially-open position, the 
jet of steam which passes between the end of the 
piston and the inner surface of the seating ring is 
delivered clear of the packing ring directly on to the 
openings in the lantern bush, a circumstance which 
tends materially to increase the life of the ring. 

Since the metal seating ring is held in place by a 
compressible packing ring, it is free to adjust its position 
sufficiently to compensate for any possible distortion 


| of the valve body and it should also be noted that the 
arrangement relieves the diaphragm of any pressure, | 


except, of course, that due to the steam. The pressure 
on the packing rings can be adjusted to compensate 





for wear by tightening up the studs on the pee | 
| 


cover. When it becomes necessary to renew the rings, 
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ing the upper surface of the mushroom valve up into 
contact with a seating on the bottom face of the ring 
which forms the bottom of the box. This ring, it may 
| be mentioned, is of Monel metal. The valve illustrated 
| is of the ]-in. size and we understand that a 4-in. valve 
of the same type has been in use for three months with 
steam at 300 lb. per square inch, and that the rings, 
valve and seat have been removed and replaced under 
pressure at frequent intervals for demonstration pur- 
poses with entirely satisfactory results. The valves 
are of British manufacture throughout, including the 
packing rings, and we are informed that arrangements 
are being made for the production of standard sizes up 
to 8 in. bore; special valves can be made of larger 


sizes. 











| Exptostons or NatuRAL GaAs-ArrR Mixtures.—Experi- 
| ments are being conducted by the United States Bureau 
| of Mines at their Pittsburgh Experimental Station to 
| determine the lowest amount of natural gas in air which 
| can be exploded. It is hoped, as a result of this work, to 
| define accurately the lowest limits which might cause a 
| disastrous explosion. Much work is being done at present 


| on the effects of turbulence on the limit of explosibility. 
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| THE Use or ELectriciry FoR MELTING Metats.— 
Electric heating is finding extensive use in the United 
| States of America in annealing and heat-treating non- 
ferrous metals, but its main application is in the melting 
of metals. About one-quarter of all the type-metal used 


this can be done without difficulty by first slackening | in the States is so treated. The process is standard 


back the nuts which secure the bottom cover, and then | practice for nickel and its valuable alloys. Of the output 
| from the rolling mills of brass, bronze and nickel-silver 


screwing down the spindle until the conical face of the | 
mushroom valve comes into contact with the edge of the | 
opening in the diaphragm. The nuts on the bottom | 
cover can then be taken off, the cover removed and | 
the packing rings, lantern bush and seating ring with- | 
drawn, steam being prevented from escaping by the | 
joint between the mushroom valve and the diaphragm. | 
The piston can also be taken out for examination or | 
replacement in this condition, by removing the set | 
screw by which it is attached to the mushroom valve. | 
Any worn parts can then be renewed and the bottom | 
cover replaced. 

Any form of stuffing box can, of course, be used for | 
the valve spindle, but that shown in Figs. 2 and 3 has | 
been found to be particularly satisfactory. In this, | 
the stuffing box is formed in the top cover and is closed 
at the bottom by a ring fitting into the valve body and 
at the top by a ring screwed into the cover. The box 
is fitted with soft, loose asbestos packing which is com- | 
pressed by two tangential set screws, clearly shown in 
Fig. 3; one of the set screws is also visible in Fig. 1. | 
With this arrangement, the effect of tightening up | 
the set screws is not only to compress the packing but | 
also to displace it, to some extent, bringing fresh material | 
into contact with the spindle. As will be understood, 
on reference to Fig. 2, the stuffing box can be re-packed | 
under pressure, when the valve is fully open, by screw- | 


| proprietors 


about 90 per cent. is the product of electric furnaces, 





New Form or TIME-TaBLe.—We have received from 
the proprietors, Messrs. Easifind, Limited, 409, Brixton- 


| road, London, S.W.9, a copy of the first issue of the new 


‘“* Kasifind ” railway time-table. The book, which has 
been compiled by Lt.-Col. W. Mansfield, contains full 
particulars regarding train services in England and 
Wales (not including suburban services, which are 


| purposely omitted), and through tables for Scotland. 


A large-scale folded map is issued with the time-table ; 
on this are clearly shown main lines, branch lines and 
Pullman-train routes. All the lines are numbered, as 
are also the principal stations ; these numbers refer to 
tables of trains in the book. A figure in red at one 
station, and the same figure in black at another station, 
indicate a through table. For example, the number 11 


| occurs in red at Manchester and in black at Worcester. 
| This refers the reader to through-table No. 11, which 


contains a list of all trains between Worcester and Man- 
chester. One of the chief advantages of the book is that 


| it will enable travellers to find, with very little trouble, 


through cross-country connections; for example, 


| Lowestoft to South Shields ; Sunderland to Shrewsbury ; 


and Norwich to Shrewsbury. The book measures 12 in. 
by 9} in. It is clearly printed, and well bound in strong 
paper covers. The time-table is published for the 
by Rolls House Publishing Company, 
Limited, Breams-buildings, London, E.C.4, and is 
priced at 2s, net. 
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By Professor J. H. ANDREW, D.Sc., and H. A. Dickre. 
B.Sc., A.R.T.C. 

It has been noted by Brayshaw, Brearley, Jones, and 
Greaves that partial hardening of certain specia! 
steels is brought about by tempering at temperatures 
considerably below the normal Ac; maximum (as 
obtained on a thermal curve), followed by quenching 
in water. Carpenter, Hadfield, and Longmuir drew 
attention to the fact that, in thermal heating curves of 


nickel steels, the Acy change was revealed by an absorp- | 


tion of heat over a range of temperature commencing 
well below the Acy maximum. Jones, from thermal 
and microscopical work on this subject, showed clearly 
that in many alloy steels Ac, takes place over a con- 
siderable range of temperature and is not completed 
at a constant temperature as in pure carbon steels. 
He explained this as being due to selective solution of 
isomorphous carbides present in alloy steels. The aim 


of the present investigation was to throw some light on | 
the extent of, and the reactions involved in, the Ac; | 


range. The authors had carried out a number of 


Fig.d. CARBON STEEL A#. 
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experiments several years ago, with results which were 
considered worthy of further investigation when the 
opportunity arose. Those experiments are described 
in the first section below, whereas the remainder of the 
paper concerns work of more recent date. 

After conducting a series of experiments involving 
the soaking for long periods at various temperatures 
of specimens of 3-6 per cent. nickel steels, the authors 
decided to carry out a more systematic and compre- 
hensive investigation into this subject. It was thought 
that the effect of heat-treatment on the specific volume 
might throw some further light on the reactions 
involved. The experiments described below were 
consequently carried out. 

Specific Volume Determinations.—Suitable specimens 
of the steels, of about 25 grm. weight, were heat- 
treated in vacuo in a wire-wound electric furnace. 
A platinum, platinum-iridium thermocouple was used 
and the calibration was frequently checked throughout 
the work. The e.m.f.’s recorded by the couple did 
not alter in the slightest degree, in spite of many 
hundreds of hours of heating in vacuo. The tempera- 
tures were read on a Cambridge and Paul Universal 
test set in the earlier experiments, and on a Siemens 
temperature indicator in the laterones. In the soaking 
experiments within the critical range, the retention of 
the temperature within a variation of a few degrees 
over six consecutive hours was found difficult, but 
the difficulties were overcome. The temperature was 
controlled by means of a sliding resistance, to within 
+ 2 deg. or 3 deg. C. The mean soaking temperature 
was taken as 2 deg. C. to 3 deg. C. below that desired, 
so that the temperatures shown on the graphs are the 
maxima reached in each case. The specimens were 
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prepared and the specific volumes determined by 
comparison with a standard specimen of known specific 
volume by weighing in paraffin. This method has 
already been fully described elsewhere.* It is capable 
of great accuracy when all the possible sources of error 
are eliminated. The maximum experimental error is 
given as + 0-00001 in the specific volume. 

First Series of Specific Volume Experiments.—Three 
nickel steels with constant nickel and varying carbon 
were chosen for this work, together with a plain carbon 
steel for comparison :— 























Analyses. 
Steel Cc Mn P Ss Si Ni 
“ *|Per cent.|Per cent.| Per sc sat cent.| Per cent.| Per cent. 
| | 
A4 0-71 0-16 Low Low 0-10 Nil 
2 0-26 0-27 0-014 0-025 0-103 3-64 
4 0-44 0-33 0-015 0-038 0-125 3°65 
6 0-87 0-41 0-013 | 0-025 0-149 3-64 
! 








| Specimens of each of these steels, of about 25 grm. 
| weight, were first quenched in ‘oil after 30 min. at 850 
deg. C., and then tempered as in the following table :— 





but that they are, in general, relatively high in nickel and 
low in carbon when only a part of the carbide has dis- 
solved. It was clearly seen in all the specimens that the 
carbide dissolved progressively as the temperature was 
raised. As the temperature of soaking was raised, the 
well-defined duplex structure was broken down, The 
drop in specific volume and in hardness which follows the 
first rise in the curves is associated with the formation 
of another well-defined duplex structure which gradually 
separates out from the broken-up conglomerate obtained 
at intermediate temperatures. This structure is shown 
in Fig. 38, page 63. It is evident from the curves, Figs. 
2 and 4, that austenite is being retained on quenching 
and, as the amount of globularised constituent seen 
in Fig. 38 was found to vary with the carbon coritent, 
it is concluded that this constituent consists of austenite 
and the ground-mass of ferrite. As the temperature 
is further raised, this constituent disappears into the 
ground-mass and less austenite and more martensite 
are formed, due to the gradual dilution of the y-iron 
areas, 

The unusual nature of the results obtained in this 
series rendered it advisable that they should be con- 














Treatment. | 3. | 2. | 3. | 4. | 5 | 6 | 7 | 8. | 9. | 10. | 11 | 12 
| | | a 
Temperature, deg. C. 540 590 640 660 675 685 | 695 700 | 705 | 705 710 715 
an 
extra 
Period of heating, hours 24 12 12 12 12 12 12 12 | 12 12 12 12 


| 
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Each twelve-hour treatment was made up of two 
periods of six hours each, and rapid quenching in 
cold water followed each treatment. There was no 
intervening treatment between the various tempering 
experiments, and on heating up for each treatment 
the temperature was raised as quickly as possible 
without overstepping the desired soaking temperature, 
thus preventing any appreciable redistribution of 
any of the constituents during the heating up. The 
specific volume and Brinell hardness after such treat- 
ment are plotted in Figs. 1, 2 and 4. The micros- 
structure was also examined in all cases, 

The carbon steel (Fig. 1) showed a softening as the 
temperature was raised, but little or no change in specific 
volume. Figs. 2, and 4 show that when solution in 
y-iron had first taken place in the nickel steels at 
685 deg. C., the quenched specimens showed an expan- 
sion and a hardening, and these increased with time 
and temperature. When the temperature was still 
further raised, a contraction and softening set in, and 
this was followed by a second expansion and hardening 
at still higher temperatures. The first expansion and 
hardening was associated with the duplex structure, 
Figs. 25 and 26, page 63. These microphotographs 
have been reduced to four fifths linear in reproduction. 
The white constituent was seen to increase with the 
carbon content and also with the soaking temperature. 
It was therefore this constituent which caused the ex- 
pansion and hardening. The white areas, it is suggested, 
existed at the soaking temperature as y-iron solid solu- 
tions, but quenching had failed to retain them as austen- 
ite, and the authors conclude that they consist of an 
unstable solid solution of carbide or carbon in a-iron 
containing nickel. It will be shown later that the con- 





* Paper read before the Iron and Steel Institute, 
London, on May 6, 1927. Abridged. 


* Andrew, Fisher and Robertson: Journal of the 





Royal Technical College, Glasgow, December, 1925, p. 70. 


firmed by other experiments, and a further series of 
similar treatments was carried out on fresh specimens of 
the same steels. It was thought that better quanti- 
tative results would be obtained by shorter and un- 
broken treatments at regular temperature intervals, 
and this was found to be the case. 

Second Series of Specific Volume Experiments.— 
Fresh specimens of the steels used in the first series 
were oil-quenched from 850 deg. C. They were then 
tempered at 670 deg. C. for six hours and quenched 
in water. This tempering was repeated at intervals 
of 5 deg. C. for periods of six hours each, up to 705 deg. 
C. Above 705 deg. C., the temperature intervals 
were the same, but the time of each soaking was 
reduced to three hours. The steels were quenched 
in water after each treatment. Hardness determina- 
tions were not made, as it was clear from the first 
series of experiments, and from many other results, 
that the hardness always followed the specific volume 
after treatment inthe Ac; range, except whengraphitisa- 
tion occurred, as in one case, namely, steel No. 6. The 
microstructure was examined after each treatment 
and the previous observations were fully confirmed. 

A further series of three nickel steels with increasing 
phosphorus content, and two nickel-chromium steels, 
were subjected to a series of treatments similar to 
that used in the second series of experiments. Hard- 
ness determinations were made, and they confirmed 
the previous observation that the hardness increases 
or decreases along with the specific volume. The 
variation of phosphorus content did not give any 
marked alteration in the cycle of changes. The 
nickel-chromium steels gave a less pronounced incre- 
ment and a smaller dip at slightly higher temperatures. 
As nothing substantially new was revealed by this 
series of experiments details are omitted. 

Mechanical Tests——It was thought that it would 
be of interest to determine the effect of heat treatment 
within the Ac; range on the mechanical properties 
of a nickel steel. 

The following steel was used :— 


> 


; Analysis. 
Steel. € Mn Si P Ss Ni 
per per per per per per 
cent. cent. cent. cent. cent. cent, 
N3 0-29 0-65 0-113 0-036 0-032 3-22 


Treatment, in each case, was carried out on the 
bars before machining. Four bars of the steel, 6 in. 
long and 1 in. in diameter, were first oil quenched 
from 850 deg. C. and were then subjected to a very 
drastic treatment at 680 deg. C. to 690 deg. C. for 
one week. The treatment was carried out in an 
electric tube furnace wound differentially over 
a length of 2 ft., so that the 6-in. bars in the centre 
were uniformly treated throughout their length. The 
course of the treatment was followed by quenching-out 
from time to time a number of small micro specimens 
which were placed in the furnace along with the bars. 
Treatment for a week at the temperature indicated 
brought about only a partial solution of the carbide, 
the microstructure showing the usual duplex structure 
obtained in this region along with a fair amount of 
undissolved carbide, well globularised. 

At the end of the treatment, two bars were quenched 
in iced brine, and the other two were very slowly 





cooled, at a rate of 0-3 deg. C. per minute, to 400 deg. C. 
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Tensile and Izod test pieces were machined from the| The nickel steel, N3, after oil-quenching from 850 deg. | the current just before that temperature was reached. 
treated bars. The results of the mechanical tests | C., was tempered at 690 deg. C. (24 deg. C. below the | The steel, by this treatment, was in the lower part of the 
are shown in Table II. Four other bars of the same | normal Ac, maximum, Fig. 7) for one hour, and a| Ac; range for as short a period as could reasonably be 
steel were subjected to a similar treatment at 695 deg. C. | cooling curve, shown in Fig. 8, was taken. It is seen | arranged, certainly under half a minute. The resulting 
to 700 deg. C. for four days. Two bars were quenched | that an evolution of heat occurred over a range of | curve showed that two very small points were produced 





from the soaking temperature, and two were slowly | temperature from 479 deg. C. to 412 deg. C., whereas the 
The 
All the carbide appeared to have been in solution at specimen was then reheated to 700 deg. C. for one hour, 
this higher soaking temperature, a prolonged boiling | and a cooling curve again taken. The evolution of heat 
of the quenched micro-specimen in sodium picrate | obtained in the previous treatment still persisted, and, 
The slowly-cooled | in addition, a new evolution appeared at from 595 deg. 
specimen showed a very interesting structure, in which | C. to 534 deg. C., this being very nearly coincident with 
a large part of the carbide had separated out round | the Ar; evolution obtained on a normal cooling curve 
The soakings, followed 


cooled at a rate of 0-3 deg. C. per minute as beforé. 


failing to show up any carbide. 


the grain boundaries. The effect of this structure on 
the physical properties of this steel has been used to 
provide an analogy to the behaviour of special steels 
in the ‘‘ brittleness range.”* The mechanical test 
results are also shown in Table IT. 

The mechanical properties have not been greatly 
impaired by either treatment No. 1 or No. 2, when 


- 


the very drastic nature of the treatments is considered. | 


In the case of treatments Nos. 3 and 4—in which all, 
or nearly all, of the carbide had been brought into 


solution in y-iron at the soaking temperature—the | 
A large | 


mechanical properties are greatly affected. 
amount of martensite was produced in specimen 
No. 3, and, as would be expected, this gave a large 


increase in the tensile strength, and poor figures | 


for the elongation, the reduction of area, and the 
Izod impact test. In the bars from treatment No. 4, 


the carbide was found to have separated largely at | 


the grain boundaries. It was clear from subsequent 
work that this was not due to segregation to the 


boundaries during slow cooling, but to the fact that | 
the y-iron solid solution had segregated to the grain | 


boundaries at the soaking temperature, and in 
breaking down to pearlite at the Ar; point a fairly 


uniform layer of carbide had become deposited at | 


the boundaries. There is no doubt that all the 


carbide which had been in solid solution was com- | 


pletely deposited by the slow-cooling treatment (the 
specimen was held at 430 deg. C. for seventeen hours 
after extremely slow cooling to that temperature), 


and it is interesting to note how little effect the | 
distribution of the carbide has on the tensile strength. | 
It would have been expected that the complete | 


separation of the carbide in specimen No. 4 would 
have raised the Izod value considerably when com- 
pared with specimen No. 3, but, in this case, the 
production of brittle carbide around the 
boundaries has kept it low. 


Thermal Analysis.—It was evident from the specific 
volume and hardness experiments that the changes with- | 
in the Ac; range must be due to a redistribution of the | 


constituents. Consequently, the effects of similar 
heat treatments followed by thermal cooling curves 
might be expected to give indications of the distri- 
butions involved. Work of this kind, apparently, had 
been carried out in only one case, by Jonest; in his 
work he found, in some steels, a slight lowering of 
the Ar; point after tempering in the lower part of 
the Ac; range. It has been established that, in nickel 
steels, an increase of carbon content has no effect 
on the temperature of the Ar; change, but that an 
increase of nickel progressively lowers that change. 
Thus, if nickel is redistributed in a pure nickel steel 
at the commencement of the Ac; range, it would be 
revealed on a cooling curve by a lowering of the 
normal Ar; change, whereas if the carbide alone were 
concerned, no alteration in the temperature of the 
Ar; change would be observable. 
The following steels were used in the thermal work 
to be described :— 
Analyses. 











| | | 
| c | Mn | si P | s | Nil cr 
Steel. | Per Per Per | Per Per Per | Per 
cent. | cent. cent. | cent. cent. | cent. | cent. 
| | | 
N3 | 0-29 | 0-65 | 0-113 | 0-036 | 0-32 | 3-22 | Nu 
AH | 0-31 | 0-47 | 0-310 | 0-015 | 0-021 | 4-46 | 1-41 
NC | 0-31 | 0-57 | 0-145 | 0-026 | 0-029 | 3-20 | 0-83 
NR3_— | 0-36 | 0-34 | 0-275 | 0-016 | 0-021 | 1-90 | 1-15 
AAX | 0-32 | 0-91 | 0-145 | 0-026 | 0-027 | Nil | 0-97 
' | ' ‘ 








The thermal specimens were trated in a high vacuum, 
so that oxidation would be avoided. The specimens, 
in the form of cylinders, about i} in. long by } in. in 
diameter with a hole drilled to the centre, were con- 
tained in a thick wrapping of asbestos paper, and the 
platinum, platinum-iridium thermocouple junction was 
rammed into the drilled hole with asbestos wool. The 
temperature was measured by means of a Tinsley 
vernier potentiometer. The curves were taken by the 
inverse-rate method, time readings being taken at every 
0-1 ‘aa increment or decrement of the thermal 
e.m.f, 





* See ENGINEERING, 1926, vol. exxii, p. 553. 
t+ See Jeurnal of the Iron and S.eel Institute, 1923, 
No. 1, p. 439, and EnGrveertina, 1923, vol. exv, p. 646. 


grain | 


/normal Ar; maximum is 577 deg. C. (Fig. 7). 


| taken from high temperatures. 


TABLE II.—Nicket Street, N3. MECHANICAL 


on the curve, one at 582 deg. C., i.e., slightly above the 
normal Ar, point, and a low point at 377 deg. C. 

In the specimen previously heated to 700 deg. C. 
(Fig. 8, 6) two points were produced on the cooling 
curve. That this was due to its previous treatment is 
shown by another curve taken after heating the oil- 
hardened steel at 700 deg. C. without previous treatment 
at lower temperatures. Only one point was obtained, 
the heat evolution extending over a range of 80 deg. C. 





Test RESULTS AFTER VARIOUS HEAtT-TREATMENTS. 

















| 
: | Reduction Elonga- Maximum 
Speci- Treatment. | of tion Stress Izod Value. Brinel 
men. Area. on 2 in. Tons per Ft.-lb. Hardness. 
Per cent. Per cent. sq. in 
| | 
1 Oil hardened at 850 deg. C., then tempered for | | 
| one week at 680 deg. C. to 690 deg. C., and | | 
| water quenched aa Cs ee ae Rey, 18-5 17-5 | 51-2 22-7 214 
2 | Same as 1, but slowly cooled at 0-3 deg. C. per | 
| minute bie ES ts - Se a! 17-9 23-4 46-4 18-3 193 
3 | Oil hardened at 850 deg. C., then tempered for 
four days at 695 deg. C. to 700 deg. C., and 
| water quenched oe ay Nes ze ae 6°45 8-8 78-4 8-3 297 
4 | Same as 3, but slowly cooled at 0-3 deg. C. per | 
| minute ae a5 Ae Bh ne 5 9-0 11-0 56-4 9-8 227 
5 Oil hardened at 820 deg. C., water tempered at | 
[Mes eee ee es | = 20-25 55-0 60-0 245 








Fig. 7. HEATING & COOLING 
GURVES OF NICKEL STEELN3, | 


Fig.8.NICKEL STEEL N3. 
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| by cooling curves, were repeated at a. Oil-hardened at 850 deg. C., tempered at 690 deg. C. 
| 5 deg. C. intervals up to 715 deg. C., for 1 hour, and cooled. 
and then at 725 deg. C., 750 deg. C., b. Retempered at 700 deg. C. for 1 hour, and cooled. 
; and 800 deg. C., with the results es ” 705 deg. C. _ ne 
on oe d. 710 deg. C. ie :. 
shown in Fig. 8. The lower heat a 715 deg. C. 
evolution persisted until the tem- f. a 725 deg. C. “i a 
perature was raised to 715 deg. C., q- e 750 deg. C. . x 
but became progressively smaller. h ” 800 deg. C. ” ” 


At 715 deg. C., the lower transfor- 
| mation was practically identical with respect to tem- 
perature to that obtained in the original treatment at 
690 deg. C. The upper transformation increased in 
magnitude as the soaking temperature was raised, 
until at 725 deg. C. the lower range was eliminated. 
It is clearly seen from the curves (Fig. 8) that, after 
the two ranges are produced at 700 deg. C., treatment 
at 705 deg. C. and 710 deg. C. tends progressively to 
bring them together, but when the lower point is almost 
eliminated at 715 deg. C. the lower limit of the upper 
range rises, 
Other experiments were carried out on this steel. 
| After soaking at 675 deg. C., no evolution of heat was 
revealed. In order to be certain that this was so, a 
curve was taken down to 40 deg. C., and this showed no 
discontinuity. At 685 deg. C., an evolution was obtained 
extending from 450 deg. C. to 358 deg. C., which is 
decidedly lower than that after treatment at 690 deg. C. 
(Fig. 8, a). On soaking the oil-quenched specimen at 
680 deg. C., a very low point was produced at from 
| 400 deg. C. to 363 deg. C. This specimen was reheated 
| (without intervening oil-quenching) at 685 deg. C. 
| for four hours, and it was seen that the point produced 
| by the previous treatment at 680 deg. C. was slightly 
| greater. Four hours at 685 deg. C. did not produce 
| nearly such a large evolution as was previously observed 
| after one hour at the same temperature. This is due, 
| of course, to the difference in the previous treatment, 
the higher range of heat evolution having been produced 
when the steel was heated to the soaking temperature 
| 685 deg. C., immediately after oil-quenching. In order 
| to determine how rapid was the redistribution of con- 
stituents, a curve was taken after heating the oil- 
| hardened steel quickly to 700 deg. C. and switching off 


from 500 deg. C. to 420 deg. C. The lower limit 
(420 deg. C.) is the same as that in the previous treat- 
ment at 700 deg. C. (Fig. 8, 6), but it commences 
14 deg. C. higher and no upper point is revealed. 
After this treatment at 700 deg. C., a heating curve was 
taken. This curve showed two points, one with a 
maximum at 709 deg. C., 7.e., 5 deg. C. below the normal 
Ac; maximum, due to re-solution of the carbide 
which had separated at the previous low point on 
cooling, and an upper point which is due partly to the 
remainder of the carbide going into solution and 
partly to the Ac, change. The oil-hardened steel was 
subjected to another one-hour treatment at 700 deg. C., 
but this time it was cooled only to 550 deg. C. (which 
is above the start of the Ar; heat evolution previously 
obtained), and a heating curve taken. This showed 
that the upper point is due to changes not brought 
about in the previous treatment. Absorption of heat 
commences at a higher temperature, and the normal 
Ac, point is very small. 

It is shown by the work on this nickel steel that the 
Ac; range starts at about 680 deg. C., i.e., 34 deg. C. 
below the normal Ac; maximum. No steels of nickel 
content differing appreciably from this were available, 
but the nickel-chromium steels AH and NR3, con- 
taining 4-46 and 1-90 per cent. nickel, respectively, 
were treated to ascertain the temperature at which 
the Aci; range in them commences. In these steels, 
there is only a small difference in the temperatures 
of the Ac; maxima: 734 deg. C. for steel AH, and 
740 deg. C. for steel NR3. Similar experiments to 
those carried out on the nickel steel were made on a 
chromium steel. In this steel (AAX) all the chromium 
(except possibly a minute proportion) is in combination 
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ascarbide. The normal Ac; maximum is at 758 deg. C., 
and treatment at 740 deg. C. failed to reveal any 
solution at the soaking temperature. At 745 deg. C., 
some solution took place, but the point which was 
observed on cooling was at the normal Ar; tempera- 
ture, and no redistribution whatever was revealed by 
subsequent treatments. It is evident that the Aci 
range is small in this steel, and indeed the existence 
of any range whatever may be due entirely to the 
manganese content, which is high. 

Cooling curves of the steels AH, 
which have nickel contents of 4-46, 3-20, and 1-90 per 
cent., respectively, were also taken. Steel AH shows 
two points on cooling, and steel NR3 one point, while 
steel NC shows an evolution over a wide range of 
temperatures. 

Theoretical Consideration of Results.—It is an inevit- 
able conclusion from the experimental results that 
redistribution of the special element which is present 


NC, and NR3, 
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Fic. 25. Nicket Steet (C, 0-31 PER CENT. ; 
Ni, 3-69 PER CENT.) HEATED FoR 43 
Hours at 670-690 Dra. C. AND WatTER- 
QUENCHED. ETCHED WITH ALCOHOLIC | PER 
cENT. Nitric Acip. x 1,500. 


in solid solution is the salient cause of the Ac; change 
taking place over a range of temperature. It has been 
shown in the specific volume and hardness experiments, 
that a variation of the carbon content in nickel steels 
has no effect, either on the temperature at which the 
Aci range commences or on the apparent extent of 
that range. As the carbon content is increased, the 
changes which take place are merely accentuated in 
proportion to the carbon content, no modification of 
the temperature range being produced. From the 
thermal curves of nickel and nickel-chromium steels, 
it has been shown that the temperature at which the 
Ac; range commences depends on the nickel content 
of the steels. The temperature at which solution in 
y-iron commences is rapidly lowered by an increase 
of nickel. Further, it is clear that the amount of 
redistribution which takes place in the y-iron first 
formed depends upon the amount of nickel originally 
present in solid solution in the ferrite. 

In the chromium steel examined by the thermal 
method, no redistribution due to the chromium (which 
is combined as carbide) is revealed, but the manganese 
present in solid solution gives an indication of effects 
similar to those of nickel. (The amount of lowering of 
Ar; for each 1 per cent. of manganese will be roughly 
24 times that for the same amount of nickel.) The 
temperature range of Aci in this chromium steel is 
evidently small, and it may be entirely due to the 
manganese present. It is possible, however, that in 
steels of low chromium content there is selective 








solution of the carbides, as suggested by Jones, In| 
the steel used there may be two carbides, Fe,C and 
Fe,0.Cr,C,, and these may be subject to selective 
solution when the Ac; change commences. If this does 
take place, it can be explained by a consideration of the 
equilibrium in the ternary system, but, for the present, 
it is sufficient to conclude that, in steels in which all the 
chromium is combined as carbide, the temperature range 
of Ac; is small. Where, however, a special element 
is present in solid solution—e.g., nickel, manganese 
4-3 per cent. chromium 
1 per cent. carbon 
—the Ac; change may take place over a range of 
temperature, provided that there is a difference between 
the solubilities of the special element in a- and y-iron. 
The effect of nickel in this connection will be specially 
dealt with here, since in almost all of the steels used 
it is the element particularly concerned. Similar con- 


and chromium above the ratio 








siderations must, however, apply to other similar 
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carbon eutectoid point. The lower line AC represents 
the start of the Ac; change in steels of eutectoid com- 
position and the top line AE the completion of this 
change. To include steels of all carbon contents, two 
planes generated horizontally on both sides by these 
lines make the diagram, in this respect, complete. 

A vertical section through the line of eutectoid 
compositions (AB, Fig. 20) is shown in Fig. 21. Some 
of the results of Carpenter, Hadfield, and Longmuir, 
and of Scott, have been plotted as indicated. The 
mean line AB has been drawn through the maxima 
of their curves. The first-named investigators used 
a differential method, and the maxima of their curves 
agree well with Scott’s. The differential method 
gives, however, the apparent start of the Aci range 
at temperatures which are undoubtedly much too low. 
The line AC, representing the start of the Ac: range, 
has been drawn through Scott’s figures, taken by the 
inverse-rate method. This line includes the point D, 


VERTICAL SECTION THROUGH EUTECTOID OF TERNARY 
SYSTEM IRON-NICKEL-CARBON (Fig. 20.) 
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Fie. 26. NickeL Steet (C, 0-30 PER CENT.; 
Ni, 3-72 PER CENT.). HEATED FoR 43 
Hours at 670-690 Dec. C. anp Water- 
QUENCHED. ETCHED WITH ALCOHOLIC ! PER 
cent. Nirric Actp. » 1,500. 


elements. It is necessary to refer to the equilibrium 
diagram of the system iron-nickel-carbon, in order to 
show clearly what takes place in the Ac; range. A 
general diagram has been drawn by Kase, but in the 
present state of knowledge it is necessarily incomplete, 
and takes no account of the changes under considera- 
tion here. The portion of the diagram which is required 
for this work can, however, be constructed from pre- 
viously-known data, together with data from the 
present paper. This has been done, and a diagram- 
matic view is given in Fig. 20. This diagram is given 
merely as an illustration of the points now at issue, and 
other points have been purposely omitted from it. 
Scott found that, in steels containing up to 3-5 per 
cent. nickel, an increase of nickel lowered the Aci 
point (maximum) by 10-5 deg. C. for each 1 per cent. 
of nickel added, and he calculated that the carbon 
concentration of the eutectoid became smaller by 
0:042 per cent. for each 1 per cent. nickel. These 
figures agree well with those of other workers. 
Carpenter, Hadfield, and Longmuir gave figures for 
the temperature of Ac; maximum in steels containing 
up to 16 per cent. nickel. From the above figures 
the mean line AB has been drawn in Fig. 20. This 
line starts at the eutectoid of the iron-carbon system, 
and slopes downwards towards an increase of nickel 
and a decrease of carbon. But this line only represents 
the maxima of the Ac; change at eutectoid composi- 
tions, and it is necessary, in order to represent the Ac 
range, to have two lines diverging from the iron. 
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Fic. 38. Nickren Steet 6. Heratep For 12 
Hours at 710 Dra. C. AND WATER- 
QUENCHED. ETCHED WITH ALCOHOLIC | PER 
CENT. Nitric Acip. x 600. 


which has been shown definitely to be the start of the 
Ac, range in steel N3 of the present research. The 
position of the line AC at higher nickel contents is 
doubtful ; for lower nickel contents it can be taken as 
very nearly correct, as shown on the diagram, for 
commercial nickel steels containing 0-5 to 0-7 per” 
cent. manganese. This line is obviously of considerable 
practical importance, as it represents the temperature 
below which all tempering operations must be carried 
out. 

The line AC is analogous to the solidus of a system 
of continuous solid solutions, and the line AE corre- 
sponds to the liquidus. AC represents the start of the 
Ac; range, and AE its completion. The exact position 
of the line AE is doubtful; at lower nickel contents 
it has been drawn through Scott’s figures, and at all 
compositions it is probably fairly near to the line 
obtained by joining up the Ac; maxima, 

The reactions on heating the steel N3 (3-22 per cent. 
nickel) may be considered. When the lower plane 
in-Fig. 20 is reached, y solid solution of eutectoid 
composition commences to form. The point D, in 
Fig. 21, represents the temperature of the start of the 
formation of the eutectoid y solution. At this point, the 
composition of the y solution first separating is given 
by F—i.e., the point on the same horizontal on the 
line AE. The y solution first formed thus contains a 
large proportion of nickel. The carbon content of a 
eutectoid solution containing this amount of nickel 
is low, since the higher the nickel content the lower is 
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the carbon content required to form a eutectoid solution. 
If the temperature is retained at this point D, a condition 
of stability is reached through the impoverishment of 
the remaining a-iron in nickel, the composition of the 
ferrite moving in the direction shown by the arrow. 
In order to form more eutectoid solution, it is thus 
necessary to raise the temperature further until the 
line AC is again reached, If, instead of retaining the 
temperature at 680 deg. C. (i.e., at the point D), it 
is raised at once to 685 deg. C. and retained there, a 
eutectoid solution, approximately of the composition 
corresponding to the point G, is formed. This contains 
more carbon and less nickel than in the first case when 
the temperature was retained at 680 deg. C. Similarly, 
if the temperature is raised at once to 690 deg. C. 
the composition of the y solution extends upto H. The 
effect of these varying compositions on the Ar; change 
has been shown in Fig. 8. The lower the soaking 
temperature the lower is the resulting Ar; point. 
The position of the line AE at higher nickel contents 
has been calculated on the assumption that an increase 
of nickel gives a uniform decrease in the temperature 
of the Ar; point. Scott’s figures for low-nickel steels 
(which agree closely with those of other workers) 
have been taken, i.e., each 1 per cent. of nickel lowers 
Ari by 21-5 deg. C., and the compositions of the 
eutectoid y solutions formed at 680 deg. C., 685 deg. 
C., and 690 deg. C. were calculated from the start of 
the respective Ar; ranges. The points F, G and H 
(Fig. 21) through which the line AE has been drawn, 
were thus obtained. 

Another factor, however, may have to be taken 
into consideration. Dejean and Carpenter, Hadfield 
and Longmuir, showed that, above about 8 per cent. or 
10 per cent. nickel, the Ar; point is lowered rapidly to 
a lower range of temperature. These workers used 
high initial temperatures, 900 deg. C. and _ higher, 
whereas the initial temperatures used in the present 
experiments were below 700 deg. C. It is thus impossible 
to make a definite deduction from the available data 
as to the exact position of the line AE in Fig. 21, or 
of the corresponding plane in Fig. 20. It would 
seem, however, that the line as shown cannot be far 
from its true position. In the thermal curves in Fig. 8, 
it is evident that sufficient time has not been given 
at the soaking temperature in a number of the 
experiments for stability to be attained. Once a 
eutectoid solution has been formed by soaking at a 
lower temperature, further raising of the temperature 
does not readily dilute it. The soaking times used 
in the specific volume work are likely to have produced 
reasonable homogeneity of the eutectoid solutions 
formed. 

The reactions which take place in the Ar; range will 
be the reverse of those described for the Ac; range. 
The first pearlite separating will have a higher carbide 
content and a lower nickel content than that obtained 
as an average in the pearlite areas after the change is 
complete. Just as on heating the first y-iron solid 
solution which forms tends to absorb nickel in excess, 
so on cooling, when pearlite starts to separate, the 
nickel of the steel will tend to remain in the y-iron 
solid solution which has yet to change (to pearlite, 
troostite, or martensite). As the nickel content of the 
steel rises, the Ar; range widens. This, combined 
with the factors just discussed, probably, in the opinion 
of the authors, gives the key to the explanation of the 
doubling of the critical points on cooling certain nickel, 
nickel-chromium, and other special steels. 

Other considerations complicate the reactions on 
cooling. After heating to higher initial temperatures, 
the critical points of many special steels are lowered. 
This is due to causes which are not yet understood, but 
it may be connected with the destruction of nuclei 
as the temperature is raised. It is sufficient here to 
recognise the fact, and to point out how the position 
of the Ar; range will be altered with it. This, combined 
with the considerations already discussed, 
clearer the fundamental reasons for the very wide 
ranges of Ar; found in many special steels. 








STANDARD SPECIFICATIONS FOR PAINTS, VARNISHES 
AND Partnt INGREDIENTS.—Eight additional specifica- 
tions of the series covering paint;, varnishes and paint 
ingredients, which is being prepared at the request of 
the paint manufacturers by a committee representative 
of both the buying and manufacturing interests, have 
just been published by the British Engineering Standards 
Association as follows :—-No. 281 for Blane Fixe; No. 
282 for Lead Chromes ; No. 283 for Prussian Blue; No. 
284 for Carbon Black; No. 285 for Bone Black; No. 286 
for Vegetable Black; No. 287 for Lamp Black; and 
No. 288 for Mineral Black. Each opens with the speci- 
fication proper containing clauses relating to the com- 
position, oil absorption, staining ower, standard 
sample, &c., and concludes with a number of appendices 


which define the methods for determining the oil absorp- 
tion, matter soluble in water, comparison of colour, &c. 
Copies of these eight new specifications can be obtained 
from the B.E.S.A., Publications Department, 28, Vic- 
toria-street, London, 8.W.1, at 2s. 2d. each, post free. 
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A SERIES of laboratory investigations is in progress 
at H.M. Fuel Research Station into the behaviour of 
coal on heating, and the products of distillation or 
carbonisation, and an interim report by Dr. J. G. 
King and Mr. R. E. Willgress has been published 
giving some important observations on the tempera- 
ture of initial decomposition.* 

Hitherto it has been generally assumed that decom- 
position of coal does not begin until sufficiently above 
250 deg. C. to allow subsidiary processes, such as 
drying and liquid extraction, to be conducted at that 
temperature without decomposing any constituent of 
the coal. In some experiments made at the station 
during 1924 on briquetting, the process employed 
on a large scale failed, owing apparently to some 
decomposition of the coal substance at a tempera- 
ture not much above 200 deg. C., and in May, 1924, 
Mr. Harald Nielsen obtained results with his assay 
apparatus indicating that coal decomposed at a 
temperature as low as 250 deg. C. The present 
investigations were accordingly undertaken, and their 
net effect is to show that samples of peat, lignite and 
strongly caking, medium caking and _non-caking 
bituminous coal began to decompose at temperatures 
varying from 180 deg. C. for peat to 245 deg. C. for 
non-caking coal. With anthracite, decomposition did 
not begin until from 350 to 500 deg. C., according to 
the criterion of decomposition that was adopted. 
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The criterion actually chosen was the appearance of 
vapour or drops of an oily nature. Though this was 
acceptable evidence that decomposition had begun, 
it did show with the same certainty that the decomposi- 
tion had not begun at a still lower temperature. Apart 
from the moisture and gases, presumably occluded, 
that are driven off at temperatures below 110 deg. C., 
it is, of course, possible that decomposition may 
begin at a lower temperature. without formation of 
| vapour. It has, moreover, been observed that vapour 
| begins to be produced before gas is evolved, and in 
| the absence of a gas stream, some time will therefore 
|elapse before an appreciable quantity of vapour has 
| passed outside the retort into the part of the apparatus 
}in which it is collected. The results obtained in 
| previous investigations must, therefore, have been 
| substantially higher than the true temperature at 
which the vapours were evolved. In a Gray-King 
jassay, for example, it took something over half an 
| hour before the temperature at all parts of the coal 
| became equal to that of the furnace, while decomposi- 
| tion began in about five minutes, when no part of the 
| coal was within 50 deg. C. of the furnace temperature 
and the centre of it was more than 100 deg. C. lower. 

In the present experiments, the coal was distilled 
| in a vertical hard-glass tube 9 in. long by 1 in. diameter, 
; and a current of pure inert gas, heated to an unstated 
; extent by passage through a spiral tube within the 
| furnace, was introduced at the bottom of the distilla- 
| tion tube, and carried the products of distillation 
|into a U-tube surrounded by liquid air or freezing 
| mixture. The arrangement is illustrated above. The 
| temperature was raised at the rate of 10 deg. an 
hour, and the flow of gas was sufficient to change 
the gas twice a minute, which, it was estimated, would 
indicate the first appearance of oil within one minute 
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* Department of Scientific and Industrial Research. 
Fuel Research: Technical Paper Number 16. H.M. 
9d. net, 
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of its formation or within 0-2 deg. C. of the true tempera- 
ture, at which the vapour was produced. The initial 
decomposition continued for at least some hours, if 
the retort was maintained at the critical temperature 
at which vapour was first produced. The inert gas 
chiefly used was nitrogen, but experiments were made 
with hydrogen and carbon dioxide, which gave results 
not greatly different. Confirmatory tests, made on 
two of the samples with a horizontal furnace of the 
Grey-King type under a vacuum of something below 
1 mm. of mercury, gave results practically identical 
with those obtained with a current of nitrogen. In 
these tests, dry nitrogen was admitted at each stage of 
heating, and the observation tube was immersed in 
liquid air. 

In the course of the experiments, points of chemical 
interest were observed which will be investigated 
further. In the meantime, the present results indicate 
that processes in which coal is raised to 250 deg. C., 
such as its extraction by benzene at that temperature 
under pressure, may induce decomposition in the coal. 
The present more accurate determination of the point 
at which decomposition begins has also a probable 
bearing on problems such as those of spontaneous 
combustion and coal-dust explosions. Presumably 
the work in progress will include some examination 
of the assumption that the temperature at which 
oil vapours or draughts appear is accurately, or ap- 
proximately, that at which decomposition begins. 





RELIAPILITY OF Hypro-Etectric Units.—In a@ report 
by Mr. H. L. Doolittle, Chairman of the Hydraulic 
Committee of the National Electric Light Association, 
which is quoted in the Electrical World, it is stated that, 
on the average, hydro-electric units are 1} per cent. and 
steam sets are about 6 per cent. of their time out of 
commission, *‘ when in demand.’’ The total time out 
of commission is less than 2 per cent. for impulse machines 
and about twice as much for reaction machines. The 
runner of the reaction machine is the cause of more than 
half the breakdowns, and the generator and electrical 
equipment for 25 per cent. of the trouble on both types. 


LAUNCH OF THE 8.8. ‘“‘ TEAKwoop.’’-—On Wednesday, 
June 15, Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited, successfully launched from their 
Naval Yard the single-screw tank steamer Teakwood, 
which they are building to the order of Messrs. The 
Teakwood Steamships Company (1926), Limited. The 
vessel, which has been built on the longitudinal system 
of framing, and is classed 100 A.1 at Lloyds, is of the 
two-deck type, with poop, bridge and forecastle, and is 
designed to carry 8,825 tons on a mean draught of 25 ft., 
the principal dimensions being :—Length, b.p., 415 ft. ; 
breadth, 54 ft. 6 in.; and depth, 31 ft. 6 in. Eighteen 
separate compartments are provided for the oil cargo, 
horizontal duplex pumps being fitted in two pump 
rooms running athwart ship, while three tween decks 
are arranged on each side of the vessel. The fuel oil is 
carried in a deep tank forward, while a cellular double 
bottom, running under the engine and boiler rooms, 
is provided for the carriage of ballast and feed water. 
Accommodation for the captain and officers will be given 
in deckhouses on the bridge deck, while the engineers 
will be berthed in houses on the poop deck, and the 
crew in the forecastle. The propelling machinery, which 
is being supplied by Messrs. The Wallsend Slipway 
and Engineering Company, Limited, consists of triple- 
expansion engines, having cylinders, 27 in., 45 in., and 
75 in. in diameter, with a stroke of 48 in., steam being 
supplied at a pressure of 180 lb. persq. in. by three 
single-ended boilers, fitted to burn either coal or oil fuel. 





THe S.Y. “Turpintia” at South KENsINGTON 
Museum.—An interesting addition to the exhibits at the 
South Kensington Science Museum is a portion of the 
S.Y. Turbinia, comprising the after part of the vessel 
for a length of 45 ft., together with the turbines and 
propellers. The exhibit has been presented to the 
Museum by Messrs. The Parsons Marine Steam Turbine 
Company, Limited, Turbinia Works, Wallsend-on-Tyne 
It was at first intended to present the complete vessel to 
the Museum authorities but, owing to lack of space at 
South Kensington, this proposal was abandoned. It was 
with some reluctance that the decision was arrived at 
to cut the vessel in two. The directors of the Parsons 
Company are, at the same time, presenting to the Science 
Museum the first turbine engine—a single-compound 
turbine of the radial type—which was fitted to the 
Turbinia, and drove one shaft. The Turbinia was built 
at Wallsend in 1894, and was the first vessel to be 
propelled by the steam turbine. She has a length of 
100 ft., a beam of 9 ft., a draught of 3 ft., and a dis- 
placement of 44} tons. The turbine machinery com- 
prises a high-pressure turbine on the starboard shaft, an 
intermediate-pressure turbine on the port shaft, and a 
low-pressure turbine on the centre shaft. There is also 
a separate turbine on the centre shaft for driving the 
ship astern. The horsepower of the main propelling 
machinery is 2,000, and the speed attained 34} knots. 
It is interesting to note that the total horsepower, 
to date, of marine steam turbines constructed and 
under construction amounts to about 35 millions. This 
figure indicates the remarkable progress made in this 
method of propulsion since the days of the trials of the 
Turbinia. 
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STRESSES IN LAUNCHING DRAG 
WIRES. 
By J. L. Taytor, M.Sc., A.M.I.N.A. 


THE usual method of arresting the motion of a 
ship after launching is, of course, by means of drag 
weights arranged at the side of the berth, which 
come into action through the tightening of a hawser 
attached usually to an eye plate on the side of 
the hull. This sudden tightening of the wire is 
evidently liable to throw a heavy strain on the 
attachments at either end, as well as on the wire 
itself, much in excess of the “ statical ” load corres- 
ponding simply to the product of the weight of 
drag into the coefficient of friction resisting its 
motion down the berth, this effect being due to the 
‘inertia force ’’ required to set the drag in motion, 
and the object of the present investigation is to 
determine approximately the maximum force arising 
from this particular type of “ live load.” 

It may be mentioned in passing that in practice 
the size of wire used is generally fixed, the same 
wires, which are of course among the heaviest 
manufactured for ordinary purposes, being used 
at all launches, so that the problem is to determine 
the greatest weight of drag for which the size of 
wire available is suitable, assuming a maximum 
probable launching velocity, and if this does not 
appear sufficient to ensure the ship’s being pulled 
up within the desired space, it may be necessary 
to subdivide the total weight, and so arrange the 
connections that a fraction only of the dynamic 
load is experienced at one time. The use of addi- 
tional drag wires is not as a rule absolutely necessary, 
except in the case of the largest vessels, although a 
second wire may, of course, be an additional safe- 
guard, and the actual launching weight of the ship 
does not, to a first approximation, affect the 
dynamic forces due to a fixed weight of drag, at 
the end of a wire of given length and size. 

Thus the “ variables ” are :— 

v the assumed launching velocity at the time the 
drags come into action, which may be slightly 
less than the maximum velocity during the 
launch (ft. /sec.). 

w the weight of drag, acting at one time (tons). 

1 the length in feet, and 

A the sectional area in square inches of the wire ; 
also let E be Young’s modulus for the material 
in tons per sq. in. and g the acceleration due to 
gravity. 

Neglecting, in the first instance, the sag of the 
wire, also the effect of its inertia (its weight will 
generally be small in relation to that of the drag, 
say not more than 5 per cent.), and the fact that 
the weight may, and in fact should, if possible, 
be so disposed that the full inertia effect due to the 
mass of the drag is not felt instantaneously, this 
being a factor on the safe side; define the instant 
of tightening as the moment when the wire has 
already stretched an amount corresponding to the 
pull necessary just to overcome the friction of the 
drag, but not sufficient actually to move it, on 
account of its inertia, and let this be the zero of 
time. 

Then if s represents the distance moved by the 
drag from rest, s=0, ; =0, are the initial 
conditions, and ~. = 
must be equated to the pull in the wire corre- 
sponding to the actual strain at any instant, on the 


assumptions stated. The strain being (7 


the stress is this expression multiplied by the 
modulus, E, and the pull in the wire the same 
expression X EA, so that 


vi—s 
EA (“[“) 
which reduces to 
@e  EAg _EAge , 
dt? lws 


is the inertia force, which 





_w as 
~ g dt 








lw ° 

of well-known form, of which the general solution is 
EAg 
wo 

the initial conditions being evidently satisfied by 
putting C = O, 


s=B.sin at+C. cos at + vt, where a? 


lw 


B=-v. BAg’ 


‘ d2s r : 
The acceleration 7 es B.a®. sin at, and' the 
maximum acceleration is given by 
ds 


qa = — B - a cos at, or 


at = > etc., when sin at = 1, 





and 
d2s = EAg 
= B.a* = "ia? 
The maximum inertia force, or pull in the wire 
: > EA 
corresponding, is - v. —“9, and the stress 


this last expression divided by A, or v. at 
which is to be compared with the safe stress for 
the wire, remembering that this will only be of a 
momentary character, and hence may be allowed 
to approach or even exceed the elastic limit of the 
wire. 

To take a possible example, a vessel moving at 
12 ft. per second is to be pulled up by a single wire 
300 ft. long, and having an area (net) of 1-5 square 
inches. If the drag weighs 50 tons, the stress, assum- 
ing a modulus for the wire of 10,000 tons per sq. in. is 


12 x r/( ba tan bene ) or 71 tons per square 


1.5 x 32 x 300 

inch, which is excessive, so that the 50 tons 
must be subdivided into at least two parts, and 
if two equal weights of 25 tons are used, the 
stress due to each will be about 50 tons per square 
inch, but as these stresses do not arise together, the 
maximum stress will be only 50 tons, to which must 
be added in each case the stress due simply te the 
steady load equal to the friction of the drag. It will 
thus be seen that in the second case some advantage 
could be gained by unequally dividing the 50 tons, 
into, say, 30 tons (first drag) and 20 tons (the 
second), since when the first only is acting the 
additional stress in the wire due to friction is reduced 
in proportion to the weight. This arrangement also 
has the advantage of pulling up the vessel in a 
shorter space, though not, of course, so quickly as if 
one 50-ton drag were used. 

It is to be noted that according to the theoretical 
solution the maximum acceleration keeps on 
recurring at equal intervals of time, about one 
second in the above example, this being the period 
of vibration of the 50-ton weight at the end of a 


300-ft. wire of the above size, given by (=) 


seconds. This is a natural consequence of the 
absence of damping implied by the assumption that 
the friction of the drag is constant, and does not 
depend on the speed at which it is moving, but this 
is unlikely to be the case even for the “solid 
friction ” involved, so that damping will normally 
be fairly rapid. A certain amount of “ surging ”’ is, 
however, generally to be observed, indicating that 
the motion is not “‘ dead-beat,” so that for the sake 
of safety it will be advisable to arrange that the 
two portions of the drag act at an interval of several 
seconds, to avoid any possibility of the undamped 
surging of the first portion coinciding with the action 
of the second, in which case there is a chance of the 
maximum force actually exceeding that for a single 
drag, as indicated. It is thus desirable, in cases 
where it is imperative that the full weight should 
come into action at the earliest possible moment, to 
arrange single weights only on each wire, also, 
unless a slewing action is desired, the wires must be 
arranged symmetrically on each side of the ship on 
the berth, this being, of course, the usual arrange- 
ment, and the stresses in this case are to be obtained 
by using the individual drag weights on each side 
of the ship. 

There remain to be considered the possible effects 
of (1) Sag of the wire, both before and after tightening 
and (2) inertia of the wire iff vertical motion, 7.e., 
in the process of tightening. 

(1) The effect is that of a virtual reduction in the 
Modulus of Elasticity of the wire, since theimposition 
of a given total stress involves the application of an 
additional strain between the two ends of the wire, 
in order to counteract the effect of the reduced sag, 
hence, the assumption that sagging may be neglected 
is on the safe side. It may be shown by relating 
the additional strain referred to, to the sag, by the 











approximate method of Mr. G. H. Hoffmann (Trans. 


I.N.A., 1925) that the correction to the Modulus 
may be of the order of 5 per cent. in an ordinary case, 
but will be greater, the longer the wire. 

(2) An approximate consideration of this effect 
may be given by calculating the value of the ratio 
weight of wire multiplied by acceleration of wire 

(Sar of drag multiplied by acceleration of 4 
and in order to do so it is sufficiently accurate 
to assume that the wire retains its ordinary statical 
shape, which will be sensibly that of a parabola 
for the small amount of saz in question. It 
may be shown for the figures and dimensions of 
the example given above that the motion of the 
wire (in the vertical direction) is only of the same 
order as that of the drag weight itself (in the hori- 
zontal direction), and as the weight is negligible 
in comparison, the ratio above will be small and the 
influence of the wire’s inertia need not be considered 
in ordinary cases. The effect will tend to increase 
with the length of wire in use, and will partly cancel 
out that of (1) above. 











REPLACEMENT OF VERTICALS IN A 
216-FT. SPAN PRATT TRUSS BRIDGE. 
By H. J. Nicuots, B.Se., A.M.Inst.C.E. 


THE object of this article is to place on record a 
description of the method, which proved to be 
very successful, of dealing with the results of a 
derailment on a through span bridge. These results 
must be typical for such conditions, and it is hoped 
that the method herein described and carried out 
under the supervision of Mr. F. G. Arnould, Chief 
Engineer of the Bombay, Baroda and Central 
India Railway, may be helpful to others who are 
faced with a similar problem. 

The bridge in question is over the river Mahi, 
and carries a single track of 5 ft. 6 in. gauge, and the 
girders which are some 15 years old are of the 
Camelback Pratt truss type of an effective span of 
216 ft. and were designed to carry the Indian 
“ B.G. Standard B of 1903 -+-50 per cent.” loading. 
Fig. 1 shows a girder diagrammatically, and it will 
be noted that itis divided into nine panels, of 
which the centre panel is counterbraced, and that 
collision struts are provided. Reversal of stress 
occurs in all the web members with the exception 
of the hangers U,L,. The web verticals as shown 
in Fig. 2, consist of two channel sections with flanges 
turned inwards and joined by a flat bar lacing 
system; they are stiffened top and bottom by 
means of central diaphragms. The floor system is 
of the usual open type in which the stringers carry 
wooden sleepers 10 ft. <x 10 in. x 6 in. spaced 
2 ft. 6 in. centres. The space between the stringers 
and the bottom chord of the girders is filled in by 
f-in. buckle plates which form a footpath. Rail 
level is some 80 ft. above river bed. 

The damage to the girder occurred as follows: 
An empty covered wagon, near the middle of a 
south bound night goods train, derailed about 1 mile 
from the bridge, and ran to the bridge on the ballast 
without causing any appreciable damage to the 
track. The passage of the derailed wagon over the 
bridge sleepers must have been far from smooth. 
By the time it reached the south end of the first 
span it was so far out of alignment that it struck 
the inclined end post of the east girder near the 
collision strut, and one wheel was forced through the 
buckle plate flooring. The two empty covered 
wagons immediately following were badly telescoped, 
and before coming to rest struck and very seriously 
damaged two web verticals in both east and west 
girders, and they also carried away much of the top 
cross bracing at the south end of the span, as shown 
in Fig. 3. Fig. 4 shows the condition of vertical 
U;L; after the accident and the position of the 
buffer as left after meeting the vertical and being 
torn from the wagon underframe. 

Inspection revealed the fact that members U,L, 
and U,L, were so badly buckled as to be unfit to 
carry any compressive stress, but it was considered 
that they should be equal to the comparatively light 
loads in tensile stress which would be induced by 
negative shear. It was therefore decided to intro- 
duce 12 in. x 12 in. baulks of oregon pine north 
and south of each of the four damaged verticals, 
driving hard wood wedges between the ends of the 
baulks and the top and bottom chords. Each pair 
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of baulks was well bolted up by {-in. bolts passing 
through the verticals. It was estimated that these 
timber struts, which are shown in Fig. 5, would be | 
able to carry safely a load of 60 tons which would not | 
be exceeded by the train loads then running. The 
removal of the telescoped stock and repairs to the 
track on the bridge were completed by the time 
these struts were in position, and through traffic 
was first resumed with a speed restriction of 2 miles 








per hour. 
The question then arose as to the most expeditious | 
manner of effecting permanent repairs. The | 


members U,L, and U,L, in both east and west | 
girders were too badly damaged to be patched up| 
and required complete replacement. Five of the | 
top lateral members, two sway frames, and the portal | 
bracing were also in need of replacing. One hanger | 
U,L, of the east girder and a number of floor plates | 
it was decided to straighten. The only portion of | 
the work which offered any difficulty was that | 
relating to the vertical web members which under 
dead load carried compressive stresses according to 
calculations by rigid body statics of 9-63 and 28 tons 
in U,L, and U,L, respectively. The longest period 
for which the line could reasonably be closed to | 
traffic was 10} hours, and this on alternate days. | 
It was therefore necessary to devise a means whereby | 
the dead load stress could be taken out of each | 
member in turn and to so arrange the work that | 
one damaged member could be cut and a new one | 
inserted and riveted up in the 104 hours available. 
Provided the dead load could be accurately 
neutralised this scheme presented no insuperable 
difficulties. After considering several possible 
methods of cribbing and jacking it was ultimately 
decided to remove stress from the member as 
required by loading the short end of the truss by 
weights suspended from panel points L,L,L;, thus 
inducing negative shear in the verticals over these 
points to an extent just sufficient to neutralise the 
normal dead load positive shear. 

U;L;. Dead-load 9-63 tons theoretical.—Calcula- 
tion by rigid body statics showed that one concen- 
trated load of 19-26 tons at L, or three loads of 
9-63 tons at L,, L, and L, would be required. How- 
ever, before this was done an attempt was made to 


4 





DaMAGE Done TO Truss MEMBERS. 











[JULY 15, 1927. 


OF VERTICALS IN A 216-FT. SPAN PRATT TRUSS BRIDGE. 


SECTION. U3 L3. 


>i 


7 ae =e - 


LOS12*3'2*26-1b 





--- 9§!10" -------------- 





| 


- 3756 -- 

















e 
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determine the actual dead load stress in the member. 
Fereday-Palmer stress recorders were attached on 
the neutral axis of U;L, in span 2, and a single loaded 
wagon was placed in succession in alternate panels, 
at each point readings being taken. The resulting 
load in the member as deduced for dead load proved 
to be 7-76 tons or 80-6 per cent. of that deter- 
mined by statics—the difference being presumably 
due to secondary and deformation work. 




















Fic. 5. TEMPORARY WOODEN STRUTS IN PosiTION. 


U, L, Dead Load, 28 tons Theoretical.—A deter- 
mination similar to the above gave an actual load 
of 21-78 tons, or 77-8 per cent. of the theoretical. 
Further examination of the records thus obtained 
showed also that when given counter-weights were 
applied at L, and L, their effect on U, L; was only 
98-3 per cent. of what theory would have suggested ; 
again, presumably due to secondary stress losses. 
In the case of U, L,, with loads at L, and L, the 
ratio was 95-5 per cent. 

The final counter-weights so arrived at were :— 

For U, L,, 9-4 tons at L, and L,. Total load, 
37-6 tons. 
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For U, L,, 41-5 tons at L, and Ly. Total load, 
166 tons. 

An analysis for secondary stresses was then carried 
out with a view to determining the probable perma- 
nent secondary effects due to riveting in the new 
members with the trusses in the deformed position, 
resulting from counter-weights, either single or 
multiple (Table I). 

In the case of L, U, the probable percentage of 
secondary stress in the new members by employing 
a counter-weight at L, and L, was 46-2 per cent., 
as against 21-6 per cent. in the old member. By 
employing a single heavier counter-weight at L, 
this percentage rose from 21-6 per cent. to 31-4 
per cent. only. Similar results are shown for U, L, 
at the other end of this member. As, however, the 
only suitable material available to use as a counter- 
weight consisted of 40-ft. rails at 82 lb. per yard, 
a two-point load became essential in order to carry 
the rails conveniently. The form of the rail counter- 
weight is shown in Fig. 6, and the method of loading 
the chords in Fig. 7. Jacks beneath the rails 
relieved the span of the temporary loading when 
work was not in progress. Fig. 8 shows the counter- 
weight suspended from the truss, this view having 


CouUNTER-WEIGHT OF 166 Tons. 
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Fie. 9. OxLp Stump STRAIGHTENED AND NEW 
MEMBER BEING LIFTED INTO PLACE. 


been taken after the four web verticals had been 
replaced. 

When replacing the damaged struts it was decided 
not to disturb the cross-girder fixings, which in all 
cases appeared sound ; but to cut the old members 
about 18 in. above the bottom gussets, knock out 
the rivets at the top, and to drop the members, so 
freed, out of top chords. In one or two cases the 
stumps required straightening before a satisfactory 
attachment could be made to the new member. On 
account of the limited time available, anything in 
the nature of “butted” joints was out of the 
question, and the joints were designed to transmit 
all compression through the rivets. The plant 
arranged for comprised 1}-in. pneumatic drills and 
hammers and an acetylene cutting outfit. 

Replacement of Members U, L,.—As many rivets 
as possible were replaced by black bolts on the day 
before each member was taken in hand, and all 
cross and sway bracing was freed. At the com- 
mencement of the work the whole load (in this case 
37-6 tons) was placed on the bridge and cutting 
started. In order to anticipate any shock which 
might have occurred on completing the cut, about 
2 in. of metal was left intact and slowly heated, 








Merton or AtTracuine Loapine Ropgs. 


thus allowing a readjustment in length to occur 
gradually. In the case of these members the actual 
deformation was x in., or 74 in. greater than had 
been predicted by calculation. 















































Taste I, 
Percentage Secondary Stress under Full 
Load Condition. 
one. Normal After Loading | After Loading 
as in with Two Loads| with One Load 
Original jof 41-5 tons at | of 62-5 tons 
Girder. Ly Lo. at Lo. 
Per cent. Per cent. Per cent. 
Verticals— 
Loe U2 21-6 46-2 31°4 
U2 Le 11-3 29-6 31°3 
After loading | After loadin 
with three loads; with one lo 
of 7-7 tons at of 15-8 tons 
Ly Le Lz; at Lz. 
Per cent. Per cent. 
Lo U3.. 24-2 28-4 27-0 
Uz L3.. 11-0 7-0 8-3 
Two loads of | One load of 
41-5 tons at 62-5 tons at 
1, Le. Le. 
Diagonal— Per cent. Per cent. 
213.. 32-0 34-0 85-0 
Three loads of | One load of 
7-7 tons at 15-8 tons at 
Li Le Lz. Lz. 
Per cent. Per cent. 
Lz U2.. 32-0 32-3 32-1 
Two loads of | One load of 
41-5 tons at 62-5 tons at 
I, Lz. Io. 
Lower chord— Per cent. Per cent. 
L3L2.. 8-4 4°5 7-6 











A second cut was then made about 3 ft. above the 
first, and a section of the member removed, thus 
leaving ample space for lowering and removing the 
remainder. About two hours was required in each 
case to clear the old members. The insertion of the 
new members and riveting up presented no difficulty, 
and in general, riveting started about six hours after 
the beginning of the work. The stump of member 
U, L; (west), shown in Fig. 9, required consider- 
able trimming and strengthening before the new 
member could be swung in between the old web 
plates. 

Replacement of Members U, L,.—The work of re- 
placing these members was similar to that on U, L,. 
Since the counter-weight of 166 tons approached the 
capacity of the bridge, the jacks were kept in contact 
with the load until the cutting had in each case 
been completed; some trouble was experienced 
from the new members having been slightly twisted 
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in transit, and a certain amount of jacking was 
found necessary to get the bottom joints to line up. 
As each of the four verticals was replaced, an 
observation was made of the actual dead-load stress 
which developed when the counter-weight was 
taken off. Two Fereday-Palmer stress recorders 
were attached as nearly as possible on the neutral 
axis of the inside and outside channels of the 
members, and the results obtained are recorded 
below :— 
Members Ug Lg East and West. 
Tons per Sq. In. 
ve 0°404 


Anticipated stress... jon — 
Stress as actually measured on com- 


pletion— 
Inside (0°40) i 
Outside 1o-42s mean 0-41 
Members U2 Le 
Anticipated stress... rae wee oes 0°882 
Stress as actually measured on com- 
ae” 
nside {0°95 , 
East Outside 1 4 mean 0°87 
West Inside (0°87) 0°85 


Outside (0°83 f ™°a” 

It will be thus seen that for all practical purposes 
these members were replaced without altering the 
primary stresses either in themselves or in any other 
members of the span; and there seems no reason 
why this span as repaired should not be considered 
equivalent in strength and rigidity to any other span 
in the bridge. 








AUGUSTIN JEAN FRESNEL, 1788-1827. 


Ir has been said that the history of optics during 
the eighteenth century is one of the blankest pages 
of scientific story. In the previous century Snell, 
Grimaldi, Bartholinus, Roemer, Huygens and 
Newton had laid the foundations of optical science, 
but nearly a hundred years separated Newton’s 
work on optics and the epoch making contri- 
butions of Thomas Young. The eighteenth century 
it is true saw the discovery of the aberration of light 
by Bradley and the improvement and development 
of both reflecting and refractory telescopes by 
Dollond, Short, Herschel and others, but the theory 
of light remained almost untouched. This relative 
stagnation, however, was followed by a period of 
brilliant achievement. At the hands of Young, 
Malus, Arago, Brewster Biot and Fresnel, the science 
of optics received many notable additions, while 
through the labours of Young in England and Fresnel 
in France the undulating theory enunciated by 
Huygens formed the basis of both experimental 
and mathematical investigations of great importance. 

Augustin Jean Fresnel was born at Broglie, 
in the department of Eure, May 10, 1788, and died at 
Ville d’Avray near Paris, July 14, 1827, just a 
hundred years ago. The son of an architect, as a 
boy he displayed considerable ingenuity with his 
fingers but little aptitude as a student. From the 
central school of Caen, however, at the age of 
sixteen, he entered the famous Ecole Polytechnique, 
the alma mater of so many distinguished French 
engineers and mathematicians, and later on was 
trained as a government civil engineer in the Ecole 
des Ponts et Chaussées. The next few years were 
followed by the performance of routine duties in 
various provincial departments, till in 1814 came 
the turning point in his career. Of his studies 
before this we have no account, but on December 28, 
1814, he is said to have written to a friend to ask 
his uncle what was meant by the polarization of 
light. The information obtained, he quickly mas- 
tered the subject, and the following year 1815, saw 
the first of his important papers on diffraction, 
and during the remaining twelve years of his all 
too short life, his principal energies were devoted to 
the furtherance of optical studies. His paper of 
1815 was confided in the first place to his friend 
Arago, by whom it was communicated to the 
Institute of France. It- contained much which 
Young had already discovered, and the explanations 
of the experiments by the theory of undulations 
were common to both. Young was undoubtedly 
first, but it is equally certain Fresnel was unaware 
of what Young had done, until it was pointed out 
to him by Arago. But just as Young’s views had 
found no acceptance among the fellows of the Royal 
Society, so Fresnel’s theories had to face the criti- 





cism and scepticism of such scientific giants as 
Laplace, Poisson and Biot. 

Fresnel from about 1815 was stationed in Paris. 
After the fall of Napoleon he had espoused the cause 
of the Bourbons, and for a time during the Hundred 
Days was regarded with suspicion. With the 
Restoration, he was given a minor position in Paris, 
and there he passed the rest of his days. Besides his 
theoretical work, Fresnel is also remembered for his 
practical improvement in lighting apparatus for 
lighthouses. As early as 1819 it occurred to him 
that lenses might be substituted for mirrors for 
the purpose of directing parallel rays of light. It 
further occurred to him that lenses of large size 
and of moderate thickness might be built up into a 
system. Somewhat similar apparatus had been 
described by Buffon, Condorcet and Brewster, but 
their lenses were intended for instruments for con- 
centrating the sun’s rays. Fresnel was the first to 
suggest such lenses for lighthouses and polyzonal 
lenses designed by him were first made by the Paris 
optician, Soleil, and in 1823 fitted in the lighthouse 
of Corduan at the mouth of the Garonne. Soon 
after this they were adopted not only in France, 
but in Holland and in Scotland, and in 1836 were 
used by the Trinity House Corporation. Fresnel 
for some years held the position of Secretary to the 
French Lighthouse Commission, a position in which 
he.was succeeded by his brother. 

Though for a long time Fresnel’s merits were 
inadequately recognised, in 1823 he was made a 
member of the Academy of Sciences, and in 1825 
he became a foreign member of the Royal Society, 
which two years later awarded him the Rumford 
medal “for his development of the undulatory 
theory as applied to the phenomena of polarised 
light ; and for his various important discoveries 
in physical optics.” His life was then fast drawing 
to a close. Never very strong, he was attacked 
by consumption, and it was when he was on his 
death bed Arago placed the Rumford medal in his 
hands. Of his sad mission Arago gave a touching 
account. ‘“* His strength almost exhausted, scarcely 
permitted him to glance at this token, so rarely 
awarded, of the esteem of the illustrious society. 
All his thoughts turned upon his approaching end. 
‘I thank you,’ he said in a subdued voice, ‘for 
having accepted this commission; I know the 
pain it must give you, for you feel, I am sure, that 
the fairest wreath is insignificant when we must 
lay it on the grave of a friend.’ A few days later 
Fresnel had passed away. 

‘* Fresnel,’ wrote J. D. Forbes, ‘ eminently 
possessed the qualities requisite for original investi- 
gation. So finely balanced a combination of 
mathematical skill and attainment with profound 
inductive capacity has rarely been witnessed. Had 
Young not happened to precede him there can be 
no question but that he would have made the 
undulatory theory entirely his own. Fresnel was 
superior to Young in the talent for devising and 
executing critical experiments in which indeed 
he showed a degree of skill equally rare and admir- 
able.” 

Some of Fresnel’s original papers remained for 
many years unpublished, and even Arago’s éloge, for 
political reasons, did not appear till 1853. His 
great lenses are preserved in Paris Observatory 
and in 1884 a memorial to him, in the form of a 
bronze bust, was placed in the church of his birth- 
place at Broglie, a spot not far from the tomb of 
Laplace. 
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The Scientific Principles of Petroleum Technology. By 
Dr. Leo Gurwitscu. Translated and revised by 
Haroytp Moore, M.Sc. London: Chapman and Hall, 
Limited. [Price, 25s. net.] 
THE title chosen for this book, “‘ Scientific Principles 
of Petroleum Technology,” suggests rather ambitious 
claims. It may be justifiable in so far as it informs 
the reader broadly what to look for or, more correctly, 
what not to expect, i.e., technical detail. On the 
other hand the demarcation line between the science 
and technology of an industry was fairly clear only 
so long as the practical man relied on the rule of 
thumb. When an industry like petroleum technology 
is based upon several sciences, the title loses its 





definiteness. In early days the petroleum tech- 
nologist was, in the first instance, probably a mining 
engineer endowed with a fair knowledge of field 
geology and hydraulics. Oil prospecting, winning, 
and distributing were his particular work ; oil refin- 
ing was left to the chemist. The modern petroleum 
technologist has to be a chemist as well, and he will 
not rise in his profession if he is unable to grasp the 
general economic aspect of his problems. 

Thus, the translator of the book now under 
consideration, if not the author, should have made 
it clear from the outset that he was not attempt- 
ing an almost impossible task, but that he 
had confined himself to the chemical principles. 
Professor Gurwitsch, of the University and Technical 
High School of Baku, said in the preface to the 
first edition, of 1912, of his well-known book, that he 
desired to give a general view of the scientific side of 
the subject to the chemist interested in the petroleum 
industry. He also stated in the preface to the second, 
1925, edition, which Mr. Harold Moore has translated, 
that a recent visit he had paid to Germany in 
order to acquaint himself with the later literature 
had only been of short duration. Mr. Moore’s 
revision, therefore, made very essential additions 
desirable, notably as regards cracking, berginisation, 
and detonation, and he seems to have done his 
share as well as Dr. Gurwitsch had done his. The 
book is divided into three parts: raw materials, their 
chemistry and physics; manufacture, distillation 
and refining; and products. The 470 pages look 
less chemical than one might have expected from 
the subject and are easy to read. There are in 
general, little signs of the work being a translation. 
That the author does not take a narrow view 
of scientific principles is shown by the sections 
on waste products. The chapter on refining by 
adsorption says a good deal about floridin (clay 
from Florida), without mentioning that bauxite is 
also used as a filtering agent which admits of easy 
regeneration. The table of contents is very short, 
and the index might well be more complete, 
especially as regards proper names, which are 
frequently indispensable in a search for particular 
points. 





Introduction to Reinforced-Concrete Design. By Hate 
SUTHERLAND and WALTER W. CuirForD. M.M.Am.Soc. 
C.E. New York: Messrs. John Wiley and Sons, and 
London: Messrs. Chapman and Hall, Limited. [Price 
20s. net. ] 

THE number of books dealing with the design of 
reinforced structures has become very numerous 
in recent years, and, as the general features of 
design and construction of reinforced concrete 
structures have to a considerable degree become 
standardised, there must necessarily be a con- 
siderable degree of sameness in the treatment of 
the subject and in the information given by the 
various authors. _ 

The volume under review, however, will certainly 
rank highly among treaties upon this most interesting 
and valuable form of construction, which is becom- 
ing more and more generally applied in all structures 
for which it can be suitably employed. 

The book is, of course, written entirely from the 
American point of view, the notation employed is 
that generally in use in that country, and the 
sources of information from which the authors have 
drawn are almost entirely of American origin. 

It is well known, however, that the properties 
of reinforced concrete have been very extensively 
studied and experimented upon, under working 
conditions, in the United States, both by inde- 
pendent authorities and by the research depart- 
ments of many of the universities in the various 
states. The information contained in books, such as 
that under review, by American authors may, 
consequently, be relied upon to give the latest 
results of experimental and theoretical investiga- 
tion. 

The authors have dealt with their subject in a 
very complete manner, and have spared no pains 
in setting out, lucidly and comprehensively, the 
several methods of computation. They include 
detailed treatment of all structural parts most 
frequently met with in reinforced concrete con- 
struction, and throughout have given completely 
worked-out examples with clear, fully dimensioned 
sketches of the various details. The letterpress and 
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illustrations are well arranged and easily read, the 
dimensioning and printing on the sketches and dia- 
grams being exceptionally clear. The method 
adopted in printing the worked-out examples is 
specially to be recommended, these being in italics 
on separate pages from the ordinary letterpress. 

Amongst the subjects dealt with are the design 
of the ordinary members, such as beams, slabs and 
columns, retaining walls, bridges both of the girder 
and arch types, and flat slab or mushroom floors. 
The design of arches is based on the methods of 
Mr. Whitney and Professor Spofford, and useful 
diagrams and tables are included to aid the designer. 
The design of flat slab floors is generally based on 
the report of the American Joint Committee on 
Standard Specifications for Concrete and Rein- 
forced Concrete of August, 1924. 

The book can be confidently recommended to 
students and designers as covering the subject in 
a complete and lucid manner. 





Electric Switch and Controlling Gear. 
GaRRARD, Ph.D. Third Edition. 
Benn, Ltd, 1927. [Price 63s. net.] 

A FUNDAMENTAL advantage of the use of electricity 
is the ease with which it can be supplied to, or 
isolated from, the various apparatus, and the corre- 
sponding facility, with which generating plant can 
be connected to, or disconnected from, the more 
or less extended transmission and distribution 
networks, which now exist. To effect these opera- 
tions with the maximum of flexibility, not only is 
it necessary to employ equipment of very varying 
size, but much of that equipment must be fitted with 
subsidiary apparatus, which ensures its automatic 
operation under certain conditions. Every care 
must also be taken that the functioning of the whole 
is effected without detriment to the continuity of 
the general supply. The field comprised in the 
convenient term switchgear is wide. It ranges from 
the tiny device, which enables a lamp to be switched 
on or off from the bedside, to the oil switch several 
feet high, which, contained in a steel tank, enables 
thousands of kilowatts of short-circuit power to be 
dealt with without damage, either to the immediate 
surroundings or to the system as a whole. In 
addition, it includes the equipment, which is 
necessary for starting and controlling motors, for 
regulating the amount of current flowing, for 
preventing the rise of dangerous currents, for 
ensuring that circuits are made and broken at the 
proper time and under the appropriate conditions, 
and for protecting the various types of gear thus 
involved from short circuits or other fortuitous 
phenomena, which might cause damage. 

In attempting to cover such a field as this in one 
volume, Dr. Garrard has set himself a very difficult 
task. That he has succeeded to the satisfaction of 
those for whom the book is intended is evidenced 
by the fact that it has reached a third edition, 
though to some extent, no doubt, as the author 
himself points out, revision has been necessary, 
in order to keep pace with the developments, 
which are continually taking place in this branch 
of engineering. As it stands, the book is a 
monument to Dr. Garrard’s wide knowledge of the 
subject and to his ceaseless activity in the acquire- 
ment of information. But it suffers from the fact 
that it is still too much a collection of facts and 
opinions, so that, in the broad sense of the word, 
the ‘“‘ book”’ still remains to be written. Perhaps, 
before long Dr. Garrard will find time to go through 
his 700 pages of type and illustration and prune, 
polish, and re-arrange them. When he has done 
so, we should have a standard treatise on its 
subject. Until he does so, we have a book of great 
value for purposes of reference, but not very 
suitable for continuous reading. 

With the exception of switches for lighting 
circuits and, of course, those used in weak current 
applications, the book covers the whole range of 
switchgear employed at the present time. The 
author disclaims any idea of describing all the 
products of the different manufacturers, his main 
object being to state the principles underlying the 
design and construction of switchgear as simply as 
possible, whether mathematical calculations or 
engineering design are being dealt with. To do 
this it is necessary to go into a good deal of detail, 
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not only of switchgear itself, but of the subsidiary 


apparatus. In this connection a very useful 
chapter is that on “ Prevention of Dangerous 
Currents.” This discusses very fully the appara- 


tus that is employed for tripping-out the switches, 
when unsafe conditions occur, while supplement- 
ary to this, and equally useful, is the chapter on 
“Apparatus for Protecting Electrical Machinery 
against Abnormal Electrical Conditions,” which 
comes at the end of the book. “Starting and 
Controlling Apparatus” receives extended treat- 
ment which is the more useful since the literature 
on this subject is meagre and unsatisfactory. 

When the revision, which we have suggested above, 
takes place we would plead for a more extended 
bibliography and a more complete index. 





The Chronicles of a Contractor, being the Autobiography of 
the late George Pauling, edited by Davin Bucaan. 
London: Constable and Company, Limited. [Price 
10s. 6d. net.] 

Tuts is an interesting human document, in which 

the life story of an intensely virile personality is 

told without fastidious reserve. It is markedly self- 
centred and somewhat wanting in evidence of 
regard for others, though there are indications that 
affection and generosity towards relations and 
friends characterised the writer. In an eulogistic 
foreword by Mr. J. O. P. Bland it is fairly said 

that the picture drawn by the man himself is a 

necessarily incomplete representation of “‘ the human 

qualities which endeared George Pauling to all sorts 
and conditions of men.” 

The present notes must, however, deal with the 
parts of the story which relate to engineers, and it 
is regrettable to find throughout the book evidence 
of misconception by this notable contractor of the 
true functions and generally high character of the 
engineer. In the opening lines he states a purpose 
of avoiding controversial matters as he “ would 
the plague or a despotic resident engineer” ; and 
very soon after speaks of “‘the exactions of archi- 
tects, clerks of works and those other inquisitors 
whose chief end from time immemorial has been to 
render burdensome the existence of the poor con- 
tractor.”” He fought many good fights in his arduous 
youth and later career and had numerous successes, 
but in many countries scattered throughout the 
world found his powerful will unduly controlled, 
as he thought, by engineers and Government officials 
of various nationalities. In Africa, Greece, Ireland 
and at home the chief enemy was always an engineer 
or a Government department, except for about two 
and a-quarter years ending in April, 1897,-when he 
was Commissioner of Public Works and also Con- 
troller of Mines and Postmaster-General in Rhodesia 
under the zgis of that colossal figure Rhodes. 

Pauling evidently was happiest and most effective 
when he had an almost free hand in the survey, 
design and execution of important works, and he 
played a great and creditable part in the develop- 
ment of railways in South Africa and elsewhere 
in remote, difficult and dangerous regions. His 
chronicle reminds the reviewer of the predilections of 
an Irish sub-contractor on the construction of an 
American railway, who said “ I was always my own 
boss and a great politician, and the boys are very 
fond of me.” 

Pauling’s powerful frame and great vitality 
carried him safely through many dangers and 
difficulties which would have daunted or broken 
ordinary men. His energy, enterprise and versa- 
tility were marvellous and enabled him to recover 
from financial ruin more than once. The frankness 
with which he sets out, in a chapter headed “Side 
lines,’ and elsewhere, the motives and manners 
of some of his multifarious activities is almost 
startling. Some of those, besides ordinary con- 
tractors’ work, were prospecting and digging for 
gold, and promoting companies and organisations 
for gold and coal mining, land development, the 
bottling and export of water from the Jordan and 
the emigration of ostriches. 

The book is full of good stories well told, but 
not all creditable to the teller, or to the people 
referred to. The difficulties of preliminary survey 
in the wilds are well exemplified by the experience 
of a transit-man who carelessly disturbed wild bees 
and made a partial escape into a marshy pond where 





he was inordinately bled by innumerable leeches. 
The story of the use of a specially prepared phono- 
graph record to overcome the reluctance of African 
natives to give prospectors a concession for mining 
over the burial place of their chiefs is less innocent. 

The autobiography is full of incident and shrewd 
observation, and is more interesting than most 
novels. Moreover, it incidently shows clearly the 
fundamental differences in outlook and functions 
of professional men whose sole aim is to get work 
efficiently done and of others whose main object 
is personal gain. These vital differences are unfor- 
tunately too little known or regarded, even in 
quarters where their recognition is of the utmost 
importance. 





Zerkleinerungs- Vorrichtungen und Malanlagen. By CARL 
NaskKe. Fourth enlarged edition. Leipzig: Otto 
Spamer. [Price 33 marks.] 

In the ‘nineties disintegrators were still largely of 

the Hungarian mill type, but since then manufac- 

turers of many classes have learnt that the proper 
disintegration of the materials to be treated by 
ball, tube and pendulum mills allows of rapidly 
producing articles of uniformly high quality, at 
much reduced expense ; though it may involve the 
use of additional special machinery for conveyance, 
the suppression of dust, and other purposes. Mr. 
Carl Naske, an expert in this field, has found it 
necessary to write a fourth edition of his work on 
disintegrating machinery and grinding plants only 
five years after the appearance of the third, largely 
because the use of pulverised fuel has introduced 
new machinery. He has taken this opportunity 
also of adding a ninth chapter on tables of 
dimensions, efficiency, power consumption and 
formule. The other sections deal with crushing and 
breaking, milling and sifting and screening. The 
subjects of conveyance, dust precipitation and storage 
are discussed in special sections, and there is finally 

a chapter describing some complete disintegrator 

plants. The 471 text-figures illustrating the 375 

pages are diagrams giving, however, sufficient detail. 

There are only three pages on dust and fumes 

precipitation by electric discharges; but this is 

rather a special subject. The reader will be 
interested to learn that Mr. Naske and others have 
obtained purifications of 99 per cent., and over, with 
apparatus obtained from the chief companies which 
have taken up the Cottrell press for the treatment 
of dust-laden gases in Germany, the Lurgi Company 
of Frankfurt, and the Oski A.G. of Hanover. The 
latter, in cement works, makes use of concrete 
electrodes in which wires and wire nettings are 
embedded. The index would have been better if 
more complete, especially as regards names. The 
volume will be found a very useful and reliable guide. 








PROTECTION OF ACETYLENE PLANT.—The most serious 
corrosion of the steel parts of acetylene plant takes place 
at parts subjected alternately to contact with air and 
water. Paints and coatings of an asphalt or tar basis 
give the best protection against rust, but it is necessary 
to remove the coating every year by scraping and then 
applying two fresh coats. Purifiers, internally, need the 
greatest care; a very thick coating is essential because 
of the oxidising character of the purifying agent. 





THe Ruup Automatic Hot Water HEATER.—The . 
Ruud Manufacturing Company of Pittsburg Pa, U.S.A., 
and 99, High Holborn, London, W.C.1, have recently 
started building their products in this country and have 
opened a factory on the Slough Trading Estate, Bucks. 
The company manufacture hot water appliances, and 
their multi-coil gas water-heater has many points of 
special interest. As the name indicates, the water is 
passed through a series of entirely separate coils inside 
the heater, the ends of which are attached to two external 
vertical manifolds, thus no joints are in direct contact 
with the flame area; further, the number of complete 
turns in the coils increases from the bottom upwards, 
with the result that in the upper coils where the heat is 
not so intense a greater heating area is exposed to the 
flame, and the water takes longer to pass through. The 
water passes from the outlet manifold to a storage 
tank, which has an insulating jacket 14 in. thick com- 
posed of magnesia blocks, a second pipe being taken from 
the bottom of the tank to the inlet manifold of the coils, 
thus completing the circuit. A thermostat of the 
expanding type, allowing the gas valve to fall on to its 
seat when the expansion of a length of copper tubing has 
reached a certain point, is incorporated in the appliance ; 
it is so arranged that the gas valve is either full open or 
tight shut. All the component parts, throughout all the 
various models, are made to standard sizes and are 
interchangeable; the various models are excellent 
examples of their class. 
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THE GLADSTONE DOCKS, LIVERPOOL. The scheme, as shown on -the stipes as 
> «3 Mai map (Fig. 1) embraces works extending northwar 
King pee a al make ae ie on the Seaforth shore from the Hornby Dock ground covered by the sheds amounts to 13? acres, 
will visit Liverpool to open the Gladstone Docks for approximately 2,600 ft., and seawards into and the total gross floor area available for storage 
of the Mersey Docks and Harbour Board, and the River Mersey for 2,200 ft. The works include | is 55 acres. This area includes that of the flat 
in so doing will not only set a seal on the com-| 2? entrance lock from the river, with a length | roofs, which are designed to take light loads. 
pletion of a great engineering and commercial of 1,070 ft. and a width of 130 ft. The sills of | Dividing Gladstone Branch Dock No. 1 from 
enterprise, but will show once again his recog- this lock are 30 ft. below Old Dock sill, or 20 ft. the Hornby Dock is a space with an average 
nition of the importance of proper provision being below bay datum. This arrangement provides width of about 400 ft., while connection between 
made to maintain the mercantile trade of the| 2! ft. 4 in. on the sills at low water on ordinary the new dock and the older system is made by 
country. We say once again, because it is almost spring tides, and 28 ft. 7 in. on neap tides. At | the Gladstone-Hornby lock, which is 645 ft. long 
exactly fourteen years since their Majesties visited half-tide level there is 35 ft. of water over the|and 90 ft. wide. The total water area of the 
Liverpool to open the graving dock, which forms 
an essential part of the Gladstone Docks scheme. 
A full description of this dock was published in our 
columns at the time,* and to explain the reason 
for the long interval, which has occurred between ‘ 
the two ceremonies. it will be necessary briefly 
to review the past history of the undertaking = e 
and, at the same time, to seize a convenient 5 ; - 
opportunity of saying something about the develop- \ 
ment of the Port of Liverpool, the latest, but not 
the last, chapter of which has now come to a 
fitting conclusion. 
The Mersey Docks and Harbour Board is one 
of the oldest of our great Harbour Boards, and 
it is not too much to say that it is one of the most \ 
progressive. Its records date back to 1752, in 4 
which year the duties it received from shipping 
and merchandise reached the by no means 
munificent sum of 1,776/. At the close of the 
eighteenth century this figure had risen to 
23,3791., while the number of ships entering or 
leaving the port was 4,518. Passing on another 
half-century to 1852, in that year the number of 
vessels was 21,473, the tonnage dealt with 
3,912,526, and the total dues 246,686/., while in} [> 
1902 the corresponding figures were 24,214 tons, 
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while very extensive railway connections and 
sidings are provided, as shown in Fig. 1. The 
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13,308,305 tons and 1,130,122. In 1912 the| [~ \ 
tonnage of the vessels was 23,483, the tonnage Uke s 
dealt. with 17,327,415 and the total dues 1,469,4001. R P 
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an increase of nearly 3 million tons over the previous 
year. The approximate weight of goods for the 
year 1927 on which dues were paid is estimated at 
15,960,000 tons, the total rates, including receipts 
on the conservancy account being 1,636,2361. 

This increase in the volume of traffic and the 
steady growth in the size of the individual ships 
have naturally necessitated great improvements 
being made in the facilities and accommodation 
of the port from time to time. 

Dredging and other work at the bar and in the 
sea channels have been continuously carried out, 


Fig.4. RIVER ENTRANCE LOCK. 
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and large sums have been expended on _ the 
re-conditioning of old and the construction of 
new docks. Without going into details it may, 
in fact, be said that between 1859 and 1913 
various Acts authorised the borrowing of over 
36,000,000/., and that the loans, annuities, debenture 
stock, &c., outstanding at the latter date totalled 
25,600,0007. 

@Coming to more recent times, the Gladstone 
Dock, as now completed, has involved the expendi- 
ture of about 8,000,000/., 3,000,0007. of which 
was authorised by the Act of 1906 and the 
remainder by later legislation. 





sills, at high water ordinary neap tides 41 ft. 7 in., 
and at high water ordinary spring tides 48 ft. 10 in. 
These conditions will allow the largest ship now 
in existence to enter or leave the dock on every 
single tide in the year, while more ordinary ships of, 
say, 28 ft. draught, will be able to go into and out 
of the dock at any time of the day, except for a 
few hours on each side of low water at spring tides. 
Inside this lock there is a half-tide dock, known 
as the Gladstone Dock, with an area of 22 acres, 
and opening out of this are two branch docks, 
Nos. 1 and 2, each 400 ft. wide, and 1,420 ft. and 
1,285 ft. long respectively. The quays of these 
branch docks are furnished with three-storey 





* See ENGINEERING, 1913, vol. xcvi, page 4. 


sheds, and are fully equipped with electric cranes, 


system is 55} acres and there is an aggregate 
quay length of 2°75 miles. Provision is made in 
the branch dock for berthing four ships of 1,270 ft., 
1,300 ft., 1,325 ft. and 1,510 ft. long respectively, 
without projecting into the canting area. In 
addition the graving dock can take ships up to 
1,050 ft. long and 120 ft. beam, the depth over 
the sill being 46 ft. at high water of ordinary 
spring tides, or 35 ft. at the lowest neap tides. 

The scheme was planned in outline by the 
late Mr. Anthony G. Lyster, but the main part 
of the work has been carried out by Mr. T. M. 
Newell, M.Inst.C.E., the present Engineer-in-Chief 
to the Board. The work was not put in hand 
when authorised, but when the Cunard Steamship 
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Company decided to proceed with the building of 
the Aquitania, which was launched in 1913, the 
Mersey Docks and Harbour Board agreed to carry 
out so much of the works as would allow ships of 
her size to be accommodated. A start was there- 
fore made on the graving dock in 1910, and the 
somewhat unusual course was adopted of providing 
one quay of this dock with transit sheds(Fig.2). This 
decision enabled it to be used both as a graving dock 
and an ordinary wet dock, an arrangement which 
proved of great value when the Great War broke out 
some twelve months after it wascompleted. Another 
point of interest is that as the dock was brought 
into use independently from the main scheme, a 


Turning now to the progress of the work since 
the completion of the graving dock, an important 
feature of the scheme as a whole is the Hornby 
lock, to which reference has already been made. 
Although dwarfed to some extent by the much 
more extensive river entrance to which we refer 
below, this lock is a very large one and can take 
by far the greater proportion, even of modern 
shipping. Incidentally, it adds to the value of the 
docks immediately to the south of the Gladstone 
system, since it will allow boats of deep draught 
to pass from these northern docks to the river by 
means of the Gladstone entrance at times when the 





depth of water would not allow them to pass out 
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Fig. 17. Interior oF South SHED, 


special entrance had to be constructed from the 
river to give access to it, and, to enable full advantage 
to be taken of the depth of water over the sill by 
boats of deep draught, the channel to this entrance 
in the river bed was dredged to a depth of 27 ft. 
below the old dock sill datum. This, however, was 
only a temporary arrangement, and when work 
on the rest of the scheme was begun the main 
north and south river wall was extended to the 
outer end of the tipped dam, which was built when 
the graving dock was being constructed, so as 
completely to enclose the Gladstone Dock area, 
and the old Rimrose river wall, which formed the 
original northern boundary of the docks, and 
is indicated in the plan, was removed. This 
extension, of course, closed the river entrance to 
the graving dock and put it out of commission 
temporarily, until re-access could be obtained to it, 
as arranged in the original scheme. 


ROADWAY BETWEEN TONGUE SHEDS; LOOKING WEsT. 
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by either the Canada or Sandon entrances. This 
Hornby lock was the first part of the system to be 
undertaken when work was re-started, and on its 
completion was used as a depot basin for the hopper 
barges removing the spoil. At the same time, work 
was also started on the river entrance and on the 
quay walls for the branch docks. The latter part 
of the construction, though involving no great 
engineering difficulties, was very extensive, as will 
be realised when it is stated that the quays are 63 ft. 
above the dock bottom (Fig. 3). The work was carried 
out in timbered trenches in the usual way, and a 
satisfactory rock and gravel foundation was found 
at a level some 6 ft. below the dock bottom. The 
walls of the docks are of mass concrete, a tunnel 
being formed below the quay and above high water 
level for carrying the water service pipes and cables. 
Some idea of the work can be obtained from 
Fig. 5, on Plate V, which shows the excavations 





in the dock itself and in the branch dock No. 2 
looking north east, and Fig. 6 which shows a view 
of excavations in No. 2 branch dock looking north 
east. A photograph of the branch dock No. 2 
as it appears to-day is given in Fig. 7. The 
excavation was carried out by five Ruston steam 
diggers, three of which had a capacity of 2 cub. 
yards and one of 1 cub. yard, while in addition a 
caterpillar digger of 4} cub. yard capacity was 
employed. The spoil was removed by trains of 
tipping trucks hauled by steam locomotives. Some 
of the spoil was used for faring the new river entrance 
and wall and the rest was removed by hopper 
barges and tipped in the sea. Temporary lines 
were laid along the dock bottom for carrying the 
tipping trucks, from which connection was made to 
the quay railways, so that the wagons could be 
brought alongside the Hornby lock and tipped 
into the barges. 

The construction of the river entrance and sea 
wall was next proceeded with, and formed the most 
interesting and difficult part of the work. As is 
clear from Fig. 1, the new lock cuts across the line 
of the old river wall, part of the west wall of the 
lock being outside this line. A section of this outer 
wall is shown, together with the section of the lock 
itself, in Fig. 4. This outer wall was built inside 
sheet steel piling which was reinforced by a timber 
work and pile structure connecting it to the old 
sea wall. Though the outer face of this construction 
was exposed to the full force of the river, even in 
the roughest weather no difficulty was found in 
keeping it adequately tight. The piling was sealed 
with fine ashes dropped into the water against its 
outer face, and carried into any leaks by the 
inflowing water. In a previous article* we gave 
a photograph of this piling and other photographs 
illustrating the progress that had been made up to 
that date. In this issue we are able to give some 
other photographs, which have been taken since 
that time and illustrate the later developments 
that have taken place. For instance, Fig. 8, Plate VI, 
shows an inside elevation of the lock entrance dam, 
and Fig. 9 the entrance lock looking north and 
illustrating the invert in course of construction. 
Fig. 10, on Plate VII, is a view of the middle 
and outer gates of the lock during erection, 
and Fig. 11 is a view looking south and showing 
the eastern outer gate being moved into position. 
Fig. 12, on Plate VIII, shows one of the gate recesses, 
while Fig. 13 illustrates the inner gate platform 
and shows the water being admitted to the dock 
and flowing over the sill. Figs. 14 and 15 are 
views of the main sluicing culvert in the east wall. 

The principal feature of engineering interest in 
connection with this lock lies in the gates, draw- 
ings of which are given on page 80 and of their 
anchorages on page 73.¢ In addition to the end 
gates, there are a pair of centre gates, which have 
been provided so that the lock may be divided into 
two parts to conserve the water when the smaller type 
of ship is being locked in or out. These gates were 
designed by Mr. Newell and manufactured by Sir 
W. G. Armstrong Whitworth and Company. They 
have a span of 136 ft. and a greater leaf area than any 
other gates in this country. For purposes of compari- 
son, it may be mentioned that the Panama Canal 
gates are greater in depth, but have a span of 110 ft. 
only. As already mentioned, the width of the 
entrance is 130 ft. and the rise of the sillis 22 ft. The 
length of the gate leaf is just over 72 ft. The width 
at the centre and the ends respectively is 8 ft. 44 in., 
and 2 ft. 10$in. The depth of the leaf over the deck 
plates is 56 ft. The maximum and minimum pitches 
of the decks are 3 ft. 6 in. and 2 ft. 3 in. The 
radius of the heel post is 1 ft. 74 in., and the width of 
the mitre post 2 ft. 3$in. The height of the flotation 
chamber is 26 ft. 10 in. and the preponderance over 
flotation at high water is 46 tons. The swinging 
weight of one leaf is 495-55 tons. It is of special 
interest to note that no rollers are provided on 
these gates. This departure from previous practice 
on the Mersey, which is due to Mr. Newell, was 
determined on owing to the effect upon wear and 
upkeep, which has been found to take place when 





* See ENGINEERING, 1924, vol. cxviii, page 47. 

+ These drawings are reproduced by permission from 
vol. xxxviii of the Transactions of the Liverpool Engi- 
neering Society. 
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Fig.22. SECTION A.A. 
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Fig.23. SECTION B.B. 
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rollers are used. This wear is probably due to the 
presence of foreign matter.. Mr. Newell, speaking 
in the discussion on Mr. T. L. Norfolk’s paper 
before the Liverpool Engineering Society, from 
which we have quoted, stated that rollers were 
responsible for 90 per cent. of the maintenance 
costs on gates, while gates without them were very 
much easier to move. As a reference to the drawing 
will show, the buoyancy space is not sub-divided 
into separate compartments. 

The connection from the new dock.works to the 
northern arm of the graving dock, which was 
necessary to bring the latter into the general 
scheme, was made by tipping an earth dam from 
the spoil taken from the branch dock excavation. 
Timber piling faced with sheet steel piling, was 
driven on this bank, and the new river wall built 
on a trench formed inside. The final excavation of 
the Gladstone Dock was carried out by dredging 
after water had been let in. This work mainly 
concerned the removal of material lying between 
the basin and the approach to the graving dock on 
the site of the old Rimrose wall. Finally, it may be 
said that the works are so planned that if necessary 
a second river lock may be built alongside the first, 
as indicated in Fig. 1. To allow for this, that part 
of the river wall which it would intercept has not 
been built up in concrete, but a piled timber quay 
has been constructed which could be removed with 
little difficulty. 

We may now turn to the equipment provided for 
handling cargo and goods. As will be seen in Fig. 2, 
the sheds on the north side of the graving dock are of 
the single-storey type, and the cranes unloading into 
them or unloading from them, have a capacity of 
30 cwt. These cranes travel on one rail at the 
outer edge of the quay and on another, which is 
placed on the top of the front wall of the shed. 





The general arrangement of the three-storey sheds 
which line the branch docks, is shown in Fig. 3, 
which is a section of the south wall and shed of 
Branch Dock No. 1. A 40-ft. passage way is pro- 
vided between the front of the shed and the quay 
edge on this south wall. Two lines of railway 
track are carried along the quay, one of which runs 
between the legs of a 3-ton portal crane. The 


south side of this shed is provided with 3-ton cranes, |: 


which have a reach over two railway tracks, and can 


deliver material to a wagon standing in the roadway |, 


beyond two lines of railway trucks. The sheds 
between the two branch docks are provided with 
30 cwt. to 3 ton cranes on the water side, and 20-cwt. 
roof cranes on the road sides. In this case, only 
one line of railway track is laid in front of the sheds, 
but a second line is carried inside them. These 
cranes were all manufactured by Messrs. Stothert 
and Pitt, Limited, of Bath, and a battery of them 
on the South Quay of Branch Dock No. 1 is illus- 
trated in Fig. 18 on page 72, while two views of the 
roof cranes are given in Figs, 19 and 20, 

As is clear from Fig. 16 on page 71, the sheds are 
of ferro-concrete throughout, and inside they are 
fitted with large electric lifts, which enable the 
material to be moved easily from floor to floor. A 
view inside the South Shed Branch Dock No. 1, in 
Fig. 17 on page 71, shows the second floor, with the 
hoisting jiggers. 

The whole of the work in connection with this 
scheme has been carried out by direct labour, 
under the direction of Mr. Thomas M. Newell, 
M.Inst.C.E., the Engineer-in-Chief to the Mersey 
Docks and Harbour Board. Mr. J. A. Newell, 
A.M.Inst.C.E., acted as Resident Engineer on the 
new entrance and river wall works, and Mr. G. E. 
Cheslyn Callow, A.M.Inst.C.E., as Resident Engi- 
neer on the Branch Docks. We are much indebted 
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to Mr. T. M. Newell for the many excellent photo- 
graphs with which we have been able to illustrate 
this article, and also for an opportunity to view 
these important works on a recent date. 








THE ROYAL AGRICULTURAL SHOW 
AT NEWPORT. 
(Concluded from page 44.) 

THE two concrete mixers shown by Messrs, 
Marshall, Sons and Company, Limited, Gains- 
borough, attracted considerable attention, as they 
are an entirely new development for this firm. 
The larger machine, which is made in three sizes, . 
with a loading capacity of 9, 14 and 21 cub: ft., 
respectively, is shown in Fig. 13, page 74. It 
has a number of unusual features, one of the most 
ingenious of which is a simple arrangement for 
converting the machine from end to side discharge. 
It will be noticed in the illustration that each road- 
wheel bracket is carried on a central vertical pin. 
The brackets can be locked in the position shown, 
or in a position at. right-angles to this, by means of 
pins, which are inserted in one of two holes in a 
bracket attached to the frame, and enter a corre- 
sponding hole in the wheel bracket. The drum 
body is of cast-iron, with a sheet-steel cone, and is 
fitted with mixer paddles which are claimed to 
produce a perfect mix without separation of the 
aggregate. The drum is mounted in the usual way 
‘on a trunnion bracket, and is driven from the engine 
‘by a roller chain and bevel gearing. It is shown in 
the illustration in the mixing position. The large 
handwheel, in front of the machine, as viewed in the 
figure, is mounted on a shaft carrying a pinion, 
the latter engaging with the large quadrant visible 
on the trunnion bracket. It will be noticed that 
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there is a bolt catch passing through the main 
frame girder above the handwheel. This catch 
registers with a hole in the quadrant to lock id 
drum in the mixing position. For charging the | 
drum, this catch is withdrawn, and the handwheel | 
turned to throw the drum over to the right, as | 
viewed in the figure. The movement is limited by the | 
stop on the quadrant coming into contact with the 

frame, while, at the same time, thecatch automatically 

enters the hole above the stop and hoids the drum 

in the charging position. Discharge is effected by 

turning the drum in the opposite direction until it is 

again held by a stop in the required position. The 

drum bearings are of the roller type, with a ball- 

thrust washer ; they are fully protected against dust 

and positively lubricated. The trunnion bearings 

are bronze bushes of large size. 

The engine is a four-stroke cycle model running 
on petrol, and is of 34, 5 or 10 brake horse-power, 
according to the size of the machine. All the engines 
are manufactured by Messrs. R. A. Lister and Com- 
pany, Limited, of Dursley, and are so well known 
as hardly to require comment. The loading bucket 
is rounded at the corners to ensure the complete 
discharge of the materials. It is hinged in the 
usual way, and is raised to charge the drum by a 
cable on each side, wound on to bobbins on an over- 
head shaft. This shaft is driven from a sprocket 
wheel on the shaft carrying the drum bevel, a cone 
clutch being employed to engage the drive. The 
clutch is on the overhead shaft, and is engaged by 
the hand lever visible at the front end of the shaft 
below the pawl lever. The movement of the lever, 
in addition to controlling the clutch, operates a 
band brake for controlling the lowering motion. 
There is an eyebolt at each corner of the main 
frame for slinging the machine if required. It 
may be mentioned that the mixer is fitted with an 
apron chute on the discharge side, which gives a 
smooth surface for shovelling. This chute has 
been removed in the illustration, but normally 
hinges up, and is attached to the side frames of the 
machine for travelling. 

The smaller machine, which is illustrated in 
Fig. 14, has a batch output of 3 cub. ft. It is of 
exceptionally simple construction, and is designed to 
stand rough usage. The drum is of the same type 
as that of the larger machine, and is driven in the 
same way by a 1}-brake horse-power Lister engine. 
The trunnion bracket carries a spur wheel at one 
end, and this engages with a smaller wheel below it, 
the latter being mounted on a shaft terminating in 
a handle. This handle is pivoted on the shaft, 
and a projection on the back of the handle engages 
with a slot in the end of the trunnion shaft, thus 
locking the latter in position. The projection on 
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Fic. 15. Root CLEANER AND CuTteR; Messrs. Harrison, MoGrucor AND Co., LIMITED. 




















Fic. 16. Puan or Root CLEANER; Messrs. Harrison, McGREeGOR AND Co., LimiTeD. 


bracket, and the latter re-locked in-a new position 
when the handle is again at the top. Three positions 
of the trunnion bracket are available, corresponding 


the handle can be withdrawn from the slot by 
pulling the handle outwards against a spring. The 
handle can then be rotated to revolve the trunnion 
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to charging, mixing and discharging. The engine is 
totally encased, and the whole mixer weighs only 
93 cwts. 

The steam road roller illustrated in Fig. 17, on 
this page, was also exhibited by Messrs. Marshall, 
and has been designed with a view to combining the 
operating advantages of the standard three-wheel 
and tandem types. For this purpose, the rollers 
are adaptable to any required road camber by 
means of positive automatic-locking device:. The 
machine is of the maker’s universal type, and as 
the general features of a nine-ton roller of this type 
were fully described on page 208 of ENGINEERING, 
vol. cxx, we may at once proceed to a description 
of the special features which enable a good finish 
to be obtained on a cambered surfate. A section 
through the main axle of the roller is given in 
Fig. 18, and it will be clear from this illustration 
that the main axle is made up of two parts, 
each supported on horizontal trunnions. Each 
part carries the road wheels in the usual way at 
its outer end, and at its inner end terminates in 
what may be conveniently referred to as a cheese- 
shaped formation, or flattened ball. These balls 
are carried in a housing which terminates at the 
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bottom in a strong screwed spindle, engaging with 
a nut. The latter is formed with a flange at the 
top, supported on a large ball race, and is keyed to 
a worm wheel at the bottom. The shaft carrying 
the worm engaging with this wheel is carried through 
to a convenient point at the back of the roller, and 
is squared at the end for fitting a handle. It will 
be evident that, when this handle is turned, the two 
half axles will be rotated about the trunnions, thus 
adapting the rollers to the camber of the road. 
Owing to the small pitch of the screw, the arrange- 
ment is self locking. A pointer, moving across a 
scale, is provided to show the exact camber to 
which the rollers are set, the camber being variable 
from zero to 1 in 24. The whole of the mechanism 
is of very substantial construction and is effectively 
lubricated. 

The firm of Aveling and Porter, Limited, of 
Rochester, showed a compound steam roller, a 
steam tractor of the same type, a single-cylinder 
steam roller, and one operating on crude oil. We de- 
scribed the latter on page 69 of our issue for July 
17, 1925, and three of the firm’s steam rollers on page 
666 of our issue for November 27 in the same year. 
The tractor is fitted with a piston-valve engine, and 








Untversat Roap RoLtueR; Mzgssrs. MARSHALL, Sons, AND Co., LIMITED. 


is mounted on rubber-tyred wheels. It is provided 
with a water-lifter for filling the tank, compensating 
gear, and a winding drum fitted on the driving axle, 
carrying 75 yards of steel-wire rope. The tractor 
is mounted on the firm’s improved laminated spring 
suspension for both front and rear axles. The rear 
springs are duplicated, and are fitted across the 
engine below the axle, the tension being readily 
adjustable. The tractor has been constructed to 
deal with loads from 8 to 10 tons. 

Root growths induced in the clamp are decidedly 
injurious to cattle, but their removal in the usual 
type of cleaner with a rotating screen is apt to 
damage the roots. To overcome this defect, 
Messrs. Harrison, McGregor and Company, Limited, 
Leigh, Lancashire, have developed the special 
cleaner and cutter shown in Figs. 15 and 16, on page 
74. In this appliance, the cleaning apparatus con- 
sists of a stationary cage surrounding two revolving 
barrels, fitted with spiral cleaning bars or scrapers.° 





These bars have a slightly rounded edge, which is 
effective in removing the growths without damage to 
the root, and the bars retard the latter sufficiently 
in their movement through the machine to ensure 
that they are effectively cleaned. The cleaner is 
combined with a disc cutter of the firm’s standard 
design, as shown in the figures. The shaft of one of 
the barrels is extended through the disc casing, as 
will be clear from Fig. 16, and carries a driving 
pulley in addition to the grater disc. Both barrels 
are positively driven, as they are connected by a 
chain at the end of the machine remote from the 
disc. A division board, clearly visible in Fig. 15, is 
fitted for keeping the dirt separate from the cut 
roots. If required, the machine can be fitted with 
a countershaft at right angles to the main shaft 
in order to give aside drive, the connection between 
the two shafts being by bevel gearing. 

- The firm of Messrs. John Fowler and Company 
(Leeds), Limited, have specialised for many years 
on cable-ploughing tackle, and their appliances for 





this purpose have been described from time to 
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time in our columns. Until recently, however, they 
have not marketed a cable-ploughing set driven 
by a heavy oil engine, previous units of the internal- 
combustion type having been fitted with petrol 
engines. To meet the needs more particularly of 
overseas users, the firm have now developed a 
70 brake horse-power motor cable-ploughing set 
driven by a Diesel engine, which was exhibited at the 
Show. A photograph of this set is reproduced in 
Fig. 19, on this page, and a separate view of the engine 
is given in Fig. 20. As a result of careful investi- 
gation of the conditions to be met, Messrs. Fowler 
selected a M.A.N. engine, which has given satis- 
factory service in a very wide field. They have 
appreciated that reliability in a set intended for 
overseas use is of primary importance, but that 
the question of economy in working must also be 
given due weight. The actual consumption of the 
70 brake horse-power M.A.N. engine varies between 
0-45 lb. and 0-50 Ib. of fuel per brake horse-power- 
hour, according to the load, so that, apart from the 
lower cost of the fuel, the quantity used is over 
30 per cent. less than with petrol. Messrs. Fowler 
emphasise, however, that the use of a Diesel engine 
is not justifiable under all conditions, and they are 
retaining the petrol-driven unit for cases in which 
the lighter fuel would be preferable. 

The engine is a six-cylinder model of the airless- 
injection type, and develops its normal power at 
1,000 r.p.m. The fuel supply from the pump is 
governed by overflow valves, which control the 
quantity pumped to the atomisers at each stroke. 
The injection nozzles are of simple form, without 
springs or valves, and can be readily removed for 
inspection. The cylinders have detachable heads, 
and the valves, which are of the overhead type, are 
operated by push rods and rocking levers. The 
engine is normally started with an electric starter, 
but provision is made for starting by hand if required, 
a de-compression device being fitted for this purpose. 
Any number of cylinders may be cut out, so that 
light running may be performed on one or two 
cylinders only, with a marked economy in fuel. 
The bearings are lubricated under pressure through- 
out. The whole engine is totally enclosed, but 
access to the various working parts is secured by 
the provision of suitable removable covers. The 
engine will run satisfactorily on gas oil, paraffin, 
lignite-tar oil, or shale oil. The engine is cooled by 
employing a radiator built up of flat corrugated 
tubes, in conjunction with a fan. Circulation of 
the water is effected by a centrifugal pump. 

The clutch is made up with Ferodo-lined steel 
plates. The gear-box is formed in the frame 
casting, and is specially strengthened to carry the 
rope drum underneath. All gearing is machine-cut 
and runs in oil, and all the shafts in the gear-box are 
carried on roller or ball bearings. The change- 
speed gear is of the usual gate-change type, and 
provides three ploughing and three road speeds in 
both forward and reverse. A belt pulley, visible 
in Fig. 19, is provided on the near side of the 
unit. The vertical shaft for driving the winding 
drum is driven through bevel gearing from the 
main gear-box shaft. The winding drum is of 
cast-steel, and is carried on a forged-steel stud 
bolted to the underside of the gear-box. An 
auxiliary brake, operated by a foot pedal, is fitted 
inside the crown wheel driving the vertical shaft 
to control the paying out of the rope. The coiling 
gear is of the firm’s patented design, and is carried 
underneath the drum, as shown in the figure. The 
drive to the road wheels from the gear-box is by 
double-reduction bevel and spur gearing, totally 
enclosed and running in oil. A transmission brake 
is normally fitted, and in specis1 cases rim brakes 
can be fitted, in addition, to the rear wheels. The 
arrangement of the steering gear will be clear from 
the figure. Messrs. Fowler also showed motor 
and steam road rollers, a 40-h.p. motor locomo- 
tive, a steam gully emptier and resealer, a three- 
furrow deep plough, and a concrete mixer. The 
latter was described on page 28 of our issue for 
July 1 last. 

Messrs. Richard Garrett and Sons, Limited, of 
the Leiston Works, Leiston, exhibited one of their 
standard steam wagons suitable for carrying 8-ton 
loads, the principal features of which are the 





inspection door let into the front of the boiler shell 
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70-H.P. Caste Proucuine SET; Messrs. JoHN FowLeR AND Co. (LEEDS), LIMITED. 
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for cleaning and examining the tubes, the two-speed 
gear, and the provision of roller bearings for all the 
road wheels, the crankshaft, and the countershaft. 
The vehicle shown was provided with a 17-ft. flat 
platform body with chock rails, and we understand 
that this particular type of wagon is finding especial 
favour with municipal authorities and haulage 
contractors. Other exhibits by the same firm were 
a 54-in. finishing threshing machine, and a 30-ft. 
light-type folding elevator. The threshing machine 
is fitted with ball bearings to all running spindles, 
and is complete with chaff-bagging apparatus. It 
is mounted on wooden wheels. 

Another well-known firm who exhibited threshing 
machines was Messrs. William Foster and Company, 
Limited, Lincoln. They also exhibited a 5 n.h.p. 
compound traction engine, constructed for a 
working pressure of 200 lb. The engine is capable 
of continuously developing 26 b.h.p., and can 
develop 30 b.h.p. over short periods. The cylinders 
have diameters of 5} in. and 8} in., with a 10-inch 
stroke. The engine runs at 180 r.p.m., giving road 
speeds of 2 and 4 m.p.h. It will haul, in the fast 
speed, a gross load of about 15 tons on good roads, 





including gradients up to 1 in 20, and, on the slow 
speed, will haul the same load up a gradient of 1 in 8. 
The engine weighs 8} tons empty, and 9 tons in 
full working order. The firm further showed a 
Gwynne 4-in. centrifugal pump made at the Lincoln 
works of Messrs. Gwynne Pumps, Limited, the sole 
proprietors of this firm being Messrs. Foster. 

Apart from the application of electric drive to 
agricultural appliances, to which we have already 
referred, an equally important development was 
foreshadowed in some of the Show exhibits. This 
is the application of high-speed Diesel engines to the 
heavier classes of work. We have just described 
a cable-ploughing unit with this type of engine 
when dealing with the exhibits of Messrs. John 
Fowler and Company (Leeds), Limited, and another 
example of the employment of the Diesel engine 
as a prime mover was shown on the stand of 
Messrs. J. and H. McLaren, Limited, Midland 
Engine Works, Leeds. As already mentioned, 
Messrs. Fowler utilise a M.A.N. engine, while 
Messrs. McLaren employ a four-cylinder McLaren- 
Benz engine, which, while of British manufacture, 
is largely based on the experience of the Benz 
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Company with two-cylinder high-speed Diesels. 
It will thus be seen that both firms have taken 
advantage of the development of this type of 
engine on the Continent. There can be no doubt 
that this policy is thoroughly sound, but it is none 
the less to be regretted that British Diesel-engine 
manufacturers have allowed themselves to drop 
behind in the development of high-speed engines of 
moderate power, suitable for road traction and 
similar purposes. 

The McLaren windlass is illustrated in Fig. 21, 
above, and it is not too much to say that it 
was the outstanding exhibit at the Show from the 
point of view of advanced design. In making 
this statement, we have in mind particularly 
the McLaren-VanDyk automatic power stabiliser 
fitted to the engine, in which the variation in 
power required, due to the increasing effective 
diameter of the winding drum as the rope is 
coiled, is compensated for by gradually bringing 
a supercharger into action on the engine. The 
latter is a four-cylinder model having a bore of 
135 mm. and a stroke of 200 mm., and, at a normal 
running speed of 800 r.pm., develops 60 brake 
horse-power. The supercharger is mounted above 
the flywheel, and is driven by a belt visible in 
the figure. The degree of supercharge is controlled 
by by-passing a varying proportion of the air 
to atmosphere, the by-pass valve being regulated 
by a lever terminating in a plate resting on the 
rope which is being wound on to the drum. As 
the effective diameter of the drum increases, the 





Pretrot Locomotive; Messrs. J. anp F. Howarp, Limrrep. 


plate rises and gradually closes the valve. When 
the latter is entirely closed, a supercharge pressure 
of about 6 lb. above atmospheric is obtained, with 
an increase of brake horse-power of about 25 per 
cent. The engine is normally started by a small 
single-cylinder, air-cooled petrol unit, but, if required, 
provision can be made for torch starting. 

The drive from the engine is taken through a 
clutch and ,yeduction gearing, and thence by 
roller chain A the drum shaft. The chain casing 
can be seen in the figure. From the drum shaft, 
the drive is either to the drum or to the road 
wheels, the controls being interlocked so that 
it is impossible to engage both drives at once. 
The drive to the drum is through spur gearing, 
and to the road wheels through a vertical shaft 
with a bevel wheel at the top. This wheel engages 
with either a direct or reversing bevel on the 
drum shaft. The drive to the wheel axles from 
the vertical shaft is through a steel worm engaging 
with a phosphor-bronze worm wheel. The usual 
coiling gear is fitted, and the whole machine is 
rendered fool-proof by fitting interlocks where 
necessary. It is impossible to enter into the per- 
formance of this windlass at all fully in the space 
at our disposal, but it may be mentioned that, 
on a basis of actual tests, the overall costs are 
about 40 per cent. less than with a petrol set of 
equal power. 

In addition to the windlass described, Messrs. 
McLaren were showing a McLaren-Benz Diesel 
stationary set of 30 to 35 brake horse-power. 
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HypRAvLic Ram; Messrs. GREEN 
AND CARTER, LIMITED. 


The engine of this set is generally similar to that 
of the windlass, but is a two-cylinder model. 
The firm also showed examples of their motor road 
rollers, steam ploughing engines, and a large range 
of ploughs and other agricultural implements. 

Messrs. Boulton and Paul, Limited, Norwich, 
showed a number of their water elevators, which 
have already been described in our columns. The 
portable Lowrev turbo pumping set described on 
page 709 of our issue for December 4, 1925, was 
also shown. Other exhibits were a range of electric- 
lighting sets, and a number of self-oiling pumps, two 
of the latter were shown in action. 

The reduction in running costs obtained by sub- 
stituting a heavy-oil for a petrol engine in a tractor 
are not very appreciable in the British Isles, but a 
very real economy results from this change in 
countries where the lighter fuels are very expensive. 
It is therefore mainly with foreign countries in 
view that The Locomobile Engineering Company, 
Limited, 57, Victoria Street, S.W.1, are marketing 
the Lanz Bulldog tractor, which was entered for the 
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Silver Medal of the Royal Agricultural Society. 
This tractor, which is illustrated in Fig. 22, page 
77, has not only been designed from the point 
of view of low fuel cost, but the makers have 
further endeavoured to produce a design which, on 
account of its sturdy and simple construction, should 
be practically free from the necessity for replacements 
over a long life. 

The tractor is fitted with a single-cylinder horizon- 
tal engine, operating on the two-stroke cycle, and 
developing 22 b.h.p. at 500 r.p.m. The engine is of 
the semi-Diesel type, and is started either by a blow 
lamp or a charcoal-heating device. There is an air 
filter in the suction pipe, and, in addition, a fine- 
mesh screen is fitted to the intake. The cylinder 
is arranged with its axis longitudinally in the chassis, 
the head being to the front, as shown in the figure. 
The water jacket is extended in the upward direc- 
tion and enlarged to form a tank, an extension in 
the forward direction serving to cool the cylinder 
head. Automatic forced-feed lubrication is em- 
ployed for the engine bearings. An ingenious feature 
of the tractor is that the steering wheel is detach- 
able, and is employed in place of the usual starting 
handle for the engine, thus eliminating any possi- 
bility of the handle being lost. 

The whole of the transmission system is totally 
enclosed. A four-speed gear box is fitted, giving 
ploughing speeds of 2, 3, 4, and 5 m.p.h. at normal 
engine speed. When fitted up as a rubber-tyred road 
tractor, the road speeds available are 3, 5, 6, and 
9 m.p.h. The higher road speeds involve the 
front axle being mounted on springs. Reversing is 
obtained by reversing the engine itself, so that 
four speeds backwards are obtainable. There are 
two transmission brakes, one being operated by 
hand and the other by foot. The steering mechanism 
is of the Ackermann type, operated through worm 
and worm wheel. A belt pulley, directly driven 
from the engine, is provided for stationary driving. 

The engine will operate satisfactorily on any of 
the usual crude oils, or on paraffin, the consumption 
being about } lb. of fuel per b.h.p. hour. The draw- 


‘bar pull on the level, when employing standard 
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wheels for ploughing, is from 2,200 lb. to 2,650 Ib., 
and with single rubber-tyred wheels is 2,100 Ib. 
A large variety of wheel treads is standardised to 
suit various conditions. The tractor has an overall 
length of 10 ft. 6 in., and a width of 5 ft.5in. The 
turning circle is 26 ft., the ground clearance 16 in., 
and the net weight 2} tons. 

Messrs. Clayton and Shuttleworth, Limited, 
Stamp End Works, Lincoln, exhibited examples of 
their semi-Diesel crude-oil engines, a threshing 
machine, a stacker, a portable steam engine, and 
a five-knife power chaff cutter; while their asso- 
ciated company, Clayton Wagons, Limited, showed 
overtype and undertype steam wagons. The 
majority of these exhibits are too well known to 
require detailed description. Some of them have 
already been referred to in our columns, the most 
recent description being of one of the range of two- 
stroke oil engines. This will be found on page 256 
of our issue for March 4 last. The chaff cutter 
Shown embodied several improvements on the 
firm’s earlier models, the frame being now con- 
structed of rolled-steel sections, the main spindle, 
feed-gear spindle, and riddle crank being fitted with 
self-aligning bearings, and the bagging elevator, 
also fitted with self-aligning bearings, being fixed 
in such a position that it has not to be folded when 
travelling. The advantages resulting from these 
improvements will be obvious, but it may be men- 
tioned that none of the advantages which distin- 
guished the earlier machines has been sacrificed in 
the alterations. The adjustable feed mouth, which 
can be varied independently of the pressure 
gear, is, for example, retained, and enables the 
cutter to be regulated to give the best results with 
any crop, and greatly reduces the labour of feeding 
the machine. In addition to the improvements 
already referred to, an automatic feed is provided, 
which consists of a board hinged to the frame 
and overhanging the feed trough. This board is 
connected up to the starting lever, and any pressure 
against it, such as might be caused by the operator’s 
hand becoming entangled with the straw, throws 
the clutch out of gear, thus stepping the feed rollers. 
The motion of the feed rollers may be reversed, a 





feature which is of value when cutting very short 
straw. 

The machine is fitted with double-balanced 
shoes, suspended on spring hangers, and worked 
by cranks in opposite directions. The parallel 
motion of the upper feed roller ensures that the 
shorter straws are properly dealt with, and not 
drawn through by the knives without being cut. 
A safety pin is fitted, and forms a safeguard against 
overfeeding the machine, with possible damage to 
the side plates or gearing. The cutter can be 
arranged to cut the chaff into four different lengths, 
varying from ; in. to § in. This is effected by 
merely altering the gear wheels which drive the 
feed rollers, the required pair of wheels being easily 
put into operation. The machine can be arranged 
to bag at the knife wheel if required, and can also 
be fitted with a blower to blow the chaff to a 
distance, or into a barn. 

The duties which the contractors’ locomotive 
is called upon to perform are such that defects are 
quickly rendered apparent, and it is therefore no 
small tribute to the reliability and sound mechanical 
construction of the Howard locomotive that one of 
these machines has been running for over twelve 
months night and day, and without involuntary 
delays, on the new sewage scheme at the Abbey pump- 
ing station of the Leicester Corporation. This loco- 
motive, which is illustrated in Fig. 23, on page 77, 
and is manufactured by Messrs. James and Frederick 
Howard, Limited, Bedford, is provided with a rubber- 
tyred auxiliary wheel, which, when required, runs on 
a central track between the two rails. The central 
track is usually provided only for gradients, but 
may also be laid down on the level portions of the 
road if exceptional tractive effort is required. 
The central track may be made either of concrete, 
wood, or hard road material, according to circum- 
stances. The engine is a four-cylinder model with 
a bore of 100 mm. and a stroke of 140 mm., and 
develops 31 brake horse-power at 1,000 r.p.m. The 
consumption is 0-7 pt. of petrol per brake-horse- 
power hour. The bearings are of large size, and 
automatic forced-feed lubrication is provided 
throughout. Ignition is by B.T.-H. magneto, and a 
Zenith carburettor is fitted. The engine is started 
by hand from the side of the locomotive, so that no 
difficulty arises in starting if it is standing against 
the buffer stops. The radiator is of the tubular 
grilled type, the top and bottom headers and side 
members being of pressed steel. A circulating-water 
pump and fan are fitted. 

There is a pressed-steel Ferodo-lined clutch in 
the engine flywheel, and from this the drive is taken 
to a gear-box giving two speeds in either direction. 
A gate change is employed, and it is impossible to 
engage opposed sets of gears at the same time. 
The power is transmitted from the gear-box to 
the front axle by two heavy roller chains, a shock- 
absorbing device being provided. The rear-axle 
is connected to the front axle by another roller 
chain, and the auxiliary central wheel is also driven 
by chain from the rear axle. The driving wheels 
are of cast-iron, with chilled rims, and are pressed 
hydraulically on to mild-steel axles. The trans- 
mission is fitted with either ball or roller bearings 
throughout. Chain adjustments are made by an 
eccentric arrangement incorporated in the axle 
boxes, which slide in vertical steel horn guides. 

The special adhesion wheel is of cast-steel, and 
is fitted with a solid rubber tyre. It rotates on 
ball bearings on a dead axle, the axle boxes being 
fitted with the chain-adjusting device referred to. 
The boxes are carried on a cast-steel spring fork, 
which can be raised or lowered by a screw and hand- 
wheel under the direct control of the driver. At 
the normal engine speed of 1,000 r.p.m., the loco- 
motive travels at slightly over 3 m.p.h. on the lower 
gear, and, at this speed, the gross load hauled is 
70 tons on the level, and 10 tons up a gradient of 
1 in 20. These figures represent the performance 
with the adhesion wheel out of action. When the 
latter is engaged, the gross loads are increased to 
85 and 12 tons, respectively. 

With a view to enabling hydraulic rams fitted with 
rubber working valves to stand up to the heaviest 
duties, Messrs. Green and Carter, Limited, Vulcan 
Iron Works, Winchester, have introduced a new type 
of pulse valve, which was demonstrated in operation 
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at the Show, and was entered for the R.A.S. Silver 
Medal. In the majority of cases, valves of the normal 
type have previously been provided with curved 
seatings, resulting in the valve bending as it closes. 
In Messrs. Green and Carter’s valve, which is fitted 
to the high-duty ram shown in Fig. 24, on page 77, 
the rubber valve is in the form of a ring of sub- 
stantial thickness, which rises and falls verti- 
cally, the seating being flat, so that no bending of 
the valve is necessary. In order to regulate the 
valve to deal with varying quantities of water, and 
to guide it in its travel, it is enclosed in a circular 
trough, concentric with, and supported on, a screwed 
spindle, which passes up through a central boss 
formed on the valve seating. The arrangement 
will be clear from the figure, and it will be seen that 
the valve is adjusted by screwing the spindle up or 
down as required, and locking it in the desired 
position by a locknut. 

The circular cage is provided with slots in the 
bottom plate, and with openings through the sides, 
and these result in the valve being gradually 
turned, thus causing it to wear evenly on the face 
and preventing any bedding into the ports. It 
has been found in practice that wear on the 
inner and outer edges of the rubber valve is 
practically negligible, due to the lubricating effect 
of the water. 

The Show, which, as will have been gathered from 
our description of some of the exhibits, was of 
exceptional interest from an engineering standpoint, 
closed on Saturday last. We have already indicated 
that two important lines of development were fore- 
shadowed in the exhibits, the extended application 
of electrical drive to farm machinery and the use 
of full Diesel engines for the heavier classes of work. 
Apart from this, however, many detail improve- 
ments were to be seen in the more standard prime 
movers and in the implements themselves. It will 
be appreciated that, owing to limitations on our 
space, it has not been possible to make even a 
passing reference to these in the majority of cases, 
but we hope to deal with some of the more important 
in future issues. The Show, as a whole, was seriously 
marred by bad weather, and we believe that the 
attendance was the poorest for many years. Apart 
from the weather, this was no doubt due, to some 
extent, to the somewhat remote position of Newport 
from several of the large agricultural areas, and to the 
severe depression in the industry to which we have 
already referred. This is the more to be regretted 
as the organisation this year was exceptionally good, 
at any rate from the standpoint of the visitor, and 
the Show was set among very pleasant surroundings. 
Next year, it will be held at Nottingham, and it is 
to be hoped that the central position of that city 
will result in a greatly increased attendance. 





Prrsonau.—Mr. A. M. O’Brien, F.I.C., M.I.Chem.E., 
late general manager of the National Oil Refineries of the 
Anglo-Persian Oil Company, at Llandaray, South Wales, 
has taken up an appointment with the Buell Combustion 
Company, of Astor House, Aldwych, London.—Mr. 
Sydney Bryan Donkin, M.Inst.C.E., has been elected 
chairman of the committee of the Association of Con- 
sulting Engineers for the year 1927-1928.—Mr. D. 
Maxwell Buist, A.M.I.E.E., chief assistant to Major H. 
Bell, O.B.E., M.I.E.E., city electrical engineer of Hull, 
has been appointed chief electrical engineer to Messrs. 
Synthetic Ammonia and Nitrates, Limited, and took up 
his new duties on July 1. 





Contracts.—The British Thomson-Houston Company, 
Limited, have obtained a six months’ contract for the 
supply of Mazda lamps to the Weardale Steel, Coal and 
Coke Company, Limited.—Messrs. Stothert and Pitt, 
Limited, of Bath, have secured an order from Messrs. 
Sir Robert MacAlpine and Sons for six electric portal 
cranes with a lifting capacity of 2 tons at 55 ft. radius, 
and a petrol-electric caterpillar crane to lift 10 tons at 
25-ft. radius, or 5 tons at 50-ft radius, all of which are 
to be erected at Takoradi Harbour, West Africa.— 
Messrs. Simon-Carves, Limited, 20, Mount-street, Man- 
chester, have received an order from the Vale of Neath 
Colliery Company, Limited, for two Simon-Carves 
boilers, each rated to evaporate 25.000 Ib. of water 
per hour, and fired by anthracite duff pulverised in 
Simon-Carves unit pulverisers.—Messrs. John Thompson 
Water Tube Boilers, Limited, Imperial House, Kings- 
way. London, W.C.2, have received a contract from 
The Buenos Aires Great Southern Railway Company, 
Limited, for two of their John Thompson vertical 
bent-tube ‘“ Beta” type water-tube boilers, complete 
with steam and water fittings, suitable for a working 
pressure of 120 Ib. per square inch, together with super- 
heaters, oil-burning equipment, feed pumps, &c. 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coa! Trade.—Demand is still insufficient to 
absorb supplies despite the loss of output caused by 
numerous pit stoppages throughout the coalfield on 
account of lack of trade and non-unionists troubles. 
The downward trend of prices has, however, been 
arrested, and it is hoped that this will stimulate demand 
and bring in prospective buyers who have been holding 
off. In the meantime, with heavy stocks on hand, 
prices are erratic, but the majority of salesmen are 
refusing to make further cuts, indicating that they 
prefer to stop pits. Best Admiralty large rules round 
20s. 6d., with seconds from 19s. to 20s.; Monmouth- 
shires from 17s. 6d. to 19s.; and drys from 17s. to 
18s. 6d. Best bunker smalls range from 13s. to 14s., 
with other classes from lls. 6d. up. The Egyptian 
State Railways want prices for 125,000 metric tons 
of Welsh coal by August 23. The Egyptian Railways 
have already this year placed three separate orders 
for 100,000 metric tons of Welsh coal, the first being 
in January at 3ls. 1ld. per ton c.i, Alexandria, the 
second in March at 33s. 5d., and the third in May at 
32s. 3d. Competition for the forthcoming contract 
will be followed with very keen interest in view of 
the fluctuation which has taken place in both coal 
prices and freights this year. The Buenos Ayres 
Great Southern Railway are also inviting prices for 
40,000 tons of Welsh coal for delivery over August, 
September and October. Exports of coal as cargo 
foreign from South Wales in the past week amounted 
to 443,350 tons, which was slightly in excess of the 
quantity despatched in the previous six days. Ship- 
ments from Cardiff were raised from 264,835 tons to 
286,950 tons ; at Newport from 68,885 tons to 73,330 tons ; 
at Port Talbot from 35,610 tons to 42,740 tons; and 
at Llanelly from 2,580 tons to 3,880 tons. They were 
reduced at Swansea from 59,040 tons to 36,450 tons.. 
Shipments of coke were, however, reduced from 
1,281 tons to 80 tons, and of patent fuel from 
39,698 tons to 16,050 tons. 


New Cardiff Steamer.—Following the termination of 
the national coal strike orders were placed by Cardiff 
owners for 22 new steamers, the first of which has just 
been launched at Sunderland by Wm. Gray and Com- 
pany for Mr. John Cory, J.P., of Cardiff. The new 
vessel was named Ramillies, and has a deadweight 
capacity of 8,300 tons. 


Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 21,948 tons compared with 
14,737 tons in the preceding week. Shipments of 
tinplates and terneplates totalled 4,338 tons against 
7,371 tons, blackplates and sheets 2,078 tons against 
3,662 tons, galvanised sheets 3,340 tons against 1,659 
tons, and other iron and steel goods 12,142 tons against 
2,075 tons. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The conditions prevailing in the 
iron and steel sections of the South Yorkshire area 
have undergone little if any change. Despite the 
keenness of American competition, local producers of 
saf razor blades are now supplying the needs of 
both British and foreign users. Home order books 
show an appreciable increase on inland sales account, 
largely at the expense of American manufacturers, 
while America has found new business in France, 
Germany, and Spain. A prominent section of the 
Sheffield steel trade is affected by the discouraging 
output of fuel at district collieries, which enforces 
economy in expenditure on pit-head gear. Two 
important contracts, for which preference has been 
given to Sheffield steel, are for outdoor and indoor 
switch-gear for a big hydro-electrical scheme in the 
Malay Peninsula and the electrical equipment for the 
mammoth airship to be constructed at North Howden. 
Keen foreign competition compels railway steel manu- 
facturers to accept tenders at prices yielding the barest 
margin of profit. Business in the production of steel- 
works plant and boilers locally has been somewhat 
weakened by the underquoting of firms in Germany 
and France. 





South Yorkshire Coal Trade.—Despite short-time 
working, and in some instances the total dismissal, 
of men at collieries, there is still a large surplus of coal 
at pit-heads. Prices have been dropped to a minimum. 
In some cases collieries have been prepared to lose 
orders rather than do business at a loss. House coal is 
still a dull market owing largely to the warmer weather 
prevailing during the last few days. Blast-furnace coke 
at 12s. 6d. per ton finds a ready sale, while only moderate 
business is done in other cokes offered at prices that 
show a bare profit. Quotations: Best branch hand- 
picked, 27s. 6d. to 28s. 6d.; best house coal, 21s. to 
22s. 6d.; screened house coal, 19s. to 2ls.; screened 
house nuts, 16s. to 17s. 6d.; Yorkshire hards, 16s. 
to 17s.; Derbyshire hards, 16s. to 17s.; rough slacks, 
10s. 6d. to 11s. 6d. ; nutty slacks, 8s. to 9s. 6d. ; smalls, 
3s. to 5s, 6d. 





Sanpusky Bay Brivce.—From a recent issue of the 
Iron Trade Review we understand that work has now 
been actually started on the Sandusky Bay bridge. This 
structure when completed will form a causeway 9,500 ft. 
in length, crossing a bay about six miles west of Sandusky. 
The whole work will include a 65-ft. horizontal lifting span 
capable of being raised to a height of 60 ft., as wil an 
nineteen 100-ft. fixed spans. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have not altered in the slightest degree since last 
report and the outlook is very discouraging. Few extra 
lines have been booked for delivery before the annual 
stoppage this week, and the holidays are likely to be of 
longer duration than usual. The output during recent 
weeks has been gradually falling off as old contracts have 
been completed, and at the present moment order books 
are generally very bare. It is to be hoped that before 
the works resume there will be a number of specifications 
given out by buyers, but in the meantime inquiries are 
not numerous. In the black sheet trade the position is 
unchanged this week, and while the better grades are in 
good demand, the cheaper qualities are quiet. Prices 
keep steady, and the following are the current market 
quotations: Boiler plates, 11l. per ton; ship plates, 
81. 2s. 6d. per ton ; sections, 7/. 12s. 6d. per ton; and 
sheets, under #-in. to }-in., 10/. to 121. per ton; all 
delivered Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade the position is no better than it 
was, and the approaching holiday period will bring some 
relief to the managements. The steel re-rolling branches 
have also been passing through a very dull period, and it 
is the forward position which is now giving some concern. 
Prices are unchanged and ‘‘ Crown ”’ bars are quoted at 
101. 15s. per ton for local delivery and 10/. 10s. per ton for 
export. Re-rolled steel bars are 8/. 2s. 6d. per ton for 
home delivery and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—Dullness still prevails in the 
Scottish pig-iron trade as the demand is of a very poor 
description. Not only is home buying very limited, but 
there is also little business being put through for export. 
Production is still ahead of consumption and prices have 
a weaker tendency. The following are the current market 
quotations : Hematite, 82s. 6d. per ton, delivered at the 
steel works ; foundry iron, No. 1, 85s. per ton, and No. 3, 
79s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, July 9, was only 301 tons. Of that total 
180 tons went overseas and 121 tons coastwise. For the 
corresponding week of last year, the figures were 227 tons 
to foreign destinations and 89 tons coastwise, making a 
total shipment of 316 tons. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Accumulation of stocks 
of Cleveland pig iron promises to be checked by two 
more furnaces | Foe put out of action at the works 
of Messrs. Bolckow, Vaughan and Company, Limited. 
Very little Cleveland pig is available for sale after 
provision has been made for makers’ own steelworks, 
but for some time past supply has been in excess of 
meagre market needs. Producers continue to disregard 
buyers’ efforts to break fixed market quotations, which 
are declared to be still unprofitable, though cost of 
output has been lowered a little by cheaper coke and a 
fall in wages. No. 1 quality is 72s. 6d.; No. 3 g.m.b., 

70s.; No. 4 foundry, 69s.; and No. 4 forge, 68s. 6d. 


Hematite——While home and export demand for 
East Coast hematite iron is only very moderate, it is 
sufficient to absorb the small production, but stocks 
are still rather heavy. Nos. 1, 2 and 3 keep at 77s., 
and No. 1 is put at 778. 6d. 


Foreign Ore.—Nominally foreign ore prices remain 
on the basis of best rubio at 22s. 6d. c.i.f. Tees, but 
doubtless sellers would favourably entertain offers at 
below that figure. 


Blast-Furnace Coke.—Local consumers of blast- 
furnace coke are buying very sparingly in view of 
prospects of continued fall in values. Durham good 
average qualities are down to 19s. 6d. delivered. 


Blast-Furnacemen’s Wages.—As the result of the 
average net selling price of No. 3 Cleveland pig iron 
for the second quarter of the year having been certified 
at 74s. 6-6ld. per ton, as against 78s. 2-2ld. for the 
previous three months, wages of blast-furnacemen on 
the North-East Coast are reduced by 3-50 per cent., 
lowering wages from 24 per cent. above the standard 
to 20-50 per cent. above the standard. 


Ironstone Miners’ Wages.—Cleveland ironstone mine 
owners and miners’ and quarreymen’s representatives 
have this week come to an arrangement whereby 
miners’ and quarreymen’s wages are reduced by 5 per 
cent. as from the 25th inst. The reduction leaves 
wages at 64-30 per cent. above the standard. 


Manufactured Iron and Steel.—Finished iron producers 
have a fair number of contracts to work off, but new 
business matures very slowly. A few home inquiries 
for certain descriptions of steel are circulating, and 
foreign customers appear to be taking slightly more 
interest in this market. Quotations are steady. 
Common iron bars are Ill. 5s.; best bars, 11/. 15s. ; 
best best bars, 127. 5s.; iron rivets, 11. 15s.; steel 
rivets, 121.; packing (parallel), 8/.; packing (tapered), 
1ll.; steel billets (soft), 77. 12s. 6d.; steel billets 
(medium), 81. 2s, 6d.; steel billets (hard), 8/. 12s. 6d. ; 
steel ship plates, 81. 2s. 6d.; steel angles, 7/. 12s. 6d. ; 
steel joists, 71. 12s. 6d.; heavy steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 10/. 10s.; and galvanised 
corrugated sheets (No. 24 gauge), 141. 5s. 


NOTICES OF MEETINGS. 
THE INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: SOUTHERN AND SoutTH-WESTERN DIsTRICTS.— 
Wednesday, July 29, at 11.30 a.m., at the Town Hall, 
Poole. ‘“‘ Poole and its Sewerage,” by Mr. G. W. S. 


Marsh. ‘‘ Notes on the Private Street Works,” by 
Mr. P. F. Moore. 


THE INSTITUTION OF MUNICIPAL AND County ENcI- 
NEERS : NorTH-EASTERN District.—Saturday, July 23, 
at 2.30 p.m., at the Municipal Buildings, Whitley Bay. 
**Municipal Works of Whitley Bay,” by Mr. A. J. 
Rousell. 








Lectures ON HEat TRANSFER IN RECIPROCATING 
EncIngEs.—A course of four lectures on “ Heat Transfer 
in Reciprocating Engines, including Internal-Combustion 
Engines,”’ will be given, in English, by Professor Dr. 
Adolf Nagel, Professor of Engineering in the Technische 
Hochschule, Dresden, at the Institution of Civil Engi- 
neers, by kind permission, on October 11, 14, 18 and 21, 
at 5.30 p.m. The lectures will be illustrated by lantern 
slides. The admission to these is free and no tickets are 
required, 





Tue InstTITUTION oF ELECTRICAL ENGINEERS.—The 
annual conversazione of the Institution of Electrical 
Engineers was held on Thursday, July 7, at the Natural 
History Museum, South Kensington, the members and 
guests being received by the Presidefit, Dr. W. H. Eccles, 
F.R.8., and Mrs. Eccles. A special feature of the gather- 
ing, which was as well attended as is usual on these 
occasions, was the presentation of the Faraday Medal to 
Dr. Elihu Thomson, the Medal having been awarded 
to him by the Council early this year. A programme 
of music was provided by the string band of the Royal 
Engineers, and the guests were further entertained by 
a spectacle entitled “* Light Down the Ages: The Taming 
of Electricity,” designed by Major W. R. Creighton, 
M.C., in collaboration with a committee of the Insti- 
tution, including Dr. Eccles, Mr. W. E. Bush, and Mr. 
A. J. Makower. The spectacle, in the preparation of 
which assistance was given by Electric Lamp Manu- 
facturers’ Association, afforded an interesting illustration 
of the manner in which electricity has been brought 
under control and made available for lighting purposes. 





STANDARD SPECIFICATION FOR COLLIERY TuB DRaw- 
BARS, SHACKLES AND CouPLines.—At the request of the 
Mining Association of Great Britain, a British standard 
specification for the material for colliery tub drawbars, 
shackles and couplings has been prepared. This has 
been a matter of some difficulty, owing to the varying 
local conditions which have had to be provided for. The 
specification has been published by the British Engineer- 
ing Standards Association as No. 291, 1927. A wide 
selection of material is allowed, the specification provid-} 
ing two grades of wrought iron, one grade of mild steel) 
and one of dead soft steel, and, with the object of 
inconveniencing the manufacturers as little as possible, 
the recommended grades of wrought iron have been 
drawn from B.S.S. No, 51 (wrought iron for use in railway 
rolling-stock) and the mild steel is similar to the grade A 
steel in B.S.S. No. 15 (structural steel for bridges and 
general building construction). This new specification 
should be of considerable assistance to colliery manage- 
ments. Not only will they be assured of obtaining the 
most suitable material for the purpose at a fair competi- 
tive price, but, in the event of a breakdown or accident 
involving loss of life, their position will be very much 
stronger if, in the purchasing of the faulty gear, they have 
followed a standard specification. The new specification 
defines the quality of the materials, methods of straight- 
ening, &c., and the various types of tests to be applied. 
In conclusion, there is an appendix accompanied by 
sketches, indicating the standard shapes of test pieces. 
Copies of this specification can be obtained from the 
BESA. Publications Department, 28, Victoria-street, 
London, S.W.1, price 2s. 2d. post free. 





THE LATE HERR SIEGMUND BERGMANN.—We regret 
to record the death of Herr Siegmund Bergmann, the 
head of the well-known German electrical manufacturing .- 
firm, Bergmann Elektricitéts Werke, which occurred in 
Berlin on July 7, at the age of 75. Bergmann was born 
in Thuringia, but like Steinmetz and many other pioneer 
electrical workers, emigrated to America at the age of 
18, where he became an assistant, and later a partner, 
of Mr. Thomas A. Edison. He was associated with that 
‘inventor in many of his electrical discoveries, and in an 
industrial enterprise, which he started, subsequently 
formed part of the Edison Electrical Company. On 
his return to Germany, he established two electrical com- 
panies in Berlin, and in 1900 these were combined under 
the title of the Bergmann Elektricitaéts Werke. Of this 
concern, which formed, with the Allgemeine Elektricitats 
Gesselschaft and the Siemens Schuckertwerke, the three 
largest electrical firms in Germany, he was general 
director at the time of his death. Though latterly his 
energies and those of his firm had been devoted to the 
development of the heavy side of electrical engineering, 
in his early days he took a great interest in telephone 
apparatus, and claimed with some justice to have inde- 
pendently invented the carbon microphone. This was 
at the time that he was in Edison’s employment, and 
the story goes that the latter was so interested in the 
device that, contrary to usual custom, he devoted a 
Sunday to testing it on the telegraph line between 
Boston and New York, The result of this test was quite 
successful, but a search of the patent records showed that 
Bergmann had been anticipated by a few days by 





Graham Bell. 
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THE REGISTRATION OF ARCHITECTS. 


THE statutory registration of any class of pro- 
fessional men may be justified not only by the 
interests of those who practise the profession ; it 
may serve as a valuable warranty to the public, 


'|by which they can distinguish men who have 


reached a certain standard of qualification, from 
others who may or may not have done so. Once 
it has been conceded, statutory registration will 
always be interpreted by the public as conveying 
this warranty of competence ; and though in theory 
the institution of a register may not operate to 
prevent unregistered men from practising, provided 
they do not describe themselves as registered, it 
will do so commonly in practice whenever important 
work is in question. In effect, therefore, a register 
does a good deal to restrict the public in its choice 
of professional men, and to retain for members 
of the profession the work that is properly theirs. 
It thus becomes a matter of consequence, not only 
to the profession concerned but also to its clients, 
to make sure that registered men will not, under 
cover of the registration, undertake work they are 
not professionally competent to do. 

In its present form the Architects’ Registration 
Bill, now before Parliament, does not seem to provide 
adequate means for giving this assurance in respect 
of engineering work. Saving certain persons 
already possessing claims to be regarded as archi- 
tects, and others who hold a diploma in architec- 
ture from any British university, the Bill proposes 
to set up a Board of Architectural Education, on 
whose advice the Royal Institute of British Archi- 
tects may institute such examinations as it may 
think appropriate to testing candidates for regis- 
tration, in respect of their architectural competence. 
No better authority could be asked than the Council 
of the Institute, to have charge of the regulations 
controlling examinations in architecture, and the 
predominance it would enjoy in determining the 
qualifications for registration would be a public 
advantage, if these were confined to the arts that 
constitute architecture. Unfortunately, architec- 
ture is not easily defined. No definition is attempted 
in the Bill, and, before the Select Committee to whom 
the Bill was referred, witness after witness. declined 
modestly to rectify the omission. We do not 
propose to rush in where these eminent men have 


ee not to tread; but without defining archi- 
tecture, we may state with confidence what it is 
not. Neither the art nor the training of an architect 
includes engineering, though at present an archi- 
tect’s practice often does. In so far, therefore, as 
the register may be held to warrant the competence 
of registered architects in such engineering work 
as they may undertake, it would seem to be 
misleading without some assurance that they 
would not undertake work in which the services 
of an engineer were needed. The Bill makes no 
provision for any such assurance, and as it stands 
would tend to perpetuate a mischievous custom by 
which the relations of architects, engineers, and 
their clients has been handicapped already too long. 

The function of a professional man, whether he 
be a doctor, a lawyer, an engineer or an architect, 
is to assume a personal responsibility or which he 
is fitted by training, and his patient or client is not. 
In each of these professions, a practitioner claims 
the unreserved confidence of his client, and will 
not consent to work without it. The credit of his 
profession, and sometimes even the efficiency of 
his work, require that he shall insist on this con- 
dition; and correlatively his professional credit 
requires no less than that he shall undertake 
responsibility for no work that he is not competent 
to do. 

Unfortunately, it is too often the custom for an 
architect to attempt to discharge part of this 
obligation by sub-letting the responsibility to an 
engineer. Sometimes this is done overtly. An 
engineer consultant is called in with the knowledge 
and consent of the client, and the client’s natural 
reluctance to pay double fees for the engineering 
part of the work is met by cutting down the 
engineer’s fees or commission, and perhaps. leaving 
the architect also with a reduced commission on the 
engineering work that: he has not done. While 
the engineer has thus to work at less than a proper 
remuneration, and the architect continues to 
receive remuneration for work the engineer has 
done, the client between the pair of them has to 
pay something more than the work is worth; and, 
in the aggregate of such transactions, the amount of 
the funds available for architectural work of this 
usual and composite character, will produce a smaller 
output than if the commissions the work is worth 
were paid to the men who did it. This, neverthe- 
less, is perhaps the least objectionable among some 
practices that have crept into the relations of 
architects with engineering work. The architect, for 
instance, may not disclose to his client the fact 
that the engineering work is not within his personal 
competence, but may get the work done for him 
by an engineer, whose fees he discharges. Here, 
again, it is likely the engineer will receive only a 
portion—often a very small portion—of the archi- 
tect’s commission on the engineering part of the 
work; and, assuming this commission represents 
the fair value of the work the architect is supposed 
to have done, it follows that the engineer is induced 
to work for less than that value. In another alterna- 
tive that seems often to be used, the architect 
furnishes one or more firms of contractors with a set 
of drawings showing the carcase of the intended 
structure, and invites them to submit a scheme with 
their estimate. By this method the architect goes 
furthest from discharging his obligation to his 
client. If he submits his drawings to only one 
contractor, he deprives his client of the benefit of 
independent competition. If he asks more than 
one, he undertakes the duty of deciding in his 
client’s best interest not only on the price but on 
the relative merit of these schemes, and sits in 
judgment on the merit of schemes which he was 
not expert enough to work out for himself. In 
any case he has to obtain quotations from firms 
whose overhead charges must include the support 
of expensive staffs devoted to preparing such esti- 
mates, and whose prices, paid by the architect’s 
client, have to include this burden, though it 
represents part of the work included in the archi- 
tect’s' commission. To obtain, moreover, any 
estimate on such a basis, the architect has to 
submit to the contractor, not a schedule of the 
structural elements that’ have tobe supplied and 
erected, but a statement of the conditions that the 





work has to meet ; and the resulting estimate must 
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usually be higher than one in which the contractor's 
responsibility was limited to providing prescribed 
materials or apparatus, while the client, through 
his consulting engineer, assumed the responsibility 
for the result. The confidence the architect may 
feel in his contractor is, further, no adequate 
equivalent for the inspection the client is entitled 
to expect, but it is all a person unskilled in the 
engineer’s art is able to offer. 

These examples illustrate the injustice to clients 
and to engineers that may arise when an architect 
has undertaken engineering work beyond his 
capacities, and tries to discharge vicariously what is 
essentially a personal obligation. The damage to the 
client is doubtless one degree less grave than when 
the architect does the work without any reinsurance. 
It is more likely to be confined to needless expense 
and imperfect working, but a register of quali- 
fied professional men should guarantee that the 
clients of registered men are secure against such 
risks. Architectural work is dependent on and 
involves the use of many branches of engineering. 
The steel or ferro-concrete structure, the electric 
installation, the arrangements for heating and 
ventilating, are only examples of problems that may 
require the attention of engineers expert in these 
several branches. In their own industries engineers 
are too familiar with the mischief of needless 
demarcation of functions to wish to introduce it 
into professional practice. They would not suggest 
that where an architect required engineering work 
to be done that was simple enough to come within 
his own knowledge and ability he should send for 
an engineer to do it for him, any more than an 
engineer who, for some work of his own, wanted 
a building of sufficiently simple architecture would 
apply to an architect to design and put it up. 
No definition in general terms is necessary to decide 
whether the work should or should not be given 
to the engineer. A simple and sufficient criterion 
is whether the architect requires more skill than 
he himself possesses, to design, supervise, and be 
responsible for the work. A registered architect 
who finds himself in this position ought not to 
get himself out of it by peddling in engineering 
skill as a merchant who buys at a price and sells 
at a profit. His duty, alike to his client and to 
his professional engineering colleagues, demands 
that he should act for his client only in the matters 
in which he is professionally competent to protect 
his client’s interests, and refer him to an appropriate 
engineer for the work that requires more engineering 
knowledge than he himself possesses. 

As presented to Parliament, the Bill seems to 
have other defects, which may probably have been 
remedied in the light of discussions during the 
hearing in committee. It is likely, for instance, 
that the restrictions preventing persons other than 
members of certain professional institutions from 
describing themselves as architects or recovering 
fees for professional work done as an architect 
will be made to apply only to persons who, without 
being on the register, describe themselves as 
registered architects. These are relatively small 
matters which, in particular, are of little conse- 
quence to those who, like engineers, can do their 
work as part of their own profession, and have 
neither need nor desire to describe themselves as 
architects at all. The serious defect of the Bill 
as it stands is that its statutory registration is not 
confined to architects who restrict their practice 
to work they are competent to do. 





THE COMMERCIAL UTILISATION 
OF FUEL. 


Among the opprobna of technical practice, one 
of the commonest and most costly is the inefficiency 
with which fuel is used. In fairness, this extrava- 
gance cannot be attributed wholly to the recklessness 
of those who commit it. The composition of the 
common fuels puts unusual difficulties in the way of 
those who have to use them. Economical use of 
any materials demands that each should be applied 
to the purpose to which it is best suited. Unfortu- 
nately, however, raw materials are not usually 
found separate, and of all the conglomerations in 
which man has to seek the material he wants, 
perhaps that of fuel is the most tantalising. Before 


the days of man and history, huge forests and vast 
tracts of vegetation livel and grew, and the pro- 
cesses of death and of geological catastrophe reduced 
them to shapeless masses, in which their already 
complex structure became mixed with the debris of 
the material that had overwhelmed them. With 
occasional disturbance through fresh geological 
movements, they lay for millions of years in the 
earth’s subterranean laboratories, undergoing 
changes of which the detail can only be guessed at, 
and to use fuel efficiently means sorting out the 
substances within and without the original vegetable 
structure. Not surprisingly it is found that to make 
the sorting complete would cost more labour than 
it was worth, and the problem for those who wish 
to use fuel efficiently is to find out just how much 
sorting will pay, and how far the material can be 
left economically in the combination of mixtures in 
which it happens to be found. 

While there is considerable excuse for the fact 
that as yet the best extent of sorting has not been 
practised or even defined, those who know most of 
the subject agree with the vociferous opinion of 
those who know less in believing that considerable 
waste could be saved if the elements of which fuel 
consists were better sorted. To what extent, and 
by what means, the sorting can best be made may 
depend on many more circumstances than appear in 
the laboratory or even in the works. The processes 
by which the sorting is effected present their own 
technical difficulties, which may have to be investi- 
gated successively in the laboratory, on units of 
intermediate size, and on full-size units ; but when 
all the information has been obtained that the 
experiments on these several scales can yield, a 
process can be known to be economically practicable 
only after it has been tried out in commercial condi- 
tions. This, in effect, was the doctrine that Sir 
George Beilby laid down when the Fuel Research 
Board was first instituted, and it is again emphasised 
in the Board’s Annual Report for 1926. The doc- 
trine applies in particular to the low-temperature 
carbonisation of coal, and the report of the Director 
of Fuel Research, Dr. Lander, draws attention to 
the repeated failures that have occurred in the 
development of otherwise promising processes 
through the attempt to omit one of the three earlier 
stages of experimental trial. At the present time, 
as Dr. Lander states, there are probably about 200 
methods of low-temperature carbonisation that 
have been proved more or less satisfactorily on the 
laboratory scale. Only a few have passed their 
intermediate scale trials, dealing with perhaps some 
hundredweights a day, and five or six are said to be 
approaching the end of the trials of full-scale units, 
which need only to be multiplied without being 
enlarged in order to form a commercial battery. 
Of only two or three are commercial batteries 
working, but, up to now, none of these appear to 
have reached the stage of being able to show actual 
audited profits made under normal working condi- 
tions. The small proportion of processes that are 
being investigated under commercial conditions 
may be due to the fact that no others have yet 
overcome the difficulties disclosed in the trial of 
full-scale units, or it may be due to the absence of 
the capital necessary for the commercial experiment. 
It would be regrettable, however, if a process that 
had been proved to be technically satisfactory on the 
scale of a commercial unit was not submitted with 
the least possible delay to a test of actual commer- 
cial working. 

Low temperature carbonisation may be carried 
out with various primary objects. Some processes 
aim in the main at producing the largest proportion 
of lump coke suitable for domestic use, others at 
use in power stations, others again at the production 
of oil, and others at the treatment of special coal 
at the collieries ; and the commercial trial of one such 
process can give no conclusive result as to the 
prospects of the others. The earliest type of process 
aimed particularly at producing domestic coke, and 
as such processes produce incidentally volumes of 
rich gas, which only gas-works can use to the best 
advantage, the Government decided to ask the advice 
of the Gas Light and Coke Company as to whether, 
and how far, they would be prepared to continue the 
experimental development of any process on a large 
scale. Sir David Milne Watson, the Governor 
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of the Company and the President of the National 
Gas Council, was therefore asked to consider all 
existing processes in detail, and to advise the 
Government whether any of them had reached such 
a point of development that his company would be 
prepared to continue it on a large scale, either at the 
sole risk of the company, or with some assistance 
from the Government. Accordingly, Sir David 
Watson’s staff examined all the processes under 
development both in this country and on the 
Continent, and after receiving their reports he 
advised that the most promising process for use at 
a gas works was that which had been developed at 
the Fuel Research Station. No process in his 
opinion was proved up to the point of justifying his 
company in taking the whole risk of further develop- 
ment, but if the Government would provide the 
cost of erecting a plant to the capacity of a hundred 
tons a day on a site belonging to the company, the 
company would work the plant for three years at its 
own expense, and carry out experiments and 
researches. A Fuel Production Company, Limited, 
has accordingly been registered with a capital 
guaranteed under the Trades Facilities Act, and the 
Gas Company will act as manager and bear all 
running and management costs. Full records of 
experiments, statistics and accounts will be kept, 
the Mines Department having the right to inspect the 
accounts, and the Research Department to inspect 
the plant, its working and all technical records. 
The public interest has been safeguarded in respect 
to any patents that may be taken out as a result of 
working the plant, and the details of the plant, 
together with the results, are eventually to be 
published and placed freely at the disposal of any 
company that wishes to work the process. At the 
end of 1930 the Gas Company will either buy the 
plant, or clear the site and dispose of the plant on 
behalf of the Fuel Company. 

It appears, therefore, that the Gas Light and Coke 
Company will be trying out this process under 
strictly commercial conditions for the benefit of the 
entire gas industry, and the Government is to be 
congratulated on the effective co-operation it is 
giving no less than on the considerate and public 
spirited terms offered and accepted by the company. 
The late Professor Vivian Lewes, who had an 
unusually wide outlook on problems of the gas 
industry, was never tired of insisting that gas 
companies were apt to give too little attention to 
their mission as producers of coke. If the result 
of the present experimental manufacture is to show 
that gas generation can be combined economically 
with the production of smokeless and quick-lighting 
coke, there would be no further reason for Lewes’s 
reproach. The first great step will have been taken 
to abating the smoke nuisance from London domestic 
hearths, and the example of the Gas Light and Coke 
Company may be expected to be followed in other 
gas works. It may serve also as an encouragement 
to similar tests of other processes, not only with the 
primary object of producing lump coke, but with 
the various other objectives for which other pro- 
cesses may be more suitable. 





THE WORLD’S SHIPBUILDING AND 
MARINE ENGINEERING. 


THE improvement in the position of the British 
shipbuilding industry which we were able to record 
on page 462 of our last volume for the first quarter 
of the year has been continued during the quarter 
just completed, the returns issued by Lloyd’s 
Register showing that the tonnage under construc- 
tion on June 30 last was higher, by 173,456 tons, 
than the corresponding figure for the end of March. 
At that time, 297 vessels, making 1,216,932 tons, 
were in hand in this country, whereas, by the end of 
June, the number had increased to 316 and the 
tonnage to 1,390,388. The latter figure, it may 
be mentioned, is 549,050 tons higher than that for a 
year ago, although still some 500,000 tons lower 
than the average figure for the period immediately 
preceding the war. A satisfactory feature of the 
present situation is that the incubus of vessels in 
the yards on which work has been suspended is 
being gradually removed ; it now amounts to onl 
8,745 tons, as compared with 77,600 tons at th 
end of June, 1926. On the other hand, we note 
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with regret, that the new tonnage commenced 
during the quarter just completed shows a con- 
siderable reduction in comparison with that laid 
down during the March quarter, the figures being 
437,112 tons and 579,839 tons, respectively. The 
tonnage launched during the June quarter, viz., 
268,545 tons, however, shows an increase of 140,798 
tons over that launched during the previous three 
months. 

Of the vessels now in hand in this country, 
203, with an aggregate tonnage of 758,162, are 
steamers, and 98, making 627,700 tons together, 
are motor-ships, so that the latter account for more 
than 45 per cent. of the total. The tonnage now 
building in other countries amounts to 1,450,157, 
which is about 97,000 higher than the figure for the 
end of March. The present foreign tonnage, it will be 
noted, is some 60,000 tons higher than that building 
in this country. Our principal foreign rivals, in 
order of magnitude of tonnage in hand, are Germany, 
with 407,620 tons; Italy, with 226,774 tons; 
Holland, with 171,825 tons; the United States, 
with 146,846 tons ; and France, with 136,474 tons. 
Of the total tonnage building abroad, 608,647 tons 
is accounted for by 167 steamers and 831,895 
tons by 170 motorships. There are thus no less than 
268 vessels of the latter type, with an aggregate 
tonnage of 1,459,595, under construction in all 
parts of the world, as compared with 370 steamers, 
making 1,366,809 tons together. This, it is interest- 
ing to note, is the first occasion on which Lloyd’s 
Returns have shown the tonnage of motorships 
building to exceed that of steamers. It should be 
pointed out, however, that the tonnage figures 
quoted above refer to the gross tonnage in all 
cases, and the returns from which they have been 
taken do not include vessels of less than 100 gross 
tons. 

The available statistics of marine engines 
under construction in all parts of the world do not 
include the steam turbines building in Germany, 
but, neglecting these, it appears that the horse- 
power of marine-oil engines being built is greater 
than that of both turbines and steam reciprocating 
engines combined; machinery of the latter class 
actually accounts for about 29 per cent. of the total 
horse-power building, and steam turbines for about 
17 per cent., the proportion of oil engines thus being 
about 54 per cent. The total horse-power of oil 
engines under construction, or being installed, for 
the propulsion of sea-going vessels amounts to 
1,102,424, of which Great Britain and Ireland are 
building 373,587 h.p., Italy 192,940 h.p., and 
Germany 151,460 h.p. The world’s total figures for 
steam engines and steam turbines are 580,600 h.p. 
and. 338,050 h.p. respectively, although, as previously 
stated, the latter figure does not include the marine 
steam turbines building in Germany. Of the steam 
machinery now in hand, reciprocating engines with 
a total horse-power of 376,595, and turbines 
developing 189,600 h.p., collectively, are being 
constructed in this country. 








THE LATE SIR GANGA RAM. 


WE regret to record the death of Sir Ganga Ram, 
C.LE., M.V.O., which occurred in London, on 
Sunday, July 10, while he was visiting this country 
with the Royal Commission on Agriculture in India. 
Of this body he was the senior Indian member. 
Though in his earlier years he had been connected 
with many engineering projects, he had lately been 
mainly concerned with agriculture, and may not 
incorrectly be described as one of the pioneers in 
the application of scientific methods and equip- 
ment to that industry in the Punjab. In this 
work, the necessity for irrigation is, of course, an 
important factor, and here his engineering experience 
stood him in good stead. 

Rai Bahadur Ganga Ram was born in 1851, and 
received his early technical training at the Thomason 


kote Railway, under the superintendence of the late 
Mr. F. Kirby, M.Inst.C.E. 

In 1883, he was promoted to the rank of executive 
engineer, and visited England to undergo a course 
of pupilage with the late Sir Alexander Binnie, 
M.Inst.C.E. On his return to India, he was em- 
ployed on special duties in connection with the 
Gujranwalla drainage scheme, and subsequently 
on the Peshawar water supply. In 1899, he received 
further promotion, and was superintendent of the 
many works required for the Coronation Durbar, held 
by Lord Curzon in 1903 at Delhi. For his services 
on this occasion he was made C.I.E. After a period 
as superintendent engineer to the Patiala State, 
he retired in 1909, but remained at Patiala until 
1911, where he was responsible for the construction 
of some fine new buildings. When the Delhi Durbar 
was held by their Majesties in 1911, he was con- 
sulted on various engineering questions and was 
made an M.V.O. 

Probably, however, Sir Ganga Ram has deserved 
the greatest thanks of his country for the work 
which he did after his nominal retirement. As we 
have said, he interested himself in agriculture, and 
took the practical, if somewhat courageous, step of 
acquiring large estates, upon which he could try 
out his ideas. In particular, he led the way in irri- 
gating lands by means of electrical pumping, and 
in various forms of commercialising agricultural 
production. He also played a large part in promoting 
schemes of hydro-electric development in the 
Punjab, and as most of these turned out to be a 
financial success, he stimulated, not only interest, 
but imitation, among the neighbouring agricultural 
communities. His characteristic enterprise was 
also of great advantage in connection with the work 
of the Royal Commission on Agriculture in India. 
Sir Ganga Ram was a member of the Institution 
of Civil Engineers, and also of the Institution of 
Mechanical Engineers, and was the author of a 
useful ‘‘ Pocket Book of Engineering.” He gave 
much assistance to the Hindu University at Benares, 
both financially and in the form of advice about 
the buildings. 





THE LATE MR. A. H. COLLINSON. 


The death of Mr. Alfred Howe Collinson, C.B.E. 
M.Inst.C.E., is reported to have occurred in India 
on June 28, and removes an engineer ceanected 
with many important works, and prominent during 
the war in connection with the supply of munitions. 
Mr. Collinson was born on January 15, 1866, 
and received his early education at Brampton, 
Huntingdonshire. After leaving school he served 
his pupilage with Mr. A. Johnson, M.Inst.C.E., who 
was then engineer to the Great Northern Railway 
Company, and from 1884 to 1889 was employed on 
the staff of that railway, being principally engaged 
on new works and widenings. In the latter year he 
was appointed resident engineer on the Buenos 
Aires Great Southern Railway, in which position he 
was responsible for preparing the drawings and con- 
structing the extensions of the railway from Las 
Flores to Kanch, and from Cannelas to the Salado 
River. This work comprised 104 miles of railway 
in all, together with numerous stations and bridges, 
and an important viaduct over the Salado River. 
In 1892 Mr. Collinson returned to this country 
and was appointed resident engineer of the Leicester 
and Rugby section of the Great Central Railway 
extension to London. He was responsible for 
setting out the line and for preparing the drawings, 
as well as for carrying through the works to com- 
pletion. In 1903 he went to China, where for some 
years he was associated as engineer-in-chief with 
the construction of the Shanghai-Nanking Railway, 
the Nanking City Railway, and the Hankow- 
Canton Railway. 

During the war he was principally responsible, 
under the Ministry of Munitions, for the organisation 


Engineering College, Dehra Dun. At the age of 22| of the Inspectorate of Munitions Areas at Sheffield. 
he entered the Public Works Department, and ten | This organisation controlled, as far as inspection was 
years later was appointed assistant engineer, in| concerned, practically the whole of the munition out- 
which capacity he served in the Buildings and Roads | put outside the London area. In 1916 he went to 
Branch in the Punjab, and was in executive charge | America, where he performed the difficult task of 
of the Amritsar Provincial Division for two years. | organising the munition inspection in that country. 
Duringjthis time also he surveyed and assisted in the | In the following year he was appointed Director- 
preparation of the plans of the Amritsar and Pathan-| General of Inspection of Munitions of War, and 


controlled this section of the Ministry until it was 
wound up. In recent years he has represented the 
Foundation Company, Limited, in British East 
Africa, and in India, and did valuable work in re- 
organising the Calcutta Tramways on behalf of the 
London board. 

Mr. Collinson was created C.B.E. in 1917, and 
an officer of the Legion of Honour in 1919. He 
is survived by a widow, one daughter and two 
sons. He was elected a full member of the Institu- 
tion of Civil Engineers in 1899. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 


THE selection of an ancient University town as 
the locale of the summer meeting of the Institution 
of Naval Architects this year is in complete contrast 
to the busy seaport of Antwerp visited last year, 
but the popularity of the choice was evident from 
the large number of members and friends assembled 
in the Senate House, Cambridge, for the inaugural 
meeting on Tuesday morning last. The chair 
was taken at 10 o’clock by the Vice-Chancellor of 
the University, the Rev. G. A. Weekes, Master of 
Sidney Sussex College. 

Dr. Weekes offered, in the name of the University, 
a hearty welcome to the Institution. He was not 
sure exactly what had determined the members’ 
choice of a meeting-place, but he could say their 
presence was highly appreciated in this ancient 
seaport of Cambridge. It was true that no 
shipyards could be observed in the course of a walk 
through the town, but authorities asserted that 
in the 9th and 10th centuries, when the Danes were 
dominant, ships had brought to Cambridge pottery 
and other wares from Ireland. The alumni of 
Cambridge contained representatives of practically 
every profession except the naval one, and though 
they had a school of Naval History, they had none 
of Naval Architecture. He was sure the members 
would be at home in their engineering laboratory, 
and would be interested in the evidences of progress 
manifest in it 

He was surprised at the wide field covered by the 
Institution, as shown by the papers to be discussed. 
Not only were the subjects of the construction and 
equipment of ships considered, but the antiquarian 
side was studied in one paper and a subject of parti- 
cular interest to Cambridge men, viz., rowing, in 
another. He might mention that this was a matter 
which was the subject of particular controversy 
there at the moment, as two schools of thought had 
arisen. There was the old orthodox school, and a 
new school which had proved very successful over 
short courses. Its value over long courses remained 
to be proved, as also its effect upon the physique 
of the oarsmen. 

His Grace the Duke of Northumberland, President, 
replied on behalf of the Institution, and thanked the 
Vice-Chancellor for the warm welcome which had 
been extended to it. The University of Cambridge 
had formed a pleasing habit of offering hospitality 
to learned societies and other bodies connected 
with education, but he believed that this was the 
first occasion on which an organisation connected 
with shipbuilding had been entertained. Cambridge 
was the home of sound mathematics, and mathe- 
matics, he thought, played a very important part 
in naval architecture. Newton, educated at Cam- 
bridge, was the father of modern science, and the 
tradition had been maintained right up to the 
present. 

The study of engineering at Cambridge was 
developing very rapidly, and the growth of the 
department had been remarkable. At its commence- 
ment there had been some 80 students, now there 
were about 450. Reviewing the work of the Appoint- 
ments Board of the University, he emphasised its 
high degree of efficiency in connection with engineer- 
ing students. He thought there was a bond of 
union between the University and Naval Science, 
as it would be recalled that for a short time after 
the war a number of naval cadets had been admitted 
for an intensive course, and he knew that many of 
them retained the happiest memories of the time 
they had spent there. One of the objects in holding 
the meeting at Cambridge was to give an oppor- 
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and those employed in a highly scientific industry 
an opportunity of getting to know one another. 

The Vice-Chancellor then vacated the chair in 
favour of the President, who, after calling upon 
the Secretary to make certain announcements 
regarding arrangements for visits, invited Mr. G. S. 
Laird Clowes, to read the first paper. 





SHIPBUILDING RECORDS AT CAMBRIDGE. 


The paper was entitled ‘Ships from Pepy’s 
Manuscripts,” and is reproduced on page 89 of our 
present issue, but without the figures with which it 
was illustrated. It gave rise to considerable dis- 
cussion, in which the first speaker was Sir John H. 
Biles. 

Sir John observed that the paper was most 
interesting, though he thought the ambitious 
attempt to introduce exact figures from the very 
scanty data available would give rise to a vigorous 
discussion. The dimensions of the ships de- 
scribed would be new to many, the great vessels 
of the day being only about 100 ft. long. He 
thought the scale of the men given in the photo- 
graphs of the old drawings, which were exhibited, 
was somewhat misleading, the compasses which 


one man was using being altogether out of propor- 


tion. The sections of Elizabethan ships appeared to 
show them much deeper than they ought to have 
been. He doubted if the scantlings were correctly 
drawn, they seemed to him rather light and perhaps 
that was the reason the ships did not last long. 
The latter ships were fuller at the ends than the old 
ones which would increase the displacement, but 
no doubt the speed of the vessels was as fast as was 
then required. Referring to the cross-sections, he 
noticed that what we now call pillars were inclined 
diagonally athwartships, and this, he thought, 
would be more effective in reducing stresses on the 
ships when rolling than our modern vertical type. 

Mr. W. H. Whiting followed and recalled the 
fact that 30 years ago the Institution had had a 
paper from Sir William Laird Clowes. He con- 
gratulated Mr. G. S. Laird Clowes on so ably follow- 
ing his father’s example. Until quite recently the 
only published information relative to early ship- 
building dated from the time of King Clarles II. 
Mr. G. S. Laird Clowes had now pushed back the 
date by about 99 years. There were still some gaps, 
notably one between the periods of Queen Elizabeth 
and King Clarles II. The author had made com- 
parisons between the ships of the two periods. 
Could he supplement the information ? Had the 
Anthony Anthony roll been published, or was it 
likely to be ? Was Mathew Baker connected with 
the more well-known James Baker? Referring to 
the ships of the time of King Henry VIII., those 
hitherto used were too weak in structure to carry 
the heavy guns desired, and the problem had been 
solved by placing the guns low down in the ships 
and piercing the sides for gun ports. Looking at 
the figures of which Nos. 1, 2 and 3 showed Eliza- 
bethan ships, and 4, 5 and 6 those of the time of 
Charles II., he suggested that the sections of the 
former showed they had been largely made of 
circular curves and the degree of skill indicated 
appeared to be that of a small boatbuilder. In the 
latter figures the curves were of the parabolic type, 
the curvature gradually changing in direction, which 
had persisted till quite recently. The drawings 
showed greater technical skill in shipbuilding. He 
thought the Stuart ships were not so handsome 
as the Elizabethan ones, but they had had to be 
made stronger on account of the guns they carried. 
The author seemed inclined to think that the 
changes in construction were ;radual, but a refer- 
ence to Pepys appeared to confirm the view that 
they appeared comparatively suddenly, the neces- 
sity for increased gun power being a prime factor. 

Professor W. Hovgaard desired to call attention to 
the fine collection of ship models in the Copenhagen 
Dockyard, which he believed went back to Eliza- 
bethan times. They were apparently very accurate 
in detail. He would like to comment on the peculiar 
flatness of the sides in the earlier vessels as shown, 
in one of the photographs. 

Professor J. W. Jack thought the paper would 
be particularly interesting to members from the 
provinces who had no opportunity of examining 
actual models. He agreed with Mr. Whiting as to 





the large use of circular curves in the cross section, 
and suggested that this may have had some bearing 
on the appearance of the Elizabethan ships compared 
with the Stuart ships, as the use of suddenly chang- 
ing curves produced hard shadows. An analogous 
case appeared in architecture, where the flowing 
curves of Greek architecture were hardened in the 
Roman copies by the use of compasses. The old 
drawings seemed to be somewhat inaccurate, they 
were, for example, instances of main yards fouling 
stays, and so forth. 

Mr. F. J. Shepherd was the last speaker. He 
thought, referring to Sir John Biles’s remark 
as to the size of the compasses in the first photo- 
graph shown, it should be remembered that no 
doubt the designers of the vessels were also the 
builders, and that the same instrument as was 
used for the sheer draught had to be used in 
striking out the actual work. 

In replying Mr. G. 8S. Laird Clowes, said that 
the early sail plans were not drawn to scale, but 
were merely dimensioned sketches. He thought 
the Stuart vessels were really better than the 
earlier Georgian ones. Diagonal pillaring had 
been used till about 1800. The Anthony Anthony 
roll had not been published in its entirety, though 
views of the Great Harry had long been accessible. 
He had no information as to the two Bakers, 
but thought it is not impossible, from analogous 
cases of old shipwright families, that there was 
some connection. As to the use of circular curves, 
this system had survived to about 1750, the use 
of parabolic curves began early in the nineteenth 
century. He did not think the models at Copen- 
hagen were earlier than 1600, possibly they dated 
from about 1611. Replying to an interpolated 
question by Sir John Biles he said the beam of 
the Elizabethan ships did not exceed 40 ft. 

On the motion of the President a cordial vote 
of thanks was accorded to Mr. G. S. Laird Clowes 
for his interesting paper. 


PROPULSION BY OARS. 


Mr. F. H. Alexander was then called upon to 
read the second paper which was on a subject 
peculiarly appropriate to the locality, entitled 
“The Propulsive Efficiency of Rowing.” It recorded 
the results of investigations as to the magnitude 
of the forces employed by oarsmen and the 
utilisation of those forces, the types of boat chosen 
being a racing eight and a ten-oared whaleboat. 
A table was given in which the various dimensions, 
ratios, and properties of the hull forms were com- 
pared with corresponding figures of a cross-Channel 
steamer of the same speed-length ratio. A second 
table exhibited the weights of the two boats and 
their crews, and the amplitude of the movements 
made by the crews, the oars and the boats, together 
with the speeds at different points of the stroke. 
Such points as the acceleration of the blades to 
the speed of the passing water, and the analysis 
of the forces transmitted to the blade for direct 
propulsion, those required for angular acceleration 
of the oar, and those required for acceleration 
of the oarsmen himself, were considered. The 
horse-power developed was studied. This amounted 
to 1-09 h.p. for each man in the “ eight,’”’ and to 
nearly 0:90 h.p. for each man in the whaleboat. 
A third table gave particulars of the work done, 
and showed that the efficiency ratio (total work) 
was 0-318 for the “eight” and 0-221 for the 
whaleboat. The effect of the varying velocity of 
the oar during the stroke was discussed, and the 
apparent distance lost by slowing in velocity in 
the stroke was illustrated by a case in which an 
eight appeared to be set back a distance of nearly 
15 in. In another case this distance was 9 in. 
An appendix gave the methods of calculating 
employed in arriving at the results, which were 
also illustrated by diagrams. The results were 
put forward as representing existing conditions in 
correct proportion and not necessarily as precise 
figures. They would help to explain some of the 
phenomena observed by oarsmen. The possible 
improvements of speed by alterations to the design 
of the boats, rigging or oars would seem to be 
very small, and efficiency appears to rest rather 
with the man than with the material. 

The discussion was opened by Mr. E. Hall Craggs, 


who referred to the earlier work of Newton and 
Phineas Pett, the latter on questions of ship resist- 
ance. He thought the subject of the propulsion 
of a rowing boat was complicated as it partook both 
of the nature of a paddle boat and of a towed boat. 
Putting aside bending moments and working back- 
wards from resistance, a surprisingly small amount 
of force was available for propulsion. The great 
length of an 8-oar boat, compared with its maximum 
possible width of 2 ft., had great influence on 
the matter of design, and it would be very difficult 
to alter a design to obtain increased speed. He 
thought, however, that it would be possible to 
increase stability and considered this very desirable. 
He had two boats built on improved lines which 
would be available on the river for inspection in the 
afternoon. 

Captain W. Rowe, as a former president of the 
Oxford University Boat Club, gave some views as 
to what he considered was the most effective 
method of rowing. He said he would like to know 
by what means Mr. Alexander got some of his data. 
He did not think the method of observing the speed 
and action of an “eight” from a launch moving 
alongside as described in the paper would really be 
much help. He would have liked some further 
information about the slip of the oars, as he had 
been told that as much as 9 in. had been observed. 
He could not agree with the statement in the paper 
that at one end of the stroke the oarsmen slow their 
bodies by pulling themselves to the oar handle. 
Nor could he assent to the statement that the oar- 
blades should be made to enter the water actually 
before the completion of the sternward movement 
of the sliding seat. This would result in “ catching 
a crab.” 

Mr. C. E. Stromeyer rose to say that, with regard 
to the last statement of the previous speaker, while 
Mr. Alexander’s recommendation might be impos- 
sible to carry out in practice, it was dynamically 
correct. He thought that a great source of loss of 
efficiency lay in the variation of the speed of the boat 
during a stroke, as it had constantly to be accele- 
rated. Professor P. A. Hillhouse said that as Mr. 
Alexander had referred in a footnote to the work of 
Messrs. Lefeuvre and Palliotte in 1904, published 
in the French Bulletin de I’ Association Maritime, 
on measurements of forces employed by a sculler, 
he thought it might interest the members to see some 
of the curves obtained in this investigation. He 
accordingly made a series of sketches on the black- 
board showing the type of curve from measurement 
of pressure on the rowlock, the speed, pressure on 
the foot rest, and movement of the sliding seat. 
The measurements had been made by the compres- 
sion of air chambers, which communicated movement 
to a recording pencil. 

Mr. G. S. Baker pointed out that not only were 
there fore and aft forces in a rowing boat, but a 
downward force on the rowlocks which might be 
anything from 5 lb. to 10 lb. This force was not 
merely vertical on the water, but a component 
tended to deform the shell of the boat by thrusting it 
outwards laterally. 

The next speaker was Professor C. E. Inglis, who 
confirmed Mr. Stromeyer’s view as to the loss caused 
by fluctuations of speed. If the speed of the boat 
varied 10 per cent. above and below the average, 
the horse-power required was increased by 1}'per 
cent. This was a considerable amount on a long 
course. He thought that it was worth while fitting 
the coxswain of a racing eight on a sliding seat as 
well as the oarsmen. 

Mr. C. C. Mason very briefly described an instru- 
ment for measuring the acceleration in a boat. 
This was made by the Cambridge Instrument 
Company, and recorded motions at intervals of 
one-tenth of a second. There was no doubt but 
that what checked the boat during the stroke was 
the alteration in speed. 

The discussion was concluded by Mr. H. A. M. 
Napier, who said he considered that the various 
diagrams taken of different boats and crews should 
be analysed, as a steam-engine indicator diagram 
was, to determine the defects. He would like to 
hear if Mr. Alexander had any views on the subject 
of the influence of the shape and size of rudders on 
speed. There were also the questions of swivel 
rowlocks and the length of slide. 






































JULY 15, 1927] a 


house for his description of the diagrams from the 
French experiments, which he had had to confine 
to a footnote. The subject of the propulsive effect 
of rowing was very involved, as the whole of the 
motions were relative to one another. He appre- 
ciated Mr. Baker’s point about the distorting effect 
of the downward thrust on the rowlocks. He 
thought, however, that, as time was pressing, he 
could deal more satisfactorily with the various 
points raised in a written communication to the 
transactions. 

The President then proposed a vote of thanks to 
Mr. Alexander, which was carried with acclamation, 
and the meeting thereafter terminated. The 
members then proceeded to Pembroke College, 
where, after a group photograph had been taken in 
the first court, luncheon was served in the college 
hall by the courtesy of the authorities. 


AFTERNOON SESSION. 


The earlier part of the afternoon was spent in 
visits to several of the colleges and to the Pepys 
Library at Magdalene College. For this purpose 
the members divided into parties which re-assembled 
at the Engineering Laboratory for tea, afterwards 
meeting at five o’clock in one of the lecture rooms 
for the third paper on the programme. 


PULVERISED FUEL aT SEA. 


This paper was read in abstract by the author, 
Engineer-Captain J. C. Brand, R.A.N., and we 
commence to reprint it in full on page 91 of this 
issue, under the title ‘“‘ Pulverised Fuel for Marine 
Purposes.” A very comprehensive display of 
apparatus had been arranged to illustrate the paper, 
the platform being occupied by a large working 
model representing the method of coaling a ship 
from a shore-pulverising installation. The tanks 
representing the ship’s bunker and service bin 
were glass fronted, with appropriate illumination, 
so that the movement of the coal dust inside them 
could be observed by the audience. The non- 
explosibility of the coal dust when the bunkers were 
charged with inert gas was demonstrated in several 
ways, and smaller pieces of apparatus were used 
which showed very clearly the properties of coal 
dust such as the way it packed itself, sealing in 
presence of water, and so forth. 

The discussion was opened by Eng.-Rear Admiral 
W. M. Whayman, R.N. (retired), who said that in 
‘his service afloat he had been chiefly concerned with 
oil fuel, and had no experience there with pulverised 
coal. Oil burning, however, enabled him _ to 
appreciate fully the value of Captain Brand’s 
insistence of fine atomisation. Since his retirement 
from naval service, he had seen some work on 
pulverised coal, and while it was very successful 
on land he thought there were still difficulties 
ahead with regard to marine use. He did not 
wholly agree with Captain Brand’s remarks on the 
unit system. The author, in his opening remarks, 
had spoken very appreciatively of the Buell burner.* 
This system was on the unit principle, and he 
himself thought the principle very advantageous 
for work at sea. 

Sir Charles A. Parsons was the next speaker. 
He confessed he had no experience of pulverised 
fuel, but he was convinced that it must come at 
sea. He felt indebted to Captain Brand for demon- 
strating so clearly with his beautifully-arranged 
apparatus the safety of the fuel when properly 
handled. At the same time, he was somewhat 
apprehensive that the inert gases, which Captain 
Brand suggested for rendering his bunkers safe, 
might cause trouble. These were to be drawn 
from the uptakes, and would therefore be CO and 
CO,, the first of which at least was very deadly—the 
more so as it was so undetectable by the ordinary 
human senses. 

Mr. J. Austin said he was satisfied that pulverised 
fuel was a serious competitor to oil fuel both in 
boilers and Diesel engines on land. Before adopting 
it for marine propulsion, however, he thought there 
were many points needing serious consideration. 
For example, successful application involved supplies 
of good coal at the principal fuelling ports, and 
the scope would be immediately limited if the fuel 





* See ENGINEERING, vol. cxxii, page 813. 
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was attainable only at one or two ports, the only 
alternative being for vessels to carry their own 
pulverising plants. Then there was the type of 
boiler to be used, the design being’ apparently 
influenced by the length of the flame path. The 
Scotch boilers which had been described seemed 
objectionable from their projecting furnaces. It 
would appear that tube cleaning might be interfered 
with, handling ashes would be difficult, accessibility 
curtailed, and weight increased. Then there would 
be intense radiation from the external furnaces. 
The Scotch type of boiler did not seem to him at all 
suitable, and he would be glad to hear Captain 
Brand’s views on the employment of Yarrow, 
Thornycroft, or Babcock and Wilcox boilers with 
pulverised fuel. Again the question of safety was 
important. Would there not be high temperatures 
in the bunkers which were situated much nearer 
the boilers at sea than on land, while leakage 
from sprung rivets, &c., might be troublesome. 
He thought the comparisons made in Tables V, VI, 
and VII, Appendix 1, were hardly fair. The prices 
for pulverised coal were undoubtedly low, but on 
what were they based ? What, for instance, would 
be the price at which fuel could be put on board 
at, say, London docks ? The cost of upkeep would be 
greater. 

Sir John H. Biles remarked that he had listened 
to the paper with a great deal of interest, but was 
not yet convinced that the unit system should be 
discarded. There seemed to him to be difficulties 
connected with the carrying of powdered coal 
in bulk at sea. With reference to the burners them- 
selves, he had just seen some slides of a burner made 
by the Peabody Engineering Corporation. These 
were in the possession of Mr. Heenan, whom, he 
suggested, the President might call upon to speak. 

The Duke of Northumberland signified his consent, 
and asked Mr. J. N. D. Heenan to exhibit the slides 
and outline the construction of the burner. In the 
course of his remarks on the burner, Mr. Heenan 
said that he hardly agreed with Captain Brand as 
to the variation of the load at sea rendering the unit 
system objectionable on a ship. He considered that 
a land station was subject to greater fluctuations 
in steam demand than a steamship plant. He had 
recently been in a small station where the demand 
had changed from a rate of 22,000 lb. per hour to 
one of 2,000 lb. per hour in 5 minutes. In another 
plant the change had been reduced from 162,000 kw. 
to 32,000 kw. in a few minutes. The unit machine 
could be made variable. As regards radiation, 
this was not serious if the extended furnace was 
properly lined with firebrick. Of course a good deal 
depended on the rate of firing. He had found that 
when the rate had been such that 10,000 B.Th.U. 
had been liberated per cubic foot per hour with 
14 per cent. CO, no trouble had been experienced, 
and much greater rates were usual. 

Captain Brand then replied. He took the view 
that the dangers of using pulverised coal had been 
greatly exaggerated in precisely the same manner 
as when oil fuel was introduced many precautions 
had been taken which had since proved to be quite 
unnecessary. All that was required was that the 
bunkers and bins should be as tight as an oil tank, 
that is, they should stand testing by water with a 
head one foot above the bunker top. As to leaky 
rivets, &c., the difficulties would be no greater than 
the same conditions in an oil bunker. Gas leakage 
must, of course, be guarded against, and it might be 
necessary to connect CO and CO, recorders to 
bunkers. One member had suggested the use of a 
harmless gas with an objectionable smell, introduced 
with the flue gases. He was not opposed to the 
unit system provided it delivered into service bins 
from which it could be drawn and thus provide for 
changes in steam demand without altering the rate 
of the pulverisers. The changes of demand which 
had been mentioned as occurring on land did not 
compare with those necessary at sea, where there 
might, on entering or leaving harbour, be as many 
as 4 engine changes per minute. It was not possible 
to shut down one or more boilers to meet these 
changes owing to the difficult pipe and valve 
arrangement of a ship. He was sure the danger of 
spontaneous combustion was greatly over-rated. He 
had tried to induce it in wooden bunkers filled with 





damp pulverised fuel having a high pyrites content, 


but after five months attempts had failed. In 
any case the access of air to pulverised coal bunkers 
was hardly likely to be sufficient to make a fire 
dangerous, a local fire would burn itself out from 
want of oxygen. As a matter of fact, this condition 
was not infrequently found in ordinary coal bunkers 
in which burnt-out pockets were discovered. With 
regard to the last speaker’s remarks on radiation, he 
would like to emphasise that excessive radiation 
was best guarded against by the use of turbulent 
combustion. In the Fuller-Lehigh type of burner 
with a well and turbulent combustion very high 
transmission rates had been obtained without 
trouble from refractories.* This was due to the fact 
that a layer of air which was of higher specific density 
than the hot gases was interposed between the gases 
and the wall by centrifugal action. This condition 
would not obtain in a vegy big combustion chamber. 
The President, in moving a vote of thanks to 
Captain Brand, emphasised the importance of the 
paper in both a technical and commercial sense. 
The members met again in the evening at the 
Masters Lodge, Sidney Sussex College, where they 
were the guests of the Vice-Chancellor of the Uni- 
versity and Mrs. Weekes. The delightful gardens 
were much appreciated, the weather permitting 
a close inspection. Refreshments were served out 
of doors. Wednesday, July 13, was occupied by 
an excursion to Bedford, where the members were 
entertained at luncheon by Messrs. W. H. Allen, Sons 
and Co., after an inspection of the Queen’s Engi- 
neering works, which proved thoroughly interesting. 
In the evening Professor and Mrs. Inglis and the 
Laboratory Staff held a reception in the University 
Engineering Laboratory, which was greatly enjoyed. 


(To be continued.) 
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(Continued from page 40.) 


Aerodynamics Department.—The problems to 
which the Aerodynamics Department, under the 
superintendence of Mr. E. F. Relf, has directed 
particular attention are those connected with 
the flow of fluids, the spinning of aeroplanes, 
and wing flutter. The last has become of serious 
importance with increasing flight speed. The 
autogyro, and the heat dissipation from aerofoil 
surfaces, which is of importance in the design 
of wing radiators for engine cooling, have also 
been considered. The report, of course, gives no 
information concerning the confidential work which 
has been carried out. 

Whirling Arm. One-Foot Tunnel. Anemometers. 
Pitot Tubes.—The reconstruction of the whirling 
arm and its room was mentioned on page 34 of 
ENGINEERING of July 9, 1926. In order to reduce 
the swirl, most of the framework of the arm has 
been made of streamline section. Owing to the 
greater depth and mass of the new arm, which 
requires five times the driving power of the old arm, 
the swirl velocity is higher than it was before, 
and now amounts to 10 per cent. instead of 
7 per cent. of the arm speed. On the inspection 
day, Mr. L. W. Bryant demonstrated the measure- 
ment of the rolling and yawing moments of a 
Bristol fighter model aeroplane, caused by a steady 
rate of turning. The model, which was 3} ft. long, 
was made of aluminium, and weighed 10 lb. ; 
it was fixed to the framing by wires in such a 
way that it could rock against the action of a 
spring. These rocking movements were recorded 
by two electro-magnetic coils, one of which was on 
the model, the other being on the frame. These 
were connected with corresponding coils on the 
laboratory table. The arm speed was 30 miles 
per hour. 

The 1-ft. wind tunnel, which is now perma- 
nently fitted up as a high-speed tunnel for testing 
anemometers and small measuring instruments, was 
also mentioned last year. Thé fan in this tunnel, 
which is driven by a 5-h.p. motor, gives an air speed 
of 140 feet per second, whereas a 1-ft. scale model 
of the 7-ft. tunnel would only give a velocity of 
105 feet per second for the same power. The 
cone of the tunnel diverges from 1 ft. square to a 
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diameter of 2 ft. 14in. But whilst the adoption of 
an expanding cone in the 7-ft. tunnel at Farnborough 
necessitated the use of a honeycomb wall, so as 
to secure sufficient steadiness of the airflow, this 
device was found to be unnecessary in the 1-ft. 
tunnel. For anemometer tests, steady speeds as 
low as 1 foot per second and less can be produced 
in this tunnel by a simple shunt arrangement 
(shown diagrammatically in Fig. 7) on the electric 
motor, which drives the 8-blade 4-ft. fan. When 
the switch S is open, the speed can be controlled 
down to fairly low values, by means of the series 
resistance R and the field resistance r. To obtain 
still lower speeds, S is closed; R then becomes 
a potentiometer, across part of which the armature 
is shunted. The armature current being now very 
small, the motor runs as if the potential drop 


standardised form, of three or four short plati- 
num wires, 0-001 in. in diameter (just visible 
in Fig. 8), the ends of which are secured to 
stouter wires. Electric currents are sent through 
the thin wires, one pair of which lies in the 
horizontal, and the other in a vertical plane. 
These wires are inserted in adjacent arms of a 
Wheatstone bridge, the instrument being turned 


Fig. 7. CONTROL CONNECTIONS FOR I-FT. TUNNEL MOTOR. 
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about an axis normal to the 
plane of the wires in question, 
until a balance is obtained. 
The resistance of a wire is a 
maximum when it is parallel 
to the stream of air, and 
minimum when it is normal 
to it. The value of the ex- 
ternal balance current is deter- 
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across the armature were constant, and the field 
control does not reverse. To test anemometers 
at very low speeds, an indirect method of deter- 
mining the latter has been adopted. A screen 
consisting of a brass plate, } in. thick and perforated 
with small holes, was placed in the tunnel, about 
1 ft. behind the working section. The pressure 
drop through this screen, which was large, was 
found to be proportional to the square of the 
reduced speed in front of the screen. This drop 
is calibrated against the readings of the standard 
low-speed anemometer designed by Mr. E. Ower, 
of the department, the manufacture of which 
has been taken up by Messrs. Short and Mason, 
of Walthamstow. The anemometer consists of a 
ring casing, 2 in. in diameter, within which are 
eight vanes set at 45 deg. to the spindle. The 
gearing consists only of a worm and worm wheel, 
which transmit the rotational motion of the 
spindle to the pointer of the dial on the casing, 
the ratio of reduction being 50 to 1. The standard 
Pitot tube having been damaged, it has been 
re-calibrated by means of the whirling arm at 
speeds ranging from 20 ft. to 60 ft. per second. 
The new calibration entirely confirms the measure- 
ments of twelve years ago. 

Hot-Wire Direction and Velocity Meter.—The 
hot-wire meter, described by us two years ago, 





mined by a potentiometer, 

and the instrument may, if 

frequently calibrated, be used 
for determining wind speeds above 20 ft. per second 
and wind directions within 0-05 deg. 

Fluid Motion, Aerofoils, Slotted Wings.—The 
theoretical investigation of fluid motion has in- 
volved experiments on the equilibrium position of 
flat squares and discs falling through water and oil, 
with a view to elucidating the transition stage 
between the extremely slow motion dealt with in 
Stokes’ theory and the high speeds usual in aero- 
nautics. The characteristics of two-dimensional flow 
round the nose of an aerofoil have been determined 
by Mr. A. Fage, particular regard being paid to the 
position of the forward stagnation-point. The 
theoretical position of that point, which was de- 
duced from observations of equipotential lines in 
Mr. Relf’s electric tank, was found not to agree 
with that measured in a wind-tunnel with an equal 
circulation, the differences being such that the 
circulation for a theoretical flow having a forward 
stagnation-point, coincident with that measured in 
the wind tunnel, was greater at low incidence, and 
smaller at high incidence, than that relating to the 
measured lift. The results of these recent com- 
parisons are plotted in Fig. 9, in which the full lines 


| represent the theoretical stream-lines as calculated, 
| and the dots and crosses the points determined in the 


two series of experiments, which were made in the 
electric tank. The 0-1, 0-2, &c., on the oblique line 


has been further developed by Messrs. L. F. G. | mark the distances from the centre of the ellipse and 
Simmons and A. Bailey, and now consists, in its | are expressed as fractions of the major axis. It will 
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be seen that the agreement is good, but that there 
is a small but consistent deviation from theory. 
The general flow, it is concluded, can be mapped out 
by tank experiments, but the velocity distribution 
near the nose, where the stream-function changes 
rapidly in the immediate vicinity jof the surface, 
cannot accurately be determined in this way. 
Further experiments with an elliptical cylinder in 
the wind tunnel showed clearly that the flow 
round the nose more closely approximates to the 
theory, when the value of the circulation taken is 
that which makes the stagnation-points coincide, 
than when the value related to the measured lift is 
used. 

The frequency and spacing of the vortices behind 
plates at 90 deg. to the wind were found to be in 
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close agreement with those measured in water by 


fig. 9. STREAM-LINES AROUND ELLIPTIC CYLINDER (& 2:7", 6-0-5") 
Gradation 0-7. 
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Fig. 10,SLOTTED R.A.F. 31 WING SECTION. 





Karman. The frequency increases, at first slowly 
and then more rapidly, as the incidence decreases. 
Similar experiments are to be made on stalled aero- 
foils. The validity of Prandtl’s aerofoil theory, 
which has been established for small angles of inci- 
dence, is also to be tested at larger angles. On Mr. 
R. V. Southwell’s suggestion, experiments are also 
in progress with a model (an aluminium casting), 
which is supported on a rocking frame, whose 
moving parts are enclosed in stream-line shields. 
This model is mounted on a 7-ft. wind tunnel in 
such a way that the lower half is in the air current. 
For the tests in water it will be mounted on the 
carriage of the tank and submerged to a depth of 
3 ft. Experiments have already been made at air 
speeds ranging from 20 ft. to 100 ft. per second. 
As regards scale effect on aerofoils, information 
has been obtained from three essentially different 
sources, viz., ordinary wind-tunnel tests, full-scale 
tests in flight, and American compressed-air tunnel 
tests. The tests that have so far been made by the 
last method were on single aerofoils of various sec- 
tions over a range of Reynolds numbers, which com- 
pletely covered the gap between the normal wind- 
tunnel and full-scale values. On one type of section, 
for which German results were also available, all 
the data showed that the maximum lift coefficient 
rose with the Reynolds number to the value, which 
is reached in full-scale tests, and then decreased 
again, as the Reynolds number was further raised. 
There was very little scale effect on the British 
R.A.F. 15 wing, but agreement between the results 
obtained in variable-density tunnels and in full-scale 
test flying is now understood to have been estab- 
lished, so that the construction of a compressed air 
tunnel here in England is not contemplated. An 
aerofoil of R.A.F. 31 section (Fig. 10), which has 
good high-speed characteristics and a large maximum 
lift coefficient, has been fitted with a Handley-Page 
slot in order to ascertain the effect of closing the 
latter. With the slot closed, i.e., when the leading 
and the main aerofoils are joined as indicated by the 
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dotted line in the diagram, the section is exactly the 
same as that of the R.A.F. 31, apart from the’un- 
avoidable small grooves, which are caused by the 
rounding off of the leading and trailing edges of the 
auxiliary foil. Experiments on a large foil of this 
type (span 60 in., chord 10 in.) were demonstrated 
in a 7-ft. channel on the inspection day. With the 
slot open, the maximum lift generally occurs at a 
considerably greater ange of incidence than is usual 
with ordinary wings. This difficulty can be over- 
come, it was shown, by. fitting an adjustable rear 
flap to the slotted wing. The effect of lowering the 
flap down is virtually to increase the incidence of 
the wing and to obtain an additional increase in the 
maximum lift due to the slot alone. The grooves 
in the closed slot were found to reduce the maximum 
slot-drag coefficient from 0-57 to 0-55, the groove 
on the upper surface having a greater effect than 
the groove on the lower surface. With. the slot 
open the highest lift coefficient of 0-906 was 
obtained at an incidence of 24 deg., and with the 
slot closed at 10 deg., the position of the chord 
being that shown in Fig. 10. 

The arrangements for the researches on the con- 
vection of heat from the surface of an aerofoil were 
mentioned last year (ENGINEERING, 1926, vol. cxxii, 
page 34). An aerofoil of 36 in. by 6 in., R.A.F. 26 
(a thin, high-speed section), was constructed of bake- 
lite, and part of its span was covered with platinum 
strips, 0-0005 in. thick, } in. to } in. wide, and 7 in. 
long. These were arranged in 20 circuits in parallel, 
for separate heating and temperature measure- 
ments by the potentiometer method in air cur- 
rents of 60-ft. per second. The heat loss was 
found to be most intense at the leading edge 
at all incidences, and, as the incidence increased, 
the point of maximum emissivity on the upper 
surface receded from the leading edge. The total 
heat dissipation from the aerofoil surface did not 
vary by more than + 7°5 per cent. from the mean, 
at angles of incidence below stalling, and was 
greatest at incidences in the region giving the best 
climbing characteristics. 

The Spinning of Aeroplanes.—In the researches 
on the very complex problem of spinning so far 
undertaken, the motion has been analysed, not as 
an individualised angular motion, but as a disturb- 
ance from steady rectilinear flight, in which the 
aerodynamic effect of each alteration of the 
disturbance is separately estimated in a wind- 
tunnel test. It would now appear that an exten- 
sion of wind-tunnel technique is imperative if the 
problems are really to be elucidated. But the atti- 
tude of the aeroplane in space can be described in 
simple terms. In the prototype spinning motion 
(Fig. 11), the body is pointing steeply down, the wing 
span is horizontal, and the upper surface of the 
wings is facing the (then vertical) axis of rotation. 
The small horizontal velocity of the centre of 
gravity, perpendicular to the plane of the paper, may, 
at a first approximation, be neglected. The drag 
will be equal to the weight of the machine, and 
the lift equal to the centrifugal force. The normal 
to the wing chord, which is in very nearly the 
direction of the resultant, makes an angle with 
the horizontal equal to the angle of incidence 
of the centre section of the wing. The general 
type of spin may be represented by rotating 
the aeroplane (in the diagram) about the normal 
to the wing chord by an amount which will 
usually not exceed 20 deg. in either direction. The 
mean incidence of the wings is always well above 
stalling, generally between 30 and 60 deg., and 
probably reaches 70 deg. in some flat spins. The 
speed of descent is low, the radius of the spiral path 
varying from 1 ft. or less to 2 or 3 times the semi- 
span. Lateral forces are always small, compared 
with the forces in the plane of symmetry, but the 
balance of the couples is profoundly affected by the 
attitude of the aeroplane with regard to the spiral 
path, t.e., by the components of side-slip, rolling, 
yawing and pitching. 

The evidence of pilots, it is pointed out, does 
not help to explain why some machines are apt 
to flick into a spin, whilst others can only be 
spun with difficulty, taking the average machine as 
normal in this respect. But the relation between 
the power of the controls, particularly the elevators 
and rudder, and the degree of instability of the wings 
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when rolling and side-slipping, seem to be the main 
factors determining ease of entry into a spin. The 
motion of recovery is essentially a process of return 
to stalling incidence. For that purpose, the control 
stick should first be eased forward; centralisation 
or reversal of the rudder should usually follow. Re- 
covery is precarious, and very slow with machines 
which spin fast at high incidence. Characteristics 
rendering machines unsafe to spin and preventing 
recovery are: a small stagger of the biplane cellule, 
controls of inadequate area fitted at the tail, 
especially behind a body of wide and deep cross 
section, centre of gravity unduly far back, and 
weights distributed widely along the body, making 
the moment of inertia about the lateral axis large. 
These dangerous features, which become the more 
pronounced the larger the machine, have, it is stated, 
been found combined in some of the recent designs 
examined. 


Fig.11. PROTOTYPE SPIN. 
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Experiments have been made on a model of a 
Bantam aeroplane to investigate the so-called flat 
spin, in which the machine, apparently on a level 
keel, rotates about a vertical axis while descending 
slowly. More cases of this kind have been reported 
from the United States than from this country. 
The recovery from a flat spin seems to be difficult, 
but the crash usually does little more than remove 
the undercarriage. The Bantam experiments indi- 
cate that angles of incidence as high as nearly 90 
deg., sometimes reported, can hardly be attained ; 
at incidences of about 40 deg., the addition of fin and 
rudder actually helped the rotation in roll, and, 
in fact, did cause auto-rotation when the fin and 
rudder were shielded by the tail plane in such a 
manner that the air impinged upon them at the 
back, just as the windscreen of a motor car may 
cause the occupant to feel air blowing on the 
back of the head. The experiments on biplanes 
of various gaps and staggers confirm the impression 
previously gained that absence of stagger favours 
auto-rotation, and that the upper wing is, to a 
considerable extent, shielded by the lower wing. 
Both a Fokker F VII monoplane and an Avro 504 K 
biplane gave remarkably good control at and 
beyond the stall. In the Fokker machine, this was 
obtained by conventional methods, and in the Avro 
by fitting a special device in the form of a slot 
and aileron control. 


(To be continued.) 





Power Suppty tv Mexico.—According to a recent 
issue of Power, an extensive construction programme, 
with the object of increasing the supply of power in 
Mexico, has just been decided on. An expenditure of 
some 14,000,000 dols. is contemplated. The Mexican 
Light and Power Company, Limited, have commenced 
the overhaul of existing plants and distribution systems, 
and will undertake the development of new sources. 
In the Necaxa district, one of the most extensive systems 
of tunnels and canals, 60 kilometres in length, has been 
constructed to direct the waters of the Necaxa River, 
and of a number of smaller streams, into reservoirs with 
a storage capacity of 171,000,000 cubic metres. To 
utilise this water, generating plants have been con- 
structed at Necaxa, Tepexie, Laguna and Tezcapa, 


LETTER TO THE EDITOR. 


MOLLIER CHART FOR AMMONIA. 
To THE EprTor oF ENGINEERING. 


Srr,—The note on the Mollier Chart for ammonia, 
ppearing in ENGINEERING for June 3,° page 682, 
suggests that the chart is not correctly named. It 
is admittedly true that many writers attempt to limit 
the use of the name “‘ Mollier Chart ” to those having 
enthalpy and entropy as co-ordinates, but this is not 
justified by the facts in the case. The nomenclature of 
such charts was discussed in some detail by Messrs. 
Mueller and Meyers of this Bureau in a paper in the 
American Society of Refrigerating Engineers’ Journal, 
vol, vii, page 419, 1921. In his paper of 1904, describ- 
ing the charts, Mollier showed two enthalpy-entropy 
charts and one pressure-enthalpy chart. Since the 
important feature of these charts consisted in the use 
of the function enthalpy, as one co-ordinate there ‘is 
no reason for restricting the name ‘ Mollier Chart ” 
to the first kind appearing in Mollier’s paper, and to 
avoid the use of a multiplicity of names, it would be 
desirable to use the term ‘“ Mollier Chart” for any 
chart having enthalpy as one co-ordinate. Except 
for the disadvantage involved in having a multiplicity 
of names, the enthalpy, log pressure chart might have 
been called, very appropriately, a Callendar chart, 
since it seems that it was first used by Professor 
Callendar to accompany his steam tables. 
L. J. Briaas (Acting Director). 
Grorae K. Burasss (Director). 
Department of Commerce, j 
Bureau of Standards, 
Washington, July 1, 1927. 





MANGANESE SUPPLIES. 


A orgcuLaR recently issued by the United States 
Bureau of Mines consists of a memorandum by Mr. 
J. W. Furness on the Manganese Situation from a 
Domestic Standpoint, written in order to show the 
extent to which the United States is dependent on 
foreign sources for the supplies of manganese required 
by its industries. It appears to be based on records of 
sources that have actually furnished supplies up to 
1925, and gives these in considerable detail. In general 
effect it does not go further than Sir Robert Hadfield’s 
recent paper, of which we gave an account in our issues 
of May 13 and 20 last, with some comments in the 
latter number. Confined, indeed, as it mostly is to 
records of actual production, together with estimates 
of the reserves associated with them, it does not always 
go quite so far, for there seems some likelihood of the 
world’s working deposits being augmented in the future 
from sources that up to now have made no great 
contribution to them. It illustrates, however, in 
some detail the feverish activity with which the United 
States was driven to seek manganese within its own 
territory, raising the production for the time being 
from a fraction of 1 per cent. of the needs of its own 
industries to some 32 per cent. during 1917 and 1918, and 
even then having to modify peace-time specifications 
and to mix the home ores with high-grade imported 
ores in order to make them usable. The particulars 
Mr. Furness gives confirm the view, derived from the 
facts described in Sir Robert Hadfield’s paper, that no 
manganese famine is to be expected in the immediate 
future. Before the war, when the great sources of 
supply were Russia, India and Brazil, any two of these 
sources are said to have been able to meet the world’s 
demand. Though much smaller than before the war, 
Russian supplies are now increasing, the Gold Coast 
is making a substantial contribution, and a considerable 
further addition may be expected from South West 
Africa. For the next few years, therefore, the course 
of manganese supplies is not likely to show any natural 
dearth, but, as Mr. Furness suggests, may vary with 
modifications of commercial barriers and_ political 
developments. It is satisfactory to remember that 
three of the great sources of supply are within the 
British Empire, without counting those, such as the 
Australian deposits, of which as yet only a rudimentary 
development has taken place. 








G.W.R. 4-6-0 Four-CYLtiInpER Locomotive: ERRA- 
TUM.—We regret that in the comparisons of the tractive 
efforts and boiler pressures of certain recent British 
locomotives, which appeared in the course of the article 
on the new Great Western 4-6-0 four-cylinder engines, 
on page 56 of our issue of July 8, 1927, the figures given 
for the ‘‘ Lord Nelson” class of the Southern Railway 
were given incorrectly. The boiler pressure on these 
engines is 220,lb. per square inch and the tractive effort 
33,500 lb., not 200 lb. and 25,200 lb., as stated, The 
latter set of figures, in fact, apply to the ‘‘ King Arthur ”’ 





class on the Southern Railway. 
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LABOUR NOTES. 


An editorial note in the July issue of the Amalga- 
mated Engineering Union’s Monthly Journal is devoted 
to a discussion of the wages question. The writer 
declares that it would be sheer hypocrisy even to suggest 
that the offer of the engineering employers of an added 
bonus of 2s, per week to plain time workers is a satis- 
factory termination of the negotiations which have 
taken place during the past three years. Nevertheless, 
he thinks that the time has arrived when members 
should have an opportunity to express their views on the 
subject. ‘The fact of submitting the employers’ 
terms in no way minimises,’ he says, ‘‘ the justice of 
the claim we put forward for a much larger increase to 
all engaged in the engineering industry. That our 
claim was not more successful is not the fault of those 
who presented the case on behalf of the men. Facts 
and figures were submitted and arguments used which, 
in our view, were unanswerable; but at every con- 
ference we were met with the reply that industry could 
not meet our claim.” 





The writer of the note goes on to say that in certain 
quarters the action of the executive in balloting the 
members on the employers’ offer has been “‘ stigmatised 
as cowardly,” and the suggestion has been made that 
the terms are such as “no honest trade union leader 
would look at.” Of people who offer criticisms of that 
kind, it is said that they “‘ are entirely ignorant of the 
efforts that have been made.” Critics of that type are 
reminded that the rules of the organisation ‘‘ demand 
that officers shall give effect to decisions which have 
been arrived at in a constitutional manner and that 
only a few weeks ago the body responsible for the 
policy of the union directed the executive council to 
continue negotiations with the engineering employers.” 
Moreover, the executive were specifically instructed 
by the body indicated to submit any offer resulting 
from these further negotiations to ‘‘ a ballot vote of the 
members for their decision thereon.” In submitting 
the employers’ terms as they had done, the council 
have acted, it is claimed, ‘ strictly in accordance with 
the directions of constitutionally-elected delegates.” 
“The terms are not,” the note concludes, ‘ by any 
means what we desired ; they will, however, if accepted, 
assist the lowest paid of our membership, viz., the day- 
wage men, and should act as a spur towards a further 
endeavour in due course,” 





In June, the home branch membership of the Amal- 
gamated Engineering Union decreased from 196,128 to 
193,443, and the Colonial branch membership increased 
from 27,332 to 27,425. The number of members 
drawing sick benefit decreased from 5,351 to 5,121, 
and the number in receipt of superannuation benefit 
increased from 9,591 to 9,627. The total number of 
unemployed members fell from 14,914 to 14,099. 


The financial report of the Amalgamated Engineering 
Union for the year ended December 31, 1926, states 
that the total value of the superannuation reserve fund 
at the close of 1925 was 1,501,9941. 1s. 10d. At the end 
of 1926 it was 1,529,299]. 15s. 2d. In 1926, the fund 
was drawn upon to the extent of 63,8811. 4s. 1ld. to 
meet the difference between the amount realised by 
the 4s. levy and the amount paid out in extra super- 
annuation benefit. The loss on the year’s working to 
the general fund amounted to 126,169]. 2s. 8d. 
“* Having regard,” Mr. Smethurst, the general secretary 
says, ‘“‘to what happened in May, 1926, and the 
increased number of unemployed members from that 
date, officers and members will readily understand how 
this decrease in the Union’s funds has been brought 
about.” Members’ arrears of contributions increased 
during the year from 96,7581. to 108,5281. Os. 5d. 








At the annual conference of the National Union of 
Railwaymen at Carlisle last week, Mr. W. T. Proctor 
(Pontypool) proposed :—‘‘ That this conference records 
its pleasure at the general secretary’s success in securing 
the reinstatement of 137 members, whom the railway 
companies had dismissed in coinection with incidents 
arising out of the general strike, and having regard to 
the evidence of a genuine desire to restore harmonious 
relations between the railway companies and the men 
shown by the officers and rank and file of the union, 
the conference appeals to the railway companies to 
make their contribution towards the object by extend- 
ing an immediate general amnesty to those still out.”’ 
Mr. W. Wallace (Stirling), seconded the resolution, 
which was adopted unanimously, 





The National Union of Railwaymen, also at the 
Carlisle conference, passed a resolution re-affirming its 
previous declaration that one organisation is essential 
for the complete protection of the various railway 
interests, and appointing a committee to be available 





'to- draft. a scheme to achieve this end. As a first step 
the committee is to endeavour to promote a conference 
with the Railway Clerks’ Association and the Associated 
Society of Locomotive Engineers and Firemen “to 
discuss the whole question.”” The following resolution 
was rejected :—‘‘ That this conference, realising the 
changed position of railwaymen in the transport 
industry consequent on the growth of road transport, 
instructs the executive committee to approach ;the 
Transport and General Workers’. Union with a view 
to establishing one union for all transport workers as 
the only means of maintaining our economic condition.” 





A conference was held in London last week of 
representatives of the various miners’. non-political 
trade unions, delegates attending from South Wales, 
Derbyshire, Lancashire, Cannock Chase, Notts, Yorks, 
Northumberland, Durham and Scotland. The gathering 
decided, it was officially stated, to recommend to the 
districts that one uniform name should apply to all 
the combined organisations, and that it should be 
“The Industrial Union.” Officials were elected as 
follows: Mr. G. Spencer, chairman; Mr. W. Gooding 
(South Wales), secretary; and Mr. R. Gascoyne 
(Notts), treasurer. A committee representative of 
the districts was also chosen. 





In the course of a speech delivered at an earlier 
stage, Mr. Spencer said that the birth of the new 
organisation was an indication that large sections of 
working men refused to have their opinions shaped 
in the Russian mould. The new organisation, he 
continued, must avoid the errors of the old, While 
it was true to say that the first conditions of prosperity 
in industry were peace and co-operation between the 
interested parties, it was also essential to have a 
highly organised, well-conducted, efficiently-managed 
undertaking to derive the maximum advantage from 
the conditions created by goodwill. The workers had 
a right to demand that those who were going to 
assume the responsibility of directing the industry 
should be most highly and eminently qualified to 
discharge their duties, and, secondly, that the plant 
should be of the most efficient kind. Only by these 
methods could they hope to revert to the position 
of industrial supremacy held before the war. 





Mr. J. W. Bowen, the general secretary of the 
Union of Post Office Workers, states that the executive 
council, acting upon the authority conferred upon 
them by the last annual conference, have made the 
following decisions in regard to the political objects 
of the union: (1) That the political fund of the Union 
of Post Office Workers be closed on June 30, 1927; 
(2) that the political rules of the Union of Post Office 
Workers be suspended, and become inoperative as 
and from July 1, 1927. The Labour Party, adds 
Mr. Bowen, has been given notice of the disaffiliation 
of the union from July 1. 





Alluding to this decision, The Post, the organ 
of the Union of Post Office Workers, says: ‘‘ The 
next move will be with the Government. Parliament 
will expect that, in return for the enforced surrender 
of the right to associate with outside bodies, the 
Government will do something to strengthen existing 
machinery for expressing and for settling the grievances 
of postal workers. It will, therefore, be the duty of 
the executive council to see that the relationship 
between the departments and the union is adjusted 
to meet the changed circumstances. Any attempt 
by the Post Office to treat the union as a defenceless 
enemy would create a situation that would be bad 
for everybody. One natural consequence of the 
passing of Clause 5 may be the strengthening of the 
powers of the staff side of the Departmental Whitley 
Council.” 





The Ministry of Labour states that on July 4, 1927, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,053,600, 
of whom 847,300 were men, 27,700 boys, 151,700 
women, and 26,900 girls. Of the total number, 661,900 
were wholly unemployed, 325,000 temporarily stopped, 
and 66,700 normally in casual employment. On June 
27, 1927, the number of unemployed persons was 
1,004,613, of whom 813,070 were men, 26,234 boys, 
140,198 women, and 25,111 girls; and on July 5, 
1926, it was 1,645,070, of whom 1,223,255 were men, 
42,900 boys, 332,593 women, and 46,322 girls. The 
figures for July 5, 1926, were affected by the dispute in 
the coalmining industry. 





In the report which he submitted to the annual 
meeting at Sheffield on Saturday last, of the British 


Section of the International. Federation of Metal | p 


Workers, Mr. J. T. Brownlie, the secretary, gave an 








account of an.interview which Mr. John Hodge, the 
president, Mr. Pugh, a member of the executive, and 
himself had had with the Minister of Labour on the 
subject of the Washington Hours’ Convention. In the 
course of his reply to the representations made, Sir 
Arthur Steel-Maitland asked the deputation which 
aspect of the subject affected them most keenly. 
Did they wish to stabilise by legislation the 48-hour 
week that was generally applied in British industry, or 
did ratification of the Convention appeal to them as an 
end in itself ? According to Mr. Brownlie, the deputa- 
tion’s reply was to the effect that, so far as their own 
trades were concerned, there was no particular enthusi- 
asm for stabilisation of the 48-hour week, which they 
did not consider to be seriously in danger. They were, 
however, anxious to raise conditions abroad by means 
of international .regulation. Another question asked 
by the Minister was whether, if the Convention were 
ratified, the Metal Workers International could help in 
the detection of evasions of it. For instance, Sir 
Arthur said, if countries, after ratification, persisted in 
paying for overtime at a less rate than time and a 
quarter, would such practice come to the knowledge of 
the Federation. ‘‘ The deputation agreed,”’ Mr. Brownlie 
said, “‘that the Federation could be of assistance in 
the matter.” 





During 1926, the membership of the British Section 
of the International Federation of Metal Workers 
declined from 307,500 to 304,520. But, according to 
Mr. Brownlie, the Section had good reason to be 
gratified that. the falling-off was not greater. During 
the twelve months, the unions were involved in a 
general strike, and for eight months, the stoppage of the 
coal mines dislocated the steel-smelting sections of the 
metal industry by closing down the blastfurnaces, 
The British Section has invited the Central Committee 
to hold one of its meetings in London during 1928. 





News cabled from Sydney during the week is to the 
effect that mass meetings of members of the Amalga- 


‘mated Engineering Union in New South Wales’ and 


Victoria have decided to resist the award of Judge 
Beeby, introducing piecework, in the engineering 
industry. Not only, it is stated, will the men refuse 
themselves to work piecework, but they will decline 
to work alongside men who do. Melbourne trade 
unionists intend to ask the Arbitration Court to ballot 
engineers on the question. 





At the annual meeting in Llandudno of the Council 
of the General Federation of Trade Unions, Mr. A. 
Gossip, of the Furnishing Trades Association, moved 
a resolution condemning as reactionary, statements 
which had appeared in the Federation’s quarterly 
reports during the past year. Quoting a statement 
from the September report to the effect that it was 
idle to talk of raising the common standards of life 
until hard work by the miner as well as by workers 
in all other grades had restored financial equilibrium, 
he said that the remark was insulting, not only to the 
miners, but to the workers generally. If nothing 
could have been said in favour of those who were 
fighting, the least that could have been done was to 
remain quiet. In reply, Mr. Appleton, the Secretary 
of the Federation, declared that he had said nothing 
derogatory of the miners, but only of those who had 
led the miners somewhere near perdition, and who 
ought to have seen not only where they wanted to go 
but also where their policy would inevitably lead them 
throughout the days of folly. He did not apologise 
for, or withdraw, anything that he had written. Facts 
must be faced, he said; it was stupid to build policies 
on emotions instead of realities. The previous question 
having been moved was carried. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Empire and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Royal Siamese State Railways are inviting 
tenders, to be presented by October 15, for the supply 
of superstructures for steel railway bridges, the spans 
varying between 15 m. and 25 m. The specification and 
drawings may be seen on application to Room 50 until 
July 16. (Ref. No. AX 4890.)—The State Electricity 
Commission of Victoria are inviting tenders, to F 
presented at Melbourne by November 28, for the following 
plant :—Section I, eight tubular steam coal driers ; 
Section II, seven electrically operated briquette presses ; 
Section III, a’central waste coal-dust collecting system. 
All tenders are to be accompanied by a preliminary de- 
posit of 1007. (Ref. No. AX 4911.) The Municipality of 
Swellendam invite tenders, to be presented by Sep- 
tember 8, for the supply, erection and installation of 
lant and materials required for generating electrical 
energy for the lighting of the town. (Ref. No. BX 3634.) 
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SHIPS FROM PEPYS’S MANUSCRIPTS.* 
By G. S. Larrp CLowss, M.A. 


As one who is more keenly interested in the history 
of the past developments of naval architecture than 
those more up-to-date manifestations of the art which 
usually occupy the attention of this Institution, this 
present meeting at Cambridge immediately suggested 
to me the subject of Samuel Pepys and the magnificent 
collection of Naval manuscripts which he made for the 
purpose of his projected history of the Navy, and 
which his very curious wiil has preserved, absolutely 
intact, for more than two centuries. Pepys was a 
collector by nature, and first as Clerk of the Acts of 
the Navy Board and afterwards as Secretary of the 
Admiralty, he-was in a unique position when it came 
to collecting Naval manuscripts: Many of the records 
of his own times are, of course, well known, for they 
have been published by the Navy Records Society, 
but those documents of earlier dates which he gathered 
together remain for the most part unpublished, although 
they have formed a mine into which enthusiasts have 
been dipping, occasionally, from the beginning of the 
nineteenth century, but now in increasing numbers. 

One of Pepys’s chief prizes, which was presented to 
him by King Charles II. in 1680, is Anthony Anthony’s 
Roll of 1546, in which is inscribed each one of the ships 
of King Henry VIII., together with a coloured drawing 
of the ship and full details as to her crew, cannon, 
powder, shot, bows, pikes, billhooks and other stores. 
Crude and conventional as the drawings are, they have 
provided very nearly all the knowledge which to-day 
exists as to the fleet of Henry VIII. ; but unfortunately 
for the student of naval architect, the Roll quotes 
only the tonnage of each ship, and fails completely 
to give any indication of the principal dimensions of 
the ships or of their proportions, while at that period 
the ruies for computing tonnage were both inexact and 
very various. As a result, it cannot be said that we 
have any precise knowledge of the size of form of any 
of the ships of the first half of the sixteenth century, 
although two manuscript drawings of the harbour of 
Calais, which are preserved in the British Museum, 
suggest that the ships of that period, despite their 
lofty fore- and after-castles, did not really stand out 
of the water to the extent shown by Anthony Anthony 
and some other contemporary artists. These drawings 
by Thomas Pettyt were made in 1545, just a year before 
the Roll, and yet the vessels, despite their lofty upper 
works, sit well down in the water, with only very little 
freeboard in the waist—in fact, they are depicted as 
floating no higher than would a similar vessel of to-day ; 
and I need not remind this Institution, although it is 
frequently forgotten by artists, that date can have no 
effect on buoyancy. 

Another treasure of the Pepysian Library is the MS. 
volume which its owner called Fragments of Ancient 
English Shipwrightry. In the course of its one hundred 
and fifty pages it contains masses of detail as to the 
best way of porportioning and of laying out the various 
parts ofaship. The book opens with a most attractive 
picture of two Elizabethan shipwrights at work on 
their draughts. This, unfortunately, bears no obvious 
name or date. A note, however, in a later hand, 
with regard to a method for calculating the stern 
transom, states that ‘the first was made by this 
waye the Vanguard.” This seems to show that the 
MS. was in existence when the Vanguard was built 
in 1586, and further suggests that Matthew Baker, 
her shipwright, may well have been the author of the 
book, a view to which, I believe, Mr. L. G. Carr Laugh- 
ton’s detailed examination of the MS. has definitely 
inclined him. Baker was appointed a master-ship- 
wright in 1572, and in his later days he enjoyed a 
reputation on a par with that of Peter Pett, who built 
the Royal Prince, and far ahead of that of all other 
contemporary shipwrights. As giving us a correct 
picture of Elizabethan ships, Ancient Shipwrightry 
is invaluable, for it contains a number of careful 
draughts, or plans, of various ships and a great variety 
of cross-sections, besides numerous diagrams for the 
correct proportioning of the various members of a 
ship and of her masts and spars. Unfortunately, how- 
ever, it has not been possible to identify exactly the 
dimensions of any of the profile draughts with those 
given for the individual ships of the Navy in a table of 
1602, which exists in the State Papers. This table 
has been printed by Oppenheim in his Administration 
of the Royal Navy (1590-1660), and is the earliest 
list extant which provides exact dimensions, such as 
length of keel, beam, depth of hold, rake forward and 
take aft. 

As no exact agreement can be found between the 
profile draughts in Ancient Shipwrightry and the 
details of this list—even for those ships which are 
known to have been built by Matthew Baker—we are 





* Paper read before the Institution of Naval Archi- 
tects, Cambridge, Tuesday, July 12, 1927. Abridged. 


forced to conclude that the designs were empirical, and 
represented what the shipwright considered desirable 
, rather than ships actually built. The manuscript con- 
| firms this, for much of it is concerned with a ship in 
which the proportion of depth to breadth to length 
of keel is as one to two to five, and on several draughts 
alternative scales are shown—one, in fact, gives five 
different scales in order that it may be employed for 
vessels of varying size, from 100 tons burden right up 
to 1,000 tons. But these proportions agree closely 
with those of a number of the ships detailed in the 
list of 1602, although the actual dimensions do not, 
and another set of proportions, of one to two to eight, 
which is approached by some of the smaller vessels in 
the list, is also exemplified in the draughts, although 
there it is employed for much larger vessels. It must 
always be remembered, however, when dealing with 
sixteenth-century vessels, that the length generally 
quoted is the length of keel. The overhangs forward 
and aft together amounted to rather more than the 
beam, so that even in the shortest type of vessels, 
where the length of keel was only double the beam, 
the length as we now know it, i.e., the length between 
perpendiculars, amounted to more than three times 
the beam. Elizabethan vessels were, therefore, by 
no means as broad in the beam as has often been stated, 
and these draughts also show that they had neither the 
excessive sheer nor the overwhelming upper works 
so dear to the contemporary artist. One of the most 
interesting of the draughts shows the very serious 
study which the shipwright had given to the under- 
water shape of the ship, for it in the vessel is com- 
pared with the outline of a gigantic fish. So the cod’s 
head and mackerel-tail design, so much talked of in 
the early nineteenth century, was no new idea! 


therefore, of the occasional sidelights which have to 
serve as some dim illumination during the reigns of 
James I., Charles I. and during the Commonwealth, 
we are faced with a wealth of details as to the material 
conditions of the King’s ships. The practice of making 
scale-models of all the more important ships became 
common, and a few of these, fortunately, still remain 
to us. Pepys preserved the full lists of the Navy 
between 1660 and 1686, together with the main dimen- 
sions of each ship. Anthony Deane, a master-ship- 
wright, presented to Pepys in 1670 his manuscript 
Doctrine of Naval Architecture, and Battine followed 
suit with his Method of Shipbuilding of 1684. 

These two treatises by Deane and Battine, when 
compared with Ancient Shipwrightry, throw consider- 
able light on the outlook and aims of its author of 
nearly a hundred years before, for, like the older ship- 
wright, both writers deal in the main with the empirical 
proportions which they considered desirable for ships, 
for their various members, and for their rigging. Each 
of the Stuart volumes, however, also contains compara- 
tively brief lists of the main dimensions of the existing 
men-of-war, and the pity is that Ancient Shipwrightry 
does not give similar particulars for the Elizabethan 
Navy. Deane includes in his work a number of draughts 
and rigging plans for the various rates of ships, but as 
far as has been discovered these do not accurately 
represent any particular vessels. He also shows a 
complete draught of a Third Rate which, as the earliest 
complete scale draught known in England, I should 
like to compare with the less complete draughts from 
Ancient Shipwrightry of nearly a hundred years before. 
Charnock, in his History of Marine Architecture, pub- 
lished about 1800, reproduced a number of draughts 
of Stuart ships, but as they are of rather later date and 




















Length 

Length of Depth of Rake between 

Sante Keel. Beam. Hold. forward. Rake Aft. Perpen- 

diculars. 
Ft. Ft. Ft. Ft. Ft. Ft. 
Draught from Ancient Shipwrightry .. éa 100 40 20 28 12 140 
Triumph 1561 (rebuilt 1595-96) i ae 100 40 19 37 6-0 143 

Merhonour 1590 ae ee os we 110 37 17 37 6'5 153-5 
Resolution 1667 .. ‘a es ae Pe 120-5 37-2 15-5 -- — — 
Deane’s draught 1670 .. ea ‘a aa 120 36 16 (about) 27 6 153 














All the designs show a very considerable tumble- 
home, but by the latter part of the sixteenth century 
the dividing line between the real hull of the ship and 
the superimposed upper works had disappeared from 
the after part of the ship, where the sides were designed 
in one continuous sweep. At the forward end, however, 
the distinction between hull and superstructure still 
existed. There, the sides fell in until they reached a 
line which represented the gunwale of the original hull, 
and then flared out again in order to support a wider 
forecastle.» As a result, the section at the forward end 
of the keel rather suggested that of a Grecian urn. 
Another draught is interesting as showing a dimensioned 
mast and sail-plan, sketched on the ship-draught by 
a later hand. As the details of this sketch correspond 
very closely with those of the masts and spars of 
several of the larger ships, as set out in a survey of the 
Navy of 1600, an approximate date is obtained, even 
for the later naval drawings of the Ancient Ship- 
wrightry MS. I ought to mention, however, that the 
MS. was later used as a note-book by a mathematician 
to whose notes on logarithms an approximate date of 
1620 has been assigned. 

In the matter of the development of shipbuilding, 
the period of the early Stuarts is one of considerable 
difficulty, owing to the absence of exact information. 
Art was improving, and there are a few good pictures of 
some of the larger ships, and the Admiralty possesses 
one or two draughts, but these are, unfortunately, in 
perspective and without scale—they are, in fact, 
sketches for the decorations. Pepys’s collection can 
only show the well-known engraving of the Sovereign 
of the Seas by Payne, and although two of our. National 
Museums exhibit draughts of this ship, and one a 
model based on the draught, these, instead of being 
contemporary, represent only a reconstruction made 
by a naval shipwright in about 1817, from data now 
quite unknown and differing considerably from the 
dimensions which we know to have been approved 
by King Charles I. The draughts show at least one 
definite anachronism, and the marine archeologists of 
the early nineteenth century were unfortunately no 
more accurate than were their brothers of the lan.d 
When we reach the re-establishment of the monarchy 
in 1660, however, the conditions of research are com- 
pletely changed. Charles II. took great interest in his 
Navy; his brother, the Duke of York, became Lord 
High Admiral. The King employed the admirable 
marine painters, the two Van de Veldes, father and son ; 
and Samuel Pepys was in office and in a position to 





preserve the naval records of his times. Instead, 


are drawn in the more developed style—with successive 
water-lines—which has remained in use until the 
present day, they can be contrasted more readily with 
the draughts of eighteenth-century ships. For pur- 
poses of comparison between the vessels of the sixteenth 
and seventeenth centuries, a short table is appended, 
showing the dimensions of ships, both from draughts 
and from ships actually built, for the reigns of Elizabeth 
and Charles II. All the vessels chosen were of about 
800 tons burden. The draught from Ancient Ship- 
wrightry is representative of the majority of the designs, 
in that MS, and has been measured with that scale 
out of the five given, which makes it compare most 
easily with the other vessels. The Triumph has been 
included as representing one of the shorter of the large 
Elizabethan ships, very similar in general proportions 
to the draught; the Merhénour represents a more 
advanced Tudor type; while the Resolution has been 
inserted as the ship, out of all those built by Deane, 
which most closely corresponds with the only complete 
draught in his Doctrine of Naval Architecture. 

If we examine this table, we find that Elizabethan 
ships existed of substantially similar dimensions 
to those given in the Ancient Shipwrightry draughts, 
although as a whole these draughts show less rake of 
the stem than was then usual. Before the end of the 
Tudor period, however, considerable advances in 
design had been made, in the direction of increased 
length and decreased beam, and these improvements 
are exemplified in the Merhonour, which was built 
by Matthew Baker in 1590. Such an advance had been 
foreshadowed in Ancient Shipwrightry, for it contains 
two draughts of large flush-decked vessels in which the 
ratio of keel length to beam is 4 to 1, a considerably 
greater ratio than was actually employed in any of 
the large Elizabethan ships, although some of the smaller 
vessels, particularly those built by Matthew Baker, 
approached closely to this ratio. If we now pass over 
the best part of a century, during which the information 
available is pictorial rather than statistical, we find that 
the principal dimensions of Deane’s draught or of his 
ship, the Resolution, differ mainly from those of the 
Merhonour in that the Stuart vessels were some 10 per 
cent. longer on the keel, with a similar decrease in the 
forward rake of the stem-post. They also exhibit 
a very slight decrease in depth. This comparison 
therefore shows that in main dimensions (which, after 
all, form the primary measure of design) there was, 
between the reigns of Queen Elizabeth and of Charles II., 
very much less change than has been generally supposed, 

To turn now to the actual draughts from Ancient 
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Shipwrightry and from Deane, we are not—as I have 
already said—dealing with specific ships as built, 
but with designs which we know to resemble closely 
in their main dimensions some of the ships which were 
built at these two periods. In the upper works the 
difference is very considerable, for by 1670 the heights 
of both poop and forecastle had been very greatly 
reduced. But in the topsides the change was much 
less, for the straight tumble-home at the stern per- 
sisted, although it had been eased amidships so as to 
accord better with the concavity of the sides below 
the forecastle—a concavity which, although greatly 
modified from the extreme Elizabethan form, remained 
common for at least another one hundred years. In 
the under-water body it is rather curious to find that 
the bows of the later vessel are bluffer on the water- 
line than are those of the earlier, while the Stuart 
stern, of rounded form in place of the square tuck of 
Elizabethan ships, is also very much fuller on the 
water-line. But if we compare the two midship sections, 
there is, below water, extraordinarily little difference 
in form. In the only midship section from Ancient 
Shipwrightry which gives any indication of the interior 
details of construction, the diagonal bracing is of con- 
siderable interest, and may be compared with the cross 
bracing of later Stuart times, well known in models and 
plainly indicated in the delightful draughts of Mr. 
Dummer, of about 1680, also preserved in Pepys’ 
collection. These draughts, are of special interest as 
providing the earliest detailed information about the 
internal arrangements of a man-of-war which is pre- 
served to us in England. Until recently our detailed 
knowledge of the design of ships has gone no farther 
back than the restoration of the monarchy, and for 
earlier periods we have been dependant on compara- 
tively isolated statements. This is still the case for 
periods anterior to the middle of the sixteenth century, 
but all experience goes to show that the more detailed 
our knowledge, the smoother and more gradual proves 
to have been the path of progress. In every age the 
most recent advances loom so large as to produce an 
unavoidable tendency to exaggerate their importance. 
So, wherever we have to rely on contemporary state- 
ments, without the comparative figures which would 
enable us to assign to these statements their true 
measure, naval architecture is represented to us as 
progressing by a series of disconnected leaps rather 
than by the very slow and step-by-step development 
which of necessity is as typical of naval architecture 
as of all other sciences. 

In conclusion, I must express my gratitude to the 
Master of Magdalene College and to Mr. O. F. Morshead, 
D.S.O., M.C., lately Pepysian Librarian, and to Sir 
Henry Lyons, D.Sc., F.R.S., Director of the Science 
Museum at South Kensington, for facilities afforded. 








VOLTAGE REGULATION ON THE 
NORTH-EAST COAST. 


OnE of the problems inseparable from the widespread 
electrical transmission schemes, which are now usual 
in other countries and may before long become familiar 
in the British Isles, is that of ensuring adequate voltage 
regulation, both so that the pressure at the end of a 
long line may be maintained within certain limits 
under conditions of varying load, and that it may be 
possible, in the case of an interconnector, to provide a 
flow of power in either direction. The solution of this 
dual problem does not become easier as the transmission 
voltage rises and as the length of the line and the load 
increase. The necessary regulation can, however, be 
effected in more than one way, and we now propose to 
describes the method which has been adopted between 
two of the main power stations of the Newcastle-on- 
Tyne Electric Supply Company, Limited, on the north- 
east coast. The system was installed on the advice of 
Messrs. Merz and McLellan, London, the equipment 
being provided by the Metropolitan-Vickers Electrical 
Company, Limited. 

The transmission network of this company includes 
two 24,000-kv.-a. lines which operate at a pressure of 
66,000 volts and connect the two power stations at 
Dunston and North Tees, respectively. As shown on 
the accompanying map (Fig. 1), one of these lines runs 
via Stoney Cut, and is already in operation. The other 
will run via Potterhouse and Aycliffe, but the section 
between these two places, a distance of about 14 miles, 
is still under construction. The transformers at each 
end of these lines are of the outdoor type and are 
mounted on concrete plinths of a suitable height, so 
that they can be moved bodily on to trucks, which run 
on the rails between the banks. The pumping plant 
for the transformer cooling equipment is installed in 
a small building near by. 








The voltage-regulating equipment, which is used for | 


controlling the flow of power in either direction, is 
fixed at both ends of lines. It consists of a unit com- 
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A A, Main transformer. 

B, Voltage regulating auto-transformer. 

C, Tapping switches. 

D, Reactance with switch. 

E E, Boosting transformer. 

F, Links for disconnecting regulating equipment 
and earthing neutral of main transformer. 


switches. The voltage-regulating auto-transformer is 
energised from the station bus-bars and supplies the 
primary of the booster-transformer at a voltage, 
which can be varied by altering the position of the 
tapping switches. The arrangement is shown diagram- 
matically in Fig. 2. Each of the regulating equipments 
is capable of dealing with 24,000 kv.-a., the range of 
regulation being from -—- 4 to + 20 per cent. of the 
normal voltage. Other ranges with the same total 
variation, e.g., — 8 to + 12 per cent., can be obtained 
by moving the connecting links between the regulating 
and booster transformer. The variation on all ranges 
is in 4 per cent. steps. The tappings are selected by 
means of a small master controller, which operates the 
appropriate switches through a system of contactors. 

The booster-transformers consist of two three-phase 
banks of single-phase units. The voltage-regulating 
auto-transformers are also single-phase units and are 
mounted on the same tanks as the booster-transformers. | 
The tapping switches for one set of regulating equip- 
ment are shown in Fig. 4. They consist of seven 
300-ampere, 11,000-volt, triple-pole oil-circuit-breakers, 
which are designed for remote electrical operation. 
An eighth unit of the same type is employed for short- 
circuiting the tap-changing reactance mentioned below. 
At the end of the row of switches is the contactor 
panel shown in Fig. 5. This carries the contactors, whick 
control the oil circuit-breaker closing circuits. These 
contactors are connected by pilot wires with the master 
controller shown in Fig. 3, which is fixed in the control 
room at the generating station. 

In this system of regulation, in order that there may 
be no interruption of the supply, each selected tapping 
switch must be closed before the adjacent tapping 
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This connection is effected by opening the switch, 
which normally short-circuits the reactance. As is 
clear from the diagram, when the reactance switch 
and one tapping switch are closed, which is the normal 
condition, the load current is divided, so as to pass 
through the two halves of the choke coil in opposite 
directions. The coil therefore has no inductive effect 
and produces no reactance drop in the circuit. 

The operations, which follow the movement of the 
master controller, are entirely automatic. First, the 
reactance switch opens. This is followed by the 
opening of the selected tapping switch and the closing 
of the superseded tapping switch. Finally, the reac- 
tance switch re-closes. It should be noted that the 
whole sequence depends on the correct operation of 
the reactance switch. The equipment is completed by 
light signalling and alarm-bell apparatus. The former 
indicates which switches are open and elosed, and the 
latter begins to ring when tap changing is started and 
continues to ring until it is completed. If the opera- 
tion is not correctly effected within 10 seconds the 
master controller is returned to the original position, 
so that the cause of the failure can be investigated. 
The employment of oil circuit-breakers has been 
adopted owing to the high voltage used. On lower 
voltage systems, contactors, either of the ordinary or 
the cam-operated type, would be employed. The 
operation can either be semi-automatic via a manually 
operated controller, or fully automatic via a suitable 
controlling relay. 

Members of the Institution of Electrical Engineers 
had an opportunity of inspecting this installation 
during the recent summer meeting at Newcastle. 





Cumian Rattway ELEcTRIFICATION.—The Ministry 
of Public Works of the Chilian Government is at present 
dealing with the electrical equipment of the main trunk 
line between Talcan and San Antonio. For the provision 
of the electric supply, the water-power resources of 
various rivers, principally the Maipo, are to be utilised. 

Tue Evectric THAWING OF FROozEN MeEat.—It is 
claimed for an Australian process of thawing frozen meat 
that more regular treatment is obtained throughout a 
carcass by the use of alternating currents as the heating 





switch is opened. To do this without short-circuiting, | 
that part of the transformer winding which is between | 
the tappings is provided with a reactance (marked | 


prising a combination of a booster-transformer and a|D in Fig. 2) which is connected between the two 
voltage-regulating auto-transformer with tapping | tapping switches while the change is taking place. | 


medium. The energy is applied through a series of 
steel needles or electrodes mounted on a frame, the points 
of the electrodes being forced into the interior of the 
meat to be treated. An automatically regulated trans- 
former is used for the purpose, giving a supply of 1-5 
amperes at 200 volts. 
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REMOVING SOLID PARAFFIN FROM | ?re 


| during the cleaning operation, 


FLOWING WELLS. 


Tue solidification of the paraffin present in some 
crude oils gives trouble in two ways. In new fields 
the paraffin accumulates in the casing and tubing and 
threatens to plug the well; the condition develops in 
wells where gas-lift production is resorted to. In 
other cases the paraffin incrustates the oils sand, particu- 
larly below near the hole. The former troubles have 
become sufficiently pronounced in the Panhandle oil field, 
Texas, to cause the publication by the Bureau of Mines 
(Reports of Investigations, Serial No. 2802, by C. E. 
Reistle, Jr.) of a report on the method and tools which 
have been found satisfactory for the removal of the 
paraffin from flowing wells. 

One of these tools, the paraffin hook, consists of a 
shaft on which is placed a disc of the inside diameter of 
the pipe to be cleaned, made up of several layers of old 
belting, and a metal disc, a little smaller in diameter. 
The shaft is so attached to a sinker bar that the disc is 
held in a diagonal position while being lowered into the 
casing ; the shaft is slightly bent in part, so that the disc 
can slide down while the tool is pulled up again, until the 
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vent loss in the oil production in flowing wells 
a special head, consisting 
of a length of pipe, is placed above the control head of 
the casing. Portable winches are provided for wells 
not equipped with power ; they are made in two sizes, 
the large being mounted on a 5-ton motor truck, and 
comprising a 50-h.p. variable speed motor and 3,000 ft. 
of }-in. wire line. Two men, the one operating the 
winch, the other controlling the tools, can clean a well 
in an hour. 


PULVERISED FUEL FOR MARINE 
PURPOSES.* 
By Eng.-Captain J. C. Brann, R.A.N. 


THE paper indicates the types of fuel suitable for 
pulverisation and discusses the effect of grinding, 
preheating, turbulence, and moisture on combustion 
in confined spaces. Details are given of a successful 
system evolved in Australia for bunkering, unbunker- 
ing, and burning powdered fuel in Scotch boilers on a 
steamer 240 ft. long by 37 ft. beam by 20 ft. deep. Two 
boilers were fitted, each 13 ft. in diameter by 11 ft. long 








disc settles into a horizontal position at the end of the 
shaft and scrapes the paraffinoff. The hook has generally 
to be sent down several times, and can only be used 
while the well is not flowing; it is chiefly used to 
remove any accumulated paraffin. When the well has 
been conditioned in this way, the paraffin knife, or the 
flow devil can be applied. The paraffin knife has a 
cylindrical cutter or blade attached to a stem. The 


with furnaces 3 ft. 10 in. in diameter. The heating 
surface was 1,400 sq. ft. per boiler, the evaporation 
| 10,000 Ib. per hour per boiler and I.H.P. 480 per boiler 
(Figs. 10a and 106). Particulars of tests with this plant 
| and by Messrs. Clarke, Chapman are inserted, and the 
| question of the use of unit pulverisers on board ship 
discussed. The appendixes comment on the economic 
possibilities of burning pulverised fuel on board ship, 


cutter is split to accommodate itself to irregularities | the problem of ash, and the absorption of moisture by 


in the pipe diameter, and it makes its first cut with 
its sharp oblique bottom edge as the tool is run into the 
well. This tool may be used while the oil is flowing, but 
it only cuts the paraffin free and breaks it up into 
small lumps, to be flushed out by the oil; it cannot 
remove large blocks. The flow devil, of Mr. H. O. 
Miller, of the Marland Oil Company, is provided with 
two cylindrical cutters, the upper one of which merely 
guides the tool; neither cylinder is split, and the | 
diameter is slightly smaller than that of the pipe into | 
which it is to be lowered. 

The quick and efficient use of these tools calls for 
some special equipment of the wells. In order to| 





| air, and burned whilst in a state of suspension. 


powdered fuel. An account of recent work carried 
out by the United States Shipping Board is included. 
The term powdered fuel as used in this paper is 
meant to ificlude any carbonaceous fuel which is in a 
sufficiently divided state to be impelled by or a in 
ince 

the fuel to be ground is reduced in size by mechanical 
effort, it is more economical to grind slack or breeze 
than larger pieces. Not only is this remunerative 
mechanically, but also financially. Small fuel is of 





* Paper read before the Institution of Naval Architects, 
Cambridge, on July 12, 1927. Abridged. 
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less value on the market than larger sizes, which 
possess a more extended market. Many years must 
elapse before powdered fuel supersedes mechanical 
stoker firing, but there is room for both. The former 
should be produced from fuel which is too fine for the 
latter, or for domestic use, and also such material as 
may be recovered from mine ventilation, sweepings, 
and washings. Fuel containing up to 30 per cent. 
of ash may be burnt, but it must be borne in mind 
that the ash is unproductive of heat and must be ground, 
conveyed, and disposed of. -Including all charges, it 
may be assumed that the cost of pulverisation is about 
2s. 8d. per ton on an output of 80 tons per 24 hours. 
Therefore, compared with fuel of 7 per cent. ash, 94d. 
has been expended uselessly, in the case of fuel with 
30 per cent. of ash, contrasted with 2}d. in the case 
of the 7 per cent. of ash. In the case of dry fuel of 
13,000 B.Th.U. per lb. having 7 per cent. of ash and 
5 per cent. moisture, to crush, convey, pulverise, 
blow, and feed it to the furnaces, would absorb power 
equal to 2-2 per cent. of its steam-producing capacity. 
In the case previously mentioned, i.e., 30 per cent. 
ash and 9,500 B.Th.U. per !b. and 5 per cent. moisture, 
an equivalent of 3 per cent. of its evaporative capa- 
city would be absorbed. It is evident, therefore, that 
the fuel containing the greater percentage of ash needs 
careful financial consideration before it is accepted 
as cheaper than a superior one. 

Low-temperature Distillation Residue.-—To a very 
large extent the manufacturing future of Great Britain 
is bound up in its ability to develop and utilise eco- 
nomically its main and only important raw product 
—coal. This sturdy warrior of past years has been 
seriously assailed by oil, which is commercially foreign 
to these shores. Petrol engines, Diesel engines, and 
oil-fuel burners make steady inroads on a supremacy 
hitherto unchallenged. Fortunately for these isles, 
coal contains the vital elements of its rival, and the 
problem of how to reclaim them has engaged leading 
scientists for the past decade. A few systems now claim 
to have reached the practical and commercial stage, 
and are putting their smaller scale development work 
to the severe test of daily production on a large scale. 
One such process produces from a ton of average coal 
about 18 gallons of marketable oil, 4,000 cub. ft. of 
gas, and 12 cwt. of residue. It is with the residue 
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that this paper is concerned, in the certainty that | is reached just before the mouth of the furnace proper. 


before long this fuel will appear on the market. As it 
is quite different in structure from the material pro- 
duced by the high-temperature process, termed coke, 
the term “ distilled fuel”’ will be used as a designation 
hereinafter. It is conceivable that in the initial 
stages, due to mistaken ideas as to the relative ex- 
plosive danger of oil fuel and powdered coal, insurance 
companies may handicap the latter for use at sea. 
Such restrictions would not apply to powdered dis- 
tilled fuel, which contains a low percentage of volatiles. 

Grinding.—It is not proposed to discuss the various 
systems of drying or grinding fuel. It is desirable 
to point out, however, that for marine work a pulveriser 
should be economical in weight and space, should be 
especially designed to facilitate replacement and over- 
haul, and that its various component parts should 
be small enough to be shipped through small hatch- 
ways. Furthermore, all parts must be dustproof, 
from the coal feed of the hopper to the spindle accesses 
to the beaters and fans. No dust should blow back 
and find exit if any of the discharges be shut unex- 
pectedly or suddenly. A life of at least a thousand 
hours, before the beaters, tangs or balls require replace- 
ment, should be insisted upon. The power required 
to grind coal varies with the moisture content and the 
fineness of the product. Tests carried out last year 
by Messrs. Clarke, Chapman and Company, Limited, 
proved that distilled residue obtained from the ‘* L. 
and N.” process of low-temperature treatment re- 
quired from 12 to 15 per cent. less power to grind than 
raw coal, and that ordinary gas coke demanded 10 
per cent. more power than coal. It is not on record, 
however, that the moisture contents were similar in 
the three fuels tried. 

The same firm have ascertained that by using hot 
air, or waste funnel gas at about 260 deg. C. entering 
the pulveriser as a conveying medium, the power 


Tests with the Brand burner, using air heated to 
150 deg. ©. and with coal containing 18 per cent. of 
volatile hydrocarbons, gave a temperature of 1,480 deg. 
C. 15 in. from the burner mouth, combustion being 
complete at 5 ft. The kinetic energy imparted to 
a small particle is less than to a larger one ; but the 
total surface area of the smaller particles is infinitely 
greater than the same weight of larger ones. 

M. Etienne Audibert, Director of the Bureau of 
Mines Experimental Station at Montlucgon, after a 
series of specific tests states :— 
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required to grind coal is reduced by from 10 to 12 per 
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A, 95 per cent. through 200 Mesh. 
A, 100 per cent. through 100 Mesh, 
B, 85 per cent. through 200 Mesh. 
B, 95 per cent. through 100 Mesh. 


cent. (Figs. 3 and 4), It should be pointed out that it is | 
undesirable to use a temperature of over 150 deg. C. | 
except in the case of a unit pulveriser delivering the | 
whole of its products direct to the furnace, otherwise | 
valuable volatile hydrocarbons will be driven off and | 
wasted to atmosphere from the separator vents of the 
storage bins. Before discussing the importance of | 
fine grinding, it is necessary to be able to visualise | 
what is meant when 200, 180, or 100 mesh is men- | 
tioned, and the size and surface area of the fuel particle | 
(Figs. 1 and 2). Table I is compiled from the Stan- | 
dards of the U.S. Bureau of Mines, and is due to 
Messrs. W. J. Wohlenberg and D. G. Morrow. 
Importance of Fine Grinding.—Combustion space in a 
marine boiler, whether of the Scotch or water-tube | 
type, is limited, as is also the length of path available | 
in which combustion must be completed. In conse- | 
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quence, long flame burners of the tubular or fish-tail | ; 


type commonly used in land practice which were tried | 
were abandoned in 1917 for use in the more strenuous 
conditions for which a solution was sought. Such a 
burner must be capable of effecting complete combus- 
tion in a distance of about 6 ft., and since it is necessary 
for the particle to remain in the combustion zone for a | 
certain period, it follows that to traverse a path of | 
30 ft., such as that often given in land boilers, the | 
particles must follow a spiral path. The spiral will | 
gradually straighten out as the influence of the ener- | 
giser, i.e., the primary air, dies out. The velocity of 
projection is about 70 ft. per second, and at com- 


‘pletion of combustion 40 ft. per second in the system 


with which the author is connected. The latter point | 
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(66.0) Tons of Fuel Powdered perHous: 
“ENGINEERING 
HORSE-POWER REQUIRED TO GRIND CoaAL 
or “L. & N.’? FuEL To 95 PER CENT. 
THROUGH A 200 MESH, THE SEPARATING 
AIR BEING PRE-HEATED. 


A, Unit Pulveriser—95 per cent. through 200 Cold Air. 
B, Unit Pulveriser—95 per cent. through 200 Hot Air. 
A, Material pulverised—Coal. 

B, Material pulverised—‘“‘ L. & N.”’ Distilled Fuel. 


“The duration of combustion diminishes with 
increased fineness of pulverisation. This diminution 
is variable, depending upon the character of the fuel. 

TABLE I. 








Diameter of 
Diameter of | Diameter of Particle, 
Mesh. Mesh, Wire, Particle, Inches 

Inches. Inches. (allowing for 

Clearance). 
48 0-0209 0-0092 0-0117 0-0110 
65 0-0154 0-0072 0-0082 0-0075 
100 0-0100 0-0042 0-0058 0-0054 
150 0 -0067 0-0026 0-0041 0-0035 
200 0-0050 0-0021 0-0029 0-0025 
250 0-0040 0-0020 0-0020 0-0017 
300 0-0033 0-0018 0-0017 0-0013 

















TABLE II.—Sieving Test of Two Samples of “ L. & N.”’ 
Distilled Fuel from British Coals. 








Strongly Medium 
— Coking Coal, |Coking Coal, 
Per cent. Per cent. 
Retained on 90 mesh a 5 Nil 
Between 90 and 160 mesh .. os 7-4 10-5 
Through 160 mesh .. a a 87-0 89-5 





One may in general summarize this by saying that, 
other things being equal, the combustion of a powder 
passing through a 120 mesh and over 140 mesh, will 
require about two to three times the time necessary 
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for a powder of the same nature passing through a 
220 mesh and over a 240 mesh.” ; 
Since the kinetic energy of the lighter particle 
will be exhausted more rapidly than that of the larger 
one, it will remain longer in the intensely hot zone, 
surrounded by refractory material, in front of the burner. 
Bourgand (Metallurgical and Chemical Engineering, 
vol. xxiv, 1921) shows that the higher the temperature 
the more rapidly the reactions are completed. At 
1,350 deg. C. the reactions are about four times as 
rapid as those at 1,220 deg. C. Messrs. Wohlenberg 
and G. D. Morrow (American Society of Mechanical 
Engineers, Proceedings, 1925, pages 128 et seq.), 
defining relative radiance Y; as the radiation intensity 
of the flame surface compared to that of a black body, 
have drawn a curve of considerable value. It will 
be seen that the relative radiance of a particle just 
passing a 160 mesh is 0-25, whilst that of a particle 
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Flame, Vol. Vf = 6,860 cub. ft. 
Combustion, GB = 12-58 lb. gas per Ib. fuel. 
Coal contains 38 per cent. moisture and volatile. 


just passing a 200 mesh is 0-35, an increase of 40 
per cent. on the lower figure. (Fig. 5.) 

Effect of Moisture——Moisture in fuel, inherent 
and adherent, has a detrimental effect on freedom of 
flow, without which certainty and evenness of operation 


|are impossible. This applies equally to bunkering a 


vessel or to the operation of unbunkering and feeding 
the burners. As regards the economics of moisture 
it must be remembered that this must be evaporated 
either in an external drier or in the furnace. In the 
latter case, the extra power required in the pulveriser 
has to be paid for in addition to the inconvenience 
of choked feeders and irregular firing. As already 
stated, it is incumbent that the period taken for the 
combustion of a particle be as short as possible. 
After leaving the burner mouth any moisture must 
first be evaporated at 100 deg. C. The volatiles 
will not commence to distil until the particle is raised 
in temperature to 210 deg. C. Heat must be absorbed 
from the furnace wall or from the flame to evaporate 
the moisture. Thus a time lapse must ensue from 
the entrance of the particle into the furnace to the 
time evaporation is completed. As the atom is 
probably travelling at the rate of 65 ft. per second, 
it will be understood that in marine work the place 
to extract the moisture is external to the furnace. 
Preheated Air.—If the primary or air accompanying 
the coal and used for projecting it into the furnace 
is cold, some time is required for its temperature to 
increase, since it is sluggish in absorbing radiant 
heat. The fuel dust absorbs radiant heat at a rapid 
rate, and parts with some of this by convection to the 
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primary air which lags behind the particles in tempera- 
ture. In order, therefore, that particle, gas envelope, 
and air may all be near the ignition point on entering 
the furnace, it is desirable to preheat both primary 
and secondary air. No loss will ensue, since all vola- 
tiles and gases liberated from the fuel will enter the 
furnace. It is preferred if possible to obtain a preheat 
of 230 deg. C. by using a heater placed in the path of 
the funnel gases. 

Turbulent Combustion.—Just as turbulence has 
been found to play an important part in the combustion 
of oil in a Diesel engine, so it is primary necessity for a 
short-flame, powdered-fuel burner. Prof. A. 
Christie, in his paper on “ Boiler Furnaces for Pul- 
verised Coal” (American Society of Mechanical Engi- 
neers, Proceedings, 1925), sums up the positions concisely 
in these words :— 

“Returning again to the combustion process, the 
burning of the volatile matter produces water vapour 
and carbon dioxide, both of which will absorb and 
also radiate a considerable amount of radiant energy. 
The combustion of the volatile matter may be considered 
a step-by-step process where the hydrogen first unites 
with oxygen, freeing the carbon in an atomized state, 
but highly heated by the burning lydrogen. 
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Undoubtedly a certain amount of heat resulting from 
the combustion of the hydrogen is absorbed and dissi- 
pated as radiant heat by these free carbon particles, 
which are nearly pure black bodies, and which give 
luminosity to the flame. Experiments have shown 
that luminous flames with incandescent particles 
of carbon floating in them radiate more heat than 
non-luminous flames, The rapidity with which the 
free carbon particles in the powdered-coal furnace 
combine with oxygen depends very largely on the 
speed of mixing with heated air. This is also true 
of the coke which now forms the remainder of the 
original coal particle. The speed of combustion of 
this coke and the consequent length of flame travel 
are dependent upon rapid mixing in the furnace. 
Unless the product of combustion of the volatile 
gases are swept away from the coke, it remains sur- 
rounded by inert gas. Oxygen cannot reach the 
particle until this gas envelope is removed further 
along in the flame travel. The coke takes an interval 
of time to burn, and fresh supplies of oxygen must 
reach the coke throughout the whole combustion 
period. The extent of mixing necessary can be appreci- 
ated from the fact that the particle of coke must come 
in contact with many thousand times its own volume 
of air under furnace conditions, in order to burn 
completely. Violent mixing is thus an essential of 
rapid combustion and short flames. It is hardly 
necessary to point out that finely ground coal permits 
more thorough mixing and more rapid combustion. 
Hence the desirability of fine grinding. The combustion 
just described cannot proceed until the secondary 
air itself has been warmed up to ignition temperature, 
and this must be done by conduction and convection 
from the heated particles of carbon. This is a slow 
process. It will at once be evident that highly pre- 














heated secondary air is an accelerator of combustion 
and should therefore be employed. Summing up 
the factors in the combustion process, it is desirable 
to use thoroughly dry and finely ground coal with 
highly preheated primary and secondary air. A state 
of violent agitation should be maintained inside the 
furnace to ensure rapid contact of combustible and 
oxygen. Rapid combustion with consequent high 
furnace temperature and shorter flame travel than 
are present practice should result from the application 
of these principles.” 

Experiments carried out by the Naval Board, Common- 
wealth of Australia.—In 1915 the author, seized with 
the fact that up to that time no well oil had been dis- 
covered in Australia, and that the country was entirely 
dependent on external sources for the supply of this 
necessity, commended experimenting with powdered 
coal for combustion in the boilers of steamships. No 
data were available for most of the problems that 
presented themselves, though various firms in America 
had done a considerable amount of work on long-flame 
burners. In consequence, figures for stowage, flow 
through orifices, sieving, and effect on flame of different 
mesh products, friction of pipes, quantity of air required 
to convey coal and velocity of air to avoid deposition 
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1, Howden air heater; 2, Air main; 3, Dust separator 
from bunkers; 4, Ready-use bin; 5, Primary air; 
6, Fluffing air to conveyor; 7, Secondary air; 8, Drag 
conveyor; 9, Feeder; 10, Mixer; 11, Variable-speed 
gear; 12, Air cone; 13, Secondary air box; 14, Oppos- 
ing air; 15, Bridge; 16, Slag door. 


had to be determined before serious work could be 
commenced. In 1917, a small quantity of powdered 
coal was successfully burnt in the Durr boilers of 
H.M.A.S. Encounter, and in consequence the Naval 
Board, Commonwealth of Australia, authorised the 
construction and installation of a plant on H.M.A.S. 
Sealark. This vessel was fitted with cylindrical return- 
tube boilers. She was equipped with a 60-volt dynamo, 
and as suitable electric motors could not be obtained 
for the operation of the powdered-fuel plant, it was 
decided to securely moor the vessel to the wharf, and 
rotate the propellers. No powdered-fuel plant was 
available, so powdered fuel of the desired fineness was 
purchased and slowly dried in coke ovens to from 
1 to 2 per cent. of moisture, except in the case of 
Morwell brown coal which contained considerably 
more. 

“The problems to bé solved were largely based on 
warship requirements, and were :— 

1. Absolute reliability and immunity from spon- 
taneous combustion or explosion; 2. Fuel to be taken 
aboard with facility free from fire risk; 3. Fuel to be 
carried in bunkers for an indefinite period; 4. Fuel 
to be removed mechanically from bunkers of irregular 
shape; 5. Sufficient fuel to be carried in reserve in 
stokeholds for a limited period of steaming, in case 
of a defect in the trimming machinery ; 6. The stoke- 
holds to be free from dust and all pipes, joints, and 
conveyors to be dust-proof; 7. The fuel to be burnt 
with at least the average efficiency of hand-firing ; 
8. Means to be provided for readily removing the ash. 

Fig. 6 shows type of furnace first used—natural 
draught was employed for the secondary air and forced 
draught for the primary air, the records obtained on 
that occasion were :— 





Trst 1.—Terst or Marine Borer, H.M.S. “‘ SEaLarK ”’ 
(NOVEMBER 18, 1918.) 

Utilising Coal Dust (Black), Aberdare. 10 ft. Diameter, 
9 ft. 3 in. Long. Morrison’s Patent Corrugated Furnaces 
(Two). 

REcoRD or TEsT. 


Heating surface of boiler sex --- 989 sq. ft. 
Duration of test (both furnaces working) 6 hours. 
Average steam pressure on gauge per 

square inch ... ase wae --- 80-5 Ib. 
Pounds of dust fired in both furnaces. _ 1,400 Ib. 
Total water evaporated in boiler 11,241 Ib. 
Water evaporated in boiler per hour 1,875-1 Ib. 
Lb.. evaporated per lb. from and at 

212deg.F. ... poe ae --» 9°31]b. 
Lb. evaporated per lb. of coal 8-1 lb. 
COg (three samples taken) 14-8 

Temperature 
Boiler furnace 2,192 deg. F. 
Uptake gases 470 deg. F. 
Boiler-room 110 deg. F. 
Blast 157-5 deg.F. 
Open air 78-4 deg. F. 
Air. 
Furnace inlet, velocity 1,135 ft. per 
min, 

Blast P. furnace 1-05 W.G. 
Blast S. furnace... 0-67 W.G. 
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2 30 3 


A = Volume occupied per ton of powdered “L. & N”’ 


fuel with different percentages of aeration. 


B = Percentage volume of air expressed on total volume 


of powdered “ L, & N.” fuel. Maximum settiing 
period, 36 hours. 


C = Limit to which percentage of air volume can be 


brought down by shaking. 


Residue Results. : 
Total weight of coal burnt, including 














raising steam ... sae see «-. 2,250 Ib. 
Total of residue recovered from ash- 
pits... Sea on eee --» 1061b. 
Total of residue recovered from uptakes 110 lb. 
226 Ib. 
By analysis, Ash, 7-2 per cent. of 
2,250 lb. ene .-- 162 1b. 
Coal from ash-pits, 43-46 
per cent, of 106 Ib. 46-2 lb. 
Coal from uptakes, 13-5 
per cent. of 110 lb. 14-9 lb. 
lb. 
Percentage of Fuel Unburnt.—Analysis of Fuel Unburnt 
Calo- B.Th. | Mois- |v 
ties. E.P. U. | ture. V.H.C.| F.C. | Ash. 
Fuel 7,260} 13-51] 13 068] 1-98 |33-84 |57-02 | 7-20 
Ash-pit 4,020] 7-48 | 7,236/35-68 | 0-64 |43-46 |20-22* 
Uptake _ _— —_ 0-88 | 2-22 |13-54 |83-36 























* Bad sample, moist ashes taken from front of furnace and 
containing far more coal than farther in furnaces. 


As will be seen from the sketch, a chequer-work was 
built across the furnace, and sufficient allowance was 
not made for the volume of the gas and friction. The 
chequer-work was then removed and a wall with an 
opening of 3-5 sq. ft. substituted, the brickwork 
surrounding the furnace beyond the wall removed and 
the furnace extended into the stokehold, 2 ft.; the 
alterations are depicted in Fig. 7, and the results of a 
test are as follows :— 

Test 2.—Test or Marine Borzer, H.M.S, ‘‘ SEALARK” 
(DECEMBER 13, 1918). 

Using Coal Dust (Mixture of Morwell (Victoria) and South 
Clifton (N.S.W.) ). 


Boiler: marine, return-tube type 11 ft. diam. by 9 
ft. 3 in. long. 


Furnaces: two, Morrison’s cor- 
rugated ... ae 3 ft. 14 in. diam. 
Heating surfaces ... aes --. 989 sq. ft. 
Engines C.S. condensing cylinders 26 in. and 503 in. 
by 30 in. 

Duration of trial ... 24 hours. 
Pressure at boiler ... asd .-- 70 1b. persq. in. 
Water evaporated during trial . 9,298 Ib. 
Water evaporated per hour .- 98,718 Ib. 
Pulverised coal used during trial— 

Lignite eae e» 1,102 Ib. 

Bituminous ... eee 660 lb. 

—— 1,762 lb 


Evaporation per lb. of coal 
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Tust 2.—(continued) 
Evaporation per square foot of 





heating surface per hour a0 9296. 1b, 
Evaporation per lb. of coal from 

and at 212 deg. F. ~~ --- 6-2 Ib. 
Revolutions per minute (average) 50 
Indicated horse-power (average) 167 
Teraperature of feed water 74 deg. F. 
Ternperature of boiler-room 95 deg. F. 
Temperature of blast (dust injec- 

tion) : ee ae --- 162 deg. F. 
Temperature of funnel gas --- 460 deg. F. 
Pressure of air (forced draught)... 1 in. W.G. 
Pressure of air (entrance to 

furnace) ... aor 0-6 in. W.G 
Pressure of air blas 0-8 in. W.G 
COg percentage 14-6 
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Trial Data (December 13, 1918). 


Total Coal Used— 





























Ready-use bunker, black... 2,534 Ib. 
Main bunker— 
Black ... 904 Ib. 
Brown... 1,293 lb. 
4,731 lb. 
Left aftertrial . 325 Ib. 
Burnt during day ... me ws = —— 4,406 Ib. 
Duration of burn, 10 a.m, to 
4.14 p.m. oe cae ..- 6} hours, 
Coal burnt per hour - 705 lb. 
Coal burnt during trial— 
Brown... = ae 1,102 lb 
Black ... 660 Ib. 
1,762 lb. 
Duration of trial ... pe 2} hours, 
Water used during trial— 
From tank . een 8,596 Ib, 
1} in. in gauge glass... 702 lb. 
—— 9,289 Ib. 
Average I.H.P. : 167-0 
Average steam pressure ... 70 Ib. 
Cal-| » Mois- | ,, 
Coal. ories. E.P. | B.Th.U. ture. V HO F.C. | Ash. 
Morwell Vic- | | 
toria -+| 3,148] 5-86 | 5,656 30-0 | 22-9 |40-36/6-74 
South Clifton 
N .W. ..} 6,890)12-83 | 12,4C2 2-0 | 18-64/62-84/16-52 
Mixture of 
above 4,550) — 8,189 _ —-|-{- 





’ Subsequently, the boiler furnace was altered to the 
shape shown in Fig. 8, and an unofficial trial run, 
which gave quite favourable results. This test, No. 3, 
was of short duration; South Clifton coal—12,402 
B.Th.U. per lb.—was used. It will be noticed that 
the furnace proper was entirely cleared of brickwork 
and that the combustion space volume was increased to 
360 cub. ft. by the addition of external fire-brick 
chambers. This enabled a larger quantity of coal to be 
dealt with; 850 Ib. of coal per hour evaporated 
























7,660 lb. of water from and at 100 deg. C., the rate 


being 2-36 lb. per cubic foot of total furnace or 4-2 lb. 
per cubic foot of the original boiler furnace, the latter 
being 52,000 B.Th.U. per cubic foot and the efficiency 
72-4 per cent. 

The following extracts are taken from the official 
report of the supervising officers, which was issued 
after the trial, the figures for which are given in 
Test 2 :— 

“The recent experiments have, it is considered, 
proved the following points :—1. That powdered coal 
can be burnt satisfactorily as compared with other 
fuels for warship purposes; 2. That it can be conveyed 
continuously and efficiently from a ship’s bunker to 
the furnace, and the combustion and smoke production 
regulated as easily as with oil fuel; 3. That the fuel 


Brand System for Marine Installations.—In order 
to secure freedom from risk of spontaneous combustion 
or explosion, the author observes the following 
precautions: The fuel is dried and ground on shore: 
The grinding station may be on the foreshore, or 
half a mile away. No difficulty is experienced in 
forcing the material through pipes. The propelling 
agent is inert flue gas from the drier, which has been 
cooled and compressed to a pressure of 40 Ib. per 
square inch. This gas contains CO,, nitrogen, and 
a certain proportion of oxygen and moisture, the 
latter greatly reduced by compression and subsequent 
cooling. The quantity of gas required is 5 cub. ft. 
at 40 lb. pressure per ton of fuel. The ship end of 
the hose is connected to a gas-relief separator fastened 

















































































































can be delivered into the bunkers easily and efficiently ; 
4. That the conveying machinery, fuel supply, etc., 
can be installed at comparatively low cost, without 
undue loss of power or excessive weight.” 

Storage of Pulverised Fuel.—The solid particles of 
powdered coal have a specific gravity of from 1-32 to 
1-35, and the volume occupied by 1 ton of coal after 
being passed through free air is about 54 cub. ft. per 
ton; the percentage of aeration falls rapidly to 50 cub. 
ft. per ton, and stored in bunkers subject to a certain 
amount of vibration the volume drops to 46 cub. ft. 
per ton, which may be accepted as an average figure, 
and was ascertained by the author after storage for 
seven days in a ship’s bunker. Mr. Harald Nielsen 
(Iron and Coal Trades Review, September 10, 1926), 
referring to ‘“‘ L. & N.” powdered distilled fuel, states 
that ‘“‘the real specific gravity varies from 1-42 to 
1:45. The apparent specific gravity is from round 
0-8 to 0-82.” He then gives a curve, Fig., 9 com- 
piled for material subjected to the following sieving 
test :— 

















TaBLeE ITI. 
Moisture 
—— Per cent. Per cent. 
Retained on 90 mesh ae Nil 3°7 
Between 90 mesh and 160 mesh = : _ 


Through 160 mesh 





Deaerated fuel containing 4 per cent. of moisture 
has an angle of repose of about 33 deg. to the vertical, 
if allowed to stand for seven days; if this content be 
reduced to 1 per cent., the angle is increased to about 
36 deg. Aerated by dropping through air, powdered 
coal becomes a fluid spreading evenly over a horizontal 
surface. It will flow, and may be propelled or pumped. 
Powdered fuel may be loaded into a ship’s bunkers 
through a hose either by means of a pressure chamber 
or by means of a pump. The bunkers must be air- 
tight. This can usually be secured by plating up the 
doors and making a joint at the deck ring, the internal 
surface being given a coat of bitumastic enamel. 
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to the bunker lid. Before bunkering a quantity of 
gas is blown into the bunker through the hose; this 
displaces any air present. One ton of dust per minute 
may be forced through 500 ft. of 4-in. piping by a 
pressure of 40 lb. per square foot. Figures bearing 
on this are given in Table IV. Each particle of coal 
is sealed by inert gas, with which all the interstices 








TABLE IV. 
Internal % Flow in Ib 
Area of Pipe Ratio of ‘ 
f! Diameter of through 15 ft. 
‘Pipe, Inches. | S4are Inches.| = Areas. per minute. 
| 
0-484 0-184 1 Coal et to 
ow 
0-625 0-306 1-66 162 
0-75 0-442 2-4 250 
1:0 0-785 4-26 450 
1°5 1-767 9-6 1012 














are filled, to the exclusion of oxygen, consequently 
no vehicle exists for the propagation of flame. CO, 
being heavier than air displaces the latter, which 
flows away through the separator. On completion 
of bunkering the bunker-lid joint is made, and the 
bunker sealed to prevent admission of air and its 
diffusion into the CO, Since the compartment is 
airtight no more moisture can gather than was in 
the compartment when empty, except for such as is 
contained in the fuel dust and gas content. 


(To be continued.) 








| 


| Heavy-Ort Enornes For Motor VEenIcLes.—So much 
progress has been made with engines using heavy oils 
as fuel that it was thought in America that reliability 
trials and speed tests should be organised immediately. 
Contests of this type did so much in accelerating progress 
with the petrol driven car that much may be expected 
| from the experience in trials with the newer engines. 
| It was intended to hold a 24-hour speed test on the track 
at Indianopolis in the coming Autumn, but this has had, 
for the moment, to be postponed owing to differences of 
opinions amongst the manufacturers regarding rules. 
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THE DESIGN OF COUPLING RODS 
FOR ELECTRIC LOCOMOTIVES. 


A CHARACTERISTIC feature of the electric motor 
is steady torque exerted at a relatively high speed 
of rotation. The required rotary motion of the 
axle may be obtained by transmission through a 
simple train of single-reduction spur gearing, 
provided that the motor is supported wholly, 
or in part, directly by the axle. The cost of 
providing an individual motor for each driving 
axle is not materially higher, for direct-current 
systems, than that of installing a less number of 
larger motors with the more complex system of 
transmission needful for driving a group of axles 
from a single motor unit. The individually-driven 
axles may be grouped in a number of bogie trucks, 
each having a limited length of wheelbase. A high 
tractive effort may then be exerted within a limited 
overall length. 


upper edges of the bogie frames and to the top 
of the motors. When the contrary is the case, 
the draw-gear will be attached to the super- 
structure, and the articulation is not needed for 
the transmission of tractive effort and _ buffer 
shock, but in this case also the trucks are 
frequently interconnected to restrict the freedom 
of lateral play between adjacent headstocks. 

A disadvantage of the individual axle drive, 
when applied to short wheelbases, is the reduction 
of the adhesive weight of the leading axle by 
reason of the reaction to the torque exerted. In 
the case of a four-wheeled motor bogie having a 
weight of W tons per axle and exerting a tractive 
effort of 0-4W through a draw-bar fixed at a 
height above rail level equal to one-third of the 
length of wheelbase b, the loss of adhesion on 





the leading axle is represented by 


“, or 13°3 per cent, 


suitable guides in the rod in order to accommodate 
the varying deflections of the bearing springs. 

As coupling rods can transmit horizontal forces 
only, they are eminently suitable for working in 
phase with a reciprocating piston, of which the 
alternating impulses produce a torque which is 
of maximum value when the coupling rods are 
in the most favourable position for transmitting it, 
and of which the minimum or zero value corresponds 
to the position in which the transmission of torque 
would imply infinitely severe stress on the coupling 
rods. In the case of electric traction, the motors 
operate with practically uniform torque throughout 
a revolution of the cranks and the conditions under 
which the horizontal forces are shared by the 
coupling rods at each side of the locomotive are 
then obviously different. 

The coupling rods of a steam locomotive which 
has outside connections, and say three pairs of 
driving wheels, will be subject to a maximum load 
of two-thirds of the pressure acting on the piston 


If, however, the bearing springs are equalised 





In the case of urban, inter-urban and main line 
railways using direct current, and for moderate | 


Figi. 


throughout each bogie truck, leaving the reaction‘ when the total tractive effort is equal to the limit 


Fig.2. 


DIAGRAM INDICATING THE AXIAL LOADS IMPOSED 
ON THE SIDE ROOS OF AN ELECTRIC LOCO, HAVING 


DIAGRAM INDICATING THE AXIAL LOADS IMPOSED ON THE 
SIDE RODS OF A 6-COUPLED STEAM LOCO, HAVING TWO CYLS 





CARRYING UNIFORM PRESSURE THROUGHOUT THE STROKE, 
THE LENGTH OF CONNECTING RODS BEING 3 TIMES THE STROKE. 
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735° 180° 225 


speeds of running, not exceeding a maximum of|to be afforded by fore and aft steady bearings, |°f adhesion. For higher factors of adhesionYand 
45 m.p.h., the use of the simple nose-suspended | the reaction is transferred to the body, and reduction |for lower tractive efforts, the axial loads on the 
motor with single-reduction spur gearing is prac-|of the load on the wheel treads of the leading | coupling rods are proportionately reduced. 


tically universal. There are usually only two 


bogie will be about 5 per cent., the actual amount 


driving axles in each bogie truck, of which there varying with the distance between centres of 
may be two, three or four under a single body. | bogie trucks. 


Guiding trucks or pony axles are sometimes used 
in the larger units. For high-speed work, the 


supported frame, and a coupling allowing of 
universal movement must be introduced between 
the spur wheel and the driven axle. The employ- 


ment of the simple nose suspension is limited by | 


| 
coupling rods, 
motor is usually mounted wholly upon the spring- | reduction of the adhesion of the leading axle is 
| eliminated. 


considerations of speed and of the space available | 
for the reception of the motor casing and gears. | 
Each bogie truck runs cross bound in the track, | 
and when the spread of the gauge is appreciable | 
and the wheelbase is of limited length the flanges | 
of the wheel meet the edges of the rails in advance | 


of the wheel treads, and give rise to destructive 
grinding. It is not always feasible to eliminate 


the widening of the gauge or to lengthen the wheel- | 


base. 


When the bogie trucks are interconnected by | 


a hinged joint, the cross binding and consequent | mounted above the level of the axles, the connection 
wear of the flanges may be ameliorated, even| being through inclined main rods. Alternatively, 
though the actual intensity of the individual | two driving shafts may be employed to drive the 
force may be increased. Articulation of this kind | extremities of a triangular rod, the middle point 
is naturally desirable in those cases where the| or apex of which is provided with a bearing bush 
height of the buffer and draw-gear above the | engaging with the crankpin of one of the coupled 
level of the rails is less than the height to the | wheels. 


| main frame at the level of the driving axles, the 


When the driving wheels are connected by 
the inconvenience due to the 


The motive power may be concen- 
trated in a single unit, with one or more driven 
shafts carried in bearings on the main frames. 
The rotating shaft may be connected to a system 
of coupling rods, the vertical movements of the 
axles in the frames being accommodated by suitable 
joints in the rods, without involving appreciable 
changes in the angular velocities of the driving 
and driven shafts. 

Groups of from two to five driving axles may 
thus be connected by coupling rods mounted on 
crankpins in accordance with steam practice. The 
driven shaft may. be carried in bearings in the 


main rods being then horizontal, or it may be 





The bush is free to slide vertically in 


The speed-tractive effort characteristics of the 
ordinary steam locomotive are such as to preclude 
the transmission of useful effort through the coupling 
rods at high speed. Under these conditions, the 
duty of the rods is limited to keeping the rotation 
of the wheels in phase and to limiting the risk of 
incipient slipping. The forces alternating on 
each face of the piston press the journal boxes into 
even contact with tue fore or aft faces of the horn 
blocks and take up the slack and spring of the 
coupling rods in the opposite sense to the reactions 
on the framing. If we suppose such a locomotive 
to have connecting rods of length equal to three times 
that of the crank and to be working at slow speed 
carrying steam of uniform pressure throughout 
the stroke, the torque will be represented by two 
sine curves of 90 deg. phase difference, with 9 slight 
distortion due to the angularity of the connecting 
rod. Assuming that the crank is of unit length 
the combined torque is indicated by the curve with 
four cusps in Fig. 1. The highest ordinate of this 
curve may be taken to represent the limit of adhesion 
under the most unfavourable conditions and a 
horizontal line drawn at one-third of this height 
above zero will represent the part of the torque 
which is transmitted through the main pair of 
driving wheels without being transmitted through 
the rods. 
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When the loads are applied by the reciprocating | by the angles of 315 deg. to 45 deg. and 135 deg. to| The intensity of stress which may arise from in- 


action of the steam on the piston, the torque which 


| 225 deg. If the inequality of the fit or the difference | 


| 


accuracy in the lengths between centres, is limited 


exceeds one-third part of the maximum is trans-| of the deflections between the two sides becomes | only by the elastic yielding of the rods and frames. 


mitted as horizontal tension or compression on 
the rods and, at any given angle of the crank at 
the near side, the axial load on the rods connected 
thereto is T sin 6, and on the rods at the far 
side T cos 6. 
indicated by the lower cusped curves on the figure. 


Coupling Rods for Electric Locomotive.—If£ an elec- | 


tric locomotive is made to develop a torque equal 
to the mean value of that of the steam locomotive 
at low speed, and if it is provided with a jack shaft 
and a group of driving wheels, it is evident that 
the shaft must be actuated by uniform torque, 
the ordinate of which is equal to the mean ordinate 
of the four-cusped curve of the steam locomotive. 
At all speeds of working, the whole of the torque 
must be transmitted through the coupling rods 
connected to the jack shaft. If there were no 
elastic yielding of the rods or framing, and if all 
bearings were fitted without any running clearances, 
the transmission of the torque would be effected 
by axial loads on the rods, the intensity of the forces 
varying with the ordinates of two sine curves at 
90 deg. difference of phase. 

The alternate lengthening and shortening of the 
distance between centres and the taking up of the 






| accentuated, no practical limit can be assigned to 
the possible rise of stress. | 
| Position of Jack Shaft.—The coupling rods of the | 
early examples of rod-connected locomotives were | 


The resultant loads are then | actuated from jack shafts, or from the slotted eyes|case of repeat orders. 


| of Scotch yokes arranged at the level of the centre 
line of the axles. The main crank-pin was at, or 
near, the middle point in the length of the rods, one- 
half of the horizontal effort being exerted towards 
the leading end and one-half towards the trailing 
end. 

Any difference or inaccuracies which may exist 
in the distance between centres of axles, and in the 
length of the rods, can only be compensated, when at 
or near the dead centres, by the elongation or 
compression of the rods or of the side frames. Each 
ton of axial stress on the cross section of the rod 
will produce a change of 0-001 in. in each foot of 
length. It is, therefore, essential that the length of 
the rods should be sufficiently great to ensure that 
a given tolerance in the variation of length may be 
accommodated by the change in the length of the 
rod with a moderate intensity of stress. Increasing 
the cross section will not tend to a reduction of the 
stress, since the power is ample for the production 
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Owing to the close spacing of the centres, a large 
increment of stress is required to produce a small 
degree of adjustment. 

The arrangement is not usually adhered to in the 
In order to effect an 
improvement in running, the jack shaft has some- 


| times been placed in advance of the coupled group, 


with long connecting rods extending from the jack 
shaft crank pins to the pins on the second pair of 
drivers. 

The hatched quadrants in the figure denote the 
portions of the crank circles during which the rods 
are effective in transmitting power. The transfer 
of the effort from the left-hand side to the right and 
vice versa is made without imposing torsional 
stresses on the jack shaft, provided that the latter is 
driven through a gear wheel on each crank disc. 

In the arrangement shown by Fig. 4, the jack 
shaft is placed in advance of the group of driving 
wheels, to which it is connected by horizontal 
coupling rods, whilst the jack shaft is itself driven 
by means of a pair of rods inclined at an angle of 
about 45 deg., from the armature shaft of a gearless 
motor carried in an elevated position. 

The hatched quadrants denote the periods during 
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3 - The Quadrants through 
which the Rods are effective 
ur transmitting Power. 























slack in the bearings, necessarily introduces a differ- 
ence in the horizontal component of the velocity of 
the crank pin and that of the end of the rod, to 
which it is connected, at certain points in the 
revolution. Suppose the near side crank to be stan- 
ding at angle of 45 deg. and the far side crank at 
135 deg. If atorque be applied in a direction tending 
to increase the crank angles, the horizontal compo- 
nent of the velocity of the near crank is increasing 
whilst that of the far crank is decreasing. The near 
crank, therefore, takes up the slack in the bearings, 
stretches the attached rod, and compresses the 
framing before the far crankpin can come to a 
bearing and take up a shere of the useful load. 

The result is that, with perfectly fitted parts 
and with uniform running clearances, the crank 
pins can only transmit useful effort when they are 


passing over the middle quadrant of each half of | 


their revolution above and below the horizontal 
line. 
the torque multiplied by the cosecant of the crank 
angle; see Fig.2. Owing to the effect of elasticity, 
the transference of the load frora side to side occupies 


an appreciable interval of time, but the springing | 


of the parts will produce resonant alterations in 
the intensity of the stresses which may become 
intensified by synchronism at certain speeds. It 
is, therefore, necessary to design the rods with refer- 
ence to the critical speed. 

Any inaccuracy of fitting or inequality in the 
extent of wear, or in the degree of flexibility, may 
modify the angle of crank at which the-load is 
transferred from side to side. The axial stresses 
will increase rapidly if the rod remains under load 
when the crank lies within the quadrants defined 
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| of unlimited stress when’ the cranks are horizontal. | which the respective rods are effective. It will be 
The use of heavier rods will, however, serve to| noted that the horizontal rods are normally driven 
protect them at the expense of the crankpins. | from the inclined rods on the same side of the engine 
When these are replaced by a stronger type, the | through two opposite arcs, each extending through 
axles become the weakest link in the chain, and | anangle of 45deg. The drive through the jack shaft 
when these are increased the main frames provide | is reversed eight times per revolution. 
the points at which fracture takes place. | Many different arrangements of inclined rods 
Locomotives of this description require extreme have been tried out in practice, but none of them 
accuracy in construction and maintenance. Fine | has been extensively adopted. Fig. 5 illustrates 
adjustment of the length of the rods is provided|an arrangement comprising two gearless motors 
by the use of eccentric pins in the knuckle joints. | placed high in the frames, each being connected 
The body of the pin is turned to give a throw of | by rods, inclined at an angle somewhat less than 
about 0-08 in. with respect to its bearings in the | 45 deg., to a pin located at the mid-point of the 
forked end, and a locking plate is provided to enable | horizontal coupling rods. The pin is connected 
the pin to be rotated through steps of 4-5 dey. each, | directly to both of the inclined rods and to a sliding 
thus controlling the length between centres of bushes | block, which moves vertically in a slot formed in 





The axial load on each rod is then equal to} 


with a tolerance of 0-002 in. 

The jack shafts are usually driven by the motors 
| through spur gearing, but in some cases they are 
coupled directly to slow-speed motors by inclined 
or by vertical rods. The crank angles at which 
|these rods operate are out of phase with the 
horizontal rods to which they are connected, and the 
torque exerted by them must be transferred to the 
far side by torsion through the jack shaft, which is 


per revolution. 

Typical Examples of Arrangements of Rods.—The 
utmost simplicity in the arrangement of the rod 
drive is secured by locating the jack shaft mid-way 
between a pair of coupled axles, with horizontal 
rods extending fore and aft from the cranks of the 
jack shaft to the cranks of the coupled wheels. This 
arrangement, as indicated in Fig. 3, has been applied 





| to a number of electric locomotives. 


thus subjected to a reversal of stress four times | 


| the middle of the central member of the horizontal 
|coupling rods. There is no jack shaft, so that 
| the vertical components of the axial loads on the 
inclined rods must be equal and opposite for all 
|erank angles. Since both motors exert uniform 
| torque throughout the whole period of revolution, 
it is obvious that the rods must at times be under 
|load when the crank angles ‘are unfavourable to 
| the effective transmission of torque. 

| In some eases, a jack shaft is provided mid-way 
| between the coupled axles and a horizontal coupling 
| rod is added to give a direct connection between the 
crankpins attached to the armature spindles. 

A single gearless motor has been applied in the 
position, indicated by Fig. 6, vertically above the 
jack shaft, which it drives by means of a vertical 
connecting-rod. In this case, the vertical rod on the 
near side is effective for transmitting the torque 
throughout the length of the jack shaft to the 
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coupling rods on the far side, and vice versa. The equipment. This type has not been omen in 
torsion on the jack shaft is reversed four times per | the additional locomotives which have been recently 
revolution and the lag of the driving wheels is| supplied. On the other hand, the arrangement 
dependent upon the torsional deflection of the | indicated by Fig. 9 has been adopted with success 
jack shaft, in addition to the axial deflections of | on several railways on the Continent, usually super- 
the connecting and coupling rods and of the frame | seding some other arrangement of the coupling 
work supporting the various bearings. rods. 

The jack shaft is sometimes placed at a con-| A distinctive feature of this design is the elevation 
siderable distance above the horizontal plane | of the centre of the jack shaft above that of the 
through the centres of the driving axles. One| coupled axles, in combination with a slightly inclined 
arrangement is indicated in Fig. 7. The crank} main rod at each side. The lower end of the rod 
pin on each end of the jack shaft is connected|is connected to an intermediate point on the 
to one end of an inclined Scotch yoke, the forward | triangular connecting rod of the two inner axles. 
end of the yoke being pinned to the crank of|The horizontal component of the pressure on the 
an idler shaft which rotates in bearings carried | jack shaft bearings is balanced by the horizontal 
by means of suspension links, from blocks which | reaction of the journal bearings at the hornblocks, 
may slide vertically for a short distance under the | with a resultant couple tending to turn the frame 
control of stiff springs. The middle point of the | | around a horizontal axis passing transversely through 
Scotch yoke is provided with a slide block mounted | the centre of the system of bearing springs which 
on the crank pin of the leading axle and arranged | are arranged below the axleboxes. When the 
to slide vertically in the slot of the yoke to accom- | intensity of the couple exceeds the moment of the 
modate the varying deflections of the bearing | friction in the slides of the hornblocks, the frame 
spring. | will become tilted through a small angle, varying 














The horizontal reactions of the jack shaft and axle | 
bearings produce a couple as indicated by the arrows, | 
whilst an equal and opposite couple is brought | 


Fig.9. ARRANGEMENT OF COUPLING-RODS ON MOTOR BOGIE TRUCK. 





| directly as the couple and inversely as the stiffness 
of the springs. 

By suitably spacing the driving wheels, in 
combination with pony 
wheels, if desired, the 
centre of the spring 


Fig M. 








\<-----12' 5% Cens. of Spring Groups ----->} 


Tractive Effort — Truck at 4 adhesion Ta-43,750 Lbs. 


» Hourly Rating 
Diameter of Driving Wheels 48°. 
“ Crank Circles 2%. 


a . 


The Rods at each side are assumed to be effective between Crank 


Angles 0245 °-135° & 225- 315° Cosec: 0-1-414. 


(ure) 
to bear in a vertical direction on the bearings | 
of the jack shaft and idler shaft, by reason of the 
tilting of the Scotch yoke. When the vertical effort 
at the end of the yoke exceeds the reaction of the 
shaft suspension springs, it will cause a small 
displacement, tending to reduce the rate of increase 
in the intensity of the stresses on the rods. 

A more usual arrangement of the Scotch yoke, in 
which there is no compensating effect, is indicated 
by Fig. 8. Two motors, placed high on the frames, 
are geared on to two jack shafts, each placed above 
the plane through the centre of the driving axles. 
The middle point of the yoke is provided with the 
customary vertical slide and block carried on the 
crank pin of the middle coupled wheel. The tilting 
couple on the frame produced by the horizontal 
reactions on the bearings acting at different levels, 
is balanced by the reversed tilting couple due to 
the vertical forces at the extremities of the yoke. 
There is no provision for automatically avoiding 
the increase in the axial stresses due to inaccu- 
racies, but the cranks are all in phase so that the 
arrangement does not involve the transmission | 
of torque through the jack shafts, provided that | 





spur gearing is mounted at each of their extremities. | jn the pressures at the points of contact between the | 


Automatic Limitations of Axial Stress.—Com- | 
paratively few of the arrangements of coupling 
rods applied to electric locomotives have been so 
successful as to warrant perpetuation as a standard | 
type. It seems, however, that an exception may 
be made in the case of the arrangement indicated by 
Fig. 9. This was first applied, in the year 1911, 
to an experimental locomotive for the Loetschberg 
Railway. The mechanical structure was designed 
and made by The Swiss Locomotive and Machine 
Works, at Winterthur. It combined two motor 
bogie trucks, each provided with three driving axles, 
and may be said to have realised expectations from 
the start. It was subjected to a considerable 
amount of criticism, and as no time was available 
for completing exhaustive trials it was deemed 
prudent to adhere to the Scotch yoke with 1-E-l 
type of wheelbase for the then urgently required 





| 


Th - 25,000 Lbs. 





sufficient rigidity to obviate crippling with respect 


to the axes of x and y, noting that the pin in the 
lower end of the main rod runs in a ball and socket 
bush, in order to allow the jack shaft to follow the 
transverse oscillations of the superstructure without 
tending to produce cross-binding on the pin joints. 
At the higher speeds, the bending stresses due to 
centrifugal action become more important than those 
due to the axial loads. The maximum centrifugal 


3 
stresses correspond to the crank angles = and td . 


The maximum values of the combined stresses will 
be found by summing the centrifugal stresses with 
the corresponding axial stresses and with the addi- 
tional bending stress due to the eccentric loading of 
the mid section when deflected by the bending. 

The arithmetical procedure involved in the 
determination of the working stresses in the rods 
of a six-coupled arrangement, with a gross load 
per axle of 20 tons and a wheelbase of 15 ft., is 
detailed below. The vertical reactions on the 
track due to the triangular coupling rods, and those 
on the springs and track due to the tractive effort. 
are also calculated. 

Main Rod.—Maximum effort on main rod, Fig. 9 :— 


Pq = 43,750 x = x 1-414 Pq = 124,000 Ib. = 55-37 tons 


48 
Ph = 25,000 x < 94 X 1-414 Pp = 70,800lb. = 31-63 tons 


TRAILING COUPLING ROD. 
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reaction may be brought vertically beneath the jack 
shaft. The consequent displacement of the jack 
shaft will be nearly horizontal and the movement 
of the hornblocks on the axle-boxes nearly vertical. 
The length between the centres of the axles remains 
practically constant, but the movement of the jack- 
shaft housing will compensate any inaccuracy in the 
length of the main rod, which might otherwise 
occasion excessive axial stresses when the cranks 
were passing the dead points. 

The triangular coupling rod is subjected to an 
| alternating tilting couple which produces a variation 


wheel treads and the rail. These alternating 
pressures are not transmitted through the bearing 
springs and they have no prejudicial effect on the 
running of the locomotive. 

Calculation of Stresses—The usual practical 
procedure is to lay down a tentative design, based on 
precedent, and to apply ordinary methods of calcula- 
tion in order to check the sufficiency of the propor- 
tions. 

The maximum axial loads will be imposed when 


the crank angles are 7? =, &c. The intensity of 


the load will diminish as the speed increases, and 
it will vary with the characteristics of the motor ; 
at low speed allowance must be made for the 
possibility of slipping the wheels on a dry rail, when 
the coefficient of friction may be assumed to be 
0-3. When under compression, there must be 
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Main rod, 43 in. by 4in. I section; area, 10-8 in.?’ 
length, 7 = 112-445 in. 

Moments of inertia and resistance about axes, 
xand y. 


Iz = 27:7 in.4, 3 % = 12-3 in. 
Te 

Ty =11-68in.4, l= 5-84in.3 
Ty 


Radius of gyration about axes x and y. 








Pe = 1:06in., py = 0-773 in. 
Crippling loads through pin-ends 
= 2E.Iy _1? x 12,000 > < 27-7 
Wz =” e : ° = 264 tons 
, 2 112-4452 si 
, _ WE. Ty _ w2 x 12,000 x 11- “68 
Wy = 2 112-4452 —_—— = 107-2tons 


Weight per inch run w = 3-1 lb. 
Maximum running speed, 35 m.p.h.=5:13 ft. p/sec. 
51-3xX2m _ 
4m ai 
Runaway speed, 45 m.p.h. = 66 ft. per sec. = 
33 radians, per sec. - 


a = 25-65 radians per sec. 





Centrifugal force = , when r = 1 ft. 


_ 3:1 x 25-652 x 1 
32-2 
Say 65 lb. per inch run, including deadweight, at 
35 m.p.h. 
Say 107 lb. per inch run, including deadweight, 
at 45 m.p.h. 
Bending moment at middle of rod :— 
wh _ 65 x pre f 46°0 in.-tons. 
8 8 75°5 in.-tons. 
Deflection due to centrifugal force 
5 wl _ 5 x 65 x 112°4454 
384° EI. 384 x 12,000 x 27-7 


at 35 m.p.h. = 0°182 in. 
at 45 m.p.h. = 0°298 in. 


f 62 1b. per in. run at 35 m.p.h. 
(104 1b. per in. run at 45 m.p.h. 








at 35 m.p.h. 
at 45 m.p.h. 


Mies we _ 











The variation of speed and stress is plotted in 
Fig. 10. 
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At the higher wn the axial force and peaiike 
stress are taken for crank angles = , &c. 

At the lower speeds the axial force and bending 
&e. 


The axial pressures on the rod are :— 


38°2 x 1°414 = 55°37 tons at 4 m.p.h., or 
31°63 tons at 17°5 m.p.h., 
8°5 tons at 35 m.p.h., and 
5°0 tons at 45 m.p.h. 


us 
stress are taken for crank angles, z% 











Stress, Tons Per Sq. In., 
ue to :— 

nae : Com- 
ot es (ending | dined 
Axial | Bending |by Centri-| Stress. 

Load. Pxé | fugal | 

| Force. 

| l 

4 55-37 5-1 _ _ 5-1 

17°35 31-63 2-93 0-117 0-94 8-987 
35 8-5 0-786 0-126 3°74 4-652 
45 5-0 0-462 0-122 6-138 6°722 














Critical Speed.—A coupling rod will whip at a 
speed of rotation equivalent to that of the whirling of 
a cylindrical shaft having similar values of moment of 
inertia, load per unit length and applied axial load.* 

This speed, for the given axial load, is determined 
by the relation :— 


pa @EI_ wail 
~% g 1? 
To ee 
ond = = /3(= eS ) 


When P = 8-5 tons and E = 26-8 x 108 lb. per 








sq. in. :— 
peo 32°2 x 12 (m2 x 26°8 x 108 x 27°7 
112°455 31 ( 112°4452 
— 85 x 2240 


= 225 radians per sec. equivalent to 2155 r.p.m. 


which is far beyond the range of practicable speeds. 


Leading Coupling Rod.—Maximum effort on 
leading rod :— 
ne = x = < 1-414 Pq = 41,330 lb. = 18-45 tons 
Pp = 75000 , 48 1.414 Pp = 23,610 Ib. = 10-54 tons 
3 24 
Dimensions of leading rod :— 
4in, x 3 in, I section; area = 5°4 sq. in.; 


length L = 110 in. 
Moments of inertia and resistance about axes 
x and y :— 
*=6-3 in. 
Tx 
Ty _ 
Ty - 
Radius of gyration about axes x and y :— 
px = 1-529 in. py = 0-787 in. 
Crippling loads through pin ends :— 
W, = 72E- Ie 12000 x 12-62 
l2 1102 
— T2E. Ty _ 72 x 12000 x 3°35 _ 
le 7102 
Weight per inch run w =-1-53 lb. 


when r = 1 ft., 


Ty = 12-62 in.4 


Ty 3-35 in.4 2-23 in.3 


2 x 
Ante = 124 tons 


9 


Wy 33 tons 





Centrifugal force = ~—s 


— 1:53 x 25-652 x 1 “15: -26 lb. perin, run at 35 m.p.h. 
32-2 53.74 1b. perin. run at 45 m.p.h. 
Say 33 lbs. per inch run, including deadweight, 
at 35 m.p.h. 
Say 54 Ib. per inch run, including deadweight, at 
45 m.p.h. 
Proceeding as in the oase of the main rod :— 
35 M.P.H 45 M.P.H. 
M at mid-point = 22-3 tons per 36-47 tons per 
sq. in. sq. in, 
0-185 in. 0-303 in. 





6 at mid-point 





Stress, Tons Per Sq. In., 


Due te: 





| eas el . 
Speed | Axial | ee ee 
m'p-H. | Load. | Bending | bined 
} | Axial Bending |by Centri-| Stress. 
| Load. Pxé8 fugal | 
| | Force. 
, 
4 18-46 3-42 = — 3-42 
17-5 10-54 | 1:95 | 0-077 | 0-88 2-907 
35 2-83 | 0-524 0-083 | 3-54 4-147 
45 1-66 | 0-307 0-087 5:8 6-194 





Rods in Motion, 
October-December, 1915, p. 461. 


* See H. Mawson on Struts and Tie 
Proc. Inst. Mech. Engrs., 





Tilting Moment on Frame.—Moment of hori- 
zontal pressure on jack-shaft bearing about centre 
of driving axles, and reaction on the bearing 
springs :— 

P x l0in. = R X 149°5 in. 

Reaction on bearing springs R = 0-066 P. 

Trailing Coupling Rod.—See diagram, Fig. 11. 

The inclination of the main rod is 

Tan -19 = _=__ , or# = 2°3’ 
112°445 

Taking P; = 31-63 tons, corresponding to maxi- 
mum normal tractive effort :— 

Ry} = 3°96 tons Rr = 2°83 tons. 














Axial load 
2 P coe aw 21h vO 
P} aia P cos 8 4 2x 31°63 x 0°9993 = 21°08 tons. 
3 3 
| Rod Section No. | I | II | TIiI 
M of resistance = 8-25 ind 14-6 ind 22-2 ind 
Y 
Area of cross section a! 6-85 in.2 8 in.2 10 in.2 
Eccentricity .. - 0-374 in 1-16 in. 2-48 in. 
Axial load P, 21-08 tons. | 21-08 tons. 21-08 tons. 
Mp of axial load 7°88 24-45 52-28 
in.-tons in.-tons. in.-tons. 
M, of reaction 18°96 ,, 67-92 ,, 22-4 ,, 
M = —My+M, 11-08... \|43647 .; | 70-12, 
aster 1-35 tons 2-97 tons 3-16 tons 
fae 1 persq.in.| persq.in.| per sq. in. 
8&¢@ = P; > = 3-08 2°68 ,, 2-108 ,, 
8 =87 + 8 5-6 5-268 ,, 


4-43 ,, | 





The vertical component P sin 6 is increased by 
the weight and centrifugal loading of half the 
length of the main rod, and the reactions are also 
increased by those of the trailing rod. 


At 17-5 m.p.h. and with crank angle = =e &e., 


the main rod imposes a load of :— 
16°25 © 112°445 
2240«—ié«‘«‘R 

| giving the following reactions :— 

| Ry = 0°337 tons. Ry = 0-067 tons. 

Reaction to Tractive Effort—Height of drawbar 


= 0°4 tons. 





3-5 ft. Length between centres of spring groups, 
12-46 ft. 
Te by adhesion 19°5 tons; by hourly rating 11°2 tons, 


3°5 
irae °° 
By adhesion R = 5°47 tons. 
By hourly rating R = 3°14 tons. 

The crankpins, bosses and rods must be accu- 
|rately and completely balanced by counter weights 
| in the respective wheels and in the discs of the 
_jack-shafts. The results should be checked by pois- 
| ing a set of completed parts and removing excess 
| of material from the counterweights until the exact 
| balance has been obtained. The weights must be 
| arranged to balance the couples due to the lateral 
| distance between the plane of the rods and that 
| of the wheels. 
| 
| 


Reaction on bearing springs = 
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A Comprehensive Treatise on Inorganic -_, Theoretical 
Chemistry. By J. W. MELtor, D.Sc. Volumes VI 
and VII. London: Longmans, Green & Co., Ltd. 
[Price 63s. net, each volume. ]} 

SrncE we noticed Volume V of this noteworthy 

| series in our issue of January 30, 1925, Dr. Mellor 

has been able to add two more volumes to his work, 

Volume VI, dealing with carbon, silicon and _sili- 

cates, and Volume VII, dealing with titanium, 

zirconium, hafnium, thorium, germanium, tin, lead 

and the inert gases. The one volume contains a 

| little more than 1,000 pages; the other is short of 

|that number by a few pages. What this means 
with regard to the information included in this 
 iedione compilation of Dr. Mellor’s will be under- 
| stood by all who have looked into one of the volumes. 

There are, for example, two pages on the occurrence 

of titanium, followed by two closely-printed pages 

of literature references. The most recent periodicals, 
as well as the old literature, have been conscientiously 
searched and abstracted, and as reference volumes 
the books are of unique value for the chemist, 
physical chemist, physicist and metallurgist. 

Less attention is paid to the interests of the tech- 
nical chemist than to those of the student and investi- 








gator. There is little information on production, 
statistics and applications. There is, however, a 
good chapter on the physics of the incandescent 
mantle, although nothing on the mantle industry ; 
that numerous applications have been found for neon 
does not appear to be even mentioned. There are 
| plenty of curves illustrating the properties of lead 
compounds and alloys, but only four pages on lead 
accumulators ; in this section the references run into 
more than a dozen pages. Complaints will hardly 
be made that certain researches are entirely over- 
looked ; but it is little use to have the electrolytic 
deposition of lead from fluo-silicates mentioned, 
among some twenty or more other possible baths, 
without the slightest indication that the Betts 
fluosilicate process is worked, whilst most of the 
others are not. The numerous references to 
technical journals would, in this case, indicate the 
fact, but there is no statement to the effect in the 
text, which, indeed, is frequently suggestive of a 
card-index as the origin of the work. Names are 
almost as crowded in some lines of the text as they 
are in the references. In its own way, however, 
this treatise is undoubtedly a valuable one. Fortu- 
nately, as much care has been bestowed upon the 
preparation of the index as upon the work itself. 





The Atmospheric Nitrogen Industry, with Special Con- 
sideration of the Production of Ammonia and Nitric 
Acid. By Dr. Bruno WaEsER. Translated by Ernest 
Fyleman, B.Se., Ph.D., F.I.C. Two Vols. London: 
J. and A. Churchill. [Price of the two volumes, 
21. 2s., bound.] 

Dr. WAESER started the compilation of his technical 

survey of the atmospheric-nitrogen industry at the 

end of 1913. The war interrupted his work, and 
after the war much of the material, technical as well 
as statistical and economical, that he had originally 
been able to consult, became for a long time almost 
inaccessible to him. Information on what was 
being done in Germany and the neighbouring 
countries was at his disposal, and it is obvious that 
he did not appeal in vain to the many influential 
firms interested. With regard to England, France 
and America, the activities of the Nitrogen Products 

Committee and the noteworthy Technical Records 

of the Explosives Supplies he had very little informa- 

tion by 1921, when he finished the collection of his 
material. 

Under the circumstances, one might question the 
advisability of translating a book which was not 
only several years old, but was acknowledged to have 
been compiled under difficulties. With the present 
rate of advance in many fields of science and 
industry, a technical textbook is likely to become 
out of date even during the period of its compilation. 
In the nitrogen industry, the feverish expansion 
and changes of the war years, and of the subsequent 
return to peace conditions, has given way to a steady 
activity ; some old processes have been abandoned, 
great modifications are hardly anticipated imme- 
diately, and the industry seems to have settled 
down to quiet development for the benefit mainly 
of agriculture by the manufacture of fertilisers. Dr. 
| Waeser’s volumes, however, apart from the gaps 
| mentioned, are so comprehensive, except as to illus- 
trations, which are not particularly noteworthy, 
that Dr. Fyleman’s translation appears sure of 
warm appreciation. There is no work of similar 
maghitude. The three main methods for fixing 
atmospheric nitrogen, by means of the electric arc, 
by the formation of cyanamide in the electric fur- 
nace, and by synthetic preparation of ammonia from 
nitrogen and hydrogen, are now fairly well under- 
stood. Dr. Waeser tells us how the actual processes 
are worked in their various modifications and how 
the raw materials are obtained. There are numerous 
references in the text, and an extensive bibliography, 
comprising books, periodicals and patent lists, and 
further a good index. The patent list, giving the 
numbers and, if necessary, years, of the patents in 
chronological order, without name and without 
reference to the text, is of questionable value ; the 
bibliography is classified as to subjects, and is cer- 
tainly useful. Dr. J. F. Crowley’s foreword is 
really a combination of an introduction and a sup- 
plement. He sketches out recent advances, especially 
in the Allied countries. Since the war, the nitrogen 
consumption of the world has continued to rise at 
an accelerated rate. The shares taken in this 
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increased production by the three main sources, 
Chile nitrate, by-product ammonia and synthetic 
nitrate and ammonia, have fluctuated greatly, but 
in 1924 nearly half of the inorganic nitrogen used 
was atmospheric, and the artificial production, 
which only began to be of importance in 1911, has 
surpassed the Chile nitrate supply since 1919. 





Die wirtschaftliche Regelung von Drehstrommotoren durch 
Drehstrom-Gleichstrom-Kaskaden. By Dr.-Ing. H. 
ZABRANSKY. Berlin: JuliusSpringer. [Price 9 marks. ] 

THE ceaseless change-over from direct to alternating 
current serves to remind us continually that under 
existing economic conditions direct-current supply 
is becoming more and more a luxury. For general 
power work this is not serious where speed control 
is not required, for as a constant-speed motor the 
plain induction motor would almost invariably be 
preferred to the commutator motor. Where, 
however, speed variation is called for, the direct- 
current motor is unrivalled. Consequently, as 
three-phase current at a frequency of 50 cycles per 
second is being rapidly standardised, compromise at 
once becomes essential where speed regulation is 
needed. Such compromise may take the form of 
low efficiency, low power factor, complicated 
designs, or the employment of auxiliary machines ; 
in all cases extra cost is entailed. 

The book now under notice is devoted to the 
discussion of variable-speed sets comprising a main 
induction motor and auxiliary machines of the 
commutator type. The function of the speed- 
regulating machines is to utilise the ‘slip power ” 
of the main motor, either by converting it into 
mechanical power at the rotor shaft—thereby 
obtaining constant output (ignoring losses) for 
given input—or by converting it into electrical 
power and returning it to the line, thereby obtaining 
constant torque for given input. As representa- 
tive of the former class, the Krimer method is 
described, in which the slip power is taken to a 
rotary converter, converted into direct current, and 
supplied to a direct-current motor mounted on or 
coupled to the shaft of the rotor. The latter class is 
represented by the Scherbius system, where the 
slip power, after conversion into direct current, is 
taken to a motor generator consisting of a direct- 
‘current motor and an induction generator, which 
returns the slip power—less loss—to the line. The 
design of these sets is discussed. 

In order to examine the economic aspect of the 
different modes of speed regulation, the author 
considers rolling mills driven by induction motors 
requiring up to 3,200 kw. with speed reduction 
‘down to 35 per cent. of synchronous speed; also 
drives for fans and pumps. Comparisons are made 
between the efficiencies obtained with Krimer and 
Scherbius sets, also with resistance control and with 
direct-current control. The last chapter is devoted 
to a discussion of the design and construction of 
various variable-speed sets designed for economical 
speed regulation. 

Though variable-speed sets of the types described 
have not made much headway here, owing to compli- 
cation and cost, there does seem to be a definite 
field for them for use with large motors, and it is 
possible that, despite their present disadvantages, 
economical modes of speed-control will ultimately 
make their way in this country. The book, there- 
fore, may serve a very useful purpose both to 
makers and users in this country. 





Royat AGRICULTURAL SHOw.—Messrs. Ruston and 
Hornsby, Limited, of Lincoln, were awarded the silver 
medal of the Royal Agricultural Society of England for 
their standard binder, which was exhibited at the Royal 
Show, held at Newport. 





CenTRaAL ScoTtanp ELectriciry ScHEME.——The 
Central Electricity Board has now, subject to certain 
amendments, adopted the Central Scotland Electricity 
Scheme, 1927, details of which were given in our issues 
of May 13 (p. 584) and May 27, 1927 (p. 636). The 
chief changes are: The extensions, which are to be 
carried out at Dalmarnoch in 1932-33 and in 1935-36, 
are to amount to 40,000 kw., instead of 25,000 kw. in 
each case. The extensions at Portobello in 1937-38 are 
to be reduced from 50,000 kw. to 30,000 kw. The 11,000 
volt lines from the Clyde Valley Electrical Power Com- 
pany’s water-power stations near Lanark to Motherwell 
will no longer be acquired by the Board. 





OUR LATEST BATTLESHIPS. 


THE battleship Nelson which with her sister vessel 
Rodney are the only two capital ships which have 
been designed and built in accordance with the limita- 
tions as to displacement and maximum calibre of 
guns agreed to by the Five Powers at the Washington 
Conference in 1921, has recently returned to Messrs. 
Armstrongs for completion after carrying out her 
machinery and other trials. An illustration prepared 
from a photograph of the Nelson appeared in our issue 
of April 29 last, and those of the public who are 
interested in naval matters have had an opportunity 
of becoming acquainted with the appearance and 
the general arrangement of the armament and upper 
works of the battleship, whose main particulars have 
been so zealously guarded for four years, and whose 
design presumably embodies the results of experience 
of the British Navy during the four years of war. 

The general appearance of the Nelson, and the 
disposition of her armament are both very different 
from those of the capital ships of our own and foreign 
navies built during the Dreadnought and super- 
Dreadnought eras, and which had almost attained 
a standardised pattern. The major portion of the 






Fig.1.1RON DUKE. 


immense capacity for destruction. A careful 
observer of the general appearance of such a ship 
would conclude that the keynote of the design, so 
far as the main and auxiliary armaments are con- 
cerned, is the distribution of the guns over the 
greatest possible area of the ship, thereby secur- 
ing the greatest immunity of the guns from damage 
by enemy projectiles, and the magazines from tor- 
pedoes, and in addition a nearly uniform weight of 
projectiles over every direction of fire. The capital 
ships of other navies possess the same general features 
in this respect as those of the British Navy, as can 
be seen by comparing the profile views of the 
Iron Duke and the United States battleship West 
Virginia, shown in Fig. 2. 

The general appearance of the Nelson as will be 
clear from Fig. 3, is markedly different, and is neither 
so impressive as that of her predecessors, nor as her 
size and cost, and the power of her armament, 
would suggest. One funnel only is fitted, and this 
is placed so far aft that almost three quarters of the 
length of the ship lies before it. Viewed from a point 
abreast the bow the funnel appears to be nearer the 
stern than is actually the case, the length of the ship 
forward of the funnel is exaggerated, and with the 


















Fig. 2. WEST VIRGINIA. 
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Fig.3. NELSON. 
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public who had for many reasons, become familiar 
with the general appearance of the modern battleship, 
will find some little difficulty in recognising in the 
newest vessel one of the same class. 

The capital ships of the British Navy which 
played such an important part in the world war 
are generally fitted with two funnels, the aftermost 
of the two being placed at about the middle of the 
length of the ship. In front of the forward funnel 
stands a tripod mast, which, at different heights, 
supports several platforms and small towers used 
for navigational and other purposes. In ships with 
two masts, the second is generally of lighter con- 
struction, and placed aft of the middle of length. 
At either end of the vessel is a pair of turrets each 
mounting two guns, one turret—that nearer amid- 
ships—of each pair being at a higher level than its 
neighbour, to allow its guns to be trained over the 
other. In some battleships a fifth turret, similar 
in all respects to the other four, is placed slightly 
abaft amidships. This turret is on the same level 
as that furthest aft, the two being 8 ft. or 9 ft. below 
that of the foremost. Between the amidships turret 
and the nearer turrets forward and aft deck erections 
or superstructures are fitted above the weather deck, 
enclosing the funnel casings and the bases of the two 
masts. The auxiliary armament is disposed as 
widely as practicable along the sides of the ship, or 
of the superstructures, between the turrets. The 
general appearance of the vessel and the position 
of the main armaments is shown by the profile of 
the Iron Duke given in Fig. 1 above. Silhouetted 
against a clear background one of these capital 
ships conveys an impression of a formidable floating 
fortress of almost perfect symmetry, and with an 
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flush weather deck give an appearance to the ship 
which is not greatly dissimilar to that of an ordinary 
tanker. A single tripod mast is placed abaft the 
funnel almost midway between the latter and the 
stern. The main armament of nine 16-in. guns is 
mounted in three turrets, placed as close together 
as practicable, the centre one of the three being 
raised above the others to enable its guns to train 
over them. The three turrets extend over a length 
about one quarter that of the ship. Between the 
aftermost turret and the funnel, a high structure, 
almost rectangular in profile, rises from the deck 
and apparently takes the place of the foremast in 
earlier ships, and includes the various fittings which 
were housed in the several small towers on the 
mast. 

According to the official publications the auxiliary 
armament of the Nelson includes twelve 6-in., 
six 4-7-in. A.A. and twenty light smaller guns. - 
The positions of the whole of these cannot be 
traced from photographs, but those of the 6-in. 
guns are clearly defined. The 12 guns are mounted 
in pairs in six shields or turrets, three on either side 
of the ship and placed well aft, abreast the space 
between the funnel and the mast. The three shields, 
or turrets on either side are very close together the 
centre turret of the three being superposed similarly 
and for the same reasons as the centre turret of 
the main armament. The length occupied by the 
three turrets is about one-eighth the total length 
of the ship. One smaller gun, probably a 4-7-in. 
A.A., and its shield can be seen in the profile abaft 
the short superstructure casing around the base 
of the mast. 

From the figures and the foregoing outline 
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THE VILLALBA 


HYDRO-ELECTRIC INSTALLATION: SPAIN. 


(For Description, see opposite Page.) 









Fig. 1. GENERAL PLAN Fig.2. 
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descriptions, it will be noticed that the disposition 
of the main armament is on a different principle 
from that of preceding battleships. Instead of 
being disposed over the widest possible extent, it is 
concentrated into the shortest practicable length, | 








Fig. 4. THe Riorrio AQUEDUCT. 


and the same remark applies to the largest guns of |on ahead and abeam fire. The positions of the 
the secondary armament. In place of the nearly | 6-in. guns suggests that the main turrets and their 
uniform weight of projectiles which can be thrown} guns can be trained to a considerable angle aft on 
by her predecessors over every point of the compass, | either side, but there still remains an appreciable 
the main armament of the Nelson is concentrated | arc astern over which they cannot be fired. The 
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THE VILLALBA HYDRO-ELECTRIC INSTALLATION ; 











were put down by various 
companies. These companies 
have all since been absorbed 
by others established in 
order to utilise the hydraulic 
resources of the country. 
The original steam-driven 
generating stations in Madrid 
were replaced in due course 
by gas-driven plants, and at 
the present time the latter 
simply act as reserves to a 
number of hydro-electric 
installations. 

Among the hydro-electric 
companies which supply 
Madrid with current, is the 











Fig. 5. CHANNEL CARRIED ON ARCHES ON MounrtaAIN SIDE. 





available fire over this angle astern is that from the 
6-in. guns in the four aftermost turrets, together 
with that of the smaller calibre guns which can be 
trained in the same direction. 

Those who have studied the evolution of the British 
battleship will notice a similarity in the arrangement 


Eléctrica de Castilla ; this company has put down 
a generating station at Villalba, in the province of 
| Cuenca, 139 km. (86 miles) to the east of the Spanish 
| metropolis. The head of water utilised is one avail- 
able on the river Jucar. The site is shown in the 
sketch map, Fig. 1. At the same time, water from 
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of the main armament of the Nelson to that of the | the Ufia Lake has also been rendered available, the 
Victoria and Sans Pareil launched forty years ago. | lake being made use of as a compensating reservoir. 
These two battleships were of 10,500 tons displace- | By means of a dam, this lake has been given a 
ment or less than one-third that of the Nelson. capacity of 500,000 cub. m. (110 million gallons). 
Their armament consisted of two 16}-in. 110-ton | The main reservoir is that of La Toba, the capacity 
B.L., one 10-in. 29-ton B.L., twelve 6-in. Q.-F.,/0f which is 35,000,000 cub. m. (7,700 million 
and twenty-four smaller guns. The positions of | gallons). These are shown in Fig. 2, which also 
the 16}-in., 10-in. and 6-in. guns are shown in| gives the location of the forebay, which has been 
Fig. 4. The two 16}-in. guns were mounted in a | constructed so as to impound 15,000 cub. m. 
turret whose centre was about one-third the length | (3,300,000 gallons). The installation comprises a 
of the ship from the stem and capable of being | canal of regular flow, known as the supply canal, 
trained through 300 deg., 150 deg. on either side of | joining the La Toba main storage to the Ufa 
the fore and aft line. To compensate for their| Lake; the latter is also fed by small streams. 
inability to fire over the 60 deg. astern, the 10-in. | A second canal, termed the delivery canal, leads to 
gun was placed on the poop deck as far aft as | the forebay, and has a capacity corresponding to 
practicable, and with an angle of training of 120 deg. | the maximum demand, which can be made on the 
on either side. The twelve 6-in. guns were fitted on | generating station. Variations in the required flow 
the upper deck inside the superstructure, six on | of the latter canal are regulated by sluices at the 
either broadside spaced as widely apart as possible | Ufia Lake end. Transient variations in the current 
and with the aftermost on either side training aft. | demand are met by drawing on the forebay capacity 
The Nelson in the disposition of her main arma- | directly above the generating station. : 
ment is thus a reversion to an older and a very rare|_ The region is in general very barren, and its only 
type, and a distinct departure from that which has | industry is the exploitation of its pine forests. 
been accepted as the standard in all navies for a| There are practically no roads, and the only way 
considerable period. From this it is reasonable to |i which the lumber has been delivered hitherto 
conclude that war experience has proved, either that | has been by floating it down the water courses. 
the former standard is not the ideal arrangement, | Attention is being paid to this lack of transport 
or that other features must be embodied in the | facilities and, one of the conditions imposed on 
design, and these have necessitated a substantial |the company in carrying out its hydro-electric 
modification to the arrangement of the armament. | iStallation was that it should not interfere with, 
| but rather improve, where possible, the existing 
| arrangements for floating the lumber down stream. 
| Actually, the timber is now floated down the canals, 
THE VILLALBA HYDRO-ELECTRIC | and when it reaches a point close to the forebay, it 
STATION ; SPAIN. | is returned to the river by a side channel on a steep 
THE production and distribution of electricity | gradient, for which only a small flow of water is 
in Madrid for lighting and power purposes was|required. Screens of reinforced concrete prevent 
commenced in the early ‘nineties of last century, | the logs from reaching the spillway discharge of the 
when several steam-driven generating stations’ forebay reservoir. 
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Fie. 6. IntTERIOR View ON TUNNEL SECTION. 


Close to La Toba lake, topographical conditions 
made it necessary for a portion of the supply canal 
to run underground for a length of 600 m. (1,970 
ft.). A view inside this tunnel is given in Fig. 6. 
The tunnel is lined with concrete for its whole 
length, and has a central gangway of reinforced 
concrete, provided for inspection purposes and 
for the use of the men working the lumber down 
the channel. The supply canal enters the Ufa 
Lake about 6 m. (19 ft. 8in.) above the normal lake 
level. The flow of the canal being 7 cub. m. 
(1,540 gallons) per second, about 400 h.p. could 
be developed at this point, and it is intended to 
utilise this head later on. 

By the construction of a low dam, fitted with the 
necessary sluices, the original level of the Ufia Lake 
has been raised by 2 m. (6 ft. 6 in.), and its area 
increased from 6 hectares to over 20 hectares 
(15 acres to 50 acres). The delivery canal which 
starts from the Ufia Lake has a capacity of 10 cub. m. 
(2,200 gallons) per second and its section is 3-80 x 
1-80 m. (12 ft. 6 in. x 6 ft.). 

Among the various works on this canal may be 
mentioned a reinforced concrete aqueduct over the 
La Madera stream, a tunnel 800 m. (2,625 ft.) in 
length, and the Riofrio aqueduct which we illustrate 
in Figs. 3 and 4. This, as will be seen, is a double 
structure, the lower, a masonry one, carrying two 
supply pipes for power purposes. The lighter, upper 
steel structure, carries a small open flume used for 
timber floating. The iower masonry arches have 
each a 10-5 m. (34 ft. 6 in.) span, and the two pipes are 
1-900 m. (6 ft. 3 in.) in diameter. The three central 
upper steel spans are formed by a continuous girder, 
the two end spans having independent trusses. From 
the Riofrio aqueduct to the pressure reservoir no 
works of particular note were necessary, but a 
number of difficulties were encountered. The country 
being very broken, with very steep slopes at various 
places, the canal had to be built into the mountain 
side and supported at different spots upon arches 
and by high retaining walls. A typical view on such 
a section is given in Fig. 5. 

The 15,000 cub. m. forebay reservoir involved 
a large amount of masonry work. The spillway 
and two low level discharge openings are in the 
south wall, and lead directly into the river. The 
intakes proper at the extreme end of the reservoir, 
have a sufficient depth to permit of the reservoir 
being emptied without allowing air to enter the 
pressure pipes. Two hand operated sluices and 
an automatic one are provided at the upper end of 
each pipe line. The pipe lines vary in diameter 
from 1-50 m. to 1-80 m. (4 ft. 11 in. to 5 ft. 11 in.). 
From the forebay to the generating station the pipe 
lines are on gradients of 17 in 100 (1 in 5-9) for a 
length of 300 m. (984 ft.), 38 in 100 (1 in 2-6) for 
123 m. (403 ft.) and 44 in 100 (1 in 2-3) for about 
100 m. (328 ft.) where they end in the bus pipes. The 
pipes are built of welded steel plate in sections 6 m. 
(19 ft. 8 in.) long, varying in thickness from 10 mm. 
to 17 mm. (0-393 to 0-669 in.) 
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Fic. 16. Fire-Box 1n CoursE or CONSTRUCTION. 


diameter of 84 in. at the front ring, the third ring 
expanding until at the back tube plate the diameter is 
94in. The barrel plates vary in thickness from 1. in. 
at the front, to 1} in. at the back. The back tube plate 
is flanged to a complete circle and inserted in the end 
of the barrel. In the upper part of this tube sheet 
are two flanged openings 26 in. in diameter. Through 
these openings, two steam drums of the fire-box project 
into the boiler barrel. The arrangement will be 
followed from Fig. 2 and Figs. 15 and 16. The flange 
of the openings through which the drums pass are 
turned towards the fire-box,’and are 63 in. wide. The 
drums are of plate } in. thick. They are 23} ft. long, 
and at the back end are finished with angle rings, to 
which covers are fastened by means of studs, the joints 
being made by copper gaskets. The front ends of these 
drums are housed inside the barrel, with the object of 
counteracting to some extent the cantilever effect of 
the fire-box on the tube sheet. Each drum is furnished 
with a bridge near its front end (Fig. 4), from which 
stays run forward to the front tube plate. The fire-box 
sides consist each of 48 four-inch tubes, with an outside 
shell of firebrick. The front and back walls are of 
firebrick. The side tubes run from two staggered rows 
in each drum, to a cast steel foundation or mud ring 
taking the form of a bottom header. This is illustrated 
in Fig. 19, page 110, and is shown in various sections in 
Figs. 2,5,7and8. A half plan is also shown in Fig. 3. 
This casting has a length of 18 ft. 2} in. and width of 





8 ft. 5 in. From the drawings, &c., it will be evident 
that it is traversed from front to back by a central 
longitudinal member, and about 6 ft. from the front, 
by across member. Both the latter are cored to facili- 
tate circulation. The cross member also accommodates 
the lower ends of the arch tubes, as may be seen from 
Fig. 16. The upper ends of these tubes are fixed in 
the two drums. The space ahead of the arch is com- 
bustion space only. At the front end, the foundation 
ring is fixed to a throat plate carried up to the boiler 
barrel. At the back a }-in. backhead is provided, 
fixed to the foundation ring below, and above, taking 
the ends of the two drums in flanged openings. At the 
front of the foundation ring, a connection is made on 
each side by means of 9-in. flanged elbows to the under- 
side of the barrel, as shown in Figs. 2 and 5. 

The 4-in. fire-box water tubes are swaged to 3-in. 
diameter at the bottom, and are rolled and belled into 
the foundation ring. At the upper end they are rolled, 
belled and welded into the drums. The barrel tubes 
consist of 50 large tubes of 5}-in. diameter and 206 of 
2}-in. diameter. The tubes are welded into the back 
tube plate. None of the studs for mountings, &c., 
passes through the thickness of the boiler plates, so 
that leaks from this cause cannot arise. The barrel is 
covered with magnesia lagging in the ordinary way, 
while the firebrick shell of the fire-box is also protected 
with magnesia sectional lagging and cleading. The 
grate area is 82} sq. ft., the fire-box heating surface 
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amounting to 745 sq. ft., while the fire-box volume, 
with the combustion chamber, is no less than 683 
cub. ft., giving 8-3 cub. ft. for each square foot of 
grate area. As will be seen from the illustrations, 
and especially Figs. 1, 14 and 18, the engine is fitted 
with a Duplex mechanical stoker. 

The dome is placed on the middle course of the barrel, 
while the regulator is mounted in the smokebox, and 
may be seen dotted in in Fig. 1, and Figs. 9 and 10. 
It is fitted above, and takes steam from, a flat super- 
heater header, passing it into the central vertical pipe 
shown in Figs. 9 and 10, by which it is led to the high- 
pressure cylinder. The receiver is contained in the 
cylinder casting, and the exhaust from the low-pressure 
cylinders returns to the smoke-box through outside 
pipes, the nozzle being double. 

Further details of this engine must be deferred to a 
future issue. In the meantime, we give the following 
particulars of the engine and tender. 


Locomotive— 


Cylinders, % P. (1), diameter .... 27 in 
a9 L.P. (2), diameter ... 27 in. 
Stroke... oo. 82 in. 
Valves, piston, diame ster r 14 in 
Wheels, bogie, diameter 33 in 
*9 coupled, diameter 634 in 
trailing, diameter 454 in 
Boiler barrel, diameter.. 84 in. 
» tubes, length « 23%. 
3s ja See ene ede. 
2} in. 206 
Firebox, length aus 16 ft. 74 in. 
99 width 8 ft. 
Grate, length 11 ft. 6} in. 
po width 7 ft. 2 in. 


Heating surface, firebox 





” »  5$-in. tubes ... 
” 99 2}-in. tubes ... 
” » arch tubes 

” » total ... 


l, 387 Sq. ~ 


i shesipesseceana as 


Grate area 82-5 sq. 
Working pressure 350 Ib. per om ft 
Wheel base driving 22 ft. 10 in. 
ne » rigid 22 ft. 10 in. 
total engine 45 ft. 2 in. 
Weight on coupled wheels 151 tons. 


» bogie ... 25 tons 14 ewt. 
“a di trailing wheels ... 27tons lewt. 3 qr. 
» Total engine 203 tons 15 ewt. 
Tractive force 82,500 Ib. [3 qr. 
Tender 
Wheels (12) diameter 
Water capacity ... 
Coal i 
Locomotive and Te sili r 
Wheelbase 
Weight 


33 in. 
12,000 galls. (u.s.) 
16 tons (U.S.). 


86 ft. 11} in. 
312 tons 18 ewt. 


(To be continued.) 








THE MACHINERY MARKET IN JAPAN. 
By WALTER BUuCHLER. 

Tue Japanese industries, which have developed so 
rapidly in recent years, owe the success they have been 
able to attain to the large measure of assistance given 
by the Government through subsidies, protection by 
the imposition of heavy duties on imported manufac- 
tures, and credit facilities by the banks. This is the case 
with the engineering industries in Japan, which, in the 
early days, were under Government control. The war 
came as a great boon to these industries, and enabled 
Japan to start an export trade in machinery and put 
it on a permanent basis. Her yearly output of the 
more important lines of machinery is approximately :— 

£ 
7,272,000 
5,410,000 
612,000 


Cars, &c. 

Cranes, &c. ‘ie 

Electrical apparatus ... 

Machine tools, finishing machines, 
&e. 


ee 1,420,000 
Meters, gauges S, , &e. 


171,000 


Boilers and steam turbine Mi ss 200,000 
Steam engines awa aha «.. 1,500,000 
Pumps 1,000,000 
Electric motors 3,000,000 


Gear wheels 175,000 


The principal items figuring in her exports of machinery 
comprise textile machinery, electrical machinery, &c, 
as shown in Table IV on page 104. These mostly go 
to China, particularly to the Kwantung province. 

TABLE I.—F. pare sal Machine wi and Parts from Fagen. 











£ | in £ | £ 
1915 1,003,000 1919 | 1923 1,790,000 
1916 3,494,000 1920 | 1924 1,876,000 
1917 | 11,774,000 1921 | || 1925 993,000 
1918 | 11,069,000 || 1922 | || 1926 786,000* 
| | 


*First. 10 months. 





Thedecrease in Japan’s exports of machinery, shown in 
Table I, is due to the resumption of normal conditions in 





the machinery industries of Western countries, with whom 
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Japan cannot compete in quality. Although her 
domestic production is making steady headway, there 
is still a lack of the technical skill which is evident in 
foreign machinery. The result has been that, in spite 
of Government protection and encouragement, foreign 
machinery is popular in Japan, and is even cheaper 
when it comes to higher grades. The better class of 
Japanese buyer prefers to buy imported machinery 
rather than, by paying less, to endanger the quality 
of his own product. 

Japan depends for most of her raw materials on 
imports from abroad, as her output of iron and steel is 
insufficient for her needs. Cost of materials is, there- 
fore, high. Her iron works have, so far, not been 
altogether successful commercially. Labour is still 
comparatively cheap in Japan, but, although greater 
skill has been in evidence in recent years, there is still a 
lack of efficiency when compared with Westernstandards, 
A lathe hand receives 4s, 6d. a day; and finishers, 
moulders, blacksmiths, and pattern makers about 


of 495,2641., were shipped to Japan, and in 1926, 6,287 
tons, of a value of 675,084. Japanese mills are 
consuming more and more cotton, and the number of 
spindles installed is constantly being increased. 
Japanese cloth, and textiles in general, are being exported 
in larger quantities, both to China and such markets 
as the Dutch East Indies, Africa, and the Near- 
East, where Japanese textiles are comparatively new 
to the market. Further, additional machinery will 
undoubtedly have to be installed before 1929, when 
nightwork for women and children will no longer be 
permitted by the Government, in order to no more 
than maintain the present output. Besides adding in 
this way to its equipment, Japan will also probably 
require, in course of time, machinery for producing the 
finer yarns and cloths, and for better dyeing, finishing, 
&e. 

There are certainly plans on foot for making spinning 
machinery in Japan, but it is unlikely that the quality 
or output within the next few years will be equal to 





TABLE II.—Imports of MACHINERY AND PaRTs INTO JAPAN, 














oe | 1918. | 1919. | 1920 . 1921. | 1922. | 1923. | 1924. 
£ £ £ £ £ £ £ 
Great Britain 981,000 1,613,000 3,155,000 4,398,000 4,220,000 3,624,000 3,573,600 
ih Qe 4,671,000 6,684,000 7,349,000 6,361,000 5,731,000 4,193,600 6,468,000 
France 51,200 199,800 119,400 152,700 268,000 253,400 288,000 
Germany 3,200 500 67,000 589,300 789,000 987,000 162,500 
Switzerland 8,400 130,000 51,000 165,600 210,000 480,000 488,000 
Belgium - — 2,400 _— — 8,500 22,000 
Sweden 46,000 244,700 225,000 225,000 133,000 132,700 178,400 
Total including others £5,853,000 £8,938,000 |£11,055,000 |£11,988,000 £11,400,000 | £10,224,000 | £12,800,000 





























TABLE II1,—Principal Lines of Imports (Machinery, &c.) 


TABLE IV.—Principal Items of Exports (Machinery, &c.) 























| 1923. 1924. 1923. | 1924. 
i 
£ £ 3 £ 
Textile machinery is ba 2,269,000 | 1,204,958 | Electrical machinery es 185,079 175,470 
Electric generators and motors 1,083,000 | 2,098,000 | Spinning and weaving machin¢s 380.000 359,000 
Scientific instruments ae 1,279,000 | 2,607,000 | Telephones as e oe = 15,500 14,400 
Sewing machinery 575,600 | 1,041,000 | Ships and machinery 39,275 17,500 
Railway cars and parts 563,500 613,400 | Bicycles and parts ba. often ss 44,400 71,800 
Locomotives and tenders .. 515,370 218,500 | Miscellaneous articles, parts, arfd fittings | 7,000,000 6,830,000 
Automobiles and parts 495,500 877,000 
Bicycles é es 178,600 308,600 
Bicycle parts a = a 404,400 | 458,800 — ee a : ee eee 
Water turbines and Pelton wheels 302,800 146,300 the country - ea fe nts | ot this rS Al gat t. Japan 
Gas, oil, and hot-air engines 273.170 557,200 | owns about half a million spindles in China, for which 
Air and gas compressors . . 239,400 244,400 | machinery will also be required from time to time. 
Boilers and fittings os 295,000 547,300 ’ : . 
Paper-making machinery. . 63.100 124200 Japan’s electrical industry has made remarkable 
Cranes te Ds ere ..| 205,600 82,700 | progress in recent years, due to the development of her 
Metal-working and wood-working machin- a és water-power resources. This has led to a great in- 
ery = oe ay ..| 1,083,500 | 2,098,000 : ; 
crease in the demand for electrical machinery of all 





the same, Japan’s machine-making industry employs 
about 90,000 hands, of whom 82,000 are men and 8,000 
women ; an equal number is engaged in foundry, metal 
and metalware industries. The Japanese Government 
realises that the development of the home machinery 
industry depends more on skilled labour than on 
lowness in price. With this view, the Government is 
making arrangements to train workmen in Japan in the 
use of precision machines; steps are being taken to 
develop the manufacture of larger machinery on 
a standardised basis. Subsidies will be granted to 
assist manufacturers over the experimental stage, and 
every help in the form of advice, even to the increase 
in the import duties and financial aid to develop the 
export trade, is promised. This may not appear to 
offer a very bright outlook for foreign manufacturers, 
but it is still very doubtful whether Japanese engineer- 
ing works will, for many years to come, be able to turn 
out the same high-grade machinery as is made in this 
country. 

Although Japan’s imports of machinery and parts, 
as indicated in Table I], show a general decrease, this 
has really been due to the industrial depression prevail- 
ing in that country. The figures do not represent her 
true requirements. 

The total imports for 1925 were 8,899,6001., and 
7,618,0001. for the first 10 months of last year. The 
principal items for which manufacturers and exporters 
will find a good opening in Japan are, as will be clear 
from Table III, textile machinery, electric generators 
and motors, scientific instruments, sewing machinery, 
railway cars, locomotives and parts, automobiles and 
parts, bicycles and parts, water turbines, gas and oil 
engines, air and gas compressors, boilers and fittings, 
paper-making machinery, metal working and wood- 
working machinery. 

Although Japan’s imports in several of these lines 
show decreases, many of her industries still remain to 
be developed, and while orders may be restricted at 
times, the deficiency will necessarily have to be made 
up by increased imports at later periods if the country’s 
commercial expansion is to continue. A case in point 
is that of textile machinery, of which Japan bought 
nearly 1} times as much from Great Britain last year 
as in the year before ; in 1925, 3,425 tons, of a value 


kinds, especially for dynamos and electric motors. 
A large variety of electrical machinery is made locally, 
but the quality does not equal that of imported goods, 
which are often also lower in price. The rapid develop- 
ment of Japan’s shipbuilding industry has also created 
a large demand for machinery for ships, and although 
that industry is not very prosperous in Japan just now, 
shipping companies are planning the construction of 
better, larger, and faster vessels to meet foreign 
competition, particularly on the Pacific. 

Railways in Japan are run by the Government, which 
buys the required materials from approved makers. 
There are also a number of private railways (about 
160, with an open mileage of 2,400,000), which also 
provide a market for construction materials, especially 
rails. It is not likely that the Government will build 
new lines in the near future, as there are sufficient to 
meet present needs. The passenger service is most 
efficient, but the freight service is expensive and 
not so satisfactory. This has resulted in the motor- 
car rapidly becoming popular, and manufacturers of 
automobiles, lorries, and accessories will find in Japan 
an excellent market for their products. 

Japan’s paper-making industry is well organised, 
and all kinds of paper are manufactured. Foreign 
machinery is used in most of the paper and pulp mills, 
and while such machinery is also made locally, it does 
not compare with foreign. Japan ships considerable 
quantities of paper to China, and is increasing her 
exports in other Far-Eastern markets; considerable 
expansion may be thus expected in her requirements 
for paper-making machinery. 

The flour mills in the country are equipped with the 
most modern machinery, mostly foreign; but the 
oil-milling industry is not so completely modernised. 
There are about forty oil mills with modern machinery, 
but there are hundreds using hand-power mills and 
generally operating in a primitive way. There is 
scope for high-grade hydraulic presses for such pur- 
poses as crushing soya beans, peanuts, cotton and other 
oil seeds, of which Japan imports practically all her 
requirements from Manchuria and Shantung. 

Japan’s population is steadily increasing, and this, 
combined with the limited area available for cultiva- 
tion, constitutes a difficult problem for the Govern- 
ment to solve. The authorities recognise the 
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importance of modern methods in agriculture being 
adopted by the farming class, who still use, for the 
most part, extremely primitive implements for farm- 
ing, and are doing their utmost to educate the farmers 
in the use of agricultural machinery by distributing 
literature on the subject, and by importing machinery 
for experimental and demonstration purposes ; 
financial assistance is even granted to enable farmers to 
buy modern agricultural machinery. As the food and 
population problem is bound ultimately to over- 
come the conservatism of the Japanese farmer and 
compel him to use mechanical equipment, the demand 
for modern agricultural machinery is most likely to 
increase. A few notes of what is suitable for Japan’s 
requirements may be of service to exporters here. 
Tractors should be adapted to soft land and steep 
slopes; they must be able to turn in a very small 
space, and be suitable for paraffin if desired. Subsoilers, 
disc harrows, ploughs (2 to 6 furrows), stump pullers, 
and small internal-combustion engines of 1} to 6 h.p. 
are in demand. The latter should preferably have a 
wide horse-power range, so that engines can be used 
for a variety of purposes, such as operating centrifugal 
pumps for irrigating rice fields, for grinding, dairy work, 
hauling, threshing rice, tea manufacture, lumbering, flour 
milling, &c. It is advisable that spare parts should be 
sold together with every machine of any size, and 
operation should be on the simplest principles, as the 
Japanese have no great aptitude for managing 
machinery. 

To complete this survey of the opportunities which 
the Japanese market presents for foreign machinery, 
a brief outline of how business is done in Japan may 
be of use to those desiring to enter that field. At 
one time, most of the imports into Japan were handled 
by foreign firms established in Kobe, Osaka, Yokohama, 
or Tokyo. The Japanese are now buying more direct, 
working from these cities or even through their own 
branch offices established in the different business 
centres of the world. The policy of selling direct to 
Japanese importers or to their representatives here 
may be safely pursued, as long as all orders are covered 
by an irrevocable letter of credit opened at the same 
time as the order is accepted. The field is, however, 
so large that direct negotiation is not sufficient to 
cover all the orders which the market offers and which 
would be procurable by having a firm on the spot 
to act as representatives, or by opening a branch 
in Japan. In the latter event, a Japanese selling 
organisation would be required, and this would necessi- 
tate employing a “ Banto,” who acts as an interpreter, 
and whose business it is to introduce business. This 
intermediary should be well connected with the 
engineering trade, and have some technical knowledge 
of engineering. A first-class Banto in this class of 
business receives about 30]. a month and a small 
commission or bonus according to the year’s results. 
As regards terms, Japanese firms of good standing can 
be got to open credits when placing orders. A speaking 
knowledge of Japanese is a great asset, and not only 
promotes business but puts it on a safer basis, as the 
foreigner who is able to understand Japanese can follow 
negotiations better, instead of having to rely entirely 
on his Banto. Advertising is most popular in Japan, 
and the policy of attracting notice by means of dis- 
plays, catalogues, and newspaper advertisements should 
be followed until a name has been well established. 
It is most important that patents and trade-marks 
should be registered at the Japanese Patent Bureau in 
Tokyo, as there is a tendency to copy foreign 
machinery, though the home-made imitation is inferior 
to the original. 

In conclusion, while Japan is admittedly a difficult 
market to handle, it is nevertheless a very profitable 
field, and one well worthy of more attention. 








PRorosED ENLARGEMENT OF THE KiInGsSwAY SuBWAY, 
Lonpon.—When some fifteen years ago the London 
County Council constructed a tramway subway from 
Victoria Embankment to Southampton Row under 
Kingsway, they were criticised because this link between 
their northern and southern systems was not made 
of sufficient size to accommodate double-deck cars. 
Events have apparently proved the justice of these 
criticisms, for at their meeting on Tuesday last the 
Council were recommended by the Highways Committee 
to apply to Parliament for powers to effect this 
enlargement at an estimated cost of 250,100/., to which 
must be added 76,4001., the cost of converting 50 
single-deck cars into double-deck cars. It was stated 
that, at present, the revenue from the subway traffic 
was insufficient to cover the operating expenses, but 
that this would be altered if double-deck cars could 
be used. In the meantime, the necessary closing of 
the subway for from twelve to eighteen months would 
mean a reduction of expenditure. Direct access to 
the central repair depot for cars from the north side 
would also be an advantage. The Finance Committee 
estimated that the reconstruction would result in a 
financial advantage of 12,600/. per annum. The pro- 
posal met with some opposition, but, after considerable 





discussion, was finally adopted. 
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NATURE OF MATERIALS. a Values of Slope or Loss of Head per Length of Main 
Values 1 1 01 001 0001 -00001 000002 
of x 
Drawn brass and copper tubes 0-562 7 
Tubes of brass, tin, or lead 0°555 ‘550 - 
Plain wrot. iron and planed wood 0-550 ] 
Neat cement and galvanised iron 0°540 TT eH LU 
New asphalted iron pipes .. 0°533 8 4 Lian lA Biniemee = au 
Cleaned iron and 1st class concrete 0-526 Sy 500 Ts c 
Unplaned wood and 2nd class concrete... 0°513 bh 7 YY 
Fair brickwork and smooth ashlar 0-500 5 ] Wt 
3rd class concrete and tuberculed iron... 0-490 a 7 v4 
Corrugated copper and double rvtd. iron {0.450 oes 4S) 
Dry rubble masonry , { pH 
Regular channels in earth ‘ J aa 400 4 7 need —_ 1,000 0,000 50000 
bis Gradients for Length of Main for Loss of 1Ft. of Head 
20 d - 
has been found to be 0-75 second. In a room of 
216,000 cub. ft., T would be 2-15 seconds when the 
Va A 3 room was one-third full, For that case, Sabine’s formula 
(see ENGINEERING, November 19, 1926, page 639), 
10 would give an absorption of 5,000 units ; if the absorp- 
3 Z tion by the walls, &c., amounted to 1,600 units, and by 
7 a the audience (numbering 375 persons) to 1,725 units, 
6 7 there would remain 1,675 units of absorption to be 
5 added in the form, for example, of 3,350 sq. ft. of 
i Wa material of absorption coefficient 0-5, to secure the best 
4 ; hearing. In deducing these relations, Sabine, Watson, 
3 Ps Lipschitz and others, added absorbing material to a 
z small room, piece by piece, until experts were satisfied. 
For speech, a shorter period of reverberation and 
3 2 more absorbing material appear desirable. Knudsen 
§ tested this by uttering a sequence of meaningless 
x + words and counting the number of correct interpreta- 
E tions by auditors seated in different parts of his room of 
3 , 4,096 cub, ft. By adding more and more material, he 
R 1 —-- deadened the room and reduced the T from 5-01 to 
y y 0-6 seconds. The correct interpretation then increased 
a from 51 to 92, the improvement being most clearly 
§ ‘marked for consonants; vowels were always fairly 
K well understood throughout, the figures ranging from 
§ 94 to 99. 
In his investigation of the different impressions of 
. Ss 45° players and audiences, Watson first deadened a room 
= = f by increasing the amount of absorbing material. The 
72 Diameters tiv :: players declared that they could not play ; but as the 
“2 —s4 a 3 z ; Mm _ 36 48 material was removed again, they became more 
i oer aa satisfied, and the auditors more dissatisfied; the 
reversed cycle gave the same result. The optimum T 
for playing was 1-8 second, and that for listening, 1-1 
second, In _ further experiments, the absorbing 
01 02 05 4 Z £ 45 7 2 3 @€5 10 20 50 100 material was removed from the neighbourhood of the 
players to the other end of the room ; both players and 
(52) Values of R. or Areas per Wetted Perimeter Ser oa were then content. It would a gpm 


CHART FOR ESTIMATING 
VELOCITIES IN WATER CONDUITS. 


Tue chart which we reproduce above has. been 
prepared by Mr. E. H. Essex, A.M.Inst.C.E., for 
making rapid estimates of the velocity of flow in water 
pipes or in open channels. It provides for differences 
in the roughness of the walls, and for variations in the 
hydraulic radius R, which is equal to the area of the 
cross section measured in square feet divided by the 
wetted perimeter measured in fect. The diagram is 
based upon the popular type of formula in which the 
velocity of flow is assumed to vary as some fractional 
power of the hydraulic radius of the waterway and 
as another fractional power of the slope. Mr. Essex 
states that, as the result of a very comprehensive 
study of all available experimental data, he finds 
that the volocity can in all cases be taken as sensibly 
proportional to the 0-707 power of the hydraulic 
radius, but that the power of the slope varies with 
different materials in accordance with the table annexed 
to the diagram. 

The method of using the chart is best shown by 
means of an example. Thus, suppose we have a pipe 
48 in. in diam., of cleaned cast iron, laid at a gradient 
of 1 in 1,000, what will be the velocity of flow ? 
Then from the table given, the value of x correspond- 
ing to the roughness of this material is 0-526. Taking 
the corresponding point on the scale for 2, a line is 
drawn to C. The point is noted at which this line cuts 
the vertical line marked 0-001 on the upper horizontal 
scale. From this point of intersection a line is drawn 
at 45 deg., as shown. 

The point is noted at which this line cuts the vertical 
drawn from 48 in. on the scale of pipe diameters. The 
corresponding ordinate is read on the scale of velocities, 
and is, it will be seen, 4-3 ft. per second. Had the 
pipe been 24 in. in diameter, laid at the same gradient, 





the velocity would have been 2-6 ft. per second, whilst 


the corresponding figure for a 2-in. pipe, it will be 
seen, is 0-44 ft. per second. Where open channels or 
pipes not running full bore have to be dealt with, the 
corresponding hydraulic radius is calculated, and the 
point noted at which the 45 deg. line cuts the vertical 
corresponding to this value of hydraulic radius. The 
corresponding velocity is then read from the scale on 
the left, as already explained. 








THE ACOUSTICS OF AUDITORIUMS. 


REVERBERATION, i.¢., the time taken for an ordinary 
sound to die out in a room, is considered to be the most 
important factor in the acoustics of an auditorium. 
When that time is too long, the sounds of succeeding 
words overlap, and listening becomes difficult, parti- 
cularly with respect to speech; for music, some over- 
lapping is not so serious. A concert room, success- 
fully arranged for good hearing, may, however, be con- 
demned by the artists as hard to play or to sing in. 
This apparent contradiction has been the subject of 
recent investigations by Professor F. R. Watson, of the 
University of Illinois. The general problems were dealt 
with in Dr. Kaye’s lectures on Acoustics of Public 
Buildings, which were reported in our issues of Novem- 
ber 12, 19 and 26, 1926. 

The time of reverberation is dependent upon the 
amount of sound-absorbing material in the room, and 
upon the volume of the room. Shape and other features 
are of less influence in a first approximation, but the 
amount of absorbing material in a concert hall changes 
with the number of people in it. Ina room of 1,000,000 
cub. ft. capacity, Professor Watson found that the 
optimum time of reverberations for good audition was 
about 2 seconds with the maximum audience, 3 seconds 
with a one-third audience, and 4 seconds for the empty 
hall. The optimum time T increases with the cube root 
of the volume, but it does not approach a zero value 
for small volumes, for which the estimated minimum 


that the space round the artists should be kept free of 
absorbing material, which should be distributed over 
the other parts, so as to leave a reverberant space for 
the production of music. This should also apply to 
broadcasting studios. Good hearing may further be 
obtained in a room connected with the hall by a door. 

Modern auditoriums being relatively less expensive 
to build for large than for small audiences, Professor 
Watson suggests basing estimates on audiences of 
two-thirds the room capacity. He refers to a case in 
which the attendance at a pianoforte recital did not 
come up to the figure for which the absorbing material 
had been allowed ; yet the artist found the hall wonder- 
fully responsive, and the listeners were pleased with 
the hearing conditions, probably because they were ~ 
crowded at the end far from the stage. It is not 
usual to adapt the acoustical arrangements to the 
audience expected. Nor would it be easy to do so, in 
view of the difficulties of building in accordance with 
a still imperfect acoustical theory. In fact, acoustical 
considerations, up to the present, have received little 
attention from architects. 








O-TANK STEAMER “ BertA.’’—After successful trials, 
the twin-screw oil-tank steamer Berta was delivered 
to her owners, the Anglo-Saxon Petroleum Company, 
Limited, on Thursday, July 14, by Messrs. Harland and 
Wolff, Limited. The principal dimensions of the new 
vessel, which has been built on a combination of the 
transverse and longitudinal systems of framing, and is 
classed 100 A.1 at Lloyds for the carriage of oil in bulk, 
are: length, 305 ft., breadth, 50 ft., and depth, 15 ft., 
with a gross tonnage of about 2,700. The propelling 
machinery consists of two sets of triple-expansion engines, 
having cylinders 13} in., 234 in., and 36 in. in diameter, 
with a stroke of 27 in.; they are designed to develop a 
total of 1,250 i.h.p. Steam, at a working pressure of 
180 lb. per square inch, is supplied by two boilers burning 
oil fuel under forced draught. A sister vessel, the S.S. 
Brigida, is expected to be launched from Messrs. Harland 





and Wolff’s Belfast yard towards the end of the month. 
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GOVERNING GEAR FOR IMPULSE 
WATER TURBINES. 


THE inertia of a mass of water moving at a high 
velocity under a high pressure, as in impulse turbines 
of the Pelton-wheel type, makes the problem of govern- 
ing the speed of such machines a very different one from 
that attending the regulation of the steam turbine. 
Sudden and marked charges in load on the Pelton 
wheel frequently give rise to hunting, and the 
necessity of designing special governing devices 
to suit a particular installation before any definite 
guarantees regarding speed regulation can be given has 
often been a troublesome matter. The deflecting 
nozzle, in which the needle and nozzle are pivoted so 
that, by swivelling them, the jet is directed past the 
buckets as the load is taken off, is falling into disuse 
owing to its sluggishness and to the difficulty in keeping 
the trunnion joints watertight. The diffusion of the jet, 
in order to reduce its force by spreading it over less 
effective parts of the bucket, is another device which 
has been employed for governing. This method was 
discussed, with others, in ENGINEERING, vol. cix, 
page 851 et seq. 

The somewhat crude arrangement in which a_by- 
pass is opened as the nozzle closes and dashpots are 
fitted to slow down the return motion, calls for little 
comment. The more usual form of governing device 
is an automatic deflector, consisting of some form 
of baflle pivoted so as to be movable in a direction 
radial to the jet, though the cetre of the pivot is 
some distance above or below that of the jet itself. 
These deflectors generally necessitate the employment 
of powerful and somewhat complicated apparatus for 
moving them, and also for controlling the automatic 
operation of the needle. The introduction of servo- 
motors often delays the governing movements, and a 
liability to hunt arises from the time-lag thus set up. 
Further, the introduction of the more or less flat surface 
of the deflector at an angle into the jet, besides needing 
considerable power, causes a reflux of part of the jet 
towards the nozzle. This strikes the housing, giving 
rise to much noise and friction, while attempts to 
cause it to bend over and impinge on the jet itself 
result in damage to the nozzle, even though protecting 
baffles are bolted to the latter. 
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With this brief review of both the nature of the 
problem and the difficulties attending its solution, 
the governing device illustrated in Figs. 1 to 5, 
on this page, may be examined. This has been brought 
out by Mr. Percy Pitman, 25, Victoria-street, S.W.1, 
whose work with the Pelton-wheel type of turbine is well 
known. The new deflector itself is extremely simple 
in design, as will be seen in Fig. 4, and is balanced 
under any load at which it may be running. It consists 
of a tube made of stainless steel and having a slot 
right through it in way of the jet. It is capable of 
being rotated on its horizontal axis, and is carried 
on ball or roller bearings, so that it moves very 
readily. 

The general appearance of the deflector may be 
compared with that of the parallel plug of an ordinary 
cock with the two edges of the port having a different 
finish. The full lines in Fig. 4 show the deflector open, 
that is, at full-power position, with the unobstructed 
jet passing clear through the port. Should the whole 
load be suddenly thrown off the turbine, the governing 
mechanism instantly twists the deflector round into 
the position shown by the dotted lines in Fig. 4, and the 
jet is immediately split in two by the sharp edge of the 
port nearest the nozzle. The lower portion of the jet 
is deflected at once, while the upper portion passes on 
until it meets with the inner cylindrical surface of the 
deflector, and in its turn is diverted downwards. 

In the smaller units fitted with this deflector, the 
needle is not controlled by the governor. The deflector 
only is coupled direct to an ordinary centrifugal 
governor which may be either horizontal, as in Fig. 1, 
or vertical asin Figs. 2 and 3. The latter figures 
represent a 35 brake horse-power Pelton unit, with a 
20 kw. direct-coupled generator, used as a standby 
in a London electrical concern in case of failure of their 
usual current supply. Itis operated by water at a 
pressure of 700 lb. per square inch from the mains of 
Messrs. The London Hydraulic Power Company. 
Under test, this installation showed a speed rise of 
only approximately 3 per cent. between full load and 
no load; that is, when, at the normal speed of 900 r.p.m. 
the whole load was suddenly thrown off, the speed 
did not rise, even momentarily, above 926 r.p.m. 
No hunting whatever was noticeable in these tests. 

Incidentally, this use of hydraulic pressure, in those 
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areas where it exists, for electric power supply, would 
seem to make practicable a very reliable emergency set 
in such places as cinemas, theatres, hotels, etc., where 
the failure of the electric current would be particularly 
inconvenient. 

The application of the Pitman deflector to larger 
turbines involves the use of automatic regulation of the 
needle together with the control of the deflector. The 
device employed consists of a coiled spring compressed 
within a steel tubular housing. The spring is connected, 
through the housing, to the needle, which is prevented 
from closing quickly by an oil brake, and the movable 
housing is coupled to the governor by the deflector link- 
work. When the whole of the load is suddenly thrown off 
the turbine, the jet is immediately deflected from the 
buckets, the needle being slowly moved towards the 
closed position shown by the dotted lines in Fig. 4. 
Should the change in load be only partial, the regulator 
rotates just sufficiently to deflect the requisite amount of 
water to meet the new conditions, the needle following 
to a corresponding position more slowly. The respective 
edges of the regulator are tangent to the direction 
of the jet, and a further reduction of load is followed 
by increased deflection without delay. ig 

On the other hand, when the load is suddenly 
thrown on to the turbine, the deflector is rotated and 
the needle drawn back simultaneously. The positions 
of both these parts are definitely related to one another, 
and both of them are dependent on the position assumed 
by asingle governor. The levers, which can be adjusted 
independently, are so proportioned that the deflector 
will always stand, when fully open, with its edges just 
clear of the jet, and it is impossible for the deflector 
to foul the needle under any conditions of working. 
Fig. 5 shows the pivoted type of deflector, referred to 
above, with its long needle, which is troublesome to 
machine. The shorter needle, which has been found 
quite satisfactory with the Pitman deflector, is shown 
in this figure in chain-dotted outline. The deflector 
itself is also shown and the compactness of this, com- 
pared with the old type, indicates how much closer to 
the nozzle the wheels can be set to run. Experiments 
have, however, shown that reducing the wheel clear- 
ance still further, by making the deflector with a 
centre portion of larger diameter to go into the recess 
of the buckets, gives only such a fractional extra 
efficiency as to be not worth the alteration to the 
deflector. 

The following figures, relating to a large set now 
under construction for India, may be found of interest. 
It consists of a Pelton wheel on a horizontal shaft, 
with one runner and two nozzles each of which is 
fitted with a deflector. The net effective, head of water 
is 1,200 ft., and the maximum output, at 750 r.p.m., 
is 3,320 brake horse-power. The turbine efficiencies 
guaranteed are, at 3,320 brake horse-power, 833 per 
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MOTOR FERRY BOAT FOR THE SOUTHERN RAILWAY COMPANY. 


CONSTRUCTED BY MESSRS. WILLIAM DENNY AND BROTHERS, LIMITED, DUMBARTON. 
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cent.; at 2,490 brake horse-power, 84} per cent.; and 
at 1,660 brake horse-power, 83 per cent. As regards 
automatic speed regulation, the following rates are 
guaranteed :—With a quarter of the load suddenly 
thrown off, the momentary speed variation to be not 
more than 2} per cent; with half the load removed, the 
variation is not to exceed 5 per cent.; and with a 
sudden change from full load to no load, the speed is 
not to show a momentary variation greater than 9 per 
cent. This last is a remarkably small variation for a 
hundred per cent. change in load and shows the sensi- 
tiveness of the deflector and governor. The latter is 
of the standard oil-pressure type with spring pendulum, 
relay valve-servo-motor, rotary oil-pump, and compen- 
sating gear. 





THE LATE MAJOR R. H. HAGGIE. 


WE regret to note the death on July 13 last, at his 
home at Tyneholme, Wealdstone, Middlesex, of Major 
Robert Hood Haggie, who had practised for many 
years as an electrical engineer. Major Haggie was 
born on December 1, 1870, and received his general 
education at Leys School, Cambridge. In 1887, he 
entered upon a pupilage of four years at the works of 
Messrs. John H. Holmes and Company, Newcastle- 
on-Tyne. He there received a thorough practical 
training, not only in mechanical engineering, but also 
in electrical engineering, and towards the end of his 
apprenticeship, he was engaged in outside installation 
work, including the erection of plant. In the meantime 
his scientific education was continued at the Durham 
College of Science, Newcastle-on-Tyne. In 1891, the 
young engineer was appointed assistant manager to 
Messrs. Ernest Scott and Mountain Limited, of 
Newcastle. A year later he was given the position of 
superintending engineer of a large electrical installation 
at New Cray House, Edinburgh, and was responsible 
for the erection of the complete plant. 

In 1901, he became managing engineer for the whole 
of Messrs. Scott and Mountain’s work in Scotland, 
and was engaged upon the arrangement and erection 
of some of the largest electrical plant installed up till 
that time in collieries and steelworks. He also gained 
considerable experience in the application of electricity 
to colliery haulage, pumping, ventilating and coal 
cutting, Messrs. Scott and Mountain specialising in these 
classes of colliery machinery. Subsequently, Major 
Haggie joined the staff of Messrs. John Davis and Son 
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(Derby) Limited, as managing engineer and, while 
with this firm, he devoted himself principally to elec- 
trical and compressed-air coal-cutting machinery. 
In 1906 he settled in Wealdstone, Middlesex as an 
electrical and mechanical engineer and continued to 
live there until the time of his death. During the 
European War he joined the Royal Engineers, and was 
gazetted captain on October 2, 1915; subsequently 
he was promoted to the rank of major. He was 
elected a member of the Institution of Mechanical 
Engineers in 1902, and of the Institution of Elec- 
trical Engineers in 1903. Major Haggie became an 
associate member of the Institution of Civil Engineers 
in 1905. 





MOTOR FERRY BOAT FOR THE 
SOUTHERN RAILWAY COMPANY. 


THE motor ferry-boat Fishbourne, which has just 
been completed by Messrs. Wm. Denny and Brothers, 
Limited, Dumbarton, for the Southern Railway Com- 
pany, and is illustrated in Figs. 1 to 6 above and on page 
108, has been built to cope with the motor-car traffic 
between the mainland and the Isle of Wight, and will 
run between the ports of Portsmouth and Fishbourne. 
Her dimensions are: Length, 130 ft.; beam, 25 ft.; 
depth, 8 ft.; and draught, 4 ft. 6 in. The somewhat 
unusual design is clearly shown by the illustrations, 
but this was adopted to keep the main deck clear from 
end to end, and there is sufficient space on it for a 
double line of cars, about 14 to 16 in all, in addition to 
motor-cycles, &c. It is intended that the cars shall 
be driven on board from sloping concrete slipways, 
and hinged landing platforms, clearly shown in Fig. 6, 
have been provided at each end of the vessel. The ship 
is able to travel in either direction, being, in fact, 
completely double-ended, so that cars drive straight 
on at one terminal port and straight off at the other, 
there being no turning either of ship or cars. Suitable 
waiting rooms, lavatory accommodation, &c., are 
provided for the passengers. Ballast tanks are fitted 
at each end of the vessel, which was built under the 
survey of the Board of Trade as a passenger-carrying 
ferry boat. The propelling machinery consists of two 
sets of Gardner semi-Diesel, four-cylinder, reversible 
oil engines working on the two-stroke cycle and each 
developing 120 brake horse-power at 340 r.p.m. The 
cylinders are of 10}-in. bore, and the piston stroke is 
12 in, The engines are each coupled through Gardner 


oO 
WAITING ROOM 









GED PLATFORM 
WED POSITION) 


\ 
NY 













“ 
WINGED PLATFORM 
f ele (OPEN) 











—— 


$8 





ce ° 
WATERTIGHT 


HINGED 
TFO 









——— €Ea 
TANKS “ENGINEERING” 









~~~ over 
standard clutches of the expanding-ring, metal-to- 
metal type, to propellers at the fore and aft ends of 
the vessel, four propellers being provided in all. 

The required propellers are engaged or disengaged 
by means of clutches. While the engines are reversible, 
it is not intended that any propeller should “ pull,” 
except when just leaving the quay, where the wash of the 
“pushing” propellers might cause an inconvenient 
wave to run up the concrete slip. In all other cireum- 
stances, the engines rotate continuously in their normal 
direction. When, for instance, ‘“‘ ahead ” port and 
“astern ” starboard is ordered, propellers are made to 
‘“‘ push ” at opposite ends of the vessel and diagonally. 
The machinery is housed in the side submerged 
sponsons, on account of the necessity for a clear deck 
with no centre opening. Extensive experiments in the 
experimental tank of the builders showed that the 
form adopted was nearly as good as a normal ship form. 





The engines are started and manceuvred by com- 
pressed air, which is stored in bottles mounted athwart- 
ship on the engine-room bulkhead. Air is supplied 
to these by a compressor on each of the main engines, 
but they can also be charged by a small compressor 
driven by a 3$-h.p. petrol-paraftin engine, which also 
drives the lighting generator. The position of this 
set is indicated in Fig. 4 just aft of the engine-room 
bulkhead. Each of the main engines is fitted with a 
centrifugal governor, which acts on the fuel pumps 
through cams and wedges and serves to maintain the 
revolutions constant at any required speed. Fuel is 
delivered to the engines by gravity from a service 
tank mounted on the engine-room bulkhead, the service 
tank being supplied from the main tank, located as 
shown in Figs. 1 and 4, by a transfer pump driven 
from the engine. The exhaust gases are discharged 
through water-cooled manifolds to silencers 2 ft. 8 in. 
in diameter and 7 ft. in length, located in the space 
above the engine-room on each side of the vessel, 
outlet pipes taken from the silencers discharging the 
gases above the navigating bridge. One of the silencers 
is indicated by dotted lines in Fig. 1. 

The hinged landing platforms, shown in Fig. 6, 
are about 18 ft. long, and are in two portions, the 
inner portion being hinged to the hull, while the outer 
portion, which is suitable for resting on the concrete 
slip, is hinged to the inner one. The whole operation 
of raising and lowering is performed by means of a 
hand winch and a wire lead on each side at the end of 
the vessel. Each wire lead is taken round a dise and 





attached to an eye-plate on the outside of the hull, 
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the wire being fastened to a point in the circumference 
of the disc. The disc itself is attached rigidly to the 
outer part of the platform. When the platform is 
resting on the concrete slip, the operation of the 
winches tends to rotate the outer platform, and also 
gradually raises the inner one, so that, when housed, 
the outer part is lying along the top of the bulwark 
and the inner part forms a semi-watertight end to the 
bulwark. When lowering, the platforms run out under 
their own weight, being controlled by means of brakes 
on the winches. The platform can be raised in about 
three minutes and lowered in one minute. The chains, 
shown in Fig. 6, are fixed in length, and are intended to 
take the weight when cars are passing over. 

The vessel is provided with a pair of rudders at each 
end controlled by one steering wheel on the navigating 
bridge. When going ahead, the after pair of rudders 
only are used, the forward pair being locked by means 
of a pin. A compensating arrangement is fitted, so 
that when one pair of rudders is being used, the other 
pair take up all the movement of the steering wheel. 

Prior to delivery at Southampton by the builders, 
the vessel recently completed satisfactory trials on 
the Clyde, obtaining a speed of over 8 knots, during 
which the machinery ran with complete satisfaction 
and with an entire absence of vibration. 





LETTERS TO THE EDITOR. 
EARLY WATER SUPPLIES. 


To THE Eprror oF ENGINEERING. 


Sir,—In the interesting monograph on the Shaws 
Water Works Centenary at Greenock in your issue of 
July 1 (page 20), reference is made to the New River 
Water Supply opened in 1613, from Chadwell, Hertford- 
shire, to London, as an instance of an early water 
supply in this country, other than such supplies given 
during the Roman occupation of Britain. 

It may, however, be of interest to recall that a water 
supply to the town of Plymouth antedates the above- 
mentioned New River Scheme by some 20 years, a leet 
for the conveyance of water to Plymouth having been 
opened in 1591. It was constructed by Sir Francis 
Drake, and originating in springs on the moors about 
7 miles from Plymouth, was carried along a circuitous 
route of some 20 miles, fellowing the contours of the 
hillsides to maintain an even gradient; and in this 
respect it is interesting to note that its lines of con- 
struction are similar to those of the Shaws supply 
at Greenock, where the water is conveyed along a 
“cut,” carried around the face of the hills above the 
town. Portions of Drake’s work are still in service 
for conveying waste water from certain reservoirs 
whilst another portion can be called into service in case 
of emergency. 

On the completion of the work—the cost of which 
had been borne by Drake, but to which Plymouth con- 
tributed 200/.—Drake gifted the scheme to the town, 
and Plymouth carefully treasures many of the original 
conduits, one of which bears the inscription—‘ Sir 
Francis Drake brought this water into Plymouth 1591.” 

Yours faithfully, 
W. P. MEIKLE. 

The Croft, Formby, Lancs., July 14, 1927. 











PULVERISED FUEL AT SEA. 
To THE Eprror or ENGINEERING. 

Sir,—In your report, in your issue of the 15th inst., 
of the discussion on Engineer-Captain Brand’s paper, 
read before the Institution of Naval Architects at 
Cambridge, my remarks, as reported, on page 85, are 
unfortunately incorrect in one or two important details. 

After discussing the question of unit systems for 
use on board ship, I referred to some of the illustrations 
which Captain Brand had shown of Scotch boilers 
arranged for powdered fuel firing, and pointed out 
that the extended furnaces which were shown would, 
I felt, be a continual source of trouble, because of the 
intense radiant heat, which would cause the brickwork 
to disintegrate rapidly. I then pointed out that in 
land practice it had been found th. t in a powdered fuel 
furnace, when more than 10,000 B.Th.U. were liberated 
per cubic foot of the furnace, considerable brickwork 
trouble was experienced unless the wails were water- 
cooled, and in the extended furnace, as shown by 
Captain Brand, whilst I had no exact information, I 
estimated it was intended to liberate between 100,000 
and 150,000 B.Th.U. per cubic foot (a figure which 
was afterwards confirmed by him), and I felt that 
with such a concenttation of heat, the brickwork lining 
of the extended furnace would have a very short !ife. 

Yours faithfully, 
J. N. Dunpas HEENAN. 
Power Specialty Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. 
July 18, 1927. 
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MOTOR FERRY BOAT FOR THE SOUTHERN RAILWAY. 


CONSTRUCTED BY MESSRS. WILLIAM DENNY AND BROTHERS, LIMITED, DUMBARTON. 
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GENERAL VIEW OF THE Boat. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Official returns relating to steel 
production in the Sheffield district do not yet reflect 
the appreciable contraction that has recently taken place 
in output as a result of the difficulty generally experi- 
enced in securing a sufticient weight of new business to 
replace expiring contracts that got into arrears during the 
coal strike, The returns for May show that the Sheffield 
district: produced 116,000 tons of steel, this being only 
4,000 tons below the big total for April. During the 
same month Lincolnshire’s output of iron and _ steel 
exceeded 100,000 tons. The current tendency in steel- 
making is to proceed cautiously until more stable con- 
ditions are reached. Foreign iron and steel, which is 
being imported in large quantity, is being utilised for the 
discharge of many contracts where the use of British 
steel is not specially stipulated. Soft basic billets remain 
at their former level of 7/. per ton, but the force of 
foreign underselling, coupled with the benefit derived 
from the advent of cheaper coke and pig iron, are jointly 
responsible for a cut of Il. per ton in acid billets, and of 
10s. per ton in hard basic billets. The former now 
stand at 101. per ton, and the latter at 81. 2s. 6d. to 
81. 12s. 6d. Pig-iron is still weak, there being a dis- 
position to undertake business at figures slightly below 
nominal quotations. At the heavy foundries the 
attraction of new business is subject to very severe 
competition, while the light foundries are less busily 
employed than was the case two or three months ago, 
building trade requirements locally having diminished. 
Makers of steelworks plant report somewhat better 
prospects. Sound progress is being made in electrical 
machinery and equipment, which section of the engineer- 
ing trade is drawing substantially on Sheffield steelworks. 
A lot of generating plant and equipment is on order 
for Dominion markets, as well as for the Far East and 
South America. Alloy steels are in special request for 
automobile and aircraft construction. 


South Yorkshire Coal Trade.—Taken as a whole, the 
house coal market is anything but active, even con- 
sidering the usual shrinkage that is experienced at this 
time of the year. There is, however, a somewhat better 





tendency on winter stocking account, mainly affecting 
the best descriptions, Pits are working irregularly, 
but the position is a little brighter than was the case a 
fortnight ago. Big tonnages of secondary and inferior 
grades are available at cut prices. A moderate business is 
being done in industrial fuel on inland account. A few 
of the better-placed engineering works are augmenting 
stocks against future requirements. Gas coal contracts 
are being renewed at prices averaging a shilling per ton 
below those ruling for expiring business. Quotations :— 
Best hand-picked branch, 27s. 6d. to 28s. 6d.; best 
house coal, 21s. to 22s. 6d.; screened house coal, 19s. 
to 2ls.; screened house nuts, 16s. to 17s. 6d.; York- 
shire hards, 16s. to 17s.; Derbyshire hards, 16s. to 17s. ; 
rough slacks, 10s. 6d. to lls. 6d.; nutty slacks, 8s. to 
9s. ; smalls, 3s. to 5s. 





PROPOSED POWER PLANT ON THE COLORADO RIVER.— 
We gather from a recent issue of Power that a proposal 
has been made to the Federal Power Commission for the 
development of a section of the Colorado River in the 
region of Parker, Arizona, for power-production pur- 
poses. It is proposed to construct a dam which will 
raise the water level by 90 ft. and from a reservoir with 
a capacity of 1,900,000 acre-feet. The power-house is 
to be built on the Arizona side of the river, and plant of 
200,000 H.P. will be installed. 


PERSONAL.—Major H. A. Butterfield, A.M.Inst.C.E., 
has recently been appointed as roads representative for 
the British Reinforced Concrete Engineering Company, 
Limited for the Leeds area, the firm’s Leeds office 
being at 5, East Parade.—Messrs. Filma Oil Burners, 
Limited, 68, Victoria Street, London, S.W.1, have 
appointed Mr. H. L. E. Bramer, of 118, Colmore Row, 
Birmingham, as their agent for the Midlands.—Messrs. 
William Geipel and Company have removed their offices, 
stores, steam-trap and electrical works from St. Thomas- 
street, to Bermondsey-street, London, §8.E.1. Their 
cable works will remain at Wembley as before. At the 
same time the firm has been converted into a private 
company, and all communications should in future be 
addressed to Messrs. William Geipel Limited, Vulcan 
Works, 156-170, Bermondsey-street, London, 8.E.1. 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.——With the works now all closed 
for the annual holidays, there is little to report in connec- 
tion with the Scottish steel trade. The past few months 
have not been very fruitful generally, and as old contracts 
were completed, there were few new ones booked to take 
their places, consequently trading has not been satisfac- 
tory. Some establishments are supposed to recommence 
operations next Monday, but it will be the beginning of 
August before a general start is made. Specifications 
have been very scarce of late, and practically no fresh 
ones have come to hand since the works closed at the 
end of last week. Few inquiries are in the market at 
the present time, and this is to be regretted, as dealings 
in both plates and sections have been very poor for 
weeks past, and outputs have suffered. The position in 
the black sheet trade has not changed. There is a general 
quietness, particularly in the lower grades, but some 
producers have booked quite a good tonnage for the 
better qualities and are assured of steady running for a 
month or two. Prices have all an easier tendency, but 
are nominally unchanged as under :—Boiler plates, 111. 
e. ton; ship plates, 8/. 2s. 6d. per ton ; sections, 
71. 12s. 6d. per ton ; and sheets, under ¥ to { in., 10/. to 
12/. per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, the closing week before the holidays 
was no better than its predecessors had been. Fresh 
business has been extremely difficult to pick up for some 
time, and, at the moment, there is not a very heavy 
tonnage on order. As a matter of fact, few of the 
works have much to commence on when the holidays 
are over, and the outlook for the autumn months is not 
bright. Prices are without change, and ‘“‘ Crown ”’ bars 
are called 10/. 15s. per ton for local delivery, and 101. 10s. 
per ton for export. The re-rolled steel branches are also 
quiet, and specifications have shown no sign of improving. 
The current quotations for re-rolled steel bars are 81. 2s. 6d. 
per ton for home delivery, and 7/. 15s. per ton for export 
lots. 


Scottish Pig-Iron Trade.—The past half-year has been 
a very poor one in the Scottish pig-iron trade, and in few 
instances have there been suffiicent orders to account 
for output. Stocks have been increasing steadily, and 
on account of the recent poor demand, the present holiday 
stoppage is likely to be of longer duration than usual. 
Prices have had a weaker tendency lately, and producers 
were inclined to shade quotations to prevent adding to 
stocks, but even that did not help business. The 
following may be taken as the current market quota- 
tions :—Hematite, 81s. 6d. per ton, delivered at the 
steel works ; foundry iron, No. 1, 83s. per ton, and No. 3, 
78s, per ton, both on trucks at makers’ yards. 





PLtywoop.—The increasing use of plywood for the 
many constructional purposes for which its characteristics 
make it most suitable, is well shown by the fact that the 
imports of Great Britain have now reached 2,000,0001. 
a@ year, or seven times what it was five years ago. An 
interesting application was made on the Continent by 
the construction of the Schitte-Lanz airship, where 
plywood was not only used for panelling, but for built-up 
girders and stays with sections resembling those charac- 
teristic of rolled steel. 


AIR TRANSPORT OF GoLD.—At the Imperial Conference 
of last year Sir Samuel Hoare, the Secretary of State for 
Air stated that the claims for air transport, apart from 
speed, were the reduction in the handling of the goods, 
the elimination of pilfering, and the fact that insurance 
rates for air-borne goods were actually lower than for 
those conveyed by surface traction. It has now been 
estimated that the charges of transporting the bullion 
and specie from the Union of South Africa and Rhodesia, 
44} million pounds sterling, could have been reduced 
from 375,0001., the actual figure for last year, to 
100,0007., had air-transport facilities been available. 
Arrangements have now been made for the establishment 
of an aeroplane service between Johannesburg and 
Durban, and proposals have been made to institute 
an airship service between Durban and England, 


_ Liverpoot Corporation TRAMWwAyS.—The recently- 
issued report of the general manager of the Liverpool 
Corporation Tramways shows that the total revenue of 


the undertaking for the year ending March 31, 1927, 
amounted to 1,436,80651. This is about 2,000/. more 


than last year, but it is stated that there would have 
been considerably larger total receipts had it not been 
for the curtailment of the services during the general and 
coal strikes. The net profits were 157,443/., i.e., about 
20,0007. less than last year, nevertheless the contribution 
to the general rates of the City was 50 per cent. more, 
75,0007. being contributed, against 50,000/. in 1926. It 
is interesting to note that of the total revenue, no less 
than 46-5 per cent. is spent in wages, while salaries 
account for another 1-92 per cent. Health and unem- 
ployment i insurance, superannuation, and other contribu- 
tions, amount to 1-57 per cent. No new track has been 
operated in the year under survey, the total length 
remaining as before, viz., 158-78 miles, though the 
extensions of Walton Hall-avenue and Mill-street have 
since been completed and opened for traffic. The car- 
mile earnings are 19-055d., as against 19-123d. last 
year. During the year, 48 new cars of improved design, 
and eight new single- -deck motor omnibuses have been 
added to the service, and a new car shed in Edge-lane has 
been completed and put into operation. 





NOTES FROM THE SOUTH-WEST 


CarpirF, Wednesday. 


The Coal Trade.—Shipments of coal, coke and patent 
fuel from South Wales in the first six months of this 
year amounted to 15,234,089 tons, which was in excess 
of the quantity despatched in the corresponding period 
of 1926 when, for the last two months, exports were 
virtually suspended in consequence of the national 
strike. Clearances of coal this year totalled 14,469,801 
tons, of which 11,742,667 tons were despatched. abroad 
as cargo, and 2,000,024 tons as bunkers for vessels 
trading foreign, while coastwise cargo shipments 
totalled 727,110 tons. Exports of fuel amounted to 
726,030 tons, and of coke to 38,258 tons. In the month 
of June 2,526,917 tons of coal, coke and fuel were 
exported which was 357,924 tons less than in May, 
the heavy reduction being to some extent caused by 
the intervention of the Whitsun holidays and conse- 
quent stoppage of work for three days. Exports of 
coal at 2,392,204 tons showed a loss of 333,592 tons, 
while fuel shipments were reduced by 25,036 tons to 
127,095 tons, but coke exports were increased by 
704 tons to 7,618 tons. While the demand for coal 
for early shipment remains quiet and insufficient to 
absorb available supplies, despite the loss of production 
caused by numerous pit stoppages, the inquiry for 
forward shipment has considerably expanded. This is 
an encouraging sign, but as stocks are heavy and 
outputs will again increase as pits are re-started, it 
must not be taken for granted that any appreciable 
change will result for some weeks at the earliest. Half 
a dozen foreign railways want prices for quantities 
aggregating about 300,000 tons, while a big Italian 
shipping firm is also inviting tenders for about 
80,000 tons, shipment being spread over six weeks 
to six months. The inquiries include 120,000 tons 
for the Egyptian State Railways, 20,000 tons for 
the Portuguese State Railways, 19,000 tons for the 
Norte Railway of Spain, 40,000 tons for the Buenos 
Ayres Great Southern Railway, 50,000 tons for the 
Sao Paulo Railway of Brazil, and 10,000 tons for the 
Palestine State Railways. Forward business is also 
checked by the fact that both colliery salesmen and 
middlemen are asking a premium of 6d, to ls. per ton 
on current prices, which prospective buyers hesitate 
to pay, though the general opinion is that prices are 
now at rock bottom. For prompt loading, supplies | g 
of all classes of coal are freely available, with prices 
dependent on individual positions. Best Admiralty 
large is round 20s. to 20s. 6d.; seconds, 19s. to 20s. ; 
Monmouthshires, 17s. to 19s.; and smalls, from 
lls. 6d. to 13s., according to quality. 





HypDROGEN SULPHIDE IN THE LAKE WASHINGTON SHIP 
CANAL.—Some years ago, the occurrence of hydrogen 
sulphide was noticed in the water from the Lake Wash- 
ington Ship Canal, in which, at Seattle, the brackish 
water mixes with the sea water. Both the salinity, due 
to the sea water, and the contents of hydrogen sulphide 
increase with the depth, the latter to 27 parts per litre 
at a depth of 47 ft. Although some sewage is discharged 
into the waters, the presence of the sulphide is not 
ascribed to this source, nor to springs, but rather to the 
action of bacteria in the brackish water. Bacteria capable 
of liberating hydrogen sulphide from sulphates and 
sulphites have long been known in the Black Sea, where 
the sulphide has been traced down to depths of 1,200 
fathoms. The increase of the sulphide in the water 
causes a decrease in the oxygen content. 


EXTENSION OF Quays AT EMDEN.—With a view to 
expediting the transhipment of coal and iron ore at the 
port of Emden, the length of the quay devoted to this 
service has recently been increased from 925 ft. to 1,575 ft. 
The new plant consists of five ore-loading bridge cranes 
and four bridge cranes having slewing jibs. All the new 
equipment is furnished with single-phase or three-phase 
alternating current motors. For hoisting, traversing 
and slewing, the motors used are of the Deri type, single 
phase commutator machines, the brushes of which may 
be adjusted from the operators’ box by hand levers. 
The bridge traversing and luffing operations are effected 
by three-phase motors. The plant, which was supplied 
by the Deutsche Maschinenfabrik A.G., of Duisburg, 
in association with the A.G. Tigler and the Hafenum- 
schlags Gesellschaft of Emden, is capable of dealing with 
approximately 450,000 tons per annum. 


THE DETERMINATION OF THE TEMPERATURE OF THE 
RECRYSTALLISATION OF MetTALs.—When two _ highly- 
polished plates of the same metal are superposed and 
then inclined, the upper plate will begin to slip at a certain 
angle. This angle is not affected by small rises of tempera- 
ture; as the plates become hotter, however, the angle 
diminishes, and then suddenly increases, betause the 
surfaces become rough when recrystallisation sets in. 
Drs. G. Tammann and W. Salze (Zeitschrift fir Metall- 
kunde, May, 1927) of G6ttingen, have based a method for 
determining the temperature of recrystallisation on this 
peculiarity, making use of an apparatus similar to one 
supplied by Ch. Jacob. They find that for copper the 
angle of slip a was 6-3, 4-1, 3-3, 4-9, 12-5 deg. at tem- 
peratures of 18, 100, 160, 170, 195 deg. C., thus the angle 
increased rapidly above 160 deg. In the case of iron 
the sudden rise occurred above 170 deg. C., when the a 
rose from 7-5 to 12-3 and to 23 deg. (at 185 deg. C.) ; 
in the case of nickel the critical temperature was 200 deg. 
C. Near the same temperatures the reflecting power of 
the highly-polished surfaces diminished, when examined 
in an electro-furnace in hydrogen atmospheres, and other 
changes were observed. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLEsBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business in Cleveland pig- 
iron is still very quiet, and the restricted output is in 
excess of the very moderate demand, but at least one 
fairly substantial sale has been made to a local con- 
suming firm, and this inspires some hope of expansion of 
the use of Cleveland pig here in place of Continental iron. 
Customers continue to seek price concessions, but iron- 
masters appear determined to close down more furnaces 
rather than again lower quotations which they declare 
are already unremunerative. No. 1 quality is 72s. 6d. ; 
No. 3 g.m.b., 70s. ; No. 4 foundry, 69s. ; and No. 4 forge, 
68s. 6d. 

Hematite.—No change for the better is noticeable in 
the East Coast hematite branch. Home and export sales 
are almost sufficient to absorb the small output, but 
producers are hampered by rather heavy stocks, which 
they are very anxious to liquidate, and customers with 
orders to place experience little difficulty in purchasing 
at a little below recognised market rates. No. 1 grade is 
put at 76s. 6d., and mixed Nos. are 76s. 


Foreign Ore.—Consumers’ already large stocks of ore 
are being augmented by arrivals of considerable imports 
against old contracts. The result is continued absence 
of buying, and quotations remain nominal, on the basis 
of best rubio at 21s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Sellers of Durham blast-furnace 
coke are unable to check the downward trend of that 
commodity, though quotations have sunk to unprofitable 
figures. Good average descriptions are on sale at 19s.6d., 
delivered here. 

Manufactured Iron and Steel.—There is heavy tonnage 
output of manufactured iron and steel, but contracts on 
hand are rapidly approaching completion, and new 
orders are difficult to secure. Some improvement in 
distribution of specifications should, however, be experi- 
enced as the result of promised increase of activity at 
North-East Coast shipyards. Quotations are steady. 
Common iron bars at 11/. 5s. ; best bars, 111. 15s. ; best 
best bars, 12/. 5s.; iron rivets, 111. 15s.; steel rivets, 
12/7.; packing (parallel), 82.; packing (tapered), 111. ; 
~ billets (soft), 77. 12s. 6d.; steel billets (medium), 

2s. 6d.; steel billets (hard), 8/. 12s. 6d.; steel ship 
ad 81. 2s, 6d. ; steel angles, 7]. 12s. 6d. ; steel joists, 
7l. 12s. 6d. ; heavy steel rails, 82. 10s.; and galvanised 
corrugated sheets (24-in. gauge, in bundles), 141. 5s. 





Contracts.—Messrs. Worthington-Simpson, Limited, 
Queen’s House, Kingsway, London, 1.C.2, have 
received an order from Messrs. The Chelsham and 
Woldingham Waterworks Company, Limited, for the 
supply of one-duplex bucket and plunger deep well 
pump, and one high-lift three-throw pump, to draw 
water from a well 200 ft. deep, and to deliver to a head 
of 570 ft. above ground level.—Two orders of interest 
have been received by Messrs. Clayton and Shuttleworth, 
Limited, of Lincoln: (i) from the Electric Supply 
Company, Brightlingsea, for two cold-starting heavy-oil 
engines of 150 brake horse-power and 30 brake horse- 
power respectively, with suitable alternators and switch- 
board, 5-ton overhead crane and compressors, &c. 
(ii) From the Hinley Fire and Red Brick Company, 
near Dudley, for one 100 brake horse-power cold-starting 
oil engine.—Messrs. Thomas Smith and Sons (Rodley), 
Limited, Rodley, Leeds, have received an order from 
Messrs. Sir John Jackson, Limited, Westminster, for 
17 5-ton locomotive steam cranes for their contract 
for the Nag Hammadi Barrage, Egypt.—Messrs. John 
Thompson Water-Tube Boilers, Limited, Imperial 
House, Kingsway, London, W.C.2, have received an 
order for one of their ‘John Thompson”’ vertical 
straight tube ‘‘ Alpha ”’ type water-tube boilers, complete 
with steam and water fittings, superheater and special 
firegrate for burning wattle logs, sawdust and waste 
chippings, and suitable for a daily working pressure of 
190 lb. per square inch, for the Greytown Municipality, 
Natal, South Africa. The same firm have received a con- 
tract from the City of York Electric Lighting Department 
for two of their patent vertical straight-tube Alpha-type 
water-tube boilers, each having 10,800 sq. ft. of 
heating surface and suitable for a daily working pressure 
of 200 lb. per square inch. The plant is complete 
with steam and water fittings and includes superheaters, 
forced draught, chain-grate stokers, economisers, &¢.— 
The High Commissioner for India has placed an order 
with the British Thomson-Houston Company, Limited, 
Rugby, for the complete substation and track-sectioning 
equipment for the electrification of the main lines of 
the Indian State Railways from Bombay to Igatpuri 
and from Bombay to Poona, which work is being carried 
out to the plans of Messrs. Merz and McLellan. The 
alternating-current supply is at 95,000 volts, three-phase, 
50-cycles, and, at the substations, it is converted to 
1,500-volt direct-current. There will be seven double- 
unit substations, and four triple-unit, and the total 
output will be 65,000 kw.—Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, have secured the contract for the 45,000-h.p. 
hydro-electric plant for the new works of the North 
British Aluminium Company at Lochaber, near Fort 
William. The order includes five impulse water turbines 
of the double-jet type; each turbine will develop a 
normal output of 9,000 h.p. under a head of 720 ft., 
and will run at a speed of 250 r.p.m. Two 3,000-kw. 
generators in tandem will be driven by each turbine, 
the complete unit having a capacity of 6,000-kw. The 
necessary switchgear in the main field and exciter 
circuits will be provided by the same firm. 
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THE BrrmMincHAM ELeEctrRiciry UNDERTAKING.—The 
statement of accounts recently issued by the City of 
Birmingham Electric Supply Department for the year 
ending March 31, 1927, shows « substantial increase in 
both gross revenue and gross profit over the preceding 
year, the former amounting to 1,537,292/. and the latter 
to 658,188/. The contribution to the rates remains the 
same as last year, viz., 31,0007. The amount of current 
sold showed the large increase of nearly 10 million units, 
the total being 234-2 million units. The average price 
per unit was 1-575d. as against 1-414d. last year. The 
power sold for motor connections is 246,233 h.p., against 
226,119-h.p. last year and 122,153-h.p. ten years ago. 








Luoypb’s REGISTER OF SHIPPING.-—The 1927-28 edition 
of Lloyd's Register of Shipping, which comprises two 
bulky volumes, contains, as usual, complete particulars 
of all the sea-going vessels of the world of 100 tons and 
upwards, and, in addition, of the steel and iron vessels 


trading on the Great Lakes of North America. The 
Register Book includes a full record of about 33,000 
steamers, motorships, and sailing vessels. It also 
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contains many lists of great practical value to the 
shipping community, such as: signal letters assigned to 
all sea-going vessels ; shipbuilders and marine engineers 
in all countries; telegraphic and postal addresses of 
firms connected with shipping in all parts of the world ; 
particulars of dry and wet docks, ports, harbours, &c., 
at home and abroad ; particulars of speeds of merchant 
vessels capable of 12 knots; particulars of deadweight 
and cubic capacities of cargo steamers and motor vessels ; 
and lists of bulk-oil carriers, and of shipowners and 
managers. The figures given in the volume show that 
the world shipping in existence at the end of June, 1927, 
totalled 65,192,910 gross tons; out of this total, 
63,267,302 tons represented steamers and motorships, of 
which 19,179,029 tons are British-owned. In 1914 the 
percentage of the world’s steam and motor tonnage 
owned by Great Britain and Ireland was 41-6 per cent. 
Owing, however, to the great increase which has taken 
place since 1914 in ‘the tonnage owned abroad, the 
percentage of 41-6 has now declined to 30-3. Tables 
given in the Register Book show the great development 
which has taken place in the use of steam turbines and 








Cast-STEEL FouNDATION-Rina HEADER. 


of internal-combustion engines for marine propulsion 
purposes. ‘There are now 1,374 steamers, of 9,228,983 
tons, fitted with turbine engines, and 2,552 vessels, of 
4,270,824 tons, fitted with internal-combustion engines, 
as compared with 730,000 tons and 220,000 tons respec- 
tively in. 1914. The book is issued to subscribers, and 
the rate of subscription for marine insurance companies 
and public establishments is 12 guineas per annum for a 
single copy, and 6 guineas per annum for each additional 
copy; or if the copies are periodically posted with 
additions and corrections in type, the subscription for 
each copy is 20 guineas per annum. For other sub- 
scribers the charge is 10 guineas per annum for each 
copy which is kept posted throughout the year, and 
6 guineas for copies not so posted. Supplements con- 
taining the necessary additions and corrections are issued 
at intervals, and are supplied to subscribers not resident 
in London and not having their copies regularly posted. 
In this manner the information in the Register Book is 
maintained correct at all times, a feature which greatly 
increases its utility. The offices of Lloyd’s Register of 
Shipping are at 71, Fenchurch-street London, E.C.3. 
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PROBABILITY. 


In view of the present trend of physics, it is 
curious to recall that it was in his famous Théorie 
analytique des Probabilités, published in 1812, that 
Laplace made the oft-quoted claim that, were the 
actual state of the universe known at any par- 
ticular instant, an intelligence vast enough to 
submit the data to analysis could determine by 
mathematical methods the whole past and future 
of the Cosmos. Laplace had proved that Newton’s 
law of gravitation could account adequately for 
the stability of the solar system, which earlier 
investigators had been inclined to believe could 
only be assured if excessive perturbations were from 
time to time corrected by the direct intervention 
of the Deity. Laplace, as is well known, found no 
need de cette hypoth*se-la, but, in view of the fact 
that nothing was then known about the nature of 
heat, he was hardly justified in ‘ extrapolating to 
infinity’ the success which had attended his 
dynamical studies. The subsequent work of Joule 
and the formulation of the doctrine of the conserva- 
tion of energy, however, added strength to the 
contention of Laplace, and led du Bois-Raymond 
to assert that the super-calculator postulated would 
be in a position to disclose the identity of the “‘ Man 
in the Iron Mask” and the cause of the wreck of 
the President. In Laplace’s view a body moving 
under natural forces had a perfectly determinate 
orbit. To-day, the mathematical physicist seems 
more and more inclined to the opinion that each of 
the so-called laws of nature is essentially statistical, 
and that all our equations and theories can do, is 
to provide us with a series of orbits of varying 
probability. This, as Sir Ernest Rutherford 
explained in his recent lectures at the Royal Insti- 
tution, is the ruling idea of the new wave mechanics ; 
and, similarly, Sir J. J. Thomson, in discussing the 
diffraction of light, has assumed that the rings 
observed around the image of a small aperture must 





be regarded as a statistical effect, the chance of a 


light quantum reaching any particular point being 
greater in some cases than in others. Again, in his 
Kelvin lecture to the Institution of Electrical 
Engineers he gave reasons for believing that the 
doctrine of the conservation of energy may be only 
statistically true and might break down if we could 
deal experimentally with sufficiently small intervals 
of time, and with sufficiently small particles. 

Amongst the generation of mathematicians and 
physicists to which Laplace belonged, the doctrine of 
continuity ruled supreme. Indeed Dalton’s atomic 
theory was not enunciated till 1808, and was not 
officially recognised in the elementary schools of 
France until 1895. Even as recently as twenty-five 
years ago it was denounced as unnecessary and 
unwarranted by continental students of energetics. 
Much of the mathematical work of the past 
century has consisted in the arithmetisation of 
analysis, geometrical insight and physical intuition 
being supplanted by reasoning based on the theory 
of numbers, which are essentially discontinuous 
aggregates. 

A parallel development has taken place in physics, 
where the primordial atom of Herschel and Maxwell 
has been proved to be neither structureless nor 
permanent. It was shown, in the first place, that 
the atom which has a diameter of the order of 
10-* cm., contained electrons having a diameter of 
about 3 x 10-% cm., and it was subsequently found 
that the proton was still smaller, its diameter being 
estimated at 6 x 10-16 cm. There is no reason for 
believing that either the proton or the electron is 
structureless. In fact, Laplace pointed out that 
size is only relative, and that if the dimensions of 
all the bodies in the universe, their mutual distances 
and their velocities, were increased or diminished 
proportionately, they would describe orbits exactly 
similar to those now pursued, and would present 
exactly the same appearances to an observer. Sir 
J. J. Thomson has accordingly not hesitated to 
postulate the existence of particles much smaller 
than the proton in order to account for the properties 
of the electric field. 

This abandonment of the doctrine of continuity 
has undermined the belief in the rigidity of natural 
laws, which now represent merely the most probable 
course of events. If a brick be suspended in 
still air the difference between the pressure on 
its upper and lower faces never corresponds 
exactly to the theoretical head, but oscillates 
about this value, and Perrin has calculated that 
for one instant in the course of (10'°)!° years the 
pressure on the under surface might be so much 
in excess of the theoretical value as to balance 
the weight of the brick. The grand simplicity 
of natural laws as previously understood has thus 
disappeared, and, as was inevitable, the change 
of view-point has not been made without protest. 
The idea that an electric current consisted of a 
stream of electrons was highly repugnant {o many 
practical electricians, and led to somewhat absurd 
attacks on those responsible for the formulation 
of the new theory The contingent character of the 
second law of thermodynamics was also a stumbling 
block to many. The whole trend of Victorian 
thought was to the effect that scientific knowledge 
had an absolute character, and that its great 
generalisations were necessarily as true as the 
proposition that two and two made four. The 
introduction of the idea of contingency was thus 
repugnant to those who held with Wordsworth 
that “‘To the solid ground of nature trusts the 
mind that builds for aye.” Properly interpreted 
no doubt this motto is as true as ever, though 
not exactly in the sense intended by its author, 
and by at least two succeeding generations. Hence 
we find in 1885 a Professor of Engineering, in an 
address to the American Association for the 
Advancement of Science, denouncing Maxwell 
for his demonstration that the consequences of the 
second law could be evaded by finite intelligences 
capable of dealing with individual atoms and 
molecules, and ten years later this protest was 
re-echoed by President Morton of the Stevens 
Institute. To-day it is universally agreed that 
Maxwell’s argument is flawless, and that in 
formulating it he had provided but yet one more 
instance of his constitutional incapacity to think 





inaccurately on any problem in mechanics. Of 
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course, Maxwell was at times mistaken about 
what facts had been definitely established by 
experiment. He was thus led to assert that 
‘ None of the processes of nature since the time 
when nature began have produced the slightest 
difference in the properties of any molecule.” 
Probably this error was due in part to the belief, 
then widely held, that natural laws must necessarily 
be simple, a creed in every way analogous to the 
early Greek view that a circular motion was perfect 
and must, therefore, be that followed by celestial 
bodies. Actual experience has proved that whilst 
simplicity is generally essential to intelligibility, all 
simple theories are apt to prove incomplete though 
often amply sufficient for everyday needs. 

It was probably this mistaken intuition that nature 
is inherently simple that led certain Victorian writers 
to claim that the doctrine of the conservation of mass 
was a logical necessity, any alternative hypothesis 
being, it was held, unthinkable. To-day, as we 
know, the failure of Mercury to keep time by 
43 seconds per century is attributed to a variation 
of its mass with its velocity, and the astronomical 
physicist is strongly inclined to the view that 
matter may, by the mutual annihilation of a 
proton and an electron, disappear in a pulse of 
radiation. 

The progress of science is still marked by the 
wreck of theories, even those which, like the 
undulatory theory of light, had appeared to be 
established on experimental evidence of extra- 
ordinary delicacy and refinement, so that to-day 
there are few if any who would differ from 
Sir J. J. Thomson’s dictum that such theories 
must ever be regarded as policies rather than 
creeds. Moreover, the wreckage is seldom if ever 
complete. There is nearly always a very substantial 
salvage which is incorporated into some new 
hypothetical venture. 

Although the concept that natural laws were 
statistical in character was undreamt of by 
Laplace, it might still be contended that his super- 
mathematician, being able to follow in detail the 
motion of any and every molecule, would be un- 
affected by the element of contingency involved in 
the theories of the human physicist. Indeed, 
it might be claimed that a less supreme intelligence 
than that postulated by Laplace,even if unable to give 
the minute details suggested by du Bois-Raymond, 
might nevertheless find in the mathematical theory 
of probability a guide which would enable him, 
say, to predict with substantial accuracy the future 
history of mankind. The contingencies dealt 
with by this theory are, however, the result of 
pure chance, whilst experience justifies the belief 
that mind does act on matter. This is a direct 
datum of consciousness, and the onus of proof 
lies on those who venture to question it. If this 
proposition be true, another element of contingency 
is introduced not contemplated in the theory of 
probability. The power of choice and selection 
exhibited by the living cell seems to justify the 
hypothesis that the conservation of momentum is 
also merely a statistical law, and that whilst, as the 
Compton effect shows, it holds good for the 
interaction between an electron and a quantum of 
radiation, it may break down when the scale of 
operations is still further diminished. Experiment 
in fact, can never prove that either energy or 
momentum is conserved @ outrance, though it is 
essential to the progress of science that both 
doctrines shall be pushed to the utmost limit that 
can be justified experimentally. 


THE GENEVA CONFERENCE AND 
SUBMARINES. 


As might be expected from the nation which 
suffered losses in human life and treasure from the 
operation of enemy submarines during the Great 
War far heavier than any of her allies, the British 
Empire has on two occasions, at Versailles and at 
Washington, expressed a desire to abolish the 
submarine as a weapon of war. This proposal for 
abolition received little or no support from other 
nations, and, although at the Washington Conference 
agreements were arrived at by which the horrors 
of submarine warfare experienced from 1914 to 
1918 may be obviated in future wars, no agreement 
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was found possible on the limitation of submarine 
tonnage. Judging from the programmes of sub- 
marine construction since then, the efficiency and 
power of the submarine are now fully established, 
and even the weaker naval Powers—Greece, Poland, 
Jugo-Slavia, Peru, and others—are adding units 
to their slender navies, as if convinced of the 
submarine’s efficiency as a weapon of defence. 

The proposals of the three Powers, so far as they 
relate to submarines, as tabled at the opening 
session of the Conference at Geneva on June 20, 
form an interesting study, and especially so when 
considered in conjunction with the present strengths 
of their submarine fleets, and the units under 
construction and projected. The United States 
proposals are the simplest of the three, since they 
suggest the extension of the 5:5: 3 ratio of the 
Washington agreement on capital ships and aircraft 
carriers to the tonnage of submarines for the three 
Powers concerned. As a matter for discussion they 
also suggest that the total tonnage allowed for the 
United States and the British Empire each should 
fall between 60,000 and 90,000, the corresponding 
figures for Japan being 36,000 and 54,000. It is 
further suggested that a proviso be added to any 
agreement which the three Powers may make, 
that in the event of a non-signatory Power entering 
on an extensive building programme, the agreed 
figures for tonnage should be revised. 

The Japanese representatives at the Conference 
proposed to base the allowable tonnage on that of 
existing effective submarine tonnage, and of that 
building and projected, but not yet laid down, allow- 
ance being made for vessels which will reach their 
age limit during the execution of the authorised 
programme. Future submarine construction, 
beyond the present projected programmes, would 
be strictly confined to the replacement of units 
reaching the age limit. 

The British proposals suggest that the life of 
submarines should be extended from 12 to 15 years ; 
reiterate a willingness to abolish the submarine, but 
at the same time recognise that navies deficient in 
the larger types of warships regard the submarine 
as a valuable weapon of defence; refer to the 
proposals to reduce the size of capital ships and 
aircraft carriers, and consider it not unreasonable 
as a consequence, to suggest some limitation in size 
and perhaps in the number of submarines. They also 
suggest the division of submarines into two classes, 
the larger to have a maximum displacement of 
1,600 tons, and the smaller of 600. The proposals 
also state that it appears to be desirable to discuss the 
possibility of limiting numbers according to the 
varying requirements of the three Powers. Finally, 
it is stated that any agreed limit placed on the 
number of submarines would render it easier to 
limit the number of destroyers, and perhaps also of 
cruisers. 

The submarine strengths of the British Empire, 
United States, Japan, France and Italy at the 
beginning of the present year are given in the 
latest annual Return, entitled Fleets (The British 
Empire and Foreign Countries), presented to 
Parliament by the First Lord of the Admiralty by 
command of His Majesty. The following table is 
taken from the summaries on pages 3 and 4 of the 


Return. 
Numbers of Submarines. 




















British | United Sit ' 
— | Empire.| States. Japan. | France.| Italy. 
Built .. os 55 121 58 44 42 
Building oe 9 3 19 43 15 
Projected ne 18 4 6 28 3 





The figures of the table show the great superiority 
in numbers of submarines possessed by the United 
States, and the large number of submarines under 
construction and projected by France. 

The total submarine tonnages of the various 
Powers are not stated, but in the body of the 
Return the surface and submerged displacements 
and speeds, the dates of laying down, and completion 
are given for all completed submarines, and the 
displacements ‘of many of those building and 
projected. A note in the Return states that for 
vessels completed since the Washington Conference, 
the displacements are expressed in terms of Wash- 
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ington tonnage, but for others, the ordinary dis- 
placement is quoted. In arriving at the total 
tonnages given in the table below, the surface dis- 
placements from the Return are used, and although 
these are not strictly comparable with the tonnages 
mentioned in the American proposals for limitation, 
they should indicate the relative aggregates of the 
different navies. Of the numbers given in the 
table above, some of the submarines are obsolete, 
having been completed 12 years or more. Their 
tonnages have been subtracted to give the present 
effective tonnages. 


Submarine Tonnage (Completed). 











Total. Obsolete. Effective. 

, Ton- - Ton- : Ton- 

No nage, No. nage. No. nage. 

British Empire 55 | 42,025 nil. nil. 55 | 42,045 
United States 121 | 84,823 10 3,852 111 | 80.971 
Japan .. --| 58 | 48,104 6 1,740 52 | 46,264 
France .. --| 44 | 32,185 4 2,017 40 | 30,168 
Italy .. -.| 42 | 16,722 nil. nil 42 | 16,722 


























_ Of the effective American submarines, 13 are 
stated by the Return to be suitable for coast defence 
only. Their surface displacements vary from 350 to 
450 tons, and although the other Powers have sub- 
marines of these or smaller displacements, no similar 
notation is placed against them. The total tonnages 
confirm, but not to the same extent as the numbers, 
the superiority of the American submarine fleet. 
They also show that, although the British effective 
numbers exceed the Japanese, the tonnage is smaller 
by about 10 per cent. The United States and 
Japanese tonnages are approximately in the ratio 
of 5 to 3, and both fall within the upper and lower 
limits of tonnages included in the American pro- 
posals for limitation. The British Empire tonnage 
is 18,000 less than the lower limit suggested by 
the United States, and 38,000 less than that of 
the latter Power. 

The total tonnages under construction and 
projected are more difficult to obtain, since, in 
many instances, the displacements are not given. 
Estimates can, however, be made and the general 
effect of the Japanese proposalsarrivedat. The British 
Empire has nine submarines under construction, of 
which the displacements of three are given in the 
Return—Oberon, 1,345 tons, and Oxley and Otway, 
1,400 tons each. If the six building and the six 
per year to be ordered in 1927, 1928 and 1929, 
are assumed to have the same displacement as 
Oxley and Otway, the total new tonnage will be 
about 38,000. The Return also shows that two 
years are required for completion, and if this period 
be assumed, the 38,000 tons will be effective in 
1931. By that year, however, 38 of the present 
effective submarines will have reached the twelve 
years’ age limit, their tonnage being 23,680. The 
British Empire, in 1931, will thus possess 44 sub- 
marines with a tonnage of about 56,000. 

The United States have three submarines of 
large tonnage under construction and _ four 
projected. If these four are taken as of 1,000 tons 
displacement each, the same as their numerous 
S class of patrol submarines, the new tonnage 
in 1931 will be 12,670, against 30,780, the tonnage 
of 59 which will have reached the age limit. The 
effective tonnage, in 1931, will thus amount to 
63,000, and the number 59. 

According to the Return, Japan has 19 units 
building and 6 projected. Of the former, 13 have 
a tonnage of 14,200, the four last laid down being 
of 1,000 tons each. If the 12 whose particulars 
are not given are taken at 1,000 tons each, the 
total tonnage completed by 1931 will be about 
26,000. Only five of the present effective sub- 
marines will have become obsolete by that year, 
their tonnage being 2,430, and the effective number, 
in 1931 will be 72, with a tonnage of about 70,000. 

The tonnages given above for 1931, 7.e., British 
Empire 56,000, United States 63,000, and Japan 
70,000, are, so far as can be understood, the basis 
of the limitation of submarine tonnage suggested 
by the representatives of Japan, and it differs 
very considerably from the 5: 5: 3 of the American 
proposals. 

Quoting again from the Return, France has 
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43 submarines, of a total tonnage of 44,700, under 
construction, and a further 28 projected. The 
displacements of the latter are not given, but it is 
stated that 1 cruiser submarine, 16 first-class, 
8 second-class, and 3 minelayers are proposed, and 
if the tonnage of each of these is assumed to be the 
same as that of the same type now building, their 
total tonnage will be 28,000. By 1931, when these 
units will be completed, 28 submarines, with a ton- 
nage of 20,000, will have become obsolete, leaving 
the effective number 83, with a tonnage of 83,000. 

Italy has 18 units under construction and pro- 
jected, the tonnage being about 19,000, but by 1931 
the whole of the present submarines will be obsolete. 

The British proposal to extend the useful life 
of submarines from twelve to fifteen years would, 
if adopted, modify the foregoing figures for the 
year 1931. The British Empire would then have 
an effective fleet of 82 submarines, with a tonnage 
of 80,000, the United States 115 with 92,000, 
Japan 74 with 71,000, France 99 with 96,000, 
and Italy 47 of 32,000 tons. 

The proposal of the British representatives to 
divide submarines into two classes, of which the 
larger is not to exceed 1,600 tons displacement, 
would result in the disappearance of the cruiser 
and fleet types of submarines. A glance through 
the Return shows that the British Empire has 
two submarines which exceed this tonnage, viz., 
XI of 2,525 tons, and K 26 of 2,140 tons, the 
former presumably a cruiser and the latter a fleet 
submarine. The United States have three units— 
V1, V2 and V3, each of 2,190 tons, completed ; 
and three others—V 4, V5 and V 6, of 2,890 tons 
each, all termed fleet submarines, building. Japan 
has two of 1,970 tons and four of 1,700 tons com- 
pleted, and two of 1,970 tons and three of 1,700 tons 
under construction; whilst France has one cruiser 
submarine of 3,000 tons building and another of 
the same type projected. The limitation on the 
size of the gun to be mounted to 5 in. calibre, 
suggested by the British Empire, would affect 
the British M 2 and M 3, which have each a 12-in. 
gun; the American V4, with a 6-in. gun; and 
two French—ex-German units—which are credited 
with 5-9-in. guns. The remainder of the sub- 
marines, whose particulars are quoted inthe Return, 
have guns less than 5 in. calibre. 

It was announced on July 8 that the repre- 
sentatives of the Powers had agreed to a limitation 
in the maximum submarine unit displacement to 
1,800 tons in place of the 1,600 proposed by the 
British Empire. 

The general limitation proposals of the British 
delegation are nebulous, and suggest the desirability 
of discussing limitation of numbers according to 
the varying requirements of the three Powers.* 
The suggested division into two classes indicates 
an intention to press for a limitation of numbers 
in either class rather than for a definite limitation 
of total tonnages. 

It may be concluded from the foregoing brief 
review of the present submarine strengths of the 
different navies, and the probable position in 1931, 
together with the proposals which have been 
tabled by the representatives of the three Powers, 
that a difficult and delicate task has been set 
them in arriving at a satisfactory solution. This, 
however, is only one of many similar problems 
which the conference has to solve. 











THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 85.) 

THE summer meeting of the Institution of Naval 
Architects at Cambridge was continued on Thursday, 
July 14, a meeting being held at 10 o’clock, when 
the chair was taken by the President, His Grace the 
Duke of Northumberland. 


EFFICIENCY OF SHrPs’ PROPELLERS. 


After some formal business, the President called 
upon Mr. G. S. Baker to read a paper entitled “‘ The 
Analysis of Screw Propeller Efficiency, with Parti- 





* It has since been announced that the British 
requirements are 65 submarines with a tonnage of 
65,000, of which from 40 to 45 will be of the larger class. 
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cular Reference to Froude’s Method.” This will be 
found on page 119 of this issue. 

The discussion was opened by Sir Richard Glaze- 
brook, who said that he was particularly interested 
in the paper as in his aeronautical work he had met 
with much the same difficulties and used similar 
arguments. He felt indebted to the Tank at 
Teddington for the help the work done in it had 
been to him, and was grateful to Sir Alfred Yarrow 
for making that work possible. Froude’s theory was 
old and simple, and it was a tribute to the accuracy 
of the work done so long ago to find that with 
more refined modern methods the results had come 
so closely to the truth. Mr. Baker had found it 
necessary to make two corrections, but they were in 
opposite directions, and almost cancelled out, so 
that there was close agreement with the original 
results. 


Mr. H. G. Williams followed. 





He thought that 


based on the speed in the open appropriate to the 
thrust, and the other on the open speed appro- 
priate to the torque. Two estimates of screw 
dimensions, or two analyses, would then be made, 
one beginning at the thrust or thrust horse-power, 
as in Froude’s method, the other, beginning at the 
torque or delivered horse-power, as in the method 
of Taylor. The truth would lie somewhere between 
the results obtained by the two methods, and would 
not, generally, be very divergent. 

He suggested that, as a practical method of 
correlating open and behind-ship conditions, this 
appeared to be simpler and to lead to more satis- 
factory results for the ordinary designer than an 
attempt to do it by consideration of the inflow 
velocity in the manner described in Mr. Baker’s 
paper, though these considerations should, of course, 
enter into any attempt to calculate screw thrust and 
torque from first principles. In practical propeller 
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Mr. Baker had achieved a remarkable piece of work 
in calculating the thrust and torque under the 
conditions described in the paper—namely, with 
a velocity of water through the propeller varying 
from point to point. The results of the calcu- 
lations were, no doubt, accurate as Mr. Baker 
had made them. He did not understand how they 
could be said to have corrected errors in Froude’s 
conceptions of hull efficiency and relative rotative 
efficiency. These were merely terms invented by 
Froude and defined by a particular method of 
ascertaining their values, and were not real effi- 
ciencies in the sense usually accepted. They were 
merely correlating factors to enable the results of 
screw experiments in the open to be used for the 
design of screws propelling ships or for the analysis 
of the results of trials. 

The real screw efficiency behind a ship, in the 
open, or on the tank travelling frame, was the 
thrust of the screw in the direction of motion 
multiplied by the speed of the ship or frame, and 
divided by 27 times the product of the time rate 
of revolutions and -the torque in the shaft. It 
was always different when the screw was working 
behind the ship from when it was running in the open 
at the same number of revolutions per minute. 
He could see no reason why it should not be greater 
in the ship than in the open, or why Froude’s 
relative rotative efficiency should not be greater 
than unity. He believed Froude’s method of finding 
wake and hull efficiency was based on the idea that 
a given thrust of propeller at given revolutions 
behind a ship would always be found associated 
with some open-water speed of the same propeller 
and with the definite torque also associated with 
that speed. 

When the equal thrusts behind the ship and in 
the open were found to be associated with different 
torques, it was not safe to assume a wake value for 
the ship based on the thrust alone. It would, 








perhaps, be better to assume alternative values, one 
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questions, the thrusts and torques were quantities 
found by experiment. 

Mr. S. 8S. Cook said he wished, at the moment, 
to limit himself to one comment on a_ point 
which puzzled him. Comparing the several sets of 
figures, he had found better agreement at high rates 
of slip than at low rates, where the bigger difference 
might have been expected. He did not understand 
why a correction was necessary for Froude’s method. 
He believed that this was based on experiments with 
models in which the effects now discussed would be 
equally present. 

Mr. Baker, in reply, made acknowledgment of the 
help he had derived from aeronautical data. There 
was good reason for better agreement at high slips, 
as would be seen from a study of the efficiency curve, 
which ascended, reached a maximum point, and 
descended on the opposite slope. At low slips, 
the efficiency might oscillate between two points 
on the curve, which, if joined by an inclined line, 
would show a lower mean value. He did not think 
the Froude wake method was the one to use when 
determining hull efficiency. He would point out 
that in Table II of the paper, with high slip, the 
intake velocity was approaching its proper value. 

In proposing a vote of thanks to Mr. Baker, the 
President commented on the mutual support in 
research given by those engaged in marine propulsion 
problems and those investigating the propulsion 
of aeroplanes. 


SPEEDS ON WINTER VOYAGES. 


Mr. J. L. Kent was then called upon to read a 
paper entitled, ““ Average Sea Speeds of Ships under 
Winter Weather Conditions.” In this he stated 
that it attempted to show how the margin of horse- 
power over that required for service speed in smooth 
water was utilised in meeting winter weather con- 
ditions in the North Atlantic. The data were 
collected on six voyages on five different ships, 
and were recorded for reference in order that, as 





far as possible, those dimensions and forms of ships 
which seemed unsuitable for the conditions of the 
area dealt with might be avoided. In the North 
Atlantic in winter, winds seldom blew steadily in one 
direction for any considerable time. The maximum 
wind speed measured was 90 knots. A ratio of 
wave-height to wave-length of 1:11 appeared 
never to be exceeded. The highest waves recorded 
were 50 ft. from crest to trough, and the longest 
1,050 ft. Waves up to 3 ft. in height were classed 
as smooth sea, between 3 ft. and 10 ft., as moderate 
sea, between 10 ft. and 30 ft. as rough sea, and 
over 30 ft. as very rough sea. The weather was 
classified as fine, moderate, rough, and very rough. 
One of the conclusions drawn from the data was that, 
for the area concerned, fine weather might be ex- 
pected for less than 30 per cent. of the time during 
the first three months of the year. 

The speed loss for various weather conditions 
ranged from 0-95 knot to 2-75 knots and the 
minimum power margins necessary to maintain full 
speed from 20 per cent. to 139 per cent. It 
was noted that, when meeting the weather, the 
reduction in power below the normal was greater in 
full ships than in finer vessels. Apart from this 
deliberate reduction in power, the speed of the fuller 
ships fell off much more quickly as the weather 
became worse than in the case of the fine craft. 

Mr. A. Hamilton was the first speaker. He 
considered that while an ample margin of power 
was possibly the most important thing, an 
unsuitable form of ship for the particular conditions 
likely to be met with was a frequent source of 
trouble. In most ships, the power should be kept 
as nearly constant as possible. With the old com- 
pound engine, the speed of the ship had to be 
reduced in heavy weather to save the engines, 
but this became less necessary on the introduction 
of the triple-expansion engine, and later, the 
turbine. His own investigations had led him to 
estimate the proportion of bad winter weather at 
65 per cent., but he noticed that Mr. Kent had 
put it even higher, viz., at 70 per cent. 

To illustrate the influence of ship form on speed, 
he had prepared a diagram, reproduced on the 
previous page. This, he said, gave the actual per- 
formance of three ships of the same dimensions, but 
having different block coefficients, on voyages of 
very nearly the same length. The horizontal solid 
portions represented, at their upper edges, the 
speed in knots attained during the steaming over 
the number of miles indicated by their length. 
The different speeds were arranged in numerical 
order to avoid the graphs crossing in the diagram, 
and they were thus not placed in the sequence in 
which they actually occurred. Graph C, for a ship 
with a block coefficient of 0-765, showed a better 
performance than did graph B., with a 0:*777 
coefficient, and a considerably better one than 
graph A, for a ship which had a block coefficient 
of 0°808. The machinery of the three vessels 
was identical. 

With regard to time lost during rough weather, 
he believed there was nowadays less “‘ nursing ” of 
ships at sea than there had ever been. On the 
other hand, very few ships had anything like as 
much reserve power as the builders would like 
to see. They were designed to run at the contract 
speed, or as near it as possible, this being generally 
taken for a measured-mile trial in smooth water. 

Mr. J. Lockwood Taylor observed that Mr. Kent’s 
paper was a valuable summary of the detailed 
observations recorded in his two previous contribu- 
tions. This scheme of weather classification was 
based on first-hand informa:ion and not on details 
from the average weather report. The use of the 
words ‘“‘ meeting” and “following” applied to 
weather would seem to require amplifying by the 
inclusion of two other classes, viz., “‘seas abeam ” or 
‘nearly abeam,”’ the effect of these on the propul- 
sion of the vessel being distinctive, but this would 
no doubt complicate the analysis. 

The average winter weather frequencies given by 
the author might be applied to the speeds in 
different weather in order to obtain approximate 
average speeds for the three vessels under the 
same normal winter conditions. These fine-weather 
speeds were, respectively, 7 per cent., 14 per cent., 
and 54 per cent. greater than the averages. This 








was a truer comparison between the vessels than 
the mere average speeds of the individual voyages, 
the corresponding figures being 16 per cent., 19 
per cent., and 37 per cent., respectively. A check 
on this method of utilising Mr. Kent’s weather 
classification might be obtained from ships’ voyage 
reports for a number of years. It was important 
to specify definitely the meaning of winter 
weather. He had found from the analysis of 
some hundreds of such reports that, for the North 
Atlantic, the worst period appeared to be January 
and February, the curve of average voyage speeds for 
the remainder of the year taking an approximately 
sinusoidal form, so that the average speed of a 
voyage undertaken in March might be only 7 per 
cent. below the average for the whole year as com- 
pared with a reduction of 10 per cent. in January. 
The average speed over the whole year was probably, 
in many cases, more important to the shipowner 
than speed under winter conditions. 

He thought Mr. Kent had rather overstressed the 
point of deliberate variation of power. He believed 
there were many engineers who preferred a minimum 
number of throttle adjustments. There was a 
certain automatic variation of power arising from 
the effect of varying hull resistance and propeller 
slip in bad weather on the engine torque, the 
general effect being that of a brake on the engine. 
Counteracting this effect meant sacrifice of fuel. 
The distinction between the margin of power, if 
any, in a ship in the process of design, and that of 
a vessel in service in which a margin of power might 
happen to be available, did not seem to be clear 
in the paper. The question of the rating, or 
nominal power, of the machinery was a separate 
matter. It was easy to show that a vessel using in 
fine weather, say, 90 per cent. of the average power, 
and 110 per cent. in rough weather, would be 
handicapped, on account of the greater weight, 
cost and space of machinery, compared with one 
maintaining a steady 100 per cent., and averaging 
a similar or slightly better speed. It should be 
noted that vessels required to adhere to a strict 
schedule were in a separate class. They could 
hardly be said to be powered on a strictly economic 
basis. 

The chief assumption involved in what he had just 
said had regard to the speed-index or rate of power 
variation with speed in fine and rough-weather, 
respectively, taking this to be similar in each case. 
Did Mr. Kent’s researches throw light on this 
important point? Certain figures had evidently 
been assumed in arriving at the values in the 
final table. These, compared with the observation 
speeds given earlier, showed a gain of about 6 per 
cent. in the case of the Montcalm and San Gerardo, 
corresponding to 18 per cent. power, which appeared 
normal. In the case of the Oroya, 10 per cent. 
gain was shown, which seemed hardly possible. 

The absence of definite advantage in being able 
to escape a storm by utilising the margin of power 
and increasing speed seemed to have been assumed. 
That might be too hypothetical, though it was true 
that storms on the North Atlantic travelled at rates 
comparable to ship speeds. The question of 
movement of the storm centre relatively to the ship 
bore on the question as to whether the ‘‘ weather 
frequencies’ were more suitably expressed as 
percentages of the total time or of the total distance. 
The question of the compatibility of the demand 
for a power margin with the highest average efficiency 
of the installation was hardly within the scope of 
the paper, the value of which would be increased 
by the addition of a note on the various types of 
machinery, nature of fuel, &c. 

Mr. W. G. Cleghorn spoke next, and said Mr. Kent’s 
paper was a record of actual experiences at sea, 
and a clue to its utility was given in the sug- 
gestion regarding the avoidance of unsuitable ship 
forms. The average North Atlantic winter weather 
had been classified in four grades. He would have 
liked to have seen a comparison of the performance 
of the five different vessels under these standard 
weather conditions, but the opportunity had not 
occurred. On the Oroya and San Gerardo, no 


following weather was experienced, although their 
average share, according to the weather recorded 
in the paper, should have been some 30 per cent. 





The consideration had been limited to the very 
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varying weather conditions each ship actually ex- 
perienced. Mr. Kent gave figures which many 
people were looking for. He thought the figure of 
30 per cent. minimum power margin for the 
Montcalm should be 36 per cent. 

It was essential to consider these figures along 
with the respective weather conditions. Thus the 
36 per cent. margin in the Montcalm was consequent 
on 50 per cent. rough and very rough weather, while 
the 139 per cent. margin in the San Gerardo was 
consequent on only 17 per cent. rough weather and 
no very rough weather. Again the 20 per cent. 
margin for the Montcalm was consequent on 60 per 
cent. moderate and rough meeting weather, whereas 
the 32 per cent. margin in the Oropesa was consequent 
on only 26 per cent moderate and no rough meeting 
weather. It was thus difficult to make comparisons, 
but it would appear that the greater speed and 
length of the Montcalm resulted in a relatively 
small margin. 

Some of the author’s figures were interesting 
as illustrating how different masters handled their 
ships under different weather conditions. Mr. Kent 
eliminated this variable in the last paragraph of the 
paper ; he himself would put the problem in a form 
more likely to occur in practice. The naval 
architect was asked what margin of power was 
necessary to maintain a given average speed on the 
mile, and replied that it depended on how and 
when the margin would be used. The answer was 
that in fine weather 80 per cent. full power would 
be used, in moderate and rough weather full power, 
and in very heavy weather 76 per cent. full power, 
in the first two vessels given by the author. 
Under these conditions, the margin of power 
necessary over the trial power at the service speeds 
worked out at 45 per cent., 65 per cent., and 154 per 
cent. for the three vessels, respectively. The paper 
stated that the problem was to compare the per- 
formance of ships of different fullnesses, but the 
comparison was based more correctly on the 
different weather conditions actually experienced by 
the respective ships. 

Most people would agree, Mr. Cleghorn thought, 
with the statement that the number of voyages was 
too few to generalise on. He considered that 
similar data should be continuously recorded by 
officers on ships in service. He suggested that this 
classification of weather should be provisionally 
adopted as standard, but instead of recording the 
power on service a diagram should be used showing 
the indicated horse-power or shaft horse-power for 
any speed of the ship and revolutions of the pro- 
peller. The construction of such a diagram was 
explained by Dr. E. V. Telfer in a recent paper.* 
It would be necessary for the ships’ officers to 
record at 4-hour intervals only the class of the 
weather, the distance run, and the revolutions made. 
From a volume of such information, the margin 
of power necessary to propel the vessel through each 
kind of weather could be readily obtained, as well as 
the weather conditions existing on different routes. 
He thought the systematic recording of such data 
would be of great value to shipownres, and its 
utility would be increased by publication in the 
Transactions of the Institution. 

Professor J. R. Jack thought the root of the 
matter lay in the contract between the shipowner 
and shipbuilder. Speed at sea was essential to the 
owner, but was not the basis of the contract. This 
was generally the speed on the measured mile. 
The allowance for weather conditions was therefore 
not a matter for the naval architect, but fell on the 
owner. The paper would help greatly in the matter, 
but there were a few other factors which had not 
been mentioned in it. The question of firemen was 
important. Lascars, for example, could rarely keep 
steam in heavy weather. There was also the falling 
off in boiler efficiency. He recommended that trials 
be carried out with one boiler cut out. Oil fuel 
had not shown much benefit on this point. The 
effect of waves from a head-on sea was considerable, 
and full-line ships were delayed by it. He had 
known of cases where ships had been lengthened 
with advantage. Again, propellers were often 
designed for trials and not for sea service. 

Professor W. Hovgaard said he had one question 
to ask as to the way in which the heights of the 





* See ENGINEERING, 1927, vol. cxxiii, pages 80 and 101. 
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waves were observed. The maximum height given 
in the paper differed somewhat from that obtained 
from Dr. Scoresby’s observations. 

Mr. H. M. Napier said the question of speed in 
rough weather was connected with the length of 
waves. He had known a vessel of the size of the 
Canadian Pacific Railway Company’s liners reduced 
in speed from 16 knots to 8 knots in rough weather. 
Had she been a little longer or shorter this 
would not have occurred. The problem was to 
find the most profitable speed. He thought a 
formula would be quite unworkable owing to the data 
required. He did not think builders and owners 
disagreed over the difference between trials and 
service performances. He would point out that 
pitching, which could have serious effects in slow- 
ing speed, was almost equalled by rolling. This 
was troublesome because the screw was not acting 
in the direct line of thrust. There was scope for 
a paper discussing the various causes tending to 
retard ships, and there was room for many more 
observations. 

Mr. G.S. Baker considered that there were plenty 
of data available. The difficulty was that this did 
not serve the purpose. The particulars needed to 
be gathered properly by experienced persons. It 
was hoped that Mr. Kent would continue his work 
on a high-speed ship. An offer from shipowners 
of facilities for such investigations would be much 
appreciated. He would take the opportunity of 
saying that Mr. Kent’s results had been of consider- 
able use in suggesting proportions of propellers 
for the last four years in their work in the tank at 
Teddington. 

Mr. E. B. Moullin enquired how Mr. Kent had 
measured shaft horse-power in a seaway. There 
were great difficulties when a vessel was pitching. 
The torque value might go down to half. In the 
torsionmeter which he had described to the Institu- 
tion*, it was easy to get accurate records of the torque 
variation, but to arrive at the average value 
needed careful integration. He would like some 
information with regard to the torque measurements. 

Mr. H. G. Williams was the last speaker. He 
considered the paper of great practical interest. 
On the somewhat rare occasions when shipbuilders 
were asked to submit designs and tenders for a 
cargo ship or tanker of a certain speed on service, 
the owner generally received a proposal for ships 
having a trial speed } knot to 1 knot above the 
specified service speed. The latter margin was 
seldom met with in these days of very much cut 
prices, though Mr. Kent’s paper seemed to show that 
such a margin would be by no means excessive to 
give the required sea speed of, say, 10 knots to a 
large cargo boat in the North Atlantic during the 
winter. The owner usually asked, however, for a 
ship with a guaranteed loaded trial speed, higher 
than the required service speed by a margin esti- 
mated from experience as adequate. 

He thought this was a satisfactory method, but 
it was defective in not taking into account the 
differing average weather conditions of the various 
measured miles. The Hartley mile, for example, 
with which he was best acquainted, exhibited an 
average weather of a 4-foot sea and a fresh breeze. 
Other miles were in practically landlocked harbours 
with a smooth sea. When a trial speed was speci- 
fied, it was easy for the shipbuilder to estimate 
the exact power required, and to fit standard 
machinery to give just that power when the engine 
was developing its maximum torque and the boiler 
its maximum evaporation. This meant a cheap 
ship and the one most likely to be selected in com- 
petition. In such a case, what the margin of power 
might be for seagoing conditions was problematical. 
Thus, a large tanker was tried in a 4-foot sea on the 
Hartley mile. The speed was 11-43 knots at 70-7 
r.p.m. and 2,8291.H.P. Using Froude’s screw data, 
it would be seen that if the resistance of this ship 
were increased by 18 per cent. and the engines were 
developing the same torque, the speed would fall 
to the extent of one knot, the revolutions to 64:8 
per minute, and the I.H.P. to 2,590, or about 9 
per cent. below the trial figure. These conditions 
approximately represented rough weather with a 
head wind, and perhaps a foul bottom. There 





* See also ENGINEERING, 1924, vol. exvii, page 764, 





would be a margin of 9 per cent. in favour of the 
boilers, but the engine would be working at its 
maximum torque though its I.H.P. was less than 
that obtained on the measured mile. The point 
was that it would be fallacious to call this surplus 
a margin of power, as it could not be made use of. 

If, on the other hand, the engines were capable 
of exerting a 6 per cent. greater torque than during 
the trial, they could bring the revolutions under 
sea-going conditions up to 65-6 and the speed to 
rather less than 10-75 knots when the engines and 
boilers would again be working all out. This 
example was quoted to show that margin of torque 
is really meant when margin of power was spoken 
of, and is required to meet increased resistance. 
He considered a ship’s engines ought to be fitted 
with a change-speed gear like an automobile, but 
had never heard of any practical proposal to this end, 
except in the shape of a propeller with adjustable 
pitch. With hand-fired coal-burning boilers, the 
evaporation dropped rapidly in very rough weather. 

Though the author in his paper had been prin- 
cipally concerned with margins between smooth- 
water and rough-water service speeds, he had 
opened it by a reference to the margin between 
smooth-water trial and service speeds. He, the 
speaker, thought the point of most importance 
was perhaps the latter, or the relation between 
speeds and powers or trial and on service. 

Mr. Kent then replied to the discussion. He had 
been asked how he measured the wave-heights at 
sea and, also, how the mean torque readings were 
obtained in rough weather, and would say that the 
manner of obtaining these data was fully explained in 
his two previous papers. The present paper did 
not advocate a deliberate reduction in power when 
meeting rough weather, but recorded that such 
reductions did take place in the ships dealt with. 
Mr. Hamilton’s diagram was of considerable value 
and interest. On the point of the ships keep- 
ing to their scheduled time in winter, he might 
mention that, in the six voyages chronicled in 
the paper, all the ships had been late by periods 
ranging from two to five days. He had been sent 
to sea to look for rough weather and had apparently 
found it. ° 

(To be continued.) 





THE LATE DR. J. H. REYNOLDS. 


By the death of Dr. John Henry Reynolds, which 
occurred on Sunday, July 17, at the advanced age of 
86, technical education in this country in general, 
and that in Manchester in particular, suffers a great 
loss. Indeed, it is not too much to say that he was 
one of the pioneers in this beneficent, and sometimes 
greatly misunderstood, branch of human activity, 
or that Manchester is indebted to him for its 
splendid College of Technology in Sackville-street 
(now a constituent part of the Victoria University) 
and for the outstanding position which higher 
education has reached in that city. Though he 
retired from active work some 14 years ago, the 
courage and enterprise which he inspired still 
characterises the College and will, we hope, long 
continue as a monument to his memory. 

Mr. Reynolds was born in Salford on February 8, 
1842, and received his early education at the 
Mechanics’ Institute in Manchester, of which he 
ultimately became the secretary in 1871. Useful 
though the services which were rendered to educa- 
tion by this organisation had been for fifty years, 
it was then becoming rapidly unsuited to modern 
conditions. With the assistance of the City and 
Guilds of London Institute, and of a number of 
Manchester citizens, it was therefore transformed 
into a technical school, with Mr. Reynolds as 
director of instruction. Within a few years, how- 
ever, it prospered so greatly that it became necessary 
to build and equip the present School of Tech- 
nology. This educational institute, the activities of 
which are known the world over, was managed by a 
committee, Mr. Reynolds being appointed principal, 
and at the same time acting as Director of Higher 
Education. His connection with the School and 
College of Technology lasted, in all, for 33 years, a 
period the record of which is one of unbroken 
success. This was largely due to his personality, 
as was amply shown when his resignation in 1911 


was made the occasion of numerous tributes, which 
clearly indicated the national significance of the 
work he had done for higher education. This work 
was also recognised by the Manchester University, 
who conferred the honorary degree of Master of 
Science upon him, and appointed him Dean of the 
Faculty of Technology. 

While it would be true to say that outside educa- 
tion Mr. Reynolds had few interests, within that 
not very circumscribed field, his advice was always 
freely given and his energies unstintingly applied. 
In 1913-14 he was president of the Association of 
Technical Institutions, and was also closely con- 
nected with the Association of Directors of Education, 
the British Science Guild, and the Teachers’ Guild 
of Great Britain and Ireland. 





NOTE. 


THE OPENING OF THE GLADSTONE Docks, 
LIVERPOOL. 

Tue importance of the new Gladstone Dock system 
at Liverpool received suitable recognition on Tues- 
day last when the works were officially opened by His 
Majesty the King, who was accompanied by Her 
Majesty the Queen. Civil engineering works do 
not always lend themselves to spectacular ceremony, 
but the great acreage of the docks and the size 
of the quay sheds in this case formed a setting for 
the proceedings, which could not fail to impress 
even those who had but little knowledge of the 
labour, both mental and material, which such an 
engineering work involves. Those who were 
responsibile for the arrangements for the ceremony 
are to be congratulated on the success which 
attended them. The engineering features of the 
new works were dealt with by us in our issue of 
last week, and need not be referred to again here, 
but their economic aspect may well be mentioned. 
They formed the subject of an important passage in 
the reply which His Majesty made to the address 
of welcome presented by Mr. R. D. Holt, the 
Chairman of the Mersey Docks and Harbour Board. 
His Majesty pointed out that the increase of com- 
merce is of far more than local interest, and that the 
enterprise that had been completed that day should 
assist the industry of the whole of the north of 
ingland. It is to be feared that conditions in this 
country in recent years have not favoured the 
undertaking of great civil engineering works, and we 
may express the hope that the courage and enterprise 
displayed at Liverpool will be properly repaid in an 
increase of trade at any early date. Any improve- 
ment in transport facilities cannot fail to be of great 
value to the manufacturing industries, on which 
our prosperity so greatly depends. 





BorerR-ScALE PREVENTION.—The United States 
Bureau of Mines, in collaboration with the Carnegie 
Institute of Technology, has recently completed an 
investigation of the physico-chemical actions resulting 
in boiler-scale formation and prevention. This work has 
now been published as Bulletin No, 24 of the Mining and 
Metallurgical Investigations of the Carnegie Institute of 
Technology. 





Atr SERVICES IN THE FaR East,—It is proposed to 
establish an air service for passengers and mails between 
Osaka, in Japan, and Shanghai, in China. A company 
has been floated in Japan for the purpose, with a capital 
of 2,000,000 yen. Japanese aeroplanes are to be used 
for the start, but orders may possibly be placed in 
other countries when the full complement of ma- 
chines is needed. The journey is to be made in three 
stages and will, it is estimated, occupy « total time of 
11} hours. 





Lona-DisTaNcE GAs TRANSMISSION.——-It is reported 
from Cologne that the leaders of the provincial and 
district associations, and other interested parties, met 
with a view to forming a Central German Community 
of Interests in distant gas transmission. It is intended 
to tap the gas pipe-line which runs from the Ruhr 
district, via Hanover to Berlin. This pipe-line will 
supply 500 million cub. m. of gas to Berlin, and place 
it at the disposal of the Berlin Gasverwertungsgesell- 
schaft at a price of 3°9 pfg. per cub. m. The Central 
German Distant Gas Supply concern would, if it 
takes 38 million cub. m. of gas, obtain this gas at 
3°8 pfg. per cub. m. at Cassel. It was decided on 
principle to join the Rheinisch-Westfalische Gasgesell- 
schaft at Essen, which has declared its readiness to lay 
the piping to Cassel at its own risk and to make the 
connection so that the Central German district will be 
supplied with gas at high pressure and at a maximum 





price of 3°8 pfg. per cub. m, 
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THE TAF FECHAN RESERVOIR, 
BRECKNOCK. 

THE opening of the Taf Fechan Reservoir for 
the Taf Fechan Water Supply Board yesterday, 
not only put into service the third largest reser- 
voir in Wales, but marked the successful conclu- 
sion of an enterprise which had been subject to 
more than ordinary vicissitudes. The reservoir is 
situated in a valley running almost due north and 
south, and in that part of it about five miles north 
of the town of Merthyr Tydfil. The valley 
originally formed the drainage area of the River Taff, 
which takes its rise on the slopes of the well-known 
group of mountains known as the Brecknock 
Beacons. The account of these waterworks is 
best commenced by a brief genera] survey, which we 
illustrate by Figs. 1 to 4. 

In the upper part of Fig. 1, the irregular contour 
of the new reservoir is seen, and higher up still where 
the valley closes in will be observed two smaller 
bodies of water, the Upper and Lower Neuadd 
Reservoirs respectively. These are not part of the 
present scheme in the sense of having been con- 
structed with it, as the Upper Neuadd Reservoir 
dates from 1895, while the lower one is older still, 
having been completed in 1884. Nor is the upper 
part of the new Taf Fechan reservoir new work. It 
is the old Pentwyn Reservoir, which has been merged 
into the new larger one lying immediately to the 
south of it. This is perhaps better seen in Fig. 2, 
where the constriction near Dol-y-gaer station 
denotes the site of the old dam. The Pentwyn 
Reservoir for the supply of Merthyr was begun under 
an Act of 1858, and had a capacity of 346,000,000 
gallons. 

The summer water level, with an area of 
96-5 acres, was 1,080-4 ft. above Ordnance datum, 
and the greatest depth was 28 ft. In winter, the 
level was kept 2 ft. less by lowering the sill of the 
overflow. The site, however, had been unfor- 
tunately chosen. The geological formation of 
practically the whole of Brecknock is the old red 
sandstone, but just about the reservoir is a portion 
of the belt of carboniferous limestone which runs 
in a zig-zag fashion right across the lower part of 
South Wales. South of this is a band of millstone 
grit, and then the large area of the coal measures. 

The dam referred to above was bedded in a 
trench of the limestone rock, which was, in the mass, 
badly fissured. This resulted, from the first, in 
heavy leakage, which large-scale repairs in 1882-3, 
and again in 1887-8, when some reconstruction 
was carried out, only partially stopped. Further 
repairs were made in 1912-13 under the direction of 
Sir Alexander Binnie, Son, and Deacon, and 
Mr. T. F. Harvey. These were more successful, 
but it was recognised by the engineers that no 
permanent cure was possible. However, the 
serious leakage of 11,000,000 gallons per day had 
been reduced to about 2,000,000 gallons with a full 
reservoir, and matters remained thus for some six 
years. 

The leakage then began to increase, and in 
May, 1922, with a full reservoir, it was 9,300,000 
gallons per day. In August of that year, under 
Mr. Harvey's direction, 1 timber dam, 140 ft. long 
and 12 ft. high, was constructed at the river, 
through which 20-in. pipes carried the river flow. 
This flow was utilised to deposit puddle clay on the 
inner slope of the dam, from which the pitching 
had been removed over a large area. The'sill of the 
overflow weir was kept at the winter level to reduce 
the head. This final repair was finished in May, 
1923. 

It had, as indicated above, been early recognised 
that any fresh scheme would necessitate a new dam 
elsewhere, and accordingly, in 1906-7, several trial 
shafts and bore holes were sunk at different points 
of the valley to the north of the Pentwyn Reservoir 
embankment. This was outside the area of the 
limestone fault, and it was expected that the solid 
sandstone would be quickly reached. The glacial 
drift by which the sandstone was covered proved 
deeper than anticipated, a bore hole in the centre of 
the valley going down to a depth of 130 ft. before a 
water-tight foundation was reached. A move was 
then made southwards, and a site was finally selected 
two miles below the Pentwyn embankment. There 
the old red sandstone and marls were reached, which 
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the new cut-off trench penetrates to a depth of 15 ft. 
to 20 ft. 

The next chapter in the history of the new reservoir 
records the contentions of various local authorities. 
and needs no further comment than the remark that 
it was not until 1911 that the Merthyr Corporation 
were empowered to construct the Taf Fechan Reser- 
voir Works. Further delays occurred, and all work 
was practically suspended during the great war. 
In 1921 the Merthyr Corporation promoted a 
Bill for the creation of a Joint Board to take over 
their water undertaking. From this arose the 
Taf Fechan Water Supply Board, which assumed 
authority in April, 1922. The engineers originally 
jointly entrusted by the Merthyr Corporation in 
1911 with the design and carrying out of the new 
scheme, viz., Sir Alexander Binnie. Son and Deacon, 
and Mr. Thomas Fletcher Harvey, have seen the 
work carried to completion, but the original 
contractors, Sir Robert McAlpine and Sons, who 
commenced work in 1913, were compelled by 
stress of circumstances due to the war to relinquish 
it in 1917. Since that date the work has been 
done by direct administration. 

Referring to Fig. 2, it will be observed that a 
public road ran along the old course of the river. 
This was, as a matter of fact, based on a Roman 
road, and its destruction has necessitated road 
diversion works on both the east and west sides 
of the valley of a total length of nearly three miles, 
with all the necessary culverts and bridges, &c. 
Clearing the site involved also the demolition of 
the church and vicarage of Taf Fechan, with a 
Congregational chapel, the bodies in the graveyards 
of these two buildings having to be disinterred 
and reburied on a new site south of the embank- 
ment. Eight farmsteads and some cottages were 
also swept away, and pipe sewers, septic tanks, 
and sewage outfall works had to be constructed 
for certain other dwelling-houses in the valley. 

Further subsidiary work involved, lay in the 
removal of about a mile of the 20-in. trunk main 
which conveyed water down the valley to the 
Merthyr Borough from the Upper Neuadd Reservoir. 
This was relaid at a higher level along Road Diversion 
No. 2. The Great Western Railway runs along the 
east bank of the new reservoir, and some small 
works were required in connection with this. 

The whole drainage area, which is defined in 
Fig. 1, is 8,351 acres, and the new reservoir, 
including the absorbed Pentwyn Reservoir, is 
nearly large enough to equalise the flow from it. 
It will have an impounding capacity of 3,400,000,000 
gallons. The area is 349 acres at top water level, 
which is 1-6 ft. higher than that of the old reservoir 
—that is, is 1,082 ft. above Ordnance datum. The 
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total length at this level is 2} miles. It may be 
pointed out that the level was in some measure 
determined by the proximity of the railway running 
along the eastern bank. The new and enlarged 
reservoir it is estimated will yield 12,000,000 gallons 
a day after deducting compensation water to the 
amount of 6,835,000 gallons per day. The two 
Neuadd reservoirs will contribute a total of 4,000,000 
gallons per day, so that the Board’s three reservoirs 
will have a total yield of 16,000,000 gallons per 
day. An allowance for three consecutive dry years 
has been taken into account in making this compu- 
tation. The mean annual rainfall for the catchment 
area is 69-5 in. per annum. 

The water is distributed in bulk to a number of 
different points. It is supplied to the Merthyr 
Corporation for the service reservoirs at Penbryn 
and Treharris, and for Aberfan and Merthyr Vale ; 
to the Rhymney Valley Board for Gelligaer, 
Trelewis, and Caerphilly ; and to the Llantrissant 
and Llantwit Fardre Rural District Council. The 
location of these areas is shown in Fig. 1. A 
supply to Barry is under discussion. The water 
is drawn off at three levels, and after passing 
through strainers is measured and passed to the 
filtering plant. The compensation water is taken 
over a gauge basin weir. 

A good idea of the new reservoir and its situation 
will be obtained from Figs. 3 and 4, which are 
reproductions of photographs of both faces of the 
embankment. , 

The full length of the new embankment is seen 
in Fig. 3. Its top is 7 ft. above the top water level 
and is 20 ft. wide. It carries a macadamised road 
which is a public highway, and is bordered by a 
substantial stone parapet on each side. The 
embankment is 1,010 ft. in length and 107 ft. high. 
It is of earth with a puddled core and stone toes. 
The south or outer face is turfed and has a slope of 
24 to 1. The inner side, visible in Fig. 3, is stone- 
faced, and has a slope of 3 to 1. The valve tower 
is seen in the right-hand corner of the figure. It is 
constructed with an internal lining of cast-iron 
segments, 12 ft. in diameter. The outer casing is 
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octagonal and consists of rock-faced ashlar with 
drafted quoins. Communication is made with the 
tower across a light steel bridge in two spans. The 
overflow shaft near the tower is not visible. The 
railway in the foreground is an accommodation line, 
the Great Western line being further from the edge 
of the reservoir. 

Fig. 4 is a view of the discharge tunnel with the 
filter house. The parapet on top of the embank- 
ment forms the skyline. The spire of the valve 
tower is seen on the left hand. The position, in the 
centre of the figure of the mouth of the discharge 
tunnel through which the river is diverted, is some- 
what misleading. It would appear that the tunnel 
ran under the embankment. This is not the case, 
as a matter of fact, it is well clear of the embank- 
ment, its real course being best seen at the bottom 
of Fig. 2. 

It is 13 ft. in diameter internally, and 1,046 
ft. in length. It discharges into a compensation 
gauge basin, the outfall of which is determined 
by the weir seen just below the tunnel opening. 
The large building on the right-hand side is the 
filter-house. This is, at present, L-shaped in plan 
with an administrative block surmounted by a 
dome at the angle. The embankment in front of 
it with the small house adjoining indicates the 
position of the circular clear water tank and meter- 
house. 

Having thus outlined the general scheme of the 
new works, we defer the consideration of its details 
until a later issue. 


(To be continued.) 





NOTES ON NEW BOOKS. 


DoriNna the 1926-27 Session of the Association of 
Engineering and Shipbuilding Draughtsmen, the 
Association published, in pamphlet form, and at a 
price of 2s. each, a series of eight lectures on various 
subjects of interest to engineering draughtsmen. The 
subjects dealt with were Crankshaft Design, by Mr. C. E. 
Pounder ; Spur and Helical Gearing, by Mr. H. Walker, 
B.Sc. ; Electric Telpherage, by Mr. G. W. Grossmith ; 
Stresses in Space Frames, by Mr. W. W. Padfield ; 
Extra High-Tension Switchgear, by Mr. G. L. E. Metz ; 
Electric Locomotives, by Mr. R. H. Wright; and The 
Design of Direct Acting Steam Winders, by Mr. A. L. G. 
Lindley. The eighth paper dealt with The Craft of 
Tracing, and has been prepared by a sub-committee of 
the executive of the Society. This gives a series of 
hints on the use of instruments and on lettering, and 
also a number of notes on elementary geometry. . 





“* The Manual of Air Pilotage, 1927 ” (Air Publication, 
1234) of the Air Ministry, and published by H.M. 
Stationery Office at 2s. net, reviews in a concise and 
not highly technical manner the methods of aircraft 
pilotage now in vogue, and illustrates, incidentally, 
the extent to which aircraft, though theoretically 
free to move in three dimensions, remain dependent 
on ground observation for their safe and reliable navi- 
gation. The aeroplane is thus as earthbound as were 
the early ships which, until the perfection of the 
mariner’s compass, were forced to operate within 
sight of land. Until air pilotage is superseded by 
air navigation, aircraft cannot fulfil its whole function. 
The beginnings of a systematic science of aerial 
navigation are, however, being made in the researches 
that are proceeding in all countries to make the pilot 
to a greater extent independent of visibility. Among 
the most interesting sections of this manual are the 
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chapters descriptive of the methods of wireless direction- 
finding and of meteorology. Those associated with 
aviation, whether in its civil or military departments, 
will also find a wealth of information on map and 
chart reading, air pilotage instruments, ground 
organisation and the other essentials of the airman’s 
craft. 


Established in 1799, Messrs. Kelly’s Directories 
Limited, of 186, Strand, London, W.C.2, may justly 
claim to be the oldest directory publishers in the world. 
The name of Kelly has, in fact, become a household 
word in all English speaking and many foreign coun- 
tries, and the directories published by the firm have 
become an integral part of our everyday commercial 
life. The forty-first edition of ‘* Kelly’s Directory of 
Merchants, Manufacturers and Shippers of the World,” 
has just been published in two volumes, price 64s., 
vost free. The contents of the books are well known 
to the commercial world, but it is of interest to point 
out that the directory deals with over 20,000 places, 
and with one and a half million names of firms and 
individuals. It is also a gazetteer, and facts and figures 
relating to each locality are included in the information 
given. The book covers the whole world and is well 
indexed in four languages, namely, English, French, 
German and Spanish. Volume I deals with all foreign 
countries and their possessions, while Volume II is 
devoted to Great Britain, India and the British Domi- 
nions, Colonies, Protectorates and Dependencies. 
Reference to any desired information is facilitated 
by a concise explanation of the arrangement, and 
an example of how to use the book; these directions 
are given at the commencement of Volume I. It need 
hardly be added that the whole of the information 
contained in the directory has been corrected and 
brought up to date with scrupulous care. The two 
volumes, which together comprise over 4,500 pages, 
are strongly bound in the familiar red covers adopted 
by Messrs. Kelly. 

A good knowledge of the grammar and syntax of a 
foreign language does not necessarily predicate a good 
knowledge of its idiom. There are certain turns of 
phrase and expression, which can only be learnt in 
the country of their origin, the more so as they are 
constantly changing, in accordance with the dictates 
of fashion and the etymological demands of the moment. 
There are, indeed, scientific and commercial languages 
within the main language, the keys to which are often 
found with difficulty. This is particularly the case 
with German, the users of which seem to delight in 
coining, not only new words, but new phrases. Mr. R. 
Lusum has therefore done a useful piece of work in 
compiling a list of ‘German Commercial Terms and 
Phrases,” which has recently been published by Messrs. 
Effingham Wilson, price 4s. net. The book is evidently 
for those who wish to write letters in German, and it 
is therefore “‘ oriented’ in the English-German direc- 
tion. This is a weakness. For one person in this 
country who can write German “ like a native ”’ there 
are 100 who can grasp, if only at the expense of some 
little research, the meaning of a letter written in 
German. With the necessary change of adjectives 
the same is true of Germany. Until, therefore, a 
universal language comes into being, communication 
will probably be facilitated by correspondents writing 
in their own language, especially when precision 
such as is necessary in a commercial transaction is 
involved. This weakness is emphasised by the fact 
that some of Mr. Lusum’s alternative renderings are 
a little unusual. Also, since the war, Germans have 
exhibited a preference for words of Teutonic, rather 
than Romantic origin, thus reversing a policy inaugu- 
rated we believe, by Frederick the Great. Sometimes - 
the term most widely used is given second place. These 
provisos, notwithstanding, however, the book can be 
confidently recommended as being an aid to a better 
acquaintance with a language of increasing industrial 
importance. 








Pute Mitt Waste UTILISED IN TANNING.—The pos- 
sibility of converting a waste product of the paper indus- 
ry into a necessary material for the leather industry has 
been revealed as-a result of research conducted by the 
U.S. Bureau of Standards. It has found that leather 
filled with materials derived from waste liquors is equally 
as durable as leather filled with such tanning materials 
as chestnut wood and quebracho wood extracts. The 
Bureau has investigated the suitability of sulfite cellulose 
extracts (treated and concentrated waste liquors) for 
use in the actual tanning operations. Chemical exami- 
nations of various extracts showed them to contain usable 
amounts of materials which would firmly combine with 
hide to form leather. The colour imparted to leathers by 
the use of these materials was satisfactory. Actual 
tanning tests produced leather of good strength, wearing 
quality and appearance. The investigation shows that 
sulfite cellulose extracts can be satisfactorily used for 
tanning when blended with other ‘materials such as 
quebracho wood and chestnut wood extracts. Both 
the tanner and the paper manufacturer would benefit 
by this utilisation. 





118 


a 


ENGINEERING. 





[JOAN a; EURF. 








LABOUR NOTES. 

Tue Trade Unions and Trade Disputes Bill reached 
the report stage in the House of Lords yesterday. 
In committee, during last week, Lord Arnold moved 
the deletion from Clause 8 of the final words “ or to 
accept employment” from the following definition : 
“The expression ‘strike’ means the cessation of 
work by a body of persons employed in any trade or 
industry acting in combination, or a concerted refusal, 
or a refusal under a common understanding, of any 
number of persons who are, or have been, so employed, 
to continue to work or to accept employment.” 
According to the clause as it stood, he said, a strike 
might occur if a man would not accept employment. 
Another effect was that a large number of disputes, 
which were really lock-outs, would become strikes, 
liable to be declared illegal, and the employers would 
escape all responsibility. He did not think that this 
was the intention of the Government. The Lord 
Chancellor said that he did not quite agree with 
Lord Arnold’s comment on the clause, because it 
only referred to a case where there was a concerted 
refusal to accept employment or to return to work. 
Thinking the words over, however, he would accept 
the amendment, reserving the right that if, in the 
House of Commons, a different view should be taken, 
the Government must not be taken to be finally 
bound by what he had said. 





The General Council has drafted a resolution on 
the Bill, for submission to the Trades Union Congress, 
which meets at Edinburgh in September. It condemns 
the passing of the Bill ‘“‘ without an attempt at 
important preliminary inquiry or mandate from the 
people,” expresses appreciation of the work of the 
Labour Party in Parliament, and proceeds as follows : 
“This Congress hereby affirms its determination to 
maintain in their entirety the rights and liberties 
which the past efforts of the organised workers have 
secured, including the fu!l right of combination by 
all workers and the application of the strike, to be 
used as and when and in what manner may be found 
necessary either to secure improvement in their working 
conditions, to establish a rightful status of labour in 
the economic life of the country, or to resist any 
attempts to depress the workers’ economic conditions. 
This Congress pledges itself to work steadfastly for 
the repeal of this iniquitous measure, and calls upon 
the working class of Great Britain to exercise its 
fullest political power to remove from office the 
present Government, which, dominated by organised 
capital and hereditary class privilege and prejudice, 
has so unscrupulously used its position to injure 
the industrial and political organisation of the workers.” 





In resolutions sent in by the Miners’ Federation of 
Great Britain, the Government is attacked on the 
subject of unemployment, and Congress is asked to 
take all possible means for the repeal of the Eight 
Hours Act. Other resolutions proposed by affiliated 
organisations appeal for the early introduction of 
a new Factories Bill, the ratification of the Washington 
Hours Convention, closer observance of the fair wages 
clause by public bodies, legislation to promote municipal 
banking, and the maintenance of the Rent Restriction 
Acts. 





The Berlin correspondent of the Manchester Guardian 
states that unemployment in Germany again dimin- 
ished during the latter half of June. The number of 

sople receiving unemployment relief was reduced 
from 598,000 to 541,000, or 94 per cent. The number 
of supported members of unemployed families de- 
creased from 663,000 to 57,000. But the German 
labour market is not, the correspondent points out, 
to be considered healthy. Probably, he says, there will 
be a seasonal relapse at the end of summer. The 
Centre party organ Germania warns the public that 
the present favourable conditions rests mostly on the 
continued development of the home market and on 
credits from abroad. 

At the annual general meeting of the Amalgamated 
Union of Building Trades Worsers, discussion took 
place on the following proposal :—‘* That this con- 
ference is of opinion that the time has arrived when the 
Union should re-affiliate to the Operatives Federation.” 
The resolution was adopted, and the matter was re- 
ferred to the Executive to deal with. 





According to The Ministry of Labour Gazette, em- 
ployment during June showed little change on the 
whole, as compared with May. There was a slight 
further improvement in the engineering, shipbuilding, 
and textile bleaching and dyeing industries and in 
public works contracting, and some improvement was 
also reported in the jute industry, and in dock, canal, 
river, &c., service. On the other hand, employment 
was worse in the coal-mining industry, and increases 





were reported both in the numbers wholly unemployed 
and the numbers temporarily stopped in that industry. 
Employment in the tinplate and steel sheet trade 
continued bad and showed a marked decline on the 
previous month, and increases in the numbers unem- 
ployed were reported in the building, pig-iron, wool 
textile, pottery, and clothing trades. 





Among the workpeople (numbering approximately 
12,000,000) insured against unemployment, under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (includ- 
ing those temporarily stopped as well as those wholly 
unemployed) in all industries taken together at June 
20, 1927, was 8-9, as compared with 8-8 at May 23, 
1927, and 14-6 at June 21, 1926. The percentage 
wholly unemployed declined from 6-7 at May 23 to 
6-5 at June 20. The percentage of persons tempor- 
arily stopped from the service of their employers rose 
from 2-1 at May 23, to 2-4 at June 20. The figures 
for June, 1926 (although exclusive of coal miners dis- 
qualified for unemployment benefit under the trade 
dispute provisions) were affected by the dispute in the 
coal-mining industry. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in June resulted in a reduction of 80,5001. in the 
weekly full-time wages of 539,000 workpeople, and in 
an increase of 2,6001. in those of 40,000 workpeople. 
Coal miners again formed the principal group of work- 
people affected by reductions. In Yorkshire their 
wages were reduced by about 4 per cent. on the previous 
rates, in Nottinghamshire by nearly 6 per cent., and 
in South Wales and Monmouthshire by 10 per cent. 
Reductions also occurred in the South Staffordshire 
and Forest of Dean coalfields. 





In other industries there was a reduction of about 
1% per cent. on the previous wages of iron puddlers 
and iron and steel millmen in the Midlands, and men 
employed by electrical contractors in England and 
Wales had their wages reduced by 1d. or 3d. per hour. 
Other bodies of workpeople affected by reductions 
included steel sheet millmen and galvanisers in England 
and Wales, workpeople employed in the asbestos 
industry, furniture trade operatives in Scotland, and 
packing-case makers in London. The workpeople 
affected by increases in rates of wages were principally 
coal miners in the Cannock Chase and Bristol districts, 
and workpeople employed at waterworks in London. 





During the six completed months of 1927, the changes 
reported to the Ministry of Labour in the industries 
for which statistics are compiled, have resulted in net 
increases amounting to 22,2001. in the weekly full- 
time wages of 325,000 workpeople, and in net reduc- 
tions of 244,9001. in those of 1,286,000 workpeople. 
In the corresponding period of 1926, there were net 
increases of 16,5001. in the weekly full-time wages of 
135,000 workpeople, and net reductions of 69,5001. in 
those of 658,000 workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in June was 16. In addition, 28 disputes which began 
before June were still in progress at the beginning 
of the month. The number of workpeople involved 
in all disputes in June (including workpeople thrown 
out of work at the establishments where disputes 
occurred, but not themselves parties to the disputes) 
was about 22,000; and the aggregate duration of all 
disputes during June was about 79,000 working days. 
The aggregate duration of all disputes in progress in 
the first six months of 1927 was about 686,000 working 
days, and the total number of workpeople involved in 
these disputes was 61,000. 





The Ministry of Labour states that on July 11, 1927, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,036,500, 
of whom 834,000 were men, 27,200 boys, 148,900 women, 
and 26,400 girls. Of the total number, 659,700 were 
wholly unemployed, 311,100 temporarily stopped, and 
65,700 normally in casual employment. On July 4, 
1927, the number of unemployed persons was 1,053,576, 
of whom 847,242 were men, 27,712 boys, 151,686 
women, and 26,936 girls; and on July 12, 1926, it was 
1,644,194, of whom 1,221,912 were men, 43,108 boys, 
333,196 women, and 45,978 girls. The figures for 
July 12 were affected by the dispute in the coal- 
mining industry. 





According to the Industrial Bulletin, issued by the 
Bureau of Statistics and Information for New York 
State, the employment office ratio increased in May, 
the resulting figure—132 registered for every 100 
available jobs—being the highest May ratio since 1921. 


This was contrary, it is pointed out, to the usual 
seasonal trend. An increase of more than 500 idle 
male workers and a small decrease in the total number 
of available openings was directly responsible, and 
reflected the adverse trend for the month as reported 
by manufacturing concerns. Another indication of this 
trend was, it is pointed out, in the percentage of workers 
placed, which dropped to 61. In April, 63 per cent. of 
all idle workers registered were reported placed in 
jobs, whereas in May a year ago 71 per cent. of the 
workers were placed. The only groups of workers 
among whom unemployment decreased to any great 
extent were the non-productive hotel and restauragit 
and domestic service classes. In the former there 
was a shortage of male workers, while in the latter 
group women workers alone were able to benefit. 





A judgment relating to lock-outs, which is regarded 
as of considerable importance by the Italian trade 
union movement, has just been given by the Industrial 
Court of Monteleone. It is the first interpretation by a 
legal tribunal of the scope and meaning of the offence 
of declaring a lock-out as laid down in Section 18 of the 
Act of April 3, 1926—the Trade Union Act. The 
court held that a lock-out must be deemed to be 
unlawful even when it does not take the form of a 
collective act, whereas a strike is only actionable if it 
consists of a collective stoppage of work. Accordingly, 
the court decided that a lock-out proclaimed by a 
single employer against a single worker was punishable. 
According to the terms of the judgment, ‘ the inter- 
ruption of work thus caused by a single employer is 
prejudicial to the interest of the nation, since the Trade 
Union Act considers production as a national function. 
On the other hand, a stoppage of work by one or more 
persons, or even by several persons acting individually 
and each for an individual purpose, is not punishable, 
seeing that it would be unjust not to allow every worker 
the right to abstain from work when he considers it to 
his advantage to do so, or is impelled to do so by personal 
reasons.” 





A resolution protesting against the introduction by 
the Government of the Trade Unions and Trade 
Disputes Bill was adopted by the annual conference at 
Swansea on Tuesday of the Transport and General 
Workers’ Union. In moving it, Mr. Ernest Bevin 
said that the conception of the Transport and General 
Workers Union, with its grouping and amalgamations, 
was intended to make more effective and efficient their 
administration and their dealing with wage problems. 
No one welcomed their association more than the 
employers themselves, because it meant negotiations 
with one great union instead of meeting dozens, with 
all the internecine warfare which went on in that way. 
When a breakdown took place in negotiations they had 
a right to use the whole power of their organisation. 
Therefore, whether the Registrar registered their 
rules or not, whatever legal obstacles might be put in 
their way, the union must develop from the point from 
which it started, on the basis of sympathetic action 
So far as the industrial side of their rules was concerned 
they proposed to make no amendment to meet the Bill 
in any way, but to go on with their amalgamation 
policy, their group policy, their policy of sympathetic 
development of co-operation. 





If a crisis came at any time, and they were satisfied 
that the claim of any section of the organisation, 
whether it was a small group or a large group, was 
just and its cause morally right, they would take all 
the legal consequences, Mr. Bevin declared, of prose- 
cuting the claim. That policy would be endorsed, he 
believed, by all the members, whether they were 
Communists, Socialists, Liberals or Tories, because in a 
dispute, the strike attitude was not determined by a 
man’s politics but by the claim he was pressing. 

A resolution sent up by the Glasgow branch, and 
discussed in private, called for the registration of all 
the members of the executive council who voted in 
favour of signing on for work before the termination 
of the general strike, and severely censured the general 
secretary as a member of the General Council for having 
signed for calling off the general strike before they had 
written guarantees that there would be no victimisa- 
tion. It was defeated by an overwhelming majority. 








The result of the ballot on the engineering wages 
question is to be announced at a meeting, in London 
to-day, of representatives of all the trade unions inter- 
ested. In a well-informed quarter it was stated on 
Wednesday, that the pooled figures were practically 
certain to show a majority, in favour of the acceptance of 
the employers’ offer of 2s. per week to plain time workers, 
as from August 1. The proportion of time workers in 
the engineering industry is understood to be 51-2 per 





cent. 
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ENCE TO FROUDE’S METHOD.* 


By G. S. Baxer, O.B.E. 


THE paper gives a résumé of Froude’s method 
of analysis of propeller efficiency with new terms 
introduced to take account of the variation of conditions 
behind a ship and in open water. Calculations have 
been made to, determine whether the hull efficiency 
as found by this method is correct, and the results 
show that for single screws it is liable to errors up 
to — 6 per cent. or — 9 per cent., 7.e., the true value 
is higher than that obtained from Froude’s analysis. 
The error does not lie in the wake determination, 
as the wake fractions are supported by the calcu- 
lation, but in the assumption that the product of 
thrust and velocity is the work done by the screw. 
A further error is introduced by the assumption that 
the hydrodynamic conditions in open water represent 
those behind the hull, and experimental evidence is 
given to show that the effect of this upon efficiency 
is of the order of + 7 per cent., #.e., it gives a too 
high screw efficiency. These two errors, arising indi- 
rectly from the same cause, happen approximately to 


cancel, but they result in the hull efficiency as usually | 
obtained appearing a little lower than it should be, | 
and the screw efficiency as higher than it should be. | , RV 

In this lies the explanation of the relative rotative | Froude: celled the term ~ 


efficiencies behind some forms being apparently 
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above unity. The results of some experiments with 
a screw, behind a plank in a good “‘clean”’ wake 
and a rather turbulent one, show that Froude’s 
method of determining wake is reasonably accurate. 

If a propeller is advancing at speed Vi, making 
N revolutions per minute, producing a thrust T, 
absorbing a torque 8; on the shaft, the efficiency is 
represented by :— 

TV; 


2rNS8i 


The action which takes place may be regarded as 
a twofold one. Each annular element of the blades 
exerts a pressure on the water, varying with the 
square of the relative velocity in the disc at that 
radius, and its own angle of slip. The efficiency of 
each such element depends upon the shape of its 
lift 
drift 
ratio at this particular angle). The integral effect of 
all these elements is the promotion of a disc of pressure. 
The efficiency of this action is dependent on the 
efficiency of the separate parts, and by assuming 
that these act independently, this can be calculated. 
This part may be defined as the internal action of 
the propeller. 

The second part is the manner in which this 


cross-section and its angle of slip (7.e., upon its 
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| where R is the resistance of the ship at speed V, and 
he called the speed V; the wake or open-water speed 
|of the propeller. But since the development of thrust 
|is concerned with the water velocity within the 
| confines of the screw itself, and not at all upon how 
this velocity is achieved, what is really ascertained 
in this way is a mean speed at the screw, represented 
by the open intake velocity Vi(1+ 2). The useful. 
proportion of the work done behind the hull will vary 
with the ratio of the intake velocity with screw working, 
to the mean velocity without the screw. Assuming 
this is (1 + y), the mean wake velocity on this system 


, {l+2 F ‘ 
becomes V; {———}, and the ratio of screw efficiency 


Las 
behind the hull to that in the open due to this single 
factor will be (++). The efficiency of propulsion 


can now be written :— 
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“hull efficiency,”’ 


1 
assuming that TV. represented the work done by 
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the screw behind the ship, and the remaining term 
T Vi >) he 


27NS° S 
called the “‘ screw efficiency behind.” 

Some calculations have been made to determine 
what error is involved in this assumption that TV, 
is a measure of the work done behind the hull. There 
are several methods of making such calculations, but 
one which would take reasonable account of the 
efficiency and variation of lift of the various cross- 
sections of blade, with minimum complication in the 
work, was desirable, as the object was to obtain 
relative rather than absolute values. A variation of 
Mallock’s method was, therefore, chosen. The propeller 
chosen was 0-8 ft. diameter and pitch, and the 
calculations were made for a speed of advance of 
260 ft. per minute. Cross-sections of the blades were 
obtained, and lift and drift coefficients for these 
at various angles of attack were obtained from general 
aeronautical data. 

Calculations have been made for the following 
conditions: (a) Open water at the same revolutions 
as in (b); (b) behind a deep plank propeller on the 
centre line, plank with two kinds of frictional belt ; 
|(c) a mixed wake, representing that met by a single 
| screw behind a hull. 


x 





in his efficiency equation, viz., ( 





the screw disc, and the momentum =:=°(V — v) v 
taken over the screw disc. 
By definition :— 
= , Zv(V — v) 
V~ Vij «St —* 
( 1) TVvow 


These wake velocities have been calculated and the 
revolutions adjusted to give the desired slip in each 
case. 

The items calculated have been the thrust, useful 
work done, work put in, and efficiency, and are given 
in Table I. It is desirable to point out that an 
intake” velocity has been assumed without regard 
to the entry velocity, so that the variation of thrust, 
&c., with slip is not the same as in an actual case. 
This, however, does not detract from the general 
accuracy of the conclusions to be deduced from the 
work. Comparing line (4) Table I with line (11), the 
thrusts obtained in the frictional belt and in open 
water are practically the same under conditions defined 
by Froude for determining wake, and the calulation 
supports Froude’s method for determining wake. 
As might be expected, the product T, V,, line (15), is 
equal to the calculated useful work done in open, 
line (12), but in the frictional belt this is never the 
case, and Ty V,, line (16), is always greater than the 
calculated useful work done, line (5), the difference 
decreasing with slip and with the q value. 











disc of pressure is sustained by and sustains the flow| The law of the variation of velocity in a lateral 
around it. The disc of pressure induces flow in front | direction in case (b) was taken to be parabolic, the 
of itself, in the general direction of the pressure. The | forward water velocity at the plank was taken as 
velocity of the water past the screw will, therefore, | 0-5 V and 0-75 V, the width of frictional belt was taken 
exceed V; by an amount which may be written xV,.| as 4-8 in. For the mixed wake, the wake velocity 
If for the sake of clearness x is taken to be uniform | was taken as 0-75 V and 0-5 V at top and bottom of 
over the disc, the rate at which the screw works is | propeller disc respectively, and zero at the blade-tips 
TVi (1 + 2), but owing to the water movement only|in the horizontal position with parabolic variation 
TV, of this work is recoverable. | outwards at all levels. For each condition, the mean 

If this same propeller is propelling a ship at | wake velocity V, has been calculated as follows: It 
speed V, absorbing a torque S, developing the same | has been taken as that velocity which, associated with 
| the mass of water involved, gives the total momentum 
* Paper read before the Institution of Naval Architects | in the wake. So that if v is the forward velocity of any 


Cambridge, on Tuesday, July 14, 1927. | particle, the mass involved = = (V — v) taken over 





Scale of 





3 4 6 
Distance from ML.of Model. 


“ENGINEERING” 


(165.C.) 


Fie. 3. Curves oF VELOCITY AT IMMERSION, 
7:2-In., Varyina Distance From M.L., IN 
PLANE OF Fia. 1. 

x Spots on port side, remainder on starboard side. 


Velocity measurements close to the trailing edge 
of a propeller behind a model hull show that although, 
without the screw, the velocity is very low near the 
middle line, all these streams have acquired a fairly 
high velocity by the time they have passed through . 
the screw disc (see Figs. 2 and 3) when the screw is 
working. With such rapid changes within the screw 
it is impossible to assess an intake velocity ratio. One 
can say that the actual case would probably be repre- 
sented rather by the first column of the table than by 
the others. In this case the error from this cause 


which would arise in obtaining hull efficiency _ 
1 
from the Froude analysis, would be — 6 per éent., 


and for the “‘ mixed wake” column the error would 
be nearly — 9 per cent. 

Attention has been drawn above to the fact that 
the velocity behind the huil, which is ascertained by the 
; + A V,. To determine to what 
|extent these considerations affected the factors in 
efficiency, some velocity measurements have been made 
on a single-screw hull. This hull was of normal propor- 
tions, having a prismatic coefficient of 0-77, and was 
fitted with a motor to drive a single screw 0-8 ft. 
diameter and unity pitch ratio. Fig. 1, annexed, shows 
the screw in side elevation behind the hull. A number 
of pitot tube measurements of wake velocity were 
taken :—(a) In a plane 2-25 in.* aft the trailing edge 
propeller of screw, working at a face slip of 30 per cent. 
(6) In the same plane and in the plane of the leading 
edge of the propeller, with propeller removed. (c) In 
the same relative position behind the propeller, with 
propeller now in open water at 40 per cent., 30 per cent., 
and 20 per cent. slip. 

Plotted results behind the hull in vertical and 








| open screw tests, is ( 





* In this position, fore and aft movement of the pitot 
tube made no difference to the reading, and the race 





column had reached its maximum contraction. 
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horizontal planes through the centre of screw are given 
in Figs. 2 and 3. 

The speed of advance of model hull corresponded to 
12-5 knots for a 400-ft. ship. The total momentum of 
the race column, and the total mass of water passing 
through the section (a) within the race column, were 
found by integration. The mean race velocity has 
been obtained from these two quantities, and the 
mean velocity at the screw disc has been obtained by 
assuming that the mass of water in the race (deter- 
mined by the marked line of discontinuity) passes 
through the propeller disc. The results obtained are 
summarised in Table II. 

The pitot tube measurements behind the hull without 
the propeller, showed an increase in stream-line 
velocity around the hull when passing from the position 
of the leading edge of the propeller to the plane, 2-25 in. 
aft the trailing edge. This increase amounted to 0-14 





| efficiencies behind hull, above unity. This last state- 
ment is based on the above experiment results and on 
| the conclusions to be formed from the more extreme 
| cases represented by Table I. The actual calculated 
| efficiencies are there given, in lines (7) and (14), from 
| which true relative rotative efficiencies are calculated, 
|line (18). These are always much lower than those 


obtained from t 





he simple relation of the work put 
into the screw to produce the same thrust at the same 
| revolutions, behind and in open, as shown by line (17). 
| The differences between the Froude relative rotative 
| efficiencies and those calculated are large, and fairly 
| consistent.* The very large difference at low slip is 
due to the general inadequacy of the uniform velocity 
theory to meet the behind conditions at low slip. 

One other set of experiments has been under- 
taken in this review of Froude’s screw-propeller 
analysis. These aimed, amongst other things, at check- 

















at the middle line to 0-02 at the lateral extreme of | ing the real wake against the ‘‘ Froude’ wake. The 
TABLE I.—Screw Turust AND EFrriciIency CALCULATIONS. FRoM BLADE ELEMENTS IN VARIOUS 
FRICTIONAL BELTs. 
Diameter of Screw, 9-6 in. Velocity of Advance, 260 ft. per minute = V. Velocity of Water Layer 
next the Plank or Hull = q V. 
Line | Mixed 
()q= 0-5 0°75 Hull Wake 
| 
(2) Mean slip per cent. en oe 30 10 20 30 40 30 
(3) Revolutions per minute (N) 384 277-8 313 357 416-7 347 
(4) Thrust behind (T,) lb... 2-56 0-815 1-31 2-09 3°16 1-95 
(5) Useful work done per blade 8-62 1-97 3-59 5:96 9-51 5-81 
(6) Work putin per blade... oe 11-22 2-74 4°83 8-41 14-27 0°97 
(7) Serew efficiency .. e. ae : 0-77 0-72 0°73 0-71 0-67 0-748 
The same screw in open water, at an adjusted velocity V1 , the mean wake velocity calculated for plank or hull. 
(8) Mean wake velocity (Vj) .. 215 200 200 200 200 194-5 
(9) Mean slip per cent. ; 30 10 20 30 40 30 
(10) Revolutions per minute 384 277-8 313 357 416-7 347 
(11) Thrust (Tg) Ib. . 2-53 0-713 1-28 2-18 3°22 2-06 
(12) Useful work done .. 9-18 2-37 4-26 7-40 10-78 6-80 
(13) Work put in per blade 11-6 2°92 5-22 9-36 14-4 8-59 
(14) Screw efficiency 0-79 0-81 0-82 0-79 0-75 0:79 
(15) Product Tg V; 9-05 2-38 4-27 7-26 10-72 10-68 
(16) Product Ty V; < ne o> - 9-17 2-72 4-38 6:97 10°5 6°32 
+(17) Relative rotative efficiency by Froude 1-05 1-22 1-10 1-07 0-99 1-05 
(18) Actual relative rotative efficiency 0-97 0-89 0-89 0-90 0-89 0°95 























+ There are small differences between the thrust “ behind ” and “ open,” and to take account of these 
Froude’s relative rotative efficiency has been calculated from 


Tp 


work put in 


* open ”” 





To 


TABLE II.—Velocity Ratios Obtained from Pitot Tube 
Measurements. 





Behind Hull. 


| Open Water. | 
| 





| | 
Slip per cent. | 40 30 | 20 30 
Velocity of water with | 
no screw 4 tO [1-0 | 2-0 | 0-67* 
Intake velocity at screw | 
dise .. ck 1-34 | 1-16 | 1-04 |0-73=0-67 X1-09 | 
Mean race velocity 17 | 1-46 | 1-26 | 0-95t 








* The advance velocity of hull taken as unity. 
+t Actual figure, to be corrected for stream-line effect. 
the propeller disc. 
amount should be made from the @-95 in Table II, 
to take account of this. 
Commenting on this table, the actual value of 
the Froude wake fraction found by ordinary screw 
experiments with this hull and propeller was 0-51, 


which agrees very closely with the 0-67 velocity at | 


0°33 
— = 0-49, 
0-67 sie 


the screw disc, since this gives 

The intake ratio behind the hull is 1-09, against 

1-16 in the open water at the same slip. This gives a 
ratio of :— 

l+2 1-16 

‘ey tee 


The use of this term in equation (2) would reduce the 


= 1:07 


apparent hull efficiency , and increase the apparent 


RV 
TVi 
screw efficiency. But the calculation work for (TV) 
has shown that the use of T, Vi, as the work done 
behind the ship, gives a hull efficency lower than the 
true one, and a behind screw efficiency higher than the 
true one. These two errors therefore tend to cancel 
out in the overall efficiency. 

Although at first sight there seems no reason to 
expect this, it is apparent that the large variations of 
velocity in the wake must tend to inefficiency, which 
brings with it a small (1 + y) value, and the ability 
to do work also decreases with the inefficiency and 
with large variations of velocity. But, although they 
tend to cancel each other, they are nevertheless quite 
real, and Froude’s method of analysis of screw efficiency 
will give for single-screw ships of the type here dealt 
with, a hull efficiency below its true value, and a screw 
efficiency above its true value. It is the artificial 


raising of the screw efficiency in this way which is the | 


cause of tank experiments giving relative rotative 


A small deduction of uncertain 


work put in “* behind ”’ 


TaBLeE IIT.—Wake Factors for Single Screw Behind 
| Plank. 
| Ve locity of Advance, 260 ft. per minute = 
| Water Layer on the Middle Line = 


V. Velocity of 
q V at Centre of 




















| Boss. 
} | 
| — | w=Wake Fraction (Froude) 
entre ' 
of Boss | | ———, 
| Irom | surface | Value From Propeller Tests at 
| Rear | Plant ° - Sli 
| Edge of | Of #*80K- | Of. | From a 
Plank | = 
Feet. | ‘hoped OE 27 18 
| | per cent./per cent./per cent. 
me = : 
1:8 | Smooth 0-29 | 0-135) 0-15 | 0-17 0-18 
| enamel | | 
-8 | Sanded | 0-32 | 0-235} 0-23 | 0-24 0-27 
0-17 | Smooth | 0-48 | 0-16 | 0-15 | 0-19 0-21 
| enamel | | 
0-17 | Sanded | 0-56 | 0-27 | 0-27 | 0-31 | 0-33 
| | | | 








| work already described contains two such checks, one 
| by calculation, and the second, the experiments behind 
|the single-screw hull. These new experiments were 
made behind a deep vertical plank 28 ft. in length, the 
|surface being quite smooth at first, but afterwards 
|roughened with sand. The same propeller as before 
was tested in several fore and aft positions, and the 
| wake fraction obtained from Froude analysis in the 
| usual way at several slips. Pitot tube measurements 
of the velocities over the different propeller-disc 
positions (the screw being removed) were also made. 
| The mean wake velocity was obtained for each propeller 
| position by the method already described above. The 
| results obtained are given in Table ITI. 
As with the calculations in Table I, the wakes are 
| reasonably close to the correct ones determined by the 
pitot tube, except at the low slip, where a growing 
error is becoming important. The general result was 
| the same for the very smooth surface as for the rough 
| surface, which left behind it a noticeable trail of small 
|eddies. For all practical purposes, and in so far as it 
|is correct to represent the behind condition by one of 


| * One other case when the hull efficiency obtained by 
| Froude analysis is believed to be incorrect, is where the 
| water has twisted motion in the screw disc. This twist 
|gives an artificial wake fraction, not representative of 
the fore and aft velocity. This is a separate matter, 
|and must be left for another occasion, 








uniform velocity, Froude’s method for determining this 
velocity is sufficiently close. 

This analysis was undertaken largely for my own 
satisfaction, as we were obtaining ship results which I 
found it difficult to believe. The conclusions arrived 
at have been of assistance in understanding what we 
are doing, and it is hoped will be of similar use to 
others. 

The author’s thanks are due to Mr. Cutland, of the 
Tank staff, who has assisted in carrying out and 
analysing the experimental work detailed in the 


paper. 








DIAMOND ROCK DRILLING. 


Tue core-drilling machine known as the “‘ diamond 
drill,” has, for many years, rendered great service in 
a variety of mining and excavating operations. As is 
well known, the tool is so named because the abrasion 
of the rock is performed by diamonds set in a tubular 
steel crown or bit. This latter is attached to hollow rods, 
and the whole arrangement is rotated at considerable 
speed; the cylindrical core, composed of solid rock, is 
broken off, from time to time, and brought to the 
surface, along with the bit. The black diamonds, or 
‘* carbonados,” which are used in diamond drills, are 
found in the states of Bahia and Minas Geraes, in 
Brazil, and in Borneo. At the present time, however, 
the Brazilian deposits are the chief source of supply. 
These are situated in a little-known region, which is 
difficult of access, and, although the diamond fields 
are supposed to be extensive, their total area is not 
known. Mining operations, as at present carried out 
in Brazil, are somewhat elementary ; the stones are 
extracted by natives, and sold by them to local 
representatives of diamond-supply concerns. Black 
diamonds are usually called ‘‘ carbons” in the rock- 
drilling industry, and are like small cinders, or pieces 
of coke in appearance. They vary greatly in size, 
some being of microscopic dimensions, while others 
may weigh several hundred carats. The average 
weight of the carbonado, however, ranges from 5 to 
10 carats. The chemical composition of the black 
diamond is identical with that of the white variety and 
while it is quite as hard, it is much tougher and less 
liable to fracture. It is generally believed that the 
black stone is composed of.a large number of minute 
irregularly-oriented crystals, which are firmly joined 
together by some form of intercrystalline binding 
materials. The stones differ slightly in colour, some 
haye a reddish, while others have a greyish, or greenish 
hue. These variations may best be explained by 
assuming that there is some slight difference in the 
chemical composition of the intercrystalline binding 
material. The specific gravity of good stones ranges 
from 3-15 to 3-40; that of the white gems is 3-51. 
This difference is explained by the fact that all black 
diamonds are slightly porous. 

The bort, which is often used as a substitute for the 
carbonado, is an imperfect white diamond and, although 
quite as hard as the black stone, it is more liable to 
fracture, owing to the fact that it is composed of one 
single crystal. Nevertheless, in cases in which the 
rock formations to be drilled are comparatively soft, 
borts may give good service. Their chief merit lies in 
the fact that they are much cheaper than first-grade 
black diamonds. The number of stones+needed for 
each drill naturally depends upon the size of the bit. 
The small drills used for ore prospecting in the United 
States ordinarily contain six stones, although as few 
as two stones have sometimes been employed. Large 
drills, utilised in Europe for large-scale boring opera- 
tions, often contain from 40 to 50 diamonds. For 
ordinary oil-field work in America, the drills require 
from 6 to 16 stones. The weight of each individual 
diamond varies from 3 to 10 carats, according to the 
type of the drill, and the work it will be required to 
do. The life of a diamond bit is somewhat proble- 
matical; it depends, to some extent, of course, on 
the nature of the strata traversed by the drill, but 
the skill and experience of the operator are probably 
the most vital factors. The importance of the personal 
equation is fully emphasised in a report on diamond 
rock drilling, issued recently by the United States 
Bureau of Mines. The statement is therein made, that 
diamond wear in hard rock formations may be two or 
three times as great, when the drill is worked by an 
unskilled man, as when a skilled operator is employed. 








MERCHANDISE Marks Enaquiries.—The Standing 
Committee (General Merchandise) appointed by the 
Board of Trade, will hold, on Monday, July 25, at 10.30 
a.m., an enquiry as to whether the following descrip- 
tions of imported iron and steel wire products should 
bear an indication of origin :—Barbed wire on reels, 
wire nails and staples, wire in coil, baling wire cut and 
looped at one end, or both. The enquiry will be held 
in Room 76, first floor, New Public Offices, Great George- 
street, London, S.W.1. Any communications to be 
addressed to the secretary, Mr. E. W. Reardon, at the 
above address. 
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SAUERMAN POWER DRAG SCRAPER. 

















THE SAUERMAN DRAG SCRAPER. |!2"¢ pieces of slag being handled by a special scraper 


of more rake-like form, substituted for the occasion 
In the description of the self-unloading steamer | for the normal pattern. The whole of the material 
Valley Camp given in ENGINEERING, vol. cxxiii., p. 695, | is deposited by the scrapers on a dump. The back post 
we referred, briefly, to the scraper by which the cargo | is moved along the wall until the required area has 
is transferred, through the tunnels in the bottom of | been excavated. The wall itself will then be destroyed, 
the vessel, from the holds to the inclined conveyor | and the stones removed by the rake and stored on the 
belts by which it is deposited ashore or into lighters.| dump. The next process will consist of placing of 
We are now enabled by means of the annexed figure, | back-haul posts beyond the low-water line seaward, 
which is a reproduction of a photograph of the actual | and then cutting down the foreshore to a gentle slope 
scraper installed, to amplify somewhat our reference | for a considerable distance on each side of the site of 
to this part. The lower part of the scraper is shaped | the wall. When the ground is thus cleared a new 
like a crescent formed of part of an inverted oblique | timber jetty is to be erected, and, finally, the foreshore 
cone, the forward motion of the crescent-shaped surface | will be refilled by the scraper from the dump, the new 
heaping up the material in the centre of the enclosure. | surface being faced with the old masonry and the 
In order to improve the packing effect, another | larger stones. As a large portion of the work will lie 
obliquely conical surface, set at the reverse inclination, | below low water mark the scraper will be working for 
is superimposed upon and connected with the lower|some considerable time under water. The licensee 
one by a channel bar. The material is considerably | for the Sauerman apparatus in this country and the 
consolidated by the opposing reactions, and its particles | British Empire generally, except Canada, is Mr. E. F. 
retain their relative positions. When full, therefore, | Sargeant, Skelton, York. 
the loading action of the scraper ceases even if it 
continues to be dragged forward, the contained material 
having no movement. The loss and breakage often 
consequent upon such movement is thus eliminated. 
The two conical surfaces are tied at the centre by a 
vertical gusset of plate and angles, and a strong arched 
girder of similar construction spans the mouth, and ° 
prevents spreading. P | (Continued from page 94.) 
The bottom edge of the scraper, which slides along| _ 2mptying Bunkers.—This proved one of the most 
the floor of the tunnel, is provided with an adjustable | difficult problems to surmount, as the system had 
wearing strip, and the entering points are further re-| to be flexible enough to remove fuel from several 
inforced by hard steel corners. The holes for the | spaces of irregular shape, and at the same time be 
attachment of the yoke by which the scraper is dragged | dust-tight. Screw conveyors and suction pipes into 
forward, may be seen along the front edges. For ship-|the dust were tried. The former were not flexible 
work these scrapers are at present manufactured in | enough for large compartments of irregular form, and 
two standard sizes. With ships having cargo holds up| the dust bridged or flooded, giving uncertain feeding. 
to 150 ft. long, and of a deadweight capacity of 2,000 | The suction pipes blocked and required too many 
to 3,000 tons, scrapers of 4 cu. yd. capacity are used. | inlets. Eventually a solution was obtained by leading 
Larger vessels from 3,000 to 6,000 tons deadweight | pipes through the bunker, the inlet end being led 
capacity, the cargo holds of which may be anything up| to warm air near the boiler uptakes and fitted with 
to 250 ft. long, are fitted with scrapers handling 8 cu. yd., | @ cock worked from the stokehold plates. The other 
which will hold either 6 tons of coal or 10 tons of | end of the pipe was secured to a fan capable of main- 
stone. The speed of the loaded scraper varies, accord- | taining a velocity flow of 80 ft. per second. The 
ing to the nature of the cargo and the length of the | Weight of air required to convey 1 Ib. of coal-dust 
tunnel, from 200 ft. to 250 ft. per min., with maximum | Without deposition is 3} lb. Ports were cut in the 
back-haul speeds of 400 ft. to 500 ft. per min. | pipe within the bunker, and these were fitted with 


The range of the Sauerman scraper on land is wider | @ cover plate worked by a lever from the stokehold. 
than that possible in ships, for not only is it used for|The fan discharged to a dust separator, which is 
| fitted in its upper part with a special type of large 


the movement of materials in the sense of transport, | A, : PE 

but it is employed for excavating and digging, stripping | 2e4 filtering medium, capable of shaking itself free 
overburden, and similar operations. The general con- | of adherent dust. A ready-use bin capable of holding 
struction of the land scraper closely resembles that of | Sufficient reserve fuel for four hours’ steaming was 
the marine pattern illustrated above, though when | situated below the separator and received its effluent. 
digging in heavy ground, manganese steel teeth are | _ Partial success was achieved, and further considera- 
often bolted at intervals round the bottom edge to| tion being given to the problem, it was determined 
assist in breaking up the material. The method of | to restore the fluidity of the dust by injecting inert 


using it is also generally similar, that is, the scraper | funnel gas, thus breaking the partial vacuum formed 


is dragged to and fro by forward and back-haul cables| by the evacuation of the coal and restoring the 
worked from a single winch. As it is not, however, | eration to normal. Success followed this innovation, 
confined as on a vessel, the path can be varied in both | and the dust flowed regularly without sticking or 
vertical and horizontal planes by altering the position | bridging. As before mentioned, funnel gas is abstracted, 
of the post to which the back-haul cable is attached, | cooled, compressed, and stored in a reservoir. The 

An application of considerable interest may be | Pipe from the latter is led into the dust at a few points, 
instanced in excavation work now in progress at|@nd by opening the cock at an interval of two hours 
Swansea Docks. A retaining wall of heavy masonry | for @ few minutes trouble is averted. This is called 
confining a mass of shingle and large lumps of slag | the fluffing system, and by its use powdered fuel 
is to be removed from the foreshore, together with a | Will flow from a ‘tween deck to a lower bunker. The 
large portion of the ground underneath and to rear- | Pressure used is slightly above that due to the coal. 
ward of the wall. On this job a back-haul post is | 
first erected on top of the wall and a Sauerman scraper * Paper read before the Institution of Naval Architects, 
removes the shingle behind the wall, exceptionally | Cambridge, on July 12, 1927. Abridged. 








PULVERISED FUEL FOR MARINE 
PURPOSES.* 
By Eng.-Captain J. C. Branp, R.A.N. 











Ready-use Bin.—This is fitted to provide storage 
for sufficient fuel for a limited period of steaming, 
and also as a settling space for the material received 
from the separator above. The bin is dust-proof. 
One bin may be used for the whole boiler room, or 
a separate bin to each large boiler. Gauge windows 
and a glass sounding rod provide a means of ascertaining 
the level of fuel in the bin. A fluffing pipe is fitted 
above the outlet to each fuel feeder, and serves to ° 
re-aerate the fuel after a prolonged stoppage. It is 
fed with gas from the fluffing system; 1 lb. pressure 
per sq. in. will aerate a head of 4 ft. of dust. 

Feeder.—Consists of a casting secured to the bottom 
of the ready-use bin, the access to which is controlled 
by a dust-tight valve. It has also an inlet for primary 
air, and an exit for dust and air mixed. A machine-cut 
screw feeder, having one end housed for a sufficient 
length to prevent flooding, rotates in a casing, and 
feeds the dust forward to the down pipe. The screw 
is manipulated by a variable-speed gear, motor driven. 
The feed of coal requires a range of from 60 lb. per 
hour up to a maximum for a large furnace of 700 lb. 
per hour, and is designed in ranges of 300 Ib., 500 Ib. 
and 700 lb. The horse-power required for these is 
0-5, 0-75 and 1 per feeder. 

Carburettor—The function of this is intimately to 
mix the dust and air and prevent the fuel dropping 
down the centre of the pipe; it is very important 
to prevent stratification. The carburettor is fed 
with hot primary air. 

It consists of a removable diaphragm of 80-mesh 
gauze wire of sufficient total area to pass all the air 
and coal with allowance for frictional loss. The 
diaphragm can be rotated half a turn and bumped 
against a stop, this is to enable material that will 
not pass the mesh to be shaken off into the furnace. 

Burner.—This consists of a W.I. tube, whose exit 
end is conically expanded; into the extra area thus 
formed a C.I. cone of a different angle to the pipe is 
inserted. The cone is secured to one and a half turns 
of worm of pitch about one and a half times the 
diameter of the pipe. The worm is fastened in the 
pipe. The other end of the burner pipe is fitted with 
a handle, and terminates in a gland packed with 
one turn of asbestos. The burner pipe slides on the 
pipe leading from the carburettor. 

Air Cone.—The function of this is to provide the 
secondary air required, and to impart to it a tangential 
motion. The cone is built of cast iron, and one end 
of it is recessed to carry a ring of fire-brick 1 in. to 
1} in. thick. Just behind these in an axial direction 
the air vanes commence, these are given an angle 
of 45 deg. The back of the cone is kept away from 
the air casing, and a certain volume of air flows through 
this space; this provision ensures that all the dust 
is projected into the furnace and that none falls into 
the air box. 

Air Box.—This is secured to the furnace extension, 
and received the secondary air pipe, the latter is fitted 
with a control air valve. On the front or top of the 
air box through which the burner pipe passes are 
secured spectacle plates to permit of cleaning any 
slag that may adhere to the cone, a mica observation 
window, and a small cleaning door. 

Extension Furnace.—This is built out from the 
furnace, and in the design provision is made for air 
circulation outside the brickwork, air-cooled bridge, 
door at bottom of furnace proper for clearing dust, 
ash door to the furnace extension to permit access to 
the back end or brickwork, and to provide for clearing 
ashes or slag. The extension also allows of the smoke- 
box doors being opened, and of a walk way below it 
for the attendant. Its shape also gives the necessary 
changes of direction and velocity to deposit slag. 

Operation of the Boiler.—The ready-use bin having 
sufficient coal in it, the fan is started at low speed, 
and air admitted to the primary pipe. A lighted torch 
made of oily waste is passed through the spectacle 
hole to the front of the burner. The latter is drawn 
back to the inner edge of the cone brickwork. The 
feeder screw is then started at lowest speed, no secondary 
air is required. At the end of 5 minutes the torch can 
be withdrawn. In 15 minutes the cone bricks will 
be sufficiently warm to support combustion, and the 
feeder pipe can be advanced farther toward the furnace. 
It is inadvisable to exceed a feed-rate of 60 lb. per 
hour until the refractory im the furnace extension 
reaches a temperature of about 500 deg. C. The primary 
air supply will be sufficient till an input of 100 lb. of dust 
an hour is reached, then secondary air should be 
admitted. As soon as the brickwork is incandescent 
and the temperature of the wall of the furnace proper 
reaches about 120 deg. C. the primary air can be 
opened out and the secondary air regulated for the 
input of dust and power required. If the regulation 
set forth above is not adhered to in lighting up, the 
bottom of the furnace and the tubes and smoke- 
box fill with unconsumed particles, and dust gulps into 
the stokehold from the cracks of the smoke-box door, 
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also;the heating surface is partially choked before the 
real steaming work of the boiler commences. 
Attention may now be drawn to certain features :— 


(1) Finely divided dry fuel dust is provided. (2) Pre- 
heated air is supplied. (3) Provision is made for 
lighting up, low and high rates of steaming. (4) Tur- 


bulence is attained with a very short flame. (5) Change 
of direction of the gases deposits the slag, if any, near 
the ash door. (6) Expansion of the gases after passing 
the bridge allows the heavier particles of ash to deposit 
in the furnace bottom, from whence they can be 
withdrawn. (7) Absolute control is maintained over 
the speed of the fuel feeder, and the secondary air 
admission; these are interlocked for all furnaces, 


Fig.i1, ARRANGEMENT OF THE 


(66.0) 


Fig.12. ARRANGEMENT OF THE CLARKE-CHAPMAN N97 UNIT 








and carbon monoxide took place in the smoke-box. 
Fig. 12 illustrates the next stage, the furnace brickwork 
being reduced and the furnace mouth extended, and 
the hanging bridge left in position. Tests showed that 
400 lb. of fuel could be burnt per hour with a carry-over 
to the smoke-box, the temperature of which was 400 deg. 
C. A furnace temperature of 1,400 deg. C. was recorded. 
Fig. 13 marks the next step. Here all the furnace 
brickwork has been removed and the furnace further 
extended ; opposed burners are introduced, also 
induced secondary air, which is heated in a casing 
around the brickwork. Test sheets of trial with Clarke, 
Chapman system, using “ L. and N.”’ distilled fuel 
produced from Leicester coal are given (Tests Nos. 4 
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so that the attendant can control all furnaces in one|Txst No. 4.—Single-ended Marine Boiler 9 ft. long by | 
Two Furnaces 2 ft. | excellent types of these machines, though their weight 


stokehold by means of one lever. (8) Sufficient | 
refractory surface is present to permit of restarting | 
the fires instantaneously, even after a stop of about | 
20 minutes. 

No more gear is entailed in the aggregate than with | 
an oil-fuel installation with its fuel pump, fans, hot | 
and cold filters, heaters and sprayers, but the various | 
parts are necessarily more bully. Only the same | 
number offattendants are required as with liquid | 
fuel. 

Further Tests with Marine Boilers.—Messrs. Clarke, | 
Chapman and Company, Limited, have interested 
themselves in the question of pulverisers, pulverised 
fuel, and the use of this fuel in Scotch boilers at sea. 
They have carried out a number of trials with different 
types of burner and carrying arrangement of furnace 
front. Fig. 11 depicts the first attempt, in which they 
unknowingly followed closely on the lines of discarded 
experimentation in both Australia and the United 
States, the usual bricked-up furnace and burner at the 
furnace mouth appears. Up to 250 lb. of dust per| 
furnace was consumed, but a considerable amount of | 
partially unburnt fuel was carried through the tubes | 
into the smoke-box. Ignition of this unburnt fuel | 
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10 ft. 3 in. External Diameter. 
10 in. Diameter. 


Duration of test ae .-- 384 hours. 
Boiler pressure, lb. per square 

inch ... — e's nae . 143 
Feed temperature 137 deg. F. 
Smoke-box temperature 595 deg. F. 
Back end temperature 740 deg. C. 


1,380 deg. F. 
285 deg. F. 
550 deg. F. 


Furnace temperature ose 
Primary air inlet temperature 
Secondary air temperature ... 


Air pressure in primary air pipe 3 in. 
Air pressure in second air chamber 0-2 in. 
Boiler-heating surface (total) 680 sq. ft. 
Boiler-heating surface (tubes only) 466 sq. ft. 
Total fuel fired, lb. ... os 1,887 
Total water evaporated, Ib.... 13,810 
Fuel fired per hour, Ib. sae 539 
Water evaporated per hour, lb. 3,947 
Water evaporated per lb. of fuel 7-33 Ib. 
Water evaporated per lb. of fuel 

from and at 212 deg. -- 8°25 Ib. 
Efficiency aoe ie 67-4 per cent. 
Power to pulveriser ... 16-5 amps. 


Fuel used, Leicester (‘‘ L. and N.” 
fuel)... a cia ; ake 
Calorific value of fuel 


10,600 B.Th.U. 





Grading of fuel— 
98-75 per cent. through 76 mesh 
97-75 per cent. through 100 mesh 
85-55 per cent. through 180 mesh 


Combustion space in boiler... 167 cub. ft. 


Combustion space with extended 
combustion chamber --. 223 cub. ft. 
and 5). These tests are of great interest, confirming 


previous ones, in which it was found that the residue 
from low-temperature distillation burns with as much 
facility as coal containing a high percentage of volatile 
hydrocarbons. Messrs. Clarke, Chapman are to be 
congratulated on the efforts which they have made 
to evolve a satisfactory solution. 
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Unit Pulverisers.—There are on the market some 


is somewhat excessive for the output. This doubtless 
arises from the fact that they have been designed for 
use on shore, where neither weight nor space are matters 
for serious consideration. The conditions existing at 
sea with regard to output are adverse for a wind-swept 
machine if connected direct to the boilers. It will be 
seen from previous remarks that fineness of grinding, 
instant variation of output and control of air supply, 
are essential for efficiency, and that no dust must 
escape from the pulveriser if the ground-fuel outlet is 
suddenly shut. With this type of pulveriser the 
fineness of its product depends on the density of air 
current created by its fan, which is maintained by the 
velocity of the latter. If the speed of the fan is 
kept constant and the inlet or outlet throttled, the 
velocity of the air falls in the passages beyond, there- 
fore a constant definite fineness of grind cannot be 
maintained irrespective of the speed of the fan and the 
quantity of air passing through it. 

Nor can satisfactory relief be sought in strangling 
the coal feed, since the feed is not absolutely regular 
at all rates of input. The quantity of air passing must 
be maintained to obtain a constant mesh product, 
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therefore when the feed is throttled a much larger 
proportion of air passes through the primary feed-pipe 
than is desirable to burn the weight of dust entrained. 
These remarks only apply to any idea that might be 
formed of connecting the unit pulveriser direct to the 
furnaces. 

Where a unit machine has to be carried on board 
it should be situated in a small well-ventilated 
compartment of its own, and deliver through a separator 
to the ready-use bin in the boiler-rooms. This type 
of pulveriser has a distinct field on land, where the 
output required is almost constant, and the exigencies 
of slow steaming, starting, and stopping have not to be 
met. 

It is cheaper, more convenient, and less cumber- 
some than its competitor, the grinder and drier. Where 
it is decided to install a unit grinder on board ship the 
coal should be fed to it mechanically or pneumatically 
and hot funnel gas introduced at the inlet, care being 
taken that the temperature at inlet does not exceed 
150 deg. C. ; more funnel gas may be introduced at the 
’ delivery end at a temperature of 200 deg. C. The lower 
limit is set at entrance because tests have shown that 
an increase of temperature of 22 deg. C. is often derived 
from the action of the beaters. On arrival of the mixed 
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hot fuel and gas at the ready-use bin the gas will pass 
to atmosphere, and the fuel to the receptacle provided. 


Test No. 5. 
1} hours. 
140 lb. per sq. 
in. 


Duration of test 
Boiler pressure 


Feed-water temperature, F. 130 deg. 
Smoke-box temperature, F. 630 deg. 
Back-end temperature, F. ... 710 deg. 
Primary air inlet, F.... 250 deg. 
Secondary air inlet, F. , 700 deg. 
Power taken by pulveriser ... 19-5 amps 
Furnace temperature, C.... 1,575 deg 
Lb. of water per lb. of fuel ... 6-65 lb. 
Fuel fired per hour ... ere 585 |b. 
Water evaporated per hour... 3,890 Ib 
Heating surface ope - --- 680 sq. ft 
Water evaporated per square foot 

perhour ... ae wae aa 72 Ib 
Water evaporated from and at 212 

deg. per lb. of fuel... ae .- 7°53 1b 
Water evaporated per square foot 

at 212 deg. “ee ees oo. 6-47 Ib. 


ses nea 65-2 per cent. 
Calorific value of fuel ° -- 10,000 B.Th.U, 
The fact must not be lost sight of that the cost of 
pulverising has to be paid for, whether this duty is 
performed on board ship or on shore. 


Efficienc 


AppenpDIx I. 

Economics of Pulverised Fuel for Marine Use.—If it 
is desired to install pulverised fuel the first question 
to consider is whether the vessel is on a regular run, 
fuelling always at the same port. If this be the case, 
then the fuel should be powdered on shore at these ports 
and carried on board in the form of powder. If, on 
the other hand, the vessel is liable to change her venue, 
it is possible that she might require to fuel in places 
where pulverised fuel would not be available, in such a 
case she should carry her pulverising equipment on 
board. 

If pulverised fuel is carried in the bunkers, a 
sum of 4d. to 1s. 10d. per ton is saved in the cost of 
trimming the fuel into the ship. A further sum of 6d. 
to 7d. per ton is expended in placing the lump coal on 
the stokehold plates from the bunker, so that using 


average figures it may safely be asserted that an 
economy of 1s. 1d. per ton will be effected in handling 
the fuel. If lump coal is carried in the ship, whether 
intended for hand-firing or pulverisation, this saving 
will not be effected. 

Advantages of Pulverised Fuel— 

(1) Powdered fuel fired into a furnace is from 10 per 
cent. to 30 per cent. more efficient than handfiring ; 
(2) A vessel can go 5 per cent. farther on the same 
stowage as run of mine coal, or from 15 per cent. to 
30 per cent. farther on the same weight of pulverised 
coal as run of mine coal ; (3) The number of firemen and 
trimmers required is only one-third of the number use 
for hand-firing, and the same as required for oil-fuel 
burning ; (4) The coal could be loaded into the ship’s 
bunkers without the assistance of coal-trimmers, e.g., 
blown-in through pipes; (5) Stand-by losses, banked 
fires, and irregular steaming are obviated. (6) Labour 
troubles from coal-trimmers and firemen are avoided ; 
(7) A cheaper quality of fuel can be utilised; (8) The 
wear and tear on the heating surfaces of the boilers is 
less, as fire-doors are not opened for firing; (9) No 
discomfort for passengers whilst ship is being coaled, 
| also no blackening of paint-work during coaling opera- 
| tions ; (10) No heavy smoking at the funnel. 
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| to be fitted in all five cases, are given in Table VII 
Since few steamers have sufficient reserve electric 
power to drive the pulverisers, it would be necessary 
to install small steam engines for this purpose. - 


Appenpix II. 


Ash.—It has been shown that although fuel con- 
taining large percentages of ash may be burnt with- 
out difficulty, the cost of preparing this mineral matter 
must be taken into consideration. A study of the 
experiments of the Department of Mines on Explosions 
in Coal Mines, and the effects of different inert dust 
proportions in damping down the violence of the 
explosion, indicate that mineral dust in pulverised 
fuel acts in a similar manner and retards the reaction 
between the various volatile constituents carbon and 
oxygen. 

Selection of a fuel, if there be freedom of choice, 
will be largely governed by the nature of the ash 
and the temperature of the furnace. Slag is liquid 
at 2,500 deg. F., and solidifies at 1,800 deg. to F. 
1,900 deg. F. 

Dr. Bone states that the fusibility of "the{ ash 
of a coal is related to its chemical composition, 
and its determination is a complex question, but since 
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TABLE V. 








| 

= Pel eben 

| Cost of installation ;£ we ee we we oe 0 7,000 | 7,000 9,000 14,000 
Fuel per day tons Pr 100 90 90 90 63 

| Bunker capacity D.W., tons 4,000 3,600 3,600 3,600 2,520 
Weight of plant tons .. ae es “s 0 30 30 40 10 

| Increased D.W. taking (a) as a basis tons .. a “a 0 370 370 360 1,470 

| Increased freight earning capacity per day at 1s. 9d. per ton _ 32 7 6 | 32 7 6 3110 0 12715 0 

| 





| It has been stated above that the cost of drying and 
| pulverisation is 2s. 8d. per ton, including all repairs, 
| Interest and depreciation charges; the cost of delivering 
| this fuel on board ship is 2d. per ton. 

Small coal of good average quality may be purchased 
| at lls. per ton alongside the ship, so that the cost of 
| pulverised coal delivered aboard ship would be 11s. + 
| 2s. 8d. + 2d., or 13s. 10d. per ton. Ordinary best 
| steam coal delivered alongside costs 14s. 6d. per ton, 

the cost of trimming into the ship varies from 6d. 
| to 2s. per ton; for the purposes of comparison, ls. per 
| ton will be used. il fuel costs about 31. 10s. per ton 
| (average). 
| Tables V., VI., and VII. are based on a 40-day’s 
| voyage, fuel stowage for same, and a freight rate of 

70s. per ton deadweight. It is assumed that an ordinary 
| coal burner, using 100 tons of coal per day, (a) has been 
| converted to (6) pulverised coal, bulk storage ; (c) pul- 
| verised distilled fuel, bulk storage ; (d) coal, pulverised on 
|board; (e) oil fuel consumption. In compiling 
| Table VI. the following assumptions have been made :— 
| 1. That steaming year is 300 days; 2. Wages of fire- 
| men or trimmers, 9/. 10s. per 30 days; 3. Cost of food 
attendance, etc., per man, per day, 2s. 6d. 

From the figures given in Tables V. and VI. it will 
be seen that the cost of the plant required would 
probably be recouped in a moderate period. Deprecia- 
tion, interest and repairs have been added to the cost 
of pulverising on shore, though as this plant would be 
designed to grind much more than 100 tons per day, 
the cost of the operation is considerably cheaper than 
grinding on board. The horse-power requirements, 
excluding the forced-draught fans, which are assumed 





|the chief constituents of coal-ash are alumina and 
silica, the question of fusibility is determined largely 
by the proportion of each present. 

The melting-point can be lowered to a certain point 
by the addition of lime, but extra lime, above a critical 
amount, again raisesit. It is also affected by the ferru- 
ginous character of the ash. ‘‘ A highly ferruginous 
ash, such as is yielded by a pyritic coal, forms a fusible 
ferrous silicate, which is a prolific source of the 
clinkering trouble in furnaces and the like.” Dr. Dunn 
has published the results of his investigations of the 
fusion points of the ash from nineteen different coals, 
and states that the fusing points vary from 1,150 deg. 
to 1,500 deg. C., and from these it would appear 
that the melting-point as a rule rises as the relative 
total molecular proportion of basic oxides to silica 
diminishes. 

An infusible ash would be somewhat of this 
character: Silicon dioxide (SiO,), 53 per cent. ; 
aluminic sesquioxide (Al,0,), 44 per cent.; calcium 
oxide (CaO), 2 per cent.; alkalies, etc., 1 per cent. 
Herington states the matter plainly: ‘‘ Generally 
speaking, silica, alumina, and magnesium decreases the 
fusibility of ash, whilst iron, lime, potassium, and sodium 
tend to increase its fusibility.” 

Appenpix III. 

The author desires to accord his appreciation of the 
permission given by Captain C. A. McAllister to 
include the following extracts from a paper by Mr. C. J. 
Jefferson of the Fuel Conservation Committee of the 
United States Fleet Corporation; this presents the 
progress made in burning pulverised coal in Scotch 
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boilers in the United States up to the end of April, 
1927. 

“Tf the boiler efficiencies obtained with oil can be 
duplicated, and if this duplication can be accomplished 
in such a way that the operating problem is no greater 
than that on the oil burner, and if all of this can be 
done with a fuel that has a B.Th.U. cost approximately 
one-half of that of fuel oil, then it behoves the marine 
engineering fraternity to bestir itself and find out 
whether or not this type of power cannot be put to work 
on ship board. In the average pulverised fuel plant, 
where the rate of combustion has been less than a 
pound of fuel per cubic foot of furnace volume, deep or 
long furnaces have been used, which allowed flame 
travel of 20 ft. or more, which permitted comparatively 
slow flame propagation, or ignition of thei ndividual 
particles of coal. This type of furnace design is not 
practical on ship board, and in the case of the Scotch 
marine boiler it is not only impractical, but impossible. 
The furnace of a Scotch boiler may be made smaller, 
by installation of refractory lining, by accumulation of 
ashes and dirt, or by the collapse of the furnace, but it 
just cannot be made larger; and when you consider 
the present existing vessels of the Merchant Marine, 
you have got to consider Scotch boilers, because the 
large majority of them are fitted with this old-time 
reliable, but inflexible, type of steam generator. 


la nozzle with round or elongated opening, through 
| which the pulverised coal is discharged into the furnace 
| by low air pressure, the balance of the air required for 
|combustion being admitted through shutter-fitted 
| slots in the furnace front. This is the simplest type of 
| pulverised-fuel burner, and if the furnace is sufficiently 
| large, and it is possible to have from 20 to 25 ft. flame 
| travel, this type of burner is fairly successful with 
|comparatively coarse coal. However, the Scotch 
| boiler does not have the large combustion space, nor 
is 20-ft. flame travel possible, and therefore these 
| initial tests made with the stream-line burner were not 
|at all successful. The maximum rate of combustion 
that could be obtained was 2-5 lb. of coal per cubic 
| foot of furnace volume, or a heat release of 32,000 
| B.Th.U. per hour per cubic foot of furnace, and the 
efficiency of boiler performance was only 54 per cent. 
‘‘In the meantime, however, the manufacturers of 
| pulverised-fuel equipment were not standing still. 
| They realised that the enormous furnaces required for 
| satisfactory combustion was a severe handicap in their 
| competition with stoker installations, and the problem 
of reducing furnace volume became a serious considera- 
| tion, so that by 1925 several devices were developed 
| which shortened the length of flame considerably, and 
| permitted material reduction in the furnace volumes. 
| At almost the same time, further stimulus was given 





TABLE VI. 




















| 
—— } a | b c | d | e 
| | 
{ | | 
| 8 1 Se we. | Ee ed. £e d. Se 4, 
100 tons of coal at 148. 6d. perton .. aa AE. oan] “eae: 6 | - os — | — 
90 tons of small at 11s. per ton ate s pee a | oa 4910 0O = 4910 0 | -= 
90 tons of L. and N, distilled fuel at 9s. perton =... oat - | — 4010 0 _— | -- 
63 tons of oil fuel at 70s. per ton + o* e | —_ _ _ _ | 220 10 0 
Bunkering at 1s. per ton oe = std a 24 | 5 0 0 — -— 410 0 | —_— 
Bunkering at 2d. per ton ais ee 2% ae — 015 015 — — 
18 fireman at 6s. 4d. per day ; 514 0 _ _— = -- 
6 firemen at 6s. 4d. per day | > 118 0 118 — | - Dee 
9 Trimmers at 6s, 4d, per day .. ' 217 0 —_— —- — — 
12 firemen at 6s. 4d. per day ‘ i : | — -- — 316 0 -= 
Food and attendance... as ie = re: so RPS 015 0 015 0 Le 6 —_— 
Pulverising fuel oe Wes an as ae — 12 0 0 1112 6 — | — 
Repairs and upkeep | -— *2 5 0 “2 5 0 13 7 6 -— 
Cost of power per plant : an —_ 512 5 5612 §& 1624 a 4 0 
Interest at 7} per cent. for 300 days .. —_ 115 0 115 0 216 8 310 O 
Depreciation at 74 per cent. for 300 days us sf — 115 0 115 0 216 8 | —- 
Depreciation at 5 per cent. for 300 days Rf “e | —_ _ —_ _— P gats6..8 
| 
89 8 6 76 «5 5 66 17 11 St..4 8S | :238-8 6 
Less credits from Table V eis — 32 7 6 32 7 6 3110 0 | 12715 0 
£ 89 8 6 43 17 11 10 5 6211 8 101 13 8 


Cost of boiler power per day 








* Repairs and upkeep at 6d. per ton. 


TaBLe VII. 





Total B.H.P. Pulverised. 
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Item. Number. | 
Ashore. | On Board. 

Pulverisers ;: | 2 | | 140 
Raw coal elevators . .| 4 | | 36 
Dust suction fans. .| 4 | 36 | Ae 
Dust conveyors “ol 2 12 12 
Primary fans . i 2 | 12 | 2 
Feeders ; oe 18 | 12 12 
Fluffing compressor 1 | 3 3 

| 

} | 

! i 





“The furnace of the ordinary Scotch boiler is 
approximately 8 ft. long up to the combustion chamber, 
which is about 3 ft. deep, giving a total maximum 
length of flame travel of 11 ft. 
reduced to about 10 ft., as impingement of the flame 
against the rear of the combustion chamber must be 
avoided. This gives you one phase of the problem. 
You are required to cut the length of your flame in 
half, as compared to the ordinary shore plant. The 
combustion space in a three-furnace separate combus- 
tion chamber type of Scotch boiler of 2,500 sq. ft. 
heating surface, which is the typical type of boiler 
found on the average cargo carrier, will be somewhat 
less than 500 cub, ft. In order to burn 2,000 Ib. of 


In fact, this should be | 


¢ Repairs and upkeep at 9d. per ton 


to the question by the numerous Diesel installations 
which have been made in the fleets of our foreign 
competitors. The fuel economy possible in a Diesel 
| installation would drive steam off the seas if it were 
not for the high initial cost of equipment. This high 
cost has retarded the matter considerably, but has by 
no means stopped it, and the steam men have been 
forced into developing their equipment so as to reduce 
the difference in the operating fuel cost between the 
Diesel and the steam plant. High pressure, high 
| temperature steam has received a considerable impetus, 
land with the reinforcement of pulverised fuel it is 
| possible to meet the challenge of the Diesel not in terms 
|of fuel per shaft horse-power, it is true, but in the 
| terms which decide whether a business is profitable or 
|not—that is, in the cost per shaft horse-power 
developed, and this with a plant whose initial cost will 
| be materially less than that of the Diesel. 
‘** We must always keep in mind that there are a lot 
| of ships afloat to-day, and the operating costs of these 
| Ships to the average shipowner is just as important, if 
}not more so, than the operating cost of new tonnage, 
| and it is for this class of ships that the successful solution 
jof the pulverised-fuel problem offers the greatest 
| salvation. 
| The first type of burner selected for test was not 
| chosen so much from its characteristics of being a 
| practical marine type—for, as a matter of fact, it had 
| several marked disadvantages from this point of view in 

















coal per hour in these furnaces you must burn 4 1b. of | its state of development as submitted for test—but 
coal per cubic foot, or approximately twice as much| rather it was chosen to determine the combustion 
as the maximum rate, or eight times as much as the | conditions that could be obtained from a burner which 
average rate attempted in the shore plant, and all this | was the direct antithesis of the stream-line type of 
must be done in a completely water-cooled furnace | burner. This burner was the Fuller Lehigh well-type 
without the benefit of stored-up heat found in the | burner, arranged in a vertical plane, and consisted of 
refractories of the large furnaces of the job on the | four nozzles so arranged that the stream of coal, 
beach. Therefore the development work that was | together with the air necessary for combustion from 
necessary to produce satisfactory land installations | each of these nozzles, would cut the stream issuing 
must be carried on to a much greater degree of refine- | from the adjacent nozzle, in this way setting up a 
ment. terrific turbulence. This type of burner has all of the 
‘* Back in 1921 the idea of pulverised fuel for marine | air necessary for combustion used as primary or carrying 
purposes, especially for use in Scotch boilers, was| air, and any attempt to regulate the air supply would 
advocated, and an attempt was made at the Fleet | have a direct effect on the turbulence produced, and, 
Corporation Test Plant at Chester to adopt one of the | inasmuch as an air-swept ball type of mill was used to 
typical stream-line type of burner installations, such | pulverise the coal, it would also have a direct, effect on 
as were then, and are now, used with satisfactory | the fineness of the coal delivered. 
results in shore plants. A stream-line burner is simply; ‘ The boiler used for these tests was not fitted with 














either air heaters or superheaters, while the boiler 
used with the stream-line burner in 1921 had both of 
these accessories to improve the boiler performance ; 
yet these latter tests showed a remarkable advance in 
performance, as may be noted from the fact that 
combustion rates as high as 6-19 lb. per cubic foot of 
furnace volume were obtained with a release of 88,330 
B.Th.U. per cubic foot, and a boiler efficiency of 68-7 
per cent. was obtained from the boiler itself without 
the aid of either air heaters or superheaters. At the 
termination of these tests an air heater has been 


| installed, as it was apparent from these tests that all 


measures should be taken to speed up flame propaga- 
tion, and one of the means of accomplishing this end is 
to have the air necessary for combustion heated to as 
high a temperature as possible before it enters the 
furnace. The use of heated air in the pulveriser mill 
also reduces the variable in the fineness of the coal 
caused by moisture in the fuel. 

‘“* The question of uniform quality of coal of sufficient 
fineness to ensure satisfactory ignition and complete 
combustion is of paramount importance in connection 
with the use of pulverised fuel in marine boilers, just 
as is the case in regard to the correct viscosity of fuel 
oil. In the shore station, a much wider latitude in 
degree of fineness is permissible, inasmuch as in the 
large volume furnace with the long flame travel, the 
coarser particles of the fuel may be ignited farther 
along in the flame travel ; and while in the earlier part 
of the flame the efficiency of combustion may be 
relatively low, this is compensated for by completion of 
the combustion in the latter stages. In the marine 
boiler this is not permissible, the limited length of flame 
travel making it imperative that complete ignition 
takes place as soon as possible, and that efficient 
combustion starts at the very early stages. 

**The present equipment that is under test is the 
Peabody burner, which is a turbulent burner using both 
primary and secondary air. The primary air carries 
the coal to the furnace under comparatively low air 
pressure, and it enters the furnace with the coal through 
an annular slot in a small shaped casting located at 
the mouth of the furnace. This arrangement is, in 
effect, an infinite number of nozzles directing a coa! 
stream against the stream from another infinite number 
of nozzles. These infinite number of streams cutting 
each other produce a violent turbulence, which is 
further increased by the admission of the secondary air 
at the centre of the burner. Official tests have not 
been completed with this installation, but the pre- 
liminary operating runs which have been made, indicate 
a still further advance in the progress of the develop- 
ment of pulverised fuel for marine purposes. In fact. 
the results obtained show that the original ideal of 
80 per cent. boiler efficiency in continuous operation 
when operating boiler at 150 per cent. rating is entirely 
feasible. 

“The reason for setting this overload clause in the 
programme is based on the fact that the average cargo 
carrier has three boilers, and it is desired to operate 
the vessels on two boilers only, thereby permitting the 
third boiler to be cleaned while the vessel is at sea, and so 
maintain at all times clean fire and water sides in all 
three boilers instead of waiting until the vessel arrives in 
port, and then cleaning the three boilers, which pro- 
cedure means a vessel may start out on a voyage with 
all three boilers clean, but on the return leg of the 
voyage at a time when bottom conditions are apt to 
be considerably worse than at the start of the voyage, 
especially on long runs in tropical seas, her boilers will 
be comparatively dirty, and so aggravate the harder 
steaming conditions caused by the increased load due 
to the foul bottom.” 

(To be continued.) 





Firty YEARS OF THE MACHINE Toot InDUSTRY.— 
Anniversaries, properly observed, are of real utility 
in affording a basis from which to measure progress. In 
engineering, this property is peculiarly and definitely 
marked, as there is no branch of it which does not show 
continuous advance both in principle and technique. 
We offer our congratulations to our contemporary, the 
American Machinist, both on having reached a fiftieth 
anniversary number and on having provided in it such 
an excellent and instructive review of the progress of 
the machine tool industry, and of the engineering prac- 
tice connected with it, during that period. This special 
number, dated June 25, contains many articles which 
will not only repay reading but will prove worth pre- 
serving from the historical point of view, scattered, as 
such information generally is, in sporadic articles or 
specialist text books. Thus, the short accounts of the 
comparatively recently developed arts of grinding or of 
welding succinctly sum up excellently the position, 
while those on such older methods as drilling, planing, 
and milling, ete., serve to clarify the ideas of the men to 
whom from long usage the changes in these tools have 
taken place almost imperceptibly. Incidentally the issue 
contains a number of articles by well-known British 
engineers, and a review of progress made in such general 
subjects as management, gauging, design, transport, and 
similar matters bearing on the industry. 
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THE ELECTRIFICATION OF THE 
SYDNEY METROPOLITAN RAILWAYS. 


Tn our issue of March 11 last,* we gave an account 
of the reconstruction work, which had been under- 
taken by Dr. J. C. C. Bradfield on the railways of 
Sydney and its suburbs, so as to render them more 
capable of dealing with the increasing traffic, and to 
improve the communication facilities across the 
centre of the city. In this article we propose to deal 
more particularly with the modifications that have 
been effected for that purpose in the permanent 
way, overhead structures, buildings, signalling equip- 
ment, rolling-stock, shops and depots. These 
alterations have been necessitated by the conver- 
sion from steam to electric working and, before 
passing on to details, it may be as well to re-state 
in general terms the problem for which a solution 
has thus been found. In 1893 some 16,000,000 
passengers were carried on the Sydney suburban 
system. This number grew steadily until in 1909 
it had reached 37,000,000, a figure which, it was 
considered, provided a full load for the track and 
terminal facilities then existing. This increase was 
due not only to the rise in the population, but to 
the better facilities provided at the Central Station. 
From 1909 to 1914 the average annual increase in 
passengers carried was nearly seven million, and 
while the war helped to check this expansion, the 
average increase per year during the period was 
about three and a-half million. In 1925, therefore, 
the system, which in 1909 had been supposed to be 
working to its full capacity, was carrying nearly 
three times as many passengers, with little addition 
to its track and terminal facilities. 

There is, moreover, good reason for believing that 
the traffic has been restrained up to now by inade- 
quate accommodation, and that in addition to the 
expansion to be expected from theimprovements now 
in progress, further increase is likely to follow on the 
removal of the present restrictions on immigration. 
New South Wales is about three times the size of 
Great Britain, with a population little more than 
three-fourths that of Paris ; and not far short of half 
that population is to be found in Sydney and its 
suburbs, within a radius of about 20 miles. Over 
the last intercensal period (1911-21) the population of 
New South Wales increased by well over 2 per cent. 
per annum. This figure, though substantial, is 
by no means extravagant; but its significance is 
enhanced by the fact that three-fourths of the 
increase during the present century has been due to 
the death-rate being lower than the low birth-rate. 
Onlyone fourth is due to net immigration, from which 
usually most of the increase in population is derived 
in new countries, and the sparseness of population 
makes it probable that, at no distant date, a larger 
net immigration will be added to the annual increase 
of the population through natural growth, and will 
augment still further the traffic to be carried by the 
railways. Independently, the belief that some 
abnormal influence has been operating to depress 
the Sydney traffic is supported by the actual figure 
of passengers carried in 1925. Though this is the 
highest recorded, its ratio to the population served 
by the system is only about half that shown 
by towns of the same size in Great Britain, the 
United States, France, and Germany. There 
seems little reason to doubt that the estimates of 
future traffic, framed for financial purposes, which 
have been based on cautious inferences from past 
experience, will be borne out or exceeded. A matter 
of great technical interest will be to observe how 
long the traffic carried under improved conditions 
will take to reach the level of towns of the same size 
in other countries, and how far the margin of equip- 
ment that has been allowed will go towards meeting 
the expansion that actually occurs. 


TRACK AND CONSTRUCTION WORK. 


The main purpose of the electrification scheme 
now in progress, the extent of which is indicated 
in the map which appeared on page 284, vol. cxxiii, 
in our earlier article, is, of course, to enable the 
system ultimately to carry a much larger number of 
passengers. The congestion of the past few years 
has, however, been such that improvements in track, 
signals, and rolling stock, which ordinarily might 





* See ENGINEERING, vol. cxxiii, p. 284. 





have awaited the change, have been introduced in|} walling was built at a time, the concrete for the 


advance for the benefit of the steam service. For 
some time, indeed, all the Australasian railways have 
realised the desirability of wider cars, and as long 
ago as 1912 astandard structure gauge was adopted, 
in which track centres of 12 ft. replaced the 
previous New South Wales practice of 11 ft. 14 in. 
In 1917, 1921 and 1925 the Sydney railways 
adopted further modifications, providing respectively 
for the additional height required by electrical 
apparatus, the maintenance of clearances on curves, 
and the raising of platforms to suit the new cars. 

The adoption of the Australasian standard, and of 
sliding doors built out to the maximum loading 
gauge, enabled cars to be designed, and some existing 
cars widened, up to 10 ft. 6 in. or an inch or two 
less. This gave 25 per cent. greater seating 
accommodation, and the same clearance (1 ft. 6 in.) 
between the tracks, and on the structure gauge, as 
had worked satisfactorily with hinged doors. The 
allowances on curves are designed so as to ensure 
this clearance in all circumstances. They are 
calculated on the basis of a conventional car, 
72 ft. 8 in. long and 10 ft. 6 in. wide, with 51 ft. 
4 in. bogie centres, the length and bogie centres 
being considerably in excess of, and the width slightly 
greater than, any that have been introduced into 
practice. 

BuILpInes. 


To maintain the maximum traffic without inter- 
ruption, while the corresponding roads were being 
altered, relaid, resignalled in parts, and electrified, 
involved close and constant co-operation between 
the several branches. Some of the work, such as the 
erection of the overhead structures, had to be done 
at night or, where possible, on Sundays. In some 
instances considerable temporary works had to be 
put in to accommodate the steam service, until the 
electrification was complete. A notable instance is 
the arrangement described for bringing the Illawarra 
trains into and out of Central Station. At present 
there are eight main line tracks running into Central 
Station, though this number will be increased ulti- 
mately to twelve from a point a little way outside 
the station to the junction from the Illawarra line to 
Homebush, where the Illawarra and Homebush lines 
will be provided with six tracks instead of four. 
The most convenient arrangement made it necessary 
that the Illawarra steam trains should temporarily 
cross the whole of the electric lines at Central Station. 
To effect this it was decided to construct a double- 
line fly-over junction, so that the Illawarra steam up- 
trains could run without interruption underneath the 
general level of the lines and the down-trains 
below it. Part of the head room for this junction 
was obtained by lifting the whole of the existing 
lines 6 ft. A number of other heavy operations at 
and between the junction and the yard have had 
to be undertaken in conjunction with this work. 
Fuller details of these works were given in our 
previous article. 

The permanent way branch is also responsible 
for designing and constructing the power house, 
sub-stations, car sheds, &c. For this and other 
purposes it erected a pre-cast concrete works, 
which were equipped with oiled moulds travelling 
to and from an electrically driven 10 cub. ft. batch 
mixer on trollies, in which they remained until they 
were sufficiently set to be discharged and stacked. 

The largest buildings are the extensions of the 
generator and switch houses and the new boiler 
house at the White Bay Power Station. The gene- 
rator house has walls of reinforced concrete, cast on 
the spot from travelling towers into 6 ft. moulds 6 ft. 
deep. The existing building is being extended 
220 ft., giving a total length of 465 ft. 6 in. The 
walls are constructed of piers 6 ft. by 5 ft. 6in. at the 
base. These are placed at 21 ft. 3 in. centres, and 
are connected by panels 12 in. thick. The width of 
the building at the level of the turbine room floor is 
60 ft. between the piers and 66 ft. 3 in. between the 
wall panels, while the height from the basement to the 
seating of the roof principals is 67 ft. 6in. Two 50-ton 
overhead travellers are provided, which are fitted 
with auxiliary gear for lighter lifts. The switch house, 
which now is 466 ft. long, is a steel-framed building 
encased in concrete, and is similar to the generator 
house in general design. The walls, however, are built 
of pre-cast slabs 12 in. deep. A depth of 4 ft. of 





walls and floors being run from the movable 
towers between the slabs. All the internal work is 
carried out in concrete. The high-tension cables 
for the various sub-stations are carried in a tunnel, 
which runs the whole length of the building, pre-cast 
shelving on solid blocks being provided along the 
walls. The new boiler house, which is 171 ft. by 108 ft., 
is of similar construction to the switch house, and 
contains four batteries of Babcock and Wilcox 
boilers. Its foundations, like those of the extension, 
are on solid rock, though the original house was built 
on piles. 

At various places on the railway, notably under 
Central Station, the tunnels have had to be con- 
structed to take high-tension cables. The work is 
interesting because of the care with which the 
timbering had to be carried out, so as to avoid the 
slightest subsidence of the surface under traffic. 

Other buildings built, in progress, or ultimately 
to be erected are fifteen sub-stations, four carriage 
washing sheds with inspection shops, and large 
shops at Chuttora for bogie car construction, 
repairs and painting. 


(To be continued.) 








THE TAF FECHAN RESERVOIR, 
BRECKNOCK. 
(Concluded from page 117.) 


WE now follow up the general description of the 
situation and capacity of the new Taf Fechan 
reservoir given in our last issue, page 116, ante, by 
an account of the methods of construction and 
particulars of the installation, illustrating our 
description by Figs. 5 to 25, page 126, e¢ seq. 

As has already been stated, the rock of the valley 
bottom is overlaid with glacial deposits. These 
were excavated by steam navvies, taken to the site 
over temporary lines, the spoil being used for 
filling the embankment. The band of millstone grit, 
also previously referred to, was quarried about half a 
mile from the dam and utilised for both the aggregate 
and sand for the concrete used in the works. This 
rock is composed of nearly 98 per cent. pure silica and 
was crushed and ground on the works. The puddle 
clay was almost equally easily procured, this being 
obtained from an extensive deposit of boulder clay, 
some 3 miles distant and near Dowlais. It was 
conveyed by the Great Western Railway to Ponts- 
ticill Junction, a station close to the site, and then 
by the Board’s temporary line visible in Fig. 3 
(page 117 ante). The old red sandstone on the dam 
site proved to be undisturbed and sound. The cut- 
off trench was sunk in it, as already stated, to a 
depth of from 15 ft. to 20 ft. It is 6 ft. wide at the 
centre but tapers off to 5 ft. wide at the ends, where 
it is satisfactorily keyed in the banks, though a head- 
ing under the railway was involved at the eastern 
end. 

The trench was then refilled with 18,614 cubic 
yards of concrete of a 5 to 1 mixture, and carried up 
to the ground level where it finished with a knife 
edge formed by the sides converging at radii of 
10 ft. This is best seen in Fig. 6, which is a cross 
section of the embankment. The interlocking of 
the trench filling and the puddle core is also shown 
in this figure. At the ground level the core is 
23 ft. wide. Above this level it tapers to a width 
oi 6 ft. at 3 ft. above the top water line; below the 
ground level it is parallel for a depth of 7 ft., and 
then slopes in to the concrete wall at an angle of 
30 deg. to the horizontal. The clay needed very little 
treatment in forming the core. The larger stones 
were removed in the clay pit, but those so small as 
not to interfere with the cutting of the clay were 
left in. It was rammed in layers 6 in. thick, 
which were afterwards cut four times with tools 
about 13 in. long; the cuts were about 4 in. apart 
and the clay was made plastic by the addition of 
water at the first three cuts. The batter of the sides 
of the core is lin 12. 34,611 cub. yards of material 
were used in its construction. 

The moraine material used for the filling of the 
embankment was graded. The darker area in Fig. 6 
on each side of the core represents the finer material, 
the coarser and more stony portion being placed 
over it and finished to the slopes shown, and in 
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the manner, already indicated. 240,000 cub. yards | and a footway along the north side of it. Consolidation 
of the finer material were used, and 407,000 cub. | of the filling was secured by the free use of water as 
yards of the coarser. This coarser material was|it was placed in position. The base width of the 
also carried over the top of the puddle core, as}embankment is 545 ft. The stone toes to the 
shown in Fig. 7, and over this again the road was | embankment are shown in Fig. 6, and an enlarged 
laid. section of that on the upstream side is given in Fig. 9. 

There is a stone parapet on both sides of the road | It is built entirely of stone, with a concrete cut off 
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wall in the centre. The outer toe is also of stone, 
but has no central wall. Both are 10 ft. wide across 
the top and of an average height of 15 ft., 12,579 cub. 
yards of stone being used. The faces are sloped at 
an angle of 45 deg. 

As stated at the close of our previous article, the 
outlet tunnel, used for the river diversion during 
construction does not run under the embankment 
but is taken through the side ground at the western 
flank of the embankment. This will be clearer from 
Fig. 10 which shows the forebay inside the reservoir, 
with the end of the tunnel passing through the 
western corner of the inner toe. A developed longi- 
tudinal section of the whole tunnel is given in Fig. 5. 
It is 13 ft. in internal diameter and has a total length 
of 1,046 ft. It was driven through the solid rock 
for the greater part of its length except at the 
southern end, where running sand drifts were met 
with. This necessitated the employment of low 
pressure compressed air. At the extreme ends the 
cut and cover method was adopted, 120 ft. being so 
constructed at the inlet end, and 115 ft. at the outlet 
end. These portions are formed of cast-iron 
segments, backed with 12 in. of concrete, and are 
faced with fine concrete flush with the edge of the 
inner flanges. The part through the sand, 184 ft. 
long, is also lined with cast-iron segments. The 
main portion through the rock is lined with 44 in. 
face brick backed by concrete, the total thickness 
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being 2 ft., through which pipes 1} in. in diameter 
were carried at intervals for grouting with lime and 
cement under a pressure of 40 lb. per square inch. 
These pipes are seen in Figs. 22 and 24, page 128. 

It should be borne in mind that until the reservoir 
was so nearly completed as to permit of the 
commencement of impounding, the river was 
diverted into the forebay and through the tunnel, 
discharging over the weir in the compensation 
gauge basin through a V-notch. When impounding 
began, however, the tunnel was stopped at two 
places—one at the inlet, shown in Figs. 8 and 11, 
and the other at the junction of the overflow 
shaft with the tunnel, visible in Fig. 5. Referring 
to Figs. 8 and 11, the construction of the forebay, 
with its side walls of concrete backed by puddle, 
is clearly shown. The bulkhead closing the tunnel, 
with its stopping of brickwork, is pierced by a 
scour pipe, 39 in. in diameter, with a bell mouth, 
and fitted with a sluice valve immediately behind 
the stopping. Of the two other pipes visible in 
these figures, the lower one, embedded in the 
eastern wall of the forebay, was used as a temporary 
supply pipe; the upper one, above the tunnel is 
the lowest of the three 27} in. intakes to the stand 
pipe in the valve tower. 

The valve tower itself is illustrated in Figs. 13 to 
19. The shaft is of cast-iron rings, 5 ft. deep, of four 
segments each, rust jointed and backed with concrete 
up to the octagonal ashlar wall forming the tower 
proper. The entrance chamber at the top has 
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been given an architectural treatment, and 
its copper-sheathed spire, with four ventilating 
dormers, has a very good appearance. The stand- 
pipe, 30 in. in internal diameter, runs down the 
centre of the steel spiral staircase, giving access 
to the three platforms from which the intake valves 
are controlled by means of geared headstocks, 
and also to the tunnel. These valves are vertical 
sluice valves 28 in. bore, situated between the 
stand pipe and short bends 27? in. in diameter, 
projecting through the masonry. The intakes 
are further sealed, when required, by flap valves 
controlled from the entrance chamber by gearing 
working on ropes of phosphor-bronze wire. This 
arrangement is shown very clearly in Fig. 13, 
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in the case of the lowest intake. It will be observed 
however, that the flap valve in this case is situated 
in a well or chamber, an elevation of which across 
the tunnel is given in Fig. 18. This is necessitated 
by the fact that the intake is situated considerably 
below the surface of the inner slope of the embank- 
ment. Fig. 16 shows both No. 3 and No. 2 intakes 
in plan. The latter is not, of course, in a well. 

The stand pipe connects by a right-angle bend 
to a horizontal pipe on the bottom of the tunnel. 
This is seen in section in Fig. 14. Near it is the 
sluice valve operated by a geared headstock on 
platform No. 3, controlling the scour flow. The 
temporary scour pipe had a bell-mouthed bend 
discharging into a scour pit below the tunnel 
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level. This is clearly shown in Figs. 13, 14 and 19. 
The cut-off sluice valve for the scour already 
referred to near the outer stopping is seen in 
Figs. 15 and 17. 

The position of the overflow shaft is indicated in 
Fig. 5, and details of the top and bottom of this 
are given in Figs. 20, 21 and 22. The first two 
figures show that the top is situated immediately 
below the first span of the bridge approach to 
the valve tower. From a diameter of 16 ft., the 
shaft widens out at the top to a diameter of 66 ft. 
over the sill, which is of Shap granite. The bell 
mouth is formed in concrete with brick facing, 
and vortex action during a heavy discharge is 
minimised by four radial ribs of ashlar projecting 
18 in. at the deepest part. The shaft itself is 
also lined with brick backed with concrete, the 
minimum total thickness being 2 ft. The 16-ft. 
shaft tapers down at the bottom bend to the 
13 ft. of the tunnel as shown in Figs. 22 and 23. 
The second stopping of the original diversion 
tunnel is formed at the bend, and this necessitates 
the bending of the supply and scour pipes down to 
below the bottom of the tunnel. The scour pit 
in the overflow tunnel is situated just downstream 
from the bend. A section through this is given in 
Fig. 24. Drainage from the cut off section of 
the tunnel is effected through a non-return ball 
valve of vulcanite. This is seen near the stopping 
in Figs. 22 and 23 and is detailed in Fig. 25. 

The course of the supply main follows the tunnel, 
lying underneath it as shown in Fig. 5, but just 
before the outlet it turns at a right angle into the 
screening chamber at the eastern side. This is 
shown in Fig. 12. The original 39-in. main is here 
divided into two branches, 28 in. in diameter, 
connected to duplicate strainers. Each strainer 
consists of a truncated conical framework, covered 
with fine mesh wire with a stiffening layer of 
heavier and larger mesh wire. This is contained in 
a cast-iron shell, and the incoming water is made 
to flow through it upwards and outwards. The 
strainers can be washed by filtered water when 
desired. 

On leaving the strainers the raw water is conveyed 
through a pipe 20 in. in diameter to the filters. The 
positions of the filter house, compensation basin and 
other outfall works are shown in the plan, Fig. 12. 
The present L-shaped filter house, which is capable 
of dealing with 7-5 million gallons continuously per 
day, is indicated by hatching ; in the dotted outline 
is shown a proposed future extension when the 
demand shall have risen to the maximum capacity of 
the reservoir, namely, 12,000,000 gallons per day. 
The house contains the Paterson rapid gravity 
filtration plant, installed by Messrs. The Paterson 
Engineering Company, Limited, 21, Windsor 
House, Kingsway, W.C.2. Each wing of the 
building contains six of the rapid filter units each 
measuring 24 ft. by 14 ft. The total effective 
filtering area is 4,032 sq. ft., and the speed when 
passing the full rate of 7,500,000 gallons per day is 
80 gallons per square foot per hour. 

A view of the interior of one of the wings looking 
along the operating gallery is given in Fig. 27, 
opposite. The filters themselves are constructed of 
reinforced concrete witn glazed brick copings and 
contain a layer of quartz sand filtering medium, 
30 in. thick, resting on a graded pebble bed. They 
are provided with an under drain system similar to 
that fitted by the Paterson Engineering Company to 
the filters for the Metropolitan Water Board, and 
have waste troughs specially designed to render 
cleansing efficient and economical. The handwheel 
controls for washing are seen in Fig. 27, and are 
placed so that the attendant can watch the actual 
operation of washing while he is adjusting them. 

The raw water is collected from moorland and is 
discoloured by the well-known peaty tinge. It is, 
further, slightly acid. The treatment, therefore, con- 
sists of clarifying it, and correcting the acidity. The 
last is accomplished by adding an aluminous coagu- 
lant and lime. The square portion at the angle of 
the building contains, amongst other things, the 
apparatus for this operation. Surmounted by a 
well-proportioned dome sheathed with copper, 
this block is of dignified appearance, and the 
whole building is a good example of the successful 
combination of rough-cast brickwork and _ rein- 
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forced concrete. The top floor under the dome 
contains a storage tank of 10,000 gallons capacity. 
This contains filtered water for washing the filtering 
medium and for mixing with the lime and alumina 
in the respective tanks. On the second floor are 
two reinforced concrete tanks containing gratings 
upon which the solid alumina is placed, and a lime 
mill for preparing the lime ready for the container 
tanks. On the first floor, a photograph of which is 
reproduced in Fig. 26, are two lime container tanks, a 
Kent Venturi indicator, and the chemical cabinet. 
The ground floor is divided into a storage room, 
a boiler room, and an engine room. The first is 
used for the raw materials in bulk, and from it an 
electrically-operated lift runs to the several storeys 
above. In the boiler-room is the heating boiler 
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supplying the radiators by which the building is 
warmed. The engine-room contains two air 
compressors of the vertical reciprocating type 
feeding an air receiver 3 ft. in diameter by 7 ft. in 
length situated outside the building, and two 
centrifugal pumps for filling the wash water tank. 
It is also furnished with the necessary switchboards, 
fuses and meters, the above auxiliaries being electric- 
ally driven, as are also the lime mill. on the top 
floor and the agitators in the lime container tanks 
on the second floor. 

The current for the auxiliaries, as well as that 
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Fie. 26. Lime Container TANKS AND VENTURI METER IN FittER HovseE. 
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used for the lighting of the filter house, valve 
tower and tunnel is supplied from two generators 
directly coupled to Francis water turbines, driven 
by the flow of the compensation water. This 
plant is situated in a separate house to the west 
of the clear water tank (see Fig. 12). Each turbine 
can develop 75 h.p. on heads ranging from 50 ft. 
to 100 ft., and with a speed of 750 r.p.m. They 
were supplied by Messrs. James Gordon and 
Company, Limited, Kingsway, W.C.2, and provision 
is made for a third turbine of the same power, to 
drive a pump should it be found necessary to aug- 
ment the pressure of the high-level water supply. 
Automatic oil-pressure governors are fitted. 

The action of the filters is as follows: After 
leaving the strainers, the raw water passes through 
a main inlet controller which ensures a constant 
level in the channels supplying the filters inde- 
pendently of the head on the inlet or the rate of 
draw off. It is measured during its passage by 
the Kent Venturi meter, of the recording and 
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integrating type. This instrument is visible to 
the left of Fig. .26, and beyond it is the chemical 
cabinet previously referred to on the top of which 
are small tanks containing the alumina solution 
supplied from the vats on the floor above. The 
dosage is automatically regulated through a needle 
valve actuated by the action of mechanism on 
the Venturi meter, so that it is always in correct 
proportion to the rate of flow of the raw water. 
The lime supply is also automatically controlled 
by a tipping bucket mechanism on the mixers seen 
in Fig. 26. 

The prepared raw water from the distributing 
channel reaches each filter unit through an inlet 
valve, percolates through the medium, and is 
collected in an under drain by strainer tubes. 
From the drain it passes through an automatic 
control valve into the outlet chambers. These are 
lined with white glazed tiles and serve also as 
inspection boxes. The water then flows over a 
weir into the collecting channel. The automatic 











valve depends for its action upon both the level 
of the water above the filter bed and the level in 
the outlet chamber. Too high a speed through 
the filter is thus prevented, and a gradual starting up 
of the filtration process is ensured after cleaning 
the filters. The latter operation is effected by 
blowing a current of compressed air through the 
outlet strainer tubes, and thus thoroughly stirring up 
the filtering medium, the supply of raw water 
to the particular filter being cleaned having, of 
course, been cut off. The air is followed by a 
flow of filtered water from the wash tank, which 
carries the impurities into the waste troughs 
previously referred to. The dirty water then flows 
to the settling tanks across the river, seen in the 
lower left-hand corner of Fig. 12, whence after 
sedimentation has taken place the effluent flows 
into the old river bed. The gradual starting up 
of the cleaned filter is ensured by an automatic 
valve, a certain time being necessary, as is well 
known, to allow of the formation of an effective 
film on the surface of the filtering medium. 

The clear water tank into which the filtered 
water is led from the outlet chambers is a circular 
tank of concrete lined with white glazed brick. 
It is 50 ft. in diameter by 13 ft. deep, and is partly 
above ground, the excavated material of the lower 
part having been formed into an embankment 
round the upper part. The outlet valve to the 
pipe line is controlled by a balanced self-closing 
valve. A by-pass arrangement is provided for 
cutting out the clear water tank for repairs, &c. 
From the tank the water passes to the meter house 
where it is measured by a Kent Venturi tube of 
the water column type. The meter house also 
contains a Glenfield and Kennedy meter for 
recording the height of the water over the weir 


|of the compensation gauge basin, should any be 


passing over during, say, a flood. 

The compensation water of 6,835,000 gallons 
per day is, of course, raw water which, after passing 
through the Francis turbines, is discharged into 
the compensation gauge basin. From here it runs 
through four circular orifices, each 9 in. in diameter, 
in the weir and flows into the old river bed. The 
valve well of the clear water tank is also utilised 
to accommodate a float regulating apparatus to 
maintain the necessary constant head over the 
orifices to give the required rate of discharge. Any 
excess of the total of compensation and service 
water passes over the crest of the weir, which is of 
gunmetal, into the river bed. The positions of the 
weir, meter house, pipe lines, &c., are clearly shown 
in Fig. 12. The other pipe lines shown in this 
figure scarcely require comment; they are con- 
nected with the drainage system and present no 
unusual features. 

The pipe line for the new reservoir, also needs 
little description. As will be realised from a com- 
parison of Fig. 1, page 116 ante, with the list of places 
to which water is distributed given on the same 
page, there are several branches. The diameter of 
pipe is in consequence, somewhat varied, there being 
about 2 miles of 36 in. pipe, 1 mile of 32-in., 9} miles 
of 30-in., and 7} miles of 23-in. to 18-in. bore. The 
large pipes are of steel, lined with cement. In 
addition there is about 1 mile of cast iron pipe 
of 6 in. and 7-in. in diameter. The pipe contract 
was let to Messrs. C. V. Buchan and Company, 
Limited, Brighton, the steel pipes being supplied by 
Messrs. Thomas Piggott and Company, Limited, 63, 
Queen Victoria-street, E.C.4, and the valves by 
Messrs. Glenfield and Kennedy, Limited, Kilmarnock. 

The engineers for the new reservoir, pipe line, 
and subsidiary works, to whom we are indebted for 
the particulars in the foregoing, were Messrs. Sir 
A. Binnie, Son, and Deacon, 30 Buckingham-gate, 
Westminster, and Mr. Thomas Fletcher Harvey, 
M.Inst.C.E., Merthyr Tydvil. The resident engineer 
for the reservoir and filtration plant was Mr. 
F. V. Stillingfleet, and for the pipe line from 
the reservoir to its southern terminus, Mr. J. F. J. 
Reynolds, M.Inst.C.E. 

The total cost of the new reservoir, including 
the purchase of lands, the pipe line, and road diver- 
sions was 1,383,3541. To this must be added the 
amount of certain legal charges, and other costs ; 
capitalised interest during construction and working 
capital, purchase of land round existing reservoirs ; 
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and consideration to the original corporation and 
council concerned to the amount of about 821,500/., 
making the total expenditure for the whole under- 
taking in the neighbourhood of 2,204,8541. 





INDIAN RAILWAY PROGRESS. 


Ir it be postulated that there is nothing in- 
herently vicious in the ownership and management 
of such public utilities as railways and electricity- 
supply undertakings by the State, or even that, 
in certain cases, there may be real advantages in 
placing the conduct of a concern which operates 
for the common good in the hands of officials who 
are directly responsible to the public for their 
actions, there will still remain a good deal of differ- 
ence of opinion as to the relative value of the actual 
methods by which this work is to be carried out, 
if the service is to attain its maximum efficiency. 
The truth of this statement is exemplified by the 
different policies adopted in the various countries 
where State ownership of railways exists to a 
greater or less degree. In Germany and in Belgium, 
the State railways are nominally controlled by a 
company. This has the advantage that they 
form a self-contained financial entity and are freed, 
to a great extent, from political influences. At the 
other end of the scale there are pure State depart- 
ments, like the British Post Office, which draw 
their working revenue from the Treasury and return 
any surplus at the end of the year to the same 
source. Theoretically at least, this is a bad arrange- 
ment. It is not, however, quite so bad as that 
which, up till quite recently, existed on the Indian 
State Railways. This was that no capital expendi- 
ture exceeding Rs. 124 lakhs on new lines and 
Rs. 20 lakhs on open lines could be undertaken 
without reference to the Secretary of State in 
London. . 

Such a limitation must, it is obvious, have 
considerably hampered development and efficient 
management, and its drawbacks were emphasised 
by both the Acworth and Inchcape Committees. 
We are therefore glad to see, from the report 
of the Indian State Railway Board for 1925-26, 
that it has been arranged that the Government 
of India may now sanction expenditure up to 
Rs. 150 lakhs on both new and open lines. This 
sum, representing about 1,125,000/., may be spent 
without reference to London, a state of affairs 
which indicates that considerably more latitude 
will be possible in planning. 

This devolution is the more necessary since, 
during the year under review, the Great Indian 
Peninsula Railway was transferred to State manage- 
ment, about 340 miles of new line, including the 
Khyber Railway,* were opened for traffic and the 
Delhi-Umballa-Kalka Railway was purchased. It 
may also be noted that previously another great 
company line, the East Indian Railway, had just 
been taken over. Two further important changes 
in the administration are to be recorded: The 
separation of the audit and accounts staffs, so 
that the auditor-general becomes responsible for 
audit duties alone; and the establishment of an 
experimental clearing house. The latter step has 
been under the consideration of the Indian Rail- 
way Conference Association for many years, but 
difficulties, such as the variety of the tariffs and 
the great distances involved, which stood in the 
way of what at first sight might seem to be a 
natural development, have hitherto prevented 
much progress being made. In 1925-6, it was, 
for the first time, possible to place an audit officer 
on special duty to test the practicability of a 
method of clearance he had himself suggested, and 
if, as we hope, the experiment is justified, its 
ramifications will be extended. 

The increasing spread of State Railway owner- 
ship has also led to a re-organisation of the Indian 
Railway Conference Association. Such subjects 
as the standardisation of equipment are now mainly 
a matter for the State. Nevertheless, the functions 
of the Association, which acted on the one hand 
as a body dealing with interchange of traffic and 
on the other as a medium for the interchange of 
ideas on technical matters, are fully recognised. 
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It has, therefore, been decided to form an operat- 
ing committee to deal with such questions as the 
movement and interchange of rolling-stock, and 
mechanical and engineering sections, to report in 
an advisory capacity on matters which are suffici- 
ently indicated by their titles. Other sections 
may possibly be formed later. On a State system 
of the size of that in India, interchange of useful 
information between officials is not easy, and the 
existence of this Association should assist directly 
towards more efficient management. 

Turning to the result of the year’s working covered 
by the report, the monsoon proved to be short-lived 
in the north and weak in the Deccan. In the plains 
the aggregate rainfall was 4 per cent. below normal, 
and the wheat crop, which is largely dependent 
upon the previous monsoon and winter rains, was 
10 per cent. below that in the previous year. There 
was, therefore, little or no movement for export. 
The result was that the goods revenue decreased by 
Rs. 200,000 lakhs, a deficiency which was only 
partially made good by a general improvément in 
the coaching traffic. The total route mileage 
increased from 38,270 miles to 38,579 miles, and 
the number of passengers from 577,345,400 to 
599,034,800. The tonnage of originating goods 
traffic increased from 77,796,000 tons to 79,617,000 
tons. 

The advantages of separating the railway from 
the general finances of the country, which had been 
effected a few months earlier, began to be reflected 
in the operating results in the twelve months under 
notice, though the revenue, for the reasons we 
have just given, was not so high as in the preceding 
year. The total receipts were, in fact, Rs. 100,6 
crores, as against Rs. 101,56 crores in 1924-25, 
while the expenditure was Rs. 91,3 crores, as 
against Rs. 88,39 crores in 1924-25. The surplus 
was therefore Rs. 9,27 crores, as against Rs. 13,16 
crores in 1924-25, of which nearly Rs. 5,5 crores 
were appropriated to the general revenues under 
terms of the convention, the balance being trans- 
ferred to the Railway Reserve Fund. As already 
mentioned, the decrease in the gross earnings was 
mainly due to a falling off in the goods traffic. It 
should also be noted that the increase in the working 
expenses was not real, but was due to the facts that 
during the previous year the railway companies 
were allowed to import stores required for work- 
ing the State Railways without customs duties and 
that certain accounting adjustments were made. 
If these items are taken into account, the working 
expenses in 1925-26 were, it appears, really less 
than during the previous year. 

As regards new construction and engineering 
works, by far the greater part of the 340 miles 
opened for traffic were on either the 5-ft. 6-in. 
or metre gauges. At the end of the financial year, 
a total of 2,446°6 miles of new lines were under 
construction, of which 1,016 miles are to be on the 
5-ft. 6-in. gauge and 1,115 miles on the metre gauge. 
The longest of these works is the 260-mile Raipur- 
Parbatipur section of the Raipur-Vizianagram 
Railway, though three other extensions comprise 
over 100 miles of railway. This activity is mainly 
due to the improved financial position which has 
resulted from the policy outlined above. In general 
terms, the new construction problem has been dealt 
with on the basis of examining the whole country by 
areas, which roughly correspond to those served by 
the separate railway administrations, and continuous 
programmes of survey and construction are being 
prepared. On railways with heavy programmes of 
construction, special chief engineers and staffs have 
been appointed to deal with the new work. The total 
mileage of the projects which the Railway Board 
had either sanctioned or were having investigated 
at the end of March, 1926, amounted to between 
6,000 miles and 7,000 miles. It is hoped that, when 
the arrangements are in full swing, the total annual 
addition to the railway mileage will be about 1,000. 
The effect of these improved communications on the 
prosperity of the country can hardly fail to be 
considerable. ; 

It may be noted that, as regards the northern 
part of the country, a policy of light broad-gauge 
railways has, we understand, been adopted. The 
intention is to build the lines as cheaply as possible, 
in the first instance, to take the lighter classes of 





stock, bringing them to a higher standard as traffic 
develops. Bridges, however, will anticipate future 
requirements to a somewhat greater extent. Such 
a policy has, of course, been in vogue in Australasia 
for a long while. As a somewhat unusual case{we 
may mention the construction, now proceeding, 
of the Khangra Valley line on a 2-ft. 6-in. gauge. 
This is being built primarily to serve in the 
construction of a large hydro-electric scheme, but 
afterwards, it is hoped, it will become a paying line. 

The increasing traffic on existing lines is, in 
certain cases, being dealt with by the employment 
of electric traction. This policy has already been car- 
ried to successful fruition on the Bombay suburban 
system, and is likely to be adopted shortly in the 
neighbourhoods of Calcutta and Madras. The 
feasibility of electrifying other portions of the 
South Indian Railways, and of using for that 
purpose energy generated by hydro-electric plant, 
is now being examined. Provision has also 
been made for the increased passenger traffic by 
ordering a number of steel coaches from abroad, 
which will have aggregate accommodation for 
120 lower-class and 35 upper-class passengers. 
At Calcutta and Bombay, the traffic question is 
closely interlinked with that of providing better 
terminal facilities. 

During 1925-6, considerable preliminary work 
was done on the development of Vizagapatam 
as a major port. The first section of the work, 
which has been sanctioned, includes a wharf 1,500 ft. 
long. This will be capable of taking three or four 
steamers. There will also be moorings for two 
vessels in the harbour and accommodation at 
the jetty for oil tankers or oil-burning steamers. 
The wharf will be constructed so as to give a 
depth of 30 ft. below low water, while a channel, 
dredged to the same depth, will connect the harbour 
and the sea. The wharf will be provided with 
the necessary cranes and railway sidings. Work 
has already been started, not only on the harbour 
itself, but on the town-planning and water-supply 
schemes which are complementary to it. 

As regards operation, passenger train miles 
showed an increase of over 5 per cent. on both 
the broad and metre-gauge lines, while the goods 
train mileage decreased by nearly 6 per cent. 
on the broad gauge and increased by 1-5 per 
cent. on the metre-gauge sections. There was a 
general increase in the average passenger train 
speed from 19 to 19-5 miles per hour, and in 
the goods train speed from 8-97 to 9-58 miles 
per hour, the average loading of the goods trains 
increasing from 753-4 to 759-2 tons. On the other 
hand, the coal consumption of the passenger trains on 
the broad-gauge lines decreased by 2-84 per cent., 
and on the goods trains, on the same lines, by 0-7 per 
cent. The Railway Department is itself a mine 
owner, and 7,026,729 tons were raised from its pits 
during 1925-26, a considerable proportion of which 
was, of course, used on the railways themselves. 
We understand that a regular fuel-conservation 
policy has now been embarked upon, while another 
interesting operating change has been the intro- 
duction of long engine runs. Successful efforts are 
being made to secure an increase in the punctuality 
of the passenger trains, and though a percentage of 
the order of 70 for trains arriving at the right time 
may seem low to British ideas, the fact that ten 
journeys of over 1,000 miles can be accomplished 
without a change may be put forward by way of 
explanation. 

With regard to the standardisation of equip- 
ment, the statistics show that successful efforts 
are being made to overtake the arrears of 
former years. Standardisation has made such 
progress that drawings and specifications have 
been prepared, as a preliminary to ordering a 
number of engines of the new types for trial, 
while detailed drawings for a number of new 
types of “Indian State Railway” wagons, 
to supersede the present Indian’ Railway Con- 
ference Association Standards, have also been 
got out. In the same way, after consultation 
with the principal interests concerned, a standard 
design for broad-gauge carriage underframes and 
for 13 types of broad-gauge wagons and two 
new broad-gauge special wagons have been ap- 
proved; instructions have also been given for 
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the construction of six sample vehicles and 
underframes, so that they can be tried out in 
practice. The problem of standardisation on the 
engineering side is also under consideration, and 
sub-committees of a Standing Committee of Chief 
Engineers of Class I Railways have been appointed 
to deal with the permanent way, bridging and 
signalling, respectively. The main body will act 
as a link between the sub-committees and the 
Railway Board, and will have the important duty 
of ensuring that the work of standardisation is 
carried out on a progressive basis. The track 
and bridge sub-committees have already met, and, 
as is known, have made certain investigations. An 
analogous problem is that of organisation of the 
State Railways workshops, and in this connection 
we may recall the report of the committee, presided 
over by Sir Vincent Raven, which was appointed to 
go into this question. This report was commented 
on in our columns some time ago.* It is, we 
understand, still receiving attention, and we trust 
that action upon it will not be long delayed. 

With regard to the problem of converting rolling- 
stock for use with the automatic buffer coupler, 
to which we called attention in a previous article,t 
it has been found that considerable alterations 
would be necessary in the underframes before 
this could be employed, and that it would be 
necessary both to obtain more accurate infor- 
mation, not only on these matters, but on 
the expenditure that would be involved. This 
is now being done. At the same time, experiments 
are being made with the various types of automatic 
coupler and transition devices available. 

The increasing governmental control of the 
Indian railways has not been followed, as in the 
common belief it should have been, by large 
additions to the staff. The number of employees, 
in fact, fell from 745,216 in 1924-25 to 741,860 in 
1925-26, in spite of the increase in the route 
mileage. The question of the recruitment and 
training of officers has been receiving much atten- 
tion, the difficulties having been enhanced by the 
settled policy of Indianisation. On the Class I 
railways, the percentage of European officials fell from 
76-23 in 1924-25 to 73-36 in 1925-26, while the per- 
centage of European officials appointed was 60-3. 
A report, which has been prepared by the Railway 
Board and is now awaiting the approval of the 
Secretary of State, envisages the recruitment of 
Indians to the extert of 75 per cent. of the vacancies 
in the cadres of the State-managed railways. Three 
main classes of staff have to be considered—civil 
engineers, mechanical engineers, and traffic and 
commercial officers. Candidates for all three 
classes must, the report suggests, be holders 
of certain specified degrees, and will also be 
required to compete in a qualifying examination. 
Successful civil engineering candidates will be 
appointed on three years’ probation, during which 
they will undergo one year’s practical training. 
At the end of that time, they will be required to 
pass a final practical examination. The course 
of training for the traffic candidates will be similar. 
A system of special apprenticeship is proposed for 
the mechanical engineer appointments. Selected 
candidates, who must have passed certain examina- 
tions, will undergo a three years’ course in the 
workshops, followed either by a two years’ course 
at the Bengal College of Engineering, or by two 
years’ practical training in the running department. 
Thereafter, selected apprentices will be sent to 
England for two years’ theoretical and practical 
training, after which they will be required to pass 
the examination of either the Institution of Civil 
Engineers or the Institution of Mechanical Engineers. 
If this course seems a little intensive, it should at 
least result in the production of a type of officer 
possessed of an excellent stock of knowledge. It 
is to be hoped that the officers so trained will be 
possessed of all the other desired qualities, since 
technical knowledge forms only one of many quali- 
fications in this work. 

But even if this policy be successful, the position, 
for the present, is not easy. Though the policy of 
Indianisation has been accepted, the percentage of 
European officers employed on the State-managed 





* See ENGINEERING, 1926, vol. cxxii, page 636, 
} See ENGINEERING, 1925, vol, cxix, page 746. 





lines is still 56-1, partly owing to the extensive 
constructional programme and partly to the lack 
of qualified Indians. On the other hand, the 
percentage of Indians in the higher subordinate 
grades has risen from 69 per cent. in 1924-25 to 
73-9 per cent. in 1925-26. Owing to this change 
of conditions, there is, at the present time, great 
difficulty in obtaining sufficient supervising staff, 
especially in such branches as boilermaking. In 
time, doubtless, some of these difficulties will be 
overcome by the provision of better training facili- 
ties, in which connection great interest attaches to 
the Railway Transportation School at Chandausi. 
This school has been established primarily to obtain 
increased efficiency in working, by ensuring that 
the staff are fully instructed in the use of methods 
and apparatus, a condition which is a necessary 
corollary to the more extended employment of 
mechanical equipment. The foundation of the 
scheme is a series of “area schools,” which will 
both train probationers and provide refresher 
courses for those already in the service. For 
the present, men on the traffic and commercial 
sides only will be instructed, and these will be 
divided into three groups, comprising such officials 
as stationmasters, goods clerks, and guards, respec- 
tively. An examination is the necessary conclusion 
to each course. Refresher courses must be success- 
fully passed before promotion to a higher grade takes 
place, and these will be held at a central rather than 
at an area school. For the present, the school at 
Chandausi is fulfilling both these functions, premises 
which were once part of a district headquarters of 
the Oudh and Robilkhand Railway being available 
for the purpose. The classes are divided into 
“senior,” “junior” and “area,” and the equip- 
ment includes a complete 24-in. model railway, 
which is operated by electrically-driven tocomotives. 
These locomotives are controlled by signal apparatus 
of 10 different types, complete with double and 
single-line block instruments, interlocked lever 
frames, signals, points, locking gear, &c. The 
locomotive and carriage school is fitted with 
apparatus for demonstrating the working of the 
vacuum brake, sectioned locomotive fittings, valve- 
gear models, and train-lighting apparatus. Great 
care is taken to make the pupils as comfortable as 
possible, and it is therefore gratifying to learn 
that great keenness,is shown in the work, and that 
the percentage of failures is small. One of the 
complications is that it has been necessary to 
provide nine different kitchens for preparing the 
food, not to speak of separate messes for the 
accommodation of members of the numerous reli- 
gions and castes. A similar signal school to that at 
Chandausi is controlled by the Madras and Southern 
Mahratta Railway. 

On the mechanical side of the railways, a policy 
of arranging for expert men to tour the different 
works to suggest shop improvements is, we believe, 
meeting with success. The question of apprentices 
has been receiving the Board’s attention, and the 
need of a uniform policy on this question is admitted. 

Statistics show that this great system is operated 
at the expense of a number of accidents which, though 
large in comparison with those usual on the British 
railways, is small when considered on an absolute 
basis. A total of 377 passengers were killed in 
1925-26, while 1,323 were injured, the corresponding 
figures for railway servants being 402 and 3,323, re- 
spectively. No less than 2,139 other persons were 
killed, 1,647 of these being trespassers. Derailments 
and collisions both show a welcome decrease. A 
Safety First campaign, now being vigorously under- 
taken, will, it is to be hoped, lead to a reduction 
in the number of these mishaps. Use is being 
made both of local advisory committees and of 
the kinematograph to increase the interest of the 
public in railway matters. That the system 
generally is one about which there is little reason 
to complain, and that the officials are taking every 
step to maintain and even improve the present 
standard, is, we think, abundantly clear. 





CALENDAR.—We have received from Messrs. Cochran 
and Company, Annan, Limited, Annan, Scotland, a 
tear-off calendar for the year ending June, 1928. This 
is an attractive production, with many illustrations show- 
ing the wide range of the firm’s vertical boilers, both in 
location and application. 
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Electric Trains: By R. E. Dickrnson. London : 

Edward Arnold and Company. [Price 16s, net.] 
Tue technical side of electric traction is an impor- 
tant subject, and it is satisfactory to be able to 
state at the outset that the treatise before us proves 
the author’s claims to deal with it in a worthy 
manner. As in so many other branches of engi- 
neering where electricity is employed, electric 
traction permits of relatively exact treatment. 
Consequently, an expert on this subject must 
combine sound technical knowledge with adequate 
practical experience. The reader will at once allow 
Mr. Dickinson to be such an expert. Without 
unnecessary waste of space, he at once gets to grips 
with the fundamentals of his subject—the mechanics 
of train motion. How much happier would many 
of our engineers and students be if they really 
mastered Newton’s laws of motion! Yet this is 
usually the subject in which examination candidates 
obtain the worst results. 

Passing to the electrical equipment, attention is 
first devoted to the direct-current system as 
employed on local services. Series-parallel control 
is considered, and the different forms of multiple- 
unit control employed in conjunction therewith. 
In view of its growing importance, the influence of 
field control on starting economy might be intro- 
duced somewhat earlier in the discussion. In his 
remarks on rheostat calculations we are not quite 
sure that the author has made the best use of 
recent investigations. While all such calculations 
for a series motor involve a knowledge of the 
magnetisation curve, it does not follow that designers 
have necessarily arrived at the best method of 
obtaining the steps for producing a smooth start. 
Some of the work published in the Journal of the 
Institution of Electrical Engineers is well worthy of 
study in this connection. In the chapter on direct- 
current traction motors it is pleasing to note that 
pages are not wasted with descriptive matter and 
illustrations from makers’ catalogues, such as are too 
commonly found in works of this description. The 
more technical aspects of motors—gear ratio, testing, 
&c.—are considered in this chapter. 

The chapter on current collection forms a natural 
introduction to the section on single-phase railways, 
but we do not feel that this part, and the succeeding 
one on three-phase and split-phase railways, do 
their subject justice. The treatment is inadequate, 
and the inclusion of alternating-current systems in 
the present treatise can scarcely be justified on the 
grounds of completness. Coming to brakes, we 
at once feel safe again, for here the author is on 
familiar ground. Useful chapters on train resistance 
and rating of direct-current traction motors follow. 
Calculations for an electric train form the substance 
of the last chapter. Here the author commences with 
a two-coach train—a motor-coach and a trailer— 
and takes us right through the determination of the 
rheostat steps up to energy consumption and motor 
heating. For electric traction on the direct-current 
system the book contains a mass of well-ordered 
knowledge and experience that would be hard to 
beat. 





Der Talsperrenbau. By P. Zrecter. Third Edition. 
Vol. II. C. Die Berechnung Massiver Talsperren. 
Berlin: Wilhelm Ernst und Sohn. [Price 29-40 
marks. } 

Havine dealt in the first volume on the con- 

struction of valley dams, which we reviewed on 

page 328 of vol. cxxi of ENGINEERING, with dams 
constructed of earth and rock fill, Mr. Ziegler 
proceeds, in his second volume, to the design and 
calculation of massive dams which he subdivides 
into gravity masonry structures, arch dams, iron 
dams, and dams of the multiple-arch type. This 
wider field has also been traversed recently by 
several competent writers, and it will be acknow- 
ledged that Mr. Ziegler is as well able to hold his 
own among his contemporaries as he was in his 
first-volume. He opens this second volume by 
quoting Pelletreau, 1892, that the theoretical calcu- 
lation of the cross section of the dam is indispens- 
able because it gives the engineer valuable guidance 
and also moral support. He does not really calcu- 





late, however ; he rather compares, and is satisfied 
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when the stability conditions deduced accord with 


those of approved structures. Mr. Ziegler further 
quotes Mohr’s “‘ Technical Mechanics” as follows: 
—“If we were able accurately to measure the 
internal stresses in ten structures which do not 
differ as to essential features, we should probably 
arrive at ten different solutions; the theory of 
elasticity can hardly yield reliable results, because 
the displacements which lead to strains in dams are 
to a large extent inelastic.” Starting from such 
considerations the author draws attention, in his 
detailed and very well-illustrated descriptions of 
dams built, to weak points as disclosed by partial 
and total failures. 

The main source of danger, he concludes, lies in 
horizontal displacements. Vertical pressures have 
little to do with actual breakdown; the vertical 
pressure would be greatest on the down-stream side 
of the toe of adam, where failures have not occurred. 
The geologist has to select suitable ground, and the 
engineer has to render it safe and to prevent internal 
accumulation and infiltration of water, which would 
soften some layers of the structure and give rise to 
sliding and upward pressure. Blasting, Mr. Ziegler 
points out, may weaken the subsoil to depths of 
several feet below the cleared surface. The old 
trapezium rule, i.e., calculation of the highest ad- 
missible vertical pressures on the horizontal joint 
of a cross-section of trapezium shape, becomes the 
less reliable the greater the width of the structure ; 
but the rule retains its utility. The various other 
formulz discussed by the author all have their 
limitations ; model tests have not given much help ; 
and the actual observations of internal tempera- 
tures, stresses and deformations in dams, lack too 
much in accuracy at present to be useful. The author 
is thus thrown back upon the examination of failures. 

Actual breakdowns of arch dams have not yet 
been reported or studied, but this work does 
not, of course, neglect these structures for that 
reason. The shortest section of the book on iron 
dams, only describes the Hauserlake dam on the 
Missouri in Montana; the dam was destroyed, but 
was reconstructed on lines of which Mr. Ziegler does 
not altogether approve. The multiple-arch dam he 
characterises as a combination of the gravity- 
masonry and arch types, which does not do full 
justice to either. While fully admitting that these 
dams have given satisfaction, he sees a certain 
danger from the tendency of the administration and 
engineer-in-charge to patch up signs of incipient 
weakness, such as vertical cracks, even when coin- 
ciding with the directions of the main stresses, 
though what may be most needed may be strengthen- 
ing by buttresses. Unfortunately, an alphabetical 
index to inform the reader where certain features, 
such as the failure of the Gem Lake dam, previously 
described, are further discussed, is lacking. 





Masonry Structures. By ProressoR FREDERICK P. 
Spatpinc. Second edition revised and enlarged 
by Proressor A. Lincotn Hyper and Masor E. F. 
Rosinson. New York: John Wiley and _ Sons, 
Incorporated, London: Chapman and Hall, Limited. 
[Price 25s. net.] 

Tuts is an important book in which a subject of 

immense scope is well handled. The first edition 

appeared in 1921. In the interim the author has 
died, and the book has now been thoroughly 
revised and considerably enlarged by two highly- 
competent engineers. In their preface it is stated 
that the aim in preparing the second edition 
has been to preserve the original author’s indi- 
viduality by close adherence to his original plan ; 
and to extend the text to meet the requirements 
of the numerous users of the book. It is added 
that it will ever be the fate of text books to lag 
slightly behind current practice. That, of course, 
is obviously true, but the revised work is a manual 
of great value and covers the latest practice on all 
material points. For the day-to-day detailed 
advances in scientific and practical work, all alert 
engineers turn to the pages of the professional 
journals on both sides of the Atlantic, and note 
new points on the margins of their standard manuals 
or in a card index. The revisers of Professor 

Spalding’s excellent book are to be congratulated 

on the result of their painstaking work. Few 

corrections or omissions were found necessary, but 
the added matter, which increases the number of 
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pages from 404 to 586, is all of importance, and is 
ably dealt with. The addition of a number of 
interesting plates and a fuller index also improve 
the book. The number of the chapters has been 
increased from twelve to fifteen; four now being 
devoted to foundations, piers and abutments, 
instead of one. 

The consideration of the revision of this book gives 
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an impression of great thoroughness of such work in 
America, and makes one wonder why the 1926 
edition of what is, perhaps, the leading manual of civil 
engineering published in Great Britain, differs so little 
from that in use fifty years ago, and why it deals 
with and dismisses reinforced concrete in five lines! 

In the book under review the term “ masonry ” 
is extended from its original significance, “a con- 
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struction of dressed and fitted stones and mortar,” 
to cover all structural work in stone, brick, terra- 
cotta and concrete. The early history of building, 
including the development of the arch, is given in 
brief, but striking form, with a useful synopsis of 
recent advances. Then chapters follow on cementing 
materials, stone, brick and block masonry, plain 
and reinforced concrete, retaining walls, dams, 
wharves and sea walls, retaining walls, arches, 
slab and girder work, foundations, piers and abut- 
ments. Convenient references are given to other 
publications on many points that can only be shortly 
dealt with in this comprehensive manual, and the 
important report of the American Committee of 
Standard Specifications for Concrete and Reinforced 
Concrete (October, 1924) is-very fully quoted. 

As might be expected, a large part of the book 
is devoted to concrete work, and the very valuable 
results of research on that subject in American 
laboratories are clearly described. Important 
among these are the method of proportioning 
concrete, for the best results, by the “ fineness 
modulus” of the aggregates, and the “ water 
ratio theory” that the strength of concrete is 
determined by the ratio of the volume of the 
mixing water to the volume of cement, and is not 
affected by the amount of clean sound aggregate 
so long as workable mixtures are obtained. These 
additions to our knowledge of concrete, for which 
Professor Duff A. Abrams is largely responsible, 
are well supported by many thousands of tests made 
at the Structural Materials Research Laboratory 
of the Lewis Institute, Chicago, and numerous tests 
at other laboratories. In this connection it is 
interesting to note that in the Concrete Year 
Book, 1927 (Concrete Publications, London), it is 
stated that “the movement towards the adoption 
of scientific methods in connection with concrete 
has been initiated in the United States, and is 
based almost entirely upon the research work of 
Professor Duff Abrams.” 

Specifications and tests for sands, aggregates 
and consistency of concrete are dealt with in 
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great detail with extensive tables and diagrams. 
The method of proportioning concrete by mechan- 
ical analysis curves given in the first edition, and 
the reference to the use for that purpose of the 
surface areas of the particles of aggregate are now 
omitted. 

The design of flat slab construction with and 
without drop panels for floors and roofs is fully 
described and examples of that and other important 
applications of reinforced concrete worked out. 
The use of dams, curved in plan, is not recom- 
mended, as their action as arches cannot be esti- 
mated with any certainty. The chapter on retain- 
ing walls is clear and exhaustive, but considerations 
of space prevent detailed reference to that and other 
valuable parts of the book. 

Early strength cement or, as it is called in England, 
rapid hardening cement—one of the recent triumphs 
of manufacturers who now obey with equanimity 
the call of the British Standard Specification for 
ordinary Portland cement of a strength nearly 
three times that required twenty years ago—is 
given some notice, but this will strike many 
engineers in Europe as hardly ddequate in view of 
modern practice, both as regards Portland cements 
proper and high-alumina cements. 

The subject of cost is wisely only shortly referred 
to. On page 111, the year 1924 should evidently 
be some earlier year, as the costs of brickwork there 
given are the same as in the first edition. 

The book is well produced and the only printer’s 
error of importance noted is the omission of a line 
introducing a quotation from Sir Benjamin Baker on 
retaining walls. 








LarceE TURNING AND Bortne MAcuHINE.—Recently 
the firm of Kalker Maschinenfabrik A.G., of Cologne- 
Kalk, constructed a combined turning and boring machine 
which is 152 ft. in length. It may be used as a simple 
lathe or for turning and boring pipes to a maximum 
diameter of 5 ft. 7 in., and 60 ft. length. It has two sets 
of boring gear. The machine is driven by a 60 h.p. 
electric motor, has push button control and has auto- 
matic depth release gear and safety devices to prevent 
the collision of the two boring heads. 





4-10-2-TYPE THREE-CYLINDER 


COMPOUND LOCOMOTIVE. 
(Concluded from page 103.) 

In our previous article on the 4-10-2 type locomotive 
recently constructed by the Baldwin Locomotive 
Works, of Philadelphia, we dealt chiefly with the 
boiler, which is designed for a working pressure of 
350 Ib. per square inch and is provided with a water- 
tube fire-box. We now propose to describe features of 
the running parts. 

The engine, as already stated, is a three-cylinder 
compound. Compounds of this class are by no means 
new, but the revival now noticeable should be, in the 
light of former experience, of greater promise than the 
earlier attempts with the type. A type of compound with 
one inside high-pressure cylinder and two outside low- 
pressure cylinders was employed at one time on the 
Northern Railway of France, a machine of this descrip- 
tion having been exhibited at the Paris Exhibition of 
1889. Since that date machines of this class have been 
also employed in this country, the most notable examples 
being probably on the Midland Railway. The Webb com- 
pound, introduced on the London and North Western 
Railway about 1880, had, it will be remembered, two 
outside H.P. cylinders and one L.P. inside cylinder, 
and, moreover, possessed the distinctive feature of the 
driving axles not being coupled. This type has, for 
sufficient reasons, passed completely out of existence. 

The engine under notice has, like the first class 
referred to, one inside H.P. cylinder and two outside 
L.P. cylinders, the cylinder casting providing sufficient 
receiver volume in itself. Drawings of the cylinders 
are given in Figs. 20 to 23, on the opposite page, while 
Fig. 25, page 140, shows the appearance of the finished 
casting before being placed in the frames. All three 
cylinders, with their steam chests and the saddle, are 
contained in one casting. Fig. 20 gives a cross-section of 
the casting, while Fig. 21, on the left hand, shows a bas- 
tard section through the two steam chests on that side 
and the centre cylinder, and on the right hand through 
the single steam chest on that side and also the receiver 
and centre cylinder. The casting is of grey iron, the cylin- 
der barrels and steam chest being bushed, the former 
with ?-in liners and the latter with bushes of the same 
thickness. The three cylinders are 27 in. in diameter, 
and the piston valves 14 in. in diameter. Steam enters 
the casting by the flanged passage on the left of the 
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saddle centre (Fig. 20) and passes into the centre of 
the H.P. steam chest. The exhaust passes from the 
two ends of the steam chest into cored passages within 
the casting, and thence to the two ends of each of the 
L.P. steam chests, as shown in the right half of Fig. 21 
and in Fig. 20. The exhaust from the L.P. valve 
chests is central, leaving by a single-flanged connection 
(Fig. 22) from each cylinder, and being taken by an 
outside pipe to the smoke-box. The two outside 
cylinders and all three steam chests are arranged 
horizontally ; the inside cylinder is on a slope of 1 in 
6-313, in order to bring it to a height sufficient for 
driving on to the second coupled axle. The outside 
cylinders drive on to the third coupled axle, and the 
cranks are set 90 deg. apart. The inside crank for the 
H.P. cylinder is set, by means of the coupling rods, 
at 135 deg. from both the L.P. crank-pins. The inside 
crank is built up of two cast-steel webs, each cast in 
one with a cored counterbalance which is filled with 
lead. The three crank-pins are bored out. They are 
of open-hearth steel, the coupling and connecting rods 
being of carbon-vanadium steel. The outside con- 
necting rods follow ordinary American practice. The 
H.P. rod has a solid little-end and a marine-type 
big-end. 

The Walschaert gear is used for the three cylinders, 
each cylinder having an independent gear, all being 
controlled by one Ragonnet-type power reverse gear. 
The valve motion is shown in Figs. 27 and 28, page 
140, while Fig. 26 shows the three reversing links, 
with, above them, the reversing shaft, fitted on the 
motion plate, which is fixed across the frame at the 
second or rear yoke. The left-hand motion is normal, 
the eccentric rod working on an outside return crank of 
the usual type, and the combining lever being worked off 
the crosshead by a link. The right-hand motion is not 
normal, since it is worked off the left and right-hand 
crossheads. The combining lever is worked off the 
right-hand crosshead, but the link is worked off the 
left-hand crosshead by a union link, shown in Fig. 28, 
working on the long hanging lever to the left of Fig. 26, 
.this lever being fixed to a transverse shaft transmitting 
the motion across the frame to a link on the right. 
The inside gear receives its motion from the outside 
right-hand return crank, the combining lever, in this 
case, working off the inside crosshead. It should be 
mentioned that Fig. 27 is shown looking from the 
front end towards the rear, the single lever on the 
right actually being the left-hand combining lever, 
and the more complex system on the left being the 
two gears on the right-hand side of the engine. 

Fig. 24 gives a good idea of the frames and running 
gear in the makers’ shops before the boiler was put on. 
The three valve motions just described can be clearly 
seen in the illustration, which also gives a good idea of 
the frame bracing, and the long extension for the fire- 
box, carried by the trailing truck. The driving wheels 
are all flanged, but the engine will take curves of 17 
deg. (5 chains radius), the leading coupled axle being 
arranged with lateral motion. The engine is equalised 
through each side from the front coupled axle to the 
trailing truck. 

The accessories fitted are worked with superheated 
steam at the reduced pressure of 250 lb., except the 
feed-water heater pump and the injectors. To 
both these, saturated steam at 350 Ib. is supplied. 
The feed-water heater is of the Worthington type, of a 
rated capacity of 7,200 gallons per hour. The injec- 
tors have a capacity of 7,000 gallons per hour. 

On the testing plant, the locomotive was run up to a 
consumption of 150 Ib. of coal per square foot of 
grate per hour, equivalent to 12,388 Ib. of coal per 
hour. At this rate, the locomotive developed over 
4,500 h.p. Maximum power was exerted at 200 
r.p.m., at which the engine ran on the plant without 
excessive vibration, though two-cylinder locomotives 
have usually to be specially balanced for speeds above 
160 r.p.m. Higher power could have been developed 
had the testing plant limit not been reached. The 
tests do not show the water-tube firebox to be very 
different from the ordinary type as regards steam 
production. If there is neither loss nor gain in this 
respect there is the undoubted advantage of the 
elimination of stayed flat surfaces. The heat saving 
from the feed-water heater rarged from 7-4 per cent. 
to 10-4 per cent. The coal rate for the range from 
1,500 d.b.h.p. to 3,000 d.b.h.p., was about 2-5-lb. per 
hour, the steam rate per indicated horse-power being 
15 lb. per hour for practically the whole range. The 
overall efficiency was about 7} to 8 per cent. at the best 
rates, falling to 6 per cent. at maximum power. 





TRIAL TRIP OF THE §.S. “ BEACONSTREET.”—On Wed- 
nesday, July 13, Messrs. Palmers Shipbuilding and Iron 
Company Limited, carried out successful trials of the 
oil-tank steamer Beaconstreet, which they have built at 
their Jarrow Yard to the order of the Beacon Oil Company, 
of Boston, a speed of about 12 knots being attained 
on the mile. A brief description of the vessel, written on 
the occasion of her launch, will be found on page 733 
of our last volume. 








HAND RE-FACING TOOL FOR VALVE 
SEATS. 


Most users of petrol engines, while generally conscious 
of the importance of keeping their valves gas tight, 
are also fully aware of the difficulties of doing so. The 
usual procedure when leakage becomes evident is to 
grind the valves in, which is usually a troublesome and 
tedious operation. Other methods have been tried but 
with little success and, hitherto, the only satisfactory 
method of re-facing valve seats has been to send the 
engine to a works where power was available, the solid 
cutters usually employed being unsuited for hand opera- 
tion. The tool shown in Figs. 1 to 3, however, by 
employing the principle of inserted cutter blades, makes 
it possible to re-face a valve seat by hand very easily 
and in a surprisingly short space of time. A few turns 
of the tool suffice to produce a surface sufficiently accu- 
rate to require little subsequent grinding; thus, the 
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eight valve seats of a 10-h.p. car engine have been 
re-faced and ground in a total time of 16 minutes. 

Fig. 1 shows the assembled tool. It consists of a 
pilot rod which fits into the valve-spindle socket, 
a sleeve which slips over the pilot rod and is 
provided with a cross-bar for turning, and a blade 
holder fastened by a grub screw to the sleeve. The 
holder is a gunmetal cylinder tapered at one end. It is 
slotted radially, as shown in Fig. 2 while its upper 
surface is turned with a deep V-groove. This groove 
is visible in Fig. 3, from which figure it will be seen that 
the backs of the blades are hook-shaped, and that the 
bottoms of the slots are tapered. The blades are held in 
place by a locking ring attached to the holder by screws, 
the hooked projection engaging with the V-groove. 
They are thus readily replaceable when blunt. The 
edge of the blade projects about 4,-in., from the holder, 
which ensures sufficient support to permit of a keen 
edge being employed. The stock patterns are made for 
valve seats having an angle of 45 deg., but any other 
angle is easily provided for. 

At present, the blade holder is made in eleven sizes, 
to suit seats ranging from { in. to 1} in. in diameter, and 
also 2; in. and 2% in. in diameter. The first five sizes 
have 9 blades and the remaining six sizes 12 blades. 
There are 12 sizes of pilot rod with a range of dia- 
meters from {j in. to in. and 7 mm. to 10-5 mm. 
These sizes cover all the usual motor cycle, car, and 
lorry engine valve seats. The sleeve, or mainshaft, 
is provided with screws for securing the pilot rod. 
The appliance is known as the Hall valve-seat re-facing 
tool, and is made by Mr. E. J. Smyth, 3 Claverton- 
street, S.W.1. 





ADMIRALTY Dock FOR SINGAPORE NAvAL BasE.— 
The first of the seven sections of the 50,000-ton floating 
dock, which is being built to the order of the British 
Admiralty for the new naval base at Singapore, by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
at their Wallsend Shipyard, was successfully launched 
recently. Two other sections are about to be launched. 
Work on the dock has proceeded rapidly, an output 
of over 100,000 rivets a week having been reached. A 
considerable amount of material has been brought to 
various stages of completion for the remaining four 
sections, which should all be launched by the end of 
next January. The sections of the dock, as completed, 
will be fitted together and tested in preparation for 
the voyage to Singapore. The finished dock will 
probably be towed in two portions. In the completed 
dock there will be about 20,000 tons of steel and 34 
million rivets, of which approximately 14 million have 
been used for the first three sections, 








THE PRESERVATION OF ST. PAUL’S 
CATHEDRAL. 


Tue methods employed in the restoration and pre- 
servation of historic buildings usually contain many 
features of interest, not only to the architect but also 
to the engineer. This is fully borne out by the work 
which is being conducted at the present time at 
St. Paul’s Cathedral, and it is interesting to find that 
the modern scientific metallurgist is also taking a 
prominent part in the operations. As is well known, 
the piers in the crypt of the Cathedral were, some 
time ago, found to be in a very unsatisfactory condition. 
Many proposals for reinforcing them were considered, 
and it was finally decided that holes should be drilled 
in the piers and that some kind of reinforcement should 
be introduced into these holes in order to give the 
structure additional strength. We understand that the 
method adopted consists essentially in drilling holes 
at intervals and at convenient angles in the piers, and 
then forcing in cement grout until the cavity is filled. 
In the case of the larger piers, the holes are drilled 
from two different sides, and are arranged in such a 
way as to give the maximum support to the pier in 
question. In many cases, apart from the material 
necessary to fill the hole, considerable additional 
quantities of grout have been required, proving that 
the cement works its way into cavities in the centre 
of the pier. After the hole is filled, it is again drilled 
out to a size slightly larger than the cross-sectional 
area of the bar to be used. After inserting the bar, 
further grout is forced in until the interstices remaining 
are completely filled. The authorities in charge of the 
undertaking were desirous of securing a metal which 
not only possessed high strength, but which would 
also, in so far as this was possible, last for an indefinite 
period. Exhaustive tests were carried out at the 
National Physical Laboratory, Teddington, with the 
result that Messrs. Thomas Firth and Sons’ Staybrite 
steel was selected as being the material possessing the 
most satisfactory qualities for the work under con- 
sideration. 


( 


Fig./. 
g 24 lapprar ye Sleppros)-< heneeey, 
cS en + x 7 =| 
oo 





6) 
pr-oz) 


i 











Fig.2 
UW. : Ty = 
198) ae “ENGINEERING 


The chemical tests carried out indicated that the 
corrosion-resisting properties of the material were of a 
very high order. Physical tests were then conducted, 
with a view to ascertaining the nature of the bond 
between the steel and the cement. These showed that, 
when in the form of a normal round bar, the Staybrite- 
steel test-piece could be pulled out from the cement, 
after the latter had set, by applying a comparatively 
low load, this being probably due to the very fact that 
the material resists any form of corrosive attack 
remarkably well, and the adhesion due to rusting, in 
the case of reinforcing by the use of ordinary steels, is 
therefore absent. The necessity of devising a special 
shape of bar was then realised, and a number of speci- 
mens were produced and tested. After several trials, 
a bar of oval section, counter-indented, of the type 
depicted in Figs, 1 and:2, herewith, was found to give 
satisfactory ‘“‘ pulling out ” test figures, and was finally 
adopted. The cross-sectional area of this bar is equiva- 
lent to that of l-in. diameter rod, and the indenting 
consists in swaging the oval, in the opposite direction, 
at intervals of approximately 3 in., as shown in the 
figures. The steel is supplied in the de-scaled condition 
in oval bars, varying from 6 ft. to 18 ft. in length, and, 
up till the present, some 25 tons have been furnished 
to the authorities at St. Paul’s. In certain cases, the 
bars have to be jointed. This is accomplished by 
screwing the ends of the two bars and connecting them 
by means of a Staybrite-steel sleeve, of hexagonal 
section, screwed internally. This feature of the problem 
is of interest in that it shows the adaptability of the 
material to machining. 








Tue Institute or Fuet,—The final act of the inau- 
guration of the Institute of Fuel was performed in 
London on July 5 last, when the requisite resolutions 
were passed by members of the Institution of Fuel 
Technology, Similar resolutions for merging the two 
bodies had been previously passed hy the members of 
the Institution of Fuel Economy Engineers. The Insti- 
tute of Fuel is now formally launched, and the council, 
which includes prominent leaders on both the scientific 
and industrial sides of fuel technology, is at present 
actively engaged in organising the work of the Institute, 
Sir Alfred Mond, Bart., P.C., M.P., is the first president 
of the Institute, which already has over 450 members. 
Further particulars regarding the Institute and its work 
may be obtained from the secretary, 202, Abbey House, 
Westminster, London, 8.W.1. 
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MemBers of the Ironfounding Workers’ Association, 
formerly the Glasgow organisation known as the 
Central Ironmoulders’ Association, raised an issue at 
Birmingham last week which most trade unions, as 
a rule, hesitate openly to press. Nominally, there is 
no such thing as “ restriction of output’ by organised 
workers ; actually, on occasion, there is a good deal 
of it. In this instance, about 450 men declined to 
work alongside a man who had objected to be bound 
by a local rule limiting daily earnings to a certain 
figure. The firm involved, Messrs. John Wright and 
Company, of Aston, refused to comply with the 
demand of the strikers that the services of the “ offend- 
ing’’ workmen should be dispensed with, believing, 
quite rightly, that to do so would be not only unfair, but 
also contrary to public policy. The Birmingham and 
Midlands District of the Engineering and Allied Em- 
ployers’ National Federation supported them in their 
attitude and insisted that the Union had no right to 
impose a limit on earnings. 








The position of employers generally was clearly 
expressed by Mr. Alexander Ramsey, chairman of the 
District’s Management Board, in the course of an 
interview. “In fifteen years’ experience of industrial 
negotiations,” he said, ‘I have never known a strike 
so little justified. The responsible trade unions do not 
seek to limit output, and give limitation no official 
sanction. Employers are always being challenged about 
wages and confronted with American standards, yet 
here is a case where work is all done piecework and 
where the workers seek to limit earnings and to victi- 
mise those who exceed their limitation. One of the 
deplorable facts of the case is that the man about whom 
the difficulty has arisen is not working under any 
specially favourable conditions. His wages have been 
earned by sheer merit, and the other men in the shop 
would be very unwilling to take over his job on the 
same conditions. The situation which the Union are 
trying to create is indefensible in principle and against 
public policy. Whatever the consequences, the em- 
ployers will be bound to resist it to the end.” 





At a conference in Birmingham, on Saturday last, 
terms of settlement were drawn up by representatives 
of the Union and the firm. It was agreed that the 
strike was caused by reasons for which the employers 
were not responsible ; that there should be, in future, 
no restriction on individual output or earnings; and 
that the men who were on strike should resume work 
on the following Monday. Provisions for avoiding dis- 
putes were also adopted, viz. :—‘‘ When a question arises 
an endeavour shall be made between the management 
and the workman directly concerned to settle the same ; 
failing settlement, the company will receive on request 
and within seven days a delegation from the trade 
union, which may be accompanied by their official 
representative. In such an event, a representative 
of an employers’ association may be present. It shall 
be an understanding between the parties that decisions 
arrived at by negotiation under this agreement shall 
become operative from the date of application. Until 
the procedure has been carried through there shall be 
no strike, either of a partial or general character.” 





As was anticipated in these notes a week ago, the 
pooled vote of the engineering trade unions on the wages 
question was substantially in favour of the accept- 
ance of the employers’ offer of 2s. per week to plain 
time workers. The result as declared at the conference 
of representatives, called to receive the returns of the 
various organisations, was 81,575 in favour and 41,527 
against ; but figures sent in subsequently raised the 
totals to 82,335 and 42,130 respectively. The increase 
is to be effective as from Monday next, and plain time 
rate®, as altered, are to remain in force for six months. 





A resolution on the subject of the Washington Hours’ 
Convention was adopted unanimously at the closing 
session on Thursday last week of the Swansea Con- 
ference of the Transport and General Workers’ Union. 
Its terms were ‘“‘ That the conference expresses regret 
that the Washington Convention agreement on the 
48-hour week has not been adopted and put into 
operation by the British Government. In view of the 
fact that the decision was reached on the invitation of 
their representatives and that Great Britain was a 
party to the five-Power pact, the continued obstruction 
of the British Government is an action which can only 
be described as a breach of faith and highly repre- 
hensible.” 





Discussion took place in private on resolutions sent 
in by a number of branches asking for a widening of 
the scope of the union to include the organisation of 
seamen. In the course of it, Mr. Bevin pointed out 
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the complications which would ensue from an internecine 
struggle between unions on such lines, and though 
much feeling was exhibited, the resolutions were 
defeated. 





The Monthly Trade Report of the United Pattern- 
makers’ Association states that the total membership 
of the organisation was, at the end of last month, 
11,257. The number of unemployed members was 
638, as compared with 1,447 at the end of June, 1926. 





The National Wages Board for the railways has 
rejected the application of the National Union of 
Railwaymen for a variation of the award of December, 
1925, under which new entrants to adult grades do not 
receive the bonus paid under the cost-of-living sliding 
scale. 





The Ministry of Labour states that on July 18, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,048,000, of whom 840,400 were men, 28,300 boys, 
152,300 women, and 27,000 girls. Of the total number, 
656,600 were wholly unemployed, 329,100 temporarily 
stopped, and 62,300 normally in casual employment. 
On July 11, 1927, the number of unemployed persons 
was 1,036,516, of whom 834,004 were men, 27,180 boys, 
148,885 women, and 26,447 girls; and on July 19, 
1926, it was 1,631,268, of whom 1,210,106 were men, 
43,077 boys, 332,720 women, and 45,365 girls. The 
figures for July 19, 1926, were affected by the dispute 
in the coal-mining industry. 


At the end of June, 12,740 members of the United 
Society of Boiler Makers and Iron and Steel Ship- 
builders were “ signing the vacant book,” as compared 
with 14,201 a month earlier. The number of members 
in receipt of superannuation benefit was 4,119; at 
the end of May it was 4,199. On the sick fund there 
were 2,714 members, as compared with 2,648. In 
May the expenses were 9,6111. 17s. ld. and in June 
they were 9,5701. 11s. 





According to Mr. Hill the position of dockyard 
members under the Trade Disputes and Trade Unions 
Bill is causing some anxiety. Membership is to be 
‘confined and limited,” he says “to such members 
as were entitled to benefit in April of this year or 
had benefit beginning to accrue to them in the union 
for future incapacity or death.” ‘‘ It would appear,” 
Mr. Hill proceeds, ‘‘ that we shall not be allowed to 
re-enter old members or admit new members or 
apprentices. Trade unions which are wholly composed 
of Civil Servants will be compelled to cut their 
connection with the Labour Party, Trades Union 
Congress and all other associations with workers 
outside of the Civil Service and carry on as a trade 
union wholly within the Civil Service. The position 
is a serious one for our dockyard members, and with 
the help of our members in Parliament, we are taking 
all possible steps in their interest.” 





The question of co-operation for the purpose of 
improving the interests of the railway industry was 
discussed at a meeting in Birmingham last week-end 
of the district officers of the Great Western and the 
London Midland and Scottish Railway Companies 
and representatives of the West Midland District 
Council of the National Union of Railwaymen. The 
following resolution was carried unanimously :— 
“That this meeting of the West Midland District 
Council of the National Union of Railwaymen, after 
hearing the views of the district officers of the 
London Midland and Scottish and Great Western 
Railways—and giving full consideration to all points 
put forward as to the need for the development of 
the spirit of co-operation between railway companies 
and the staffs with a view to improving the position— 
is of the opinion that much which is of value to all 
can be obtained if the spirit of this conference is 
continued. We, therefore, recommend that good can 
be done if in each locality the local departmental 
committees be used to promote this.” 





When the Trade Disputes and Trade Unions Bill 
reached the report stage in the House of Lords on 
Thursday last week, an amendment, moved by the 
Lord Chancellor, was agreed to, to carry out a promise 
given in Committee, providing that no person should 
be deemed to have committed an offence under any 
regulations made under the Emergency Powers Act, 
1920, by reason only of his having ceased work or 
having refused to continue to work or to accept em- 
ployment. 





On the understanding that, if another view were 


taken in the House of Commons, he should not be said 
to have given a pledge, the Lord Chancellor accepted, 
and the House agreed to, an amendment moved by 
Viscount Bertie of Thame. This was to add the words 
“or to any of his dependents ” to the definition which 
says that “ ‘ to intimidate’ means to cause in the mind 
of a person a reasonable apprehension of injury to 
him or to any member of his family.” 





The Lord Chancellor moved, and the House agreed 
to, an amendment to the definition of “injury,” to 
substitute for the words “includes injury other than 
physical or material injury’? the words “ includes 
injury to a person in respect of his business, occupa- 
tion, employment, or other source of income, and 
includes any actionable wrong.” 





An amendment to sub-section (4) clause 5, moved 
by the Lord Chancellor and agreed to, proposed to 
substitute for the words “hinder or prevent the dis- 
charge of the functions of the authority,” the words 
“cause injury or danger or grave inconvenience to 
the community.” On clause 8, after the definition 
of a strike as ‘‘ the cessation of work by a body of 
persons employed in any trade or industry acting in 
combination, or a concerted refusal, or a refusal under 
a common understanding of any number of persons 
who are or have been so employed to continue to work,” 
Viscount Inchcape moved to add “or to accept em- 
ployment.” The Lord Chancellor said that if it were 
the case that seamen engaged only for the voyage, 
they could refuse to re-engage and there would be no 
strike within the meaning of this Bill. That was a 
very serious consideration. The whole body of sea- 
men could refuse employment and so paralyse the whole 
export and import trade of the country. Therefore, 
with a full sense of the unusual course he was taking, 
he was prepared to ask the House to agree to this 
amendment. Remembering that the words they now 
proposed to insert were the words that were deleted 
on the Committee stage, the alternative was that they 
should send for the approval of the Commons an amend- 
ment which many of them did not think a right one. 
The amendment made in Committee would probably 
not be accepted by the Commons and it would come 
back, and their Lordships would be asked to do what 
they could do now, and that was to withdraw the 
amendment and restore the Bill to the condition in 
which it left the other House. The amendment was 
agreed to. 


On Tuesday at Southport, the annual conference of 
the Miners’ Federation unanimously adopted the 
following resolution on the subject of nationalisation :— 
“That the Miners’ Federation organise a campaign in 
favour of the nationalisation of mines and minerals, 
based upon the Coal and Power Report placed before 
the Samuel Commission, so as to secure to the workmen 
a decent standard of life in a basic industry on which the 
prosperity of the country so largely depends.”” Speaking 
in support of it, Mr. A. J. Cook, the secretary, said that 
hitherto they had regarded nationalisation as a policy 
for the future. It now became a question of the 
present. But changes in ownership merely would not 
change the conditions of the men. It was all very well 
to say that if the State owned the industry they would 
be better off. That depended upon who was the State. 
He hoped that nobody would run away with the idea 
that they had only to have nationalisation to be in 
clover. There might be increased production by means 
of an increase of machinery or co-ordination and the 
formation of trusts and cartels, but would the workers 
benefit? The whole point in nationalisation was. 
control of the industry. They must not concentrate 
on a change of ownership ; the fundamental thing was 
control. 

Earlier in the proceedings a delegate objected that the 
proposed resolution dealing with the nationalisation of 
the mines and minerals was silent on the point of 
whether or not compensation was to be paid. Mr. 
Herbert Smith repliéd that the policy of the Federation 
had already been laid down. The rightful owners of the 
mines should be compensated, but the royalty owners 
should not be compensated. 





Another resolution adopted by the conference called 
for the amendment of the Workmen’s Compensation 
Act on the lines suggested by the Holman Gregory 
report. It was suggested in particular that the law 
should provide that in the case of a workman found 
fit for light work it should be compulsory for the 
employer either to provide such work or to pay full 
compensation. A second suggestion was that it should 
not be necessary to prove dependency in respect of a 
boy who might be killed, but that a minimum sum of 





1001. should be payable to the parents. 





136 


ENGINEERING. 


[JULY 29, 1927. 








CHARGING 


CONSTRUCTED BY MESSRS. GIBBONS 





AND DISCHARGING MACHINE FOR INDUSTRIAL FURNACES. 


BROTHERS, LIMITED, ENGINEERS, DUDLEY. 











Engineering 





Fig. 9. EL&crricALLy-OPERATED MACHINE WITH CARRIER ELEVATED. 


CHARGING MACHINES FOR 
INDUSTRIAL FURNACES. 

In describing what is rapidly becoming a recognised 
adjunct in modern furnace work, we are able to use, by 
way of illustration, an interesting example of a large- 
scale machine employed in handling the steel plates now 
being manufactured at the Redcar Works of Messrs. 
Dorman, Long and Company, Limited, for the Sydney 
Harbour Bridge. These plates, about 60 ft. long by 
9 ft. wide, weigh about 15 tons each, and are put 
through a normalising process after rolling, that is, 
they are heated to a high temperature and then with- 
drawn and allowed to cool slowly in air. A special 
oil-fired furnace has been built at Redcar which is 
capable of heating the plates quickly, uniformly, and 
to the correct temperature, but it will be realised that 
with material of such a length, unless the charging and 
discharging is done rapidly, that end of the plate which 
enters the furnace first and leaves it last is very likely 
to be overheated. The solution to this problem was 
furnished by Messrs. Gibbons Bros., Ltd., Dibdale 
Works, Dudley, in the Gibbons-Van Marle charging 
and discharging machine, by means of which a 60-ft. 
plate can be inserted in something under 1} min., a 
complete cycle, without heating, occupying 3 min. 
Figs. 1 to 8, on Plate X, show this machine, while 
Figs. 9 and 10, on this and the opposite pages, illus- 
trate two slightly different types, to which reference 
will be made later. The principle of all three machines 
is simply that of a mechanical peel which replaces the 
forked or spatulate hand-operated type common in 
many industries. 

A general idea of the Redcar machine, which is 
electrically operated, is, perhaps, best gained from 
Fig. 1. This shows it in an unloaded condition, and 
withdrawn from the furnace. It will be necessary, at 
the outset, to refer to Fig. 8, in order to get a clear idea 
of one of the basic principles of the apparatus. This 
concerns the construction of the bottom of the furnace, 
which, as clearly appears from Fig. 8, is not an unbroken 
surface, but is divided by four longitudinal grooves. 
These grooves may be either formed in the brickwork, 
as in the present instance, with a cast-iron rail in the 
bottom, or may be made wholly of cast iron of channel 
section. They are usually 4} in. wide by 7 in. deep, 
and the arms of the carrier bars run in them. Each 
carrier bar is composed of two pairs of flat bars con- 
nected by rivets and distance pieces, one pair lying 
upon the other. The combined depth of the bars, 
that is, of the carrier itself, is somewhat less than that 
of the grooves, so that in preparing to withdraw a plate 
the carrier bar can be slipped quite freely under it 
without friction. When the carriers are fully home in 


the furnace, the upper bars are raised from the lower 
ones. This lifts the plate about 1} in. clear of the 
furnace bottom, or edges of the channels, as the case /a worm and wheel and a train of spur gearing, two 
may be, and the machine is then run back, bringing | chain sprocket wheels. A similar pair of wheels is 
the plate with it. For charging the furnace, the | fitted at the furnace end of the carrier frame, and two 


reverse process is followed. The cold plate is placed 
on the separated bars, the regulated collapse of which, 
when the plate is in the furnace, lowers it on to the 
bed, leaving the carrier free to be withdrawn. 

The lower member of the carrier is fitted with closely- 
pitched rollers. These run upon pathways in the 
inside of channel irons, the surface of the pathway 
being flush with the bottom of the grooves in the 
furnace bed, and, of course, they run in these grooves 
when the carrier is inside the furnace. The channels are 
carried on transverse supports analogous to railway 
sleepers. The arrangement of the two-part carrier 
with the channel and supports is quite clear in Fig. 1, 
while at the left of the figure is seen the operator’s 
platform and the motor drive for the lifting gear. 
The motor for the longitudinal motion is situated in 
the pit below the platform. 

For the construction of the carrier and the methods 
of driving, Figs. 2 to 7 should be consulted. The two 
bars forming a pair, as already stated, are separated 
by distance pieces. These, with the rollers previously 
alluded to, are shown in Figs. 4 and 5. In addition to 
the rollers, and spaced between them, the bottom 
member of the carrier is provided with solid pieces, 
which project upwards between the bars of the top 
member in the form of inclined planes. Smaller 
rollers in the upper member run upon the inclined 
planes, and it will be clear that if the rollers 
are caused to mount these planes the top member 
will be lifted in a vertical direction. This is done 
by dragging the top member along the bottom 
one towards the operating platform, the arrangement 
for effecting the movement being as follows :—The 
platform consists of a flat stage, at one side of which is 
mounted a cast-iron table carrying a small motor. 
The motor drives, through a duplex chain, a worm 
giving motion to a shaft carrying a pinion on each end. 
These pinions mesh with spur wheels mounted on two 
secondary shafts, also fitted with pinions on the ends. 
This train of gearing is shown in Fig. 6, and Figs. 4 
and 5 illustrate the method by which the rotary 
motion is transformed into the sliding motion required 
for the top members of the carriers. Short racks set 
at a slight angle to the horizontal and carried in 
guides, engage with the pinions, and are connected to 
the carrier by a link. The motor is reversible, and the 
top member is drawn up or let down the inclines on 
the bottom one, thus raising or lowering it as desired. 

The necessary starters and resistances are carried on 
the platform, which is fitted with a shield to screen the 
| driver when near the open furnace door. Current is 
supplied by the flexible armoured cable seen in Fig. 8, 





| a man being told off to keep it clear of obstructions as 


| the platform runs along the ways. The travel of the 


| charger is effected by a 25-h.p. stationary independent 
| motor situated in a shallow pit. This drives, through 





endless chains, attached at one point to the lower 
member, provide the motive power, the motor being, 
of course, reversible. The return portion of the chain 
lies in a shallow trough on the ground. This is shown 
in Fig. 7, and both the working and return parts of the 
chain are visible in Fig. 8. Fig. 7, which is an end 
elevation, shows also very clearly the carrier bars and 
the cross girders. These are carried on stools which 
permit of vertical adjustment, so that the frames can 
be kept in line horizontally. The parts projecting at 
the wings are spring buffers, which stop the platform 
should the charging stroke be overrun. Provision for 
this is also shown in Fig. 8, in which there are four 
pairs of rollers visible at the end of the platform. 
These form the buffers in the other direction, namely, 
on the withdrawing stroke, at the end of which they 
come in contact with the spring buffers attached to 
the end cross girder. This position is shown in Figs. 1, 
4 and 5. 

As stated above, the machine just described was 
constructed to serve a special furnace, and the plates 
are lifted on to it and from it by overhead cranes. 
When, however, there is a series of furnaces to be 
filled or emptied, the machine, instead of being carried 
on fixed girders, may be mounted upon wheels in the 
manner shown in Figs. 9 and 10. The cross traverse 
thus provided not only enables it to be movetl to any 
furnace of the range, but in those cases where rapidity 
of charging or discharging is desired, the provision of a 
loading table in the form of a dummy furnace bed 
near the furnaces enables a load to be prepared before- 
hand for the machine to pick up, or permits one to be 
left in a convenient position for removal, while it 
returns to withdraw work from another furnace. 
These traversing machines may be operated either by 
hand or electrically. An example of the first is given 
in Fig. 10. Its construction is so clear from the figure 
that no description is required, beyond pointing out 
that the operating mechanism does not travel witl the 
carrier as in the larger machine, but transmits motion 
to the elevating device on the carrier through a long 
square shaft carrying a sliding worm. The nature of 
the load being charged, and the manner in which it 
is being introduced and effectively distributed over 
the furnace bed, will also be apparent from an in- 
spection of the illustration. The hand machine can 
deal with loads of 2 to 3 tons, and is constructed to 
charge furnaces up to 25 ft. in length. A modification, 
to work in conjunction with furnaces situated at right 
angles to one another, or when a forge or mill is in a 
similar position, embodies a turntable between the 
traversing carriage and the carrier bars. 

The electrically-driven machine is shown in Fig. 9. 
It is fitted with a 4}-h.p. motor, which provides for a 
the necessary movements, viz., lifting and lowering, 
charging and discharging, and traversing. As in the 
case of the hand machine, the construction is quite 
clear. The electrical machine is self-contained, and 
the current is supplied by an armoured cable which is 
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Fic. 10. HAanp-OPERATED MACHINE WITH CARRIER ELEVATED. 


paid out as the machine is traversed. The controlling 
mechanism, motor, &c., remain at the end of the 
machine as in the case of the hand-operated type, 
motion being given by a long square shaft with a 
sliding worm. Both the machines have a carriage 
running upon two rails, as they are examples for short 
furnaces. For furnaces longer than 15 ft., three lines 
of rails are required. It will be realised that, as the 
rollers of the carriers move in the grooves in the furnace 
bed, when the carriers are inserted or withdrawn, 
there is no overhanging weight at any time. Conse- 
quently no holding down rail is necessary. It might 
be thought that trouble would arise from the alternations 
of heating and cooling to which the carrier bars are 
exposed, but no difficulty has so far arisen with tempera- 
tures up to 1,100 deg. C. The large carbonising boxes 
used in case-hardening, large plates for flanged boiler 
ends, and similar heavy materials have been handled 
with success, as well as numerous miscellaneous materials 
and objects. 


LETTERS TO THE EDITOR. 


15-TON STEAM-LIFT FREE-TUP 
DROP-FORGING HAMMER. 
To THE Epitor oF ENGINEERING. 

Str,—In your issue of June 24 the article on the 
Schneider-Urbanek steam-lift drop hammer states 
“that the steam hammer, as we know it with its 
positive dead blow, is unsuitable for drop forging.” 

It is of interest that the positive blow steam hammer 
is largely and successfully employed in this country 
for drop forging. High-grade alloy-steel forgings 
weighing 300 Ib., such as six-throw aircraft engine 
crankshafts, are forged thus by some of the large 
forge plants. 





Yours faithfully, 
8S. D. Heron. 
Dayton, Ohio, U.S.A., July 12, 1927. 








OIL FUEL FOR DOMESTIC HEATING. 
To THE Eprror oF ENGINEERING. 

Sir,—In your issue of June 17, page 738, you published 
an article entitled ‘‘ Oil Fuel for Domestic Heating,” 
in which you reviewed a recently published report on 
““The Domestic Oil Burner,’ issued by the United 
States Department of Agriculture. Whilst agreeing 
with the majority of the criticisms made, we.feel that 





the economies effected by oil burning have been some- 
what too quickly dismissed, as evidenced by our experi- 
ence with the Parwinac automatic oil-burning heater. 
As regards the fuel, the light Diesel oil with which our 
oil-burner will work, may be obtained from any of the 
depots of the big petrol oil distributors, such as Shell 
Mex, Limited. The specific gravity of the most favour- 
able oil for the purpose is 0-880. This has been quoted 
to us at the price of 5/. 12s. 6d. per ton, with a calorific 
value of 19,350 B.Th.U. per lb. It requires, therefore, 
a slight calculation to determine the relative costs of 


| producing 1,000,000 B.Th.U. of useful heat by burning 


such Diesel oil and by coke burning. Diesel oil of 
0-880 specific gravity contains 19,350 B.Th.U. per lb. 
Best coke for boilers contains 12,000 B.Th.U. (approx.) 
per lb. Since oil is burnt at 624 per cent. average 
efficiency, to obtain 1,000,000 B.Th.U. of useful heat 
82-68 lb. of Diesel oil are required. Since coke 
burns at 50 per cent. average efficiency, to obtain 
1,000,000 B.Th.U. of useful heat, 166-6 lb. of coke are 
required. But—and this is a point that we feel should 
be stressed—whereas oil purchased is consumed to the 
extent of nearly 100 per cent., coke is only consumed 
to the extent of 60 per cent., on account of losses in 
transit, starting fires, ash, and in unconsumed fuel in 
the ash. In practice, therefore, it is necessary to 
purchase 277-7 lb. of coke to obtain 1,000,000 B.Th.U. 
of useful heat. We have, therefore, 50d. for the actual 
cost of producing 1,000,000 B.Th.U. of heat by burn- 
ing 82-68 lb. of Diesel oil at, 51. 12s. 6d. per ton, as 
against 594d. the corresponding cost of 277-7 lb. of 
coke at 2/. per ton (summer prices). 

Now, it is possible that in arriving at this result, 
which shows that coke costs 19 per cent. more than oil 
to produce 1,000,000 B.Th.U. of useful heat from a 
central heating boiler, the fairness of certain allowances 
may be questioned. The points questioned would 
probably be (1) the comparative efficiency of coke burn- 
ing and oil burning, and (2) the percentage of loss with 
coke. As regards (1), the efficiencies upon which the 
above calculation has been based are accepted by heating 
engineers in England and America. As regards (2), 
no very exact estimate can be arrived at ; but, granted 
that the premise of loss in coke purchased is true— 
and it is obviously as true as that there is practically 
no loss in purchased oil fuel—then we can only say that 
in the United States this loss is officially estimated at 
55 per cent., so that the estimate of 40 per cent. we 
give is conservative. 

On the other hand, to show how this figure of 19 per 
cent. greater cost of coke consumption favours con- 
sumers as far as possible, it should be noted that 





normal summer prices for coke have been quoted, 
the highest calorific value has been allowed for the coke, 
and no losses involved in banking coke fires have been 
taken into account in the calculation; there is no 
equivalent to banking in heating by oil. 

Finally, with an oil-burning furnace it is only 
necessary to see that there is fuel oil in the storage tank 
and water in the boiler. The cost of labour, and the 
waste of time involved in stoking and removal of ash, 
are absolutely eliminated. There is no stoking equip- 
ment to renew and damage to furnace linings and 
grates is unknown. 

In the case of larger installations, we have figures 
showing that one large hotel paid for the cost of install- 
ing a Parwinac oil-burning heating system in less than 
8 months and saved, in addition, 12} per cent. on a 
year’s heating costs, as compared with the cost of 
heating by coke-fired boilers. 

We do not suggest that, in the case of the smaller 
installations, such results would be possible; neverthe- 
less, it is quite certain that the Parwinac automatic 
oil-burning heater will pay for itself, sooner or later, 
by the economies it effects. This fact, in addition to 
the increased convenience and cleanliness which this 
form of heating brings about, should make the question 
of installing an oil burner in central-heating instal- 
lations a matter for the serious consideration of con- 
sulting and heating engineers. 

Yours faithfully, 
J. GRIEG, 
for Parker, Winder and Achurch, Limited. 
Birmingham, July 19, 1927. 





ENGINEERING AND FINANCE. 
To THE Eprror oF ENGINEERING. 


Sir,—Referring to the note under the above heading 
in your issue of the 8th inst., I would like to appeal to 
all your readers, especially to power engineers, to give 
this matter more than ordinary attention. 

Mr. McKenna apparently sees what no other leading 
banker or financial leader seems to recognise, viz., 
that the present British banking system has reached 
what, in engineering language, is known as saturation 
point. The amount of legal tender currency is tied 
to gold by a purely arbitrary ratio. The amount of 
cheque currency is also tied to a word called “ assets,” 
by asimilarly arbitrary ratio. The first, as Mr. McKenna 
explained in his annual address last January, is depen- 
dent upon the fortuitous discovery of gold in the earth, 
and the second upon the ratio of assets to deposit 
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liabilities, fixed by custom within the limits of 20 per 
cent. to 26 per cent. 

These two currencies being, therefore, fixed and 
immovable, within practically very narrow margins, 
the banks have reached the limit of their lending power. 
Trade and industry can only wilt and die if these 
conditions are allowed to remain unaltered. It is here 
that the power engineer can assist the banker, for 
whilst it is true, as you say, “the question is one of 
great technical complexity, only to be considered with 
the deliberation and expert knowledge that its diffi- 
culties as well as its gravity demand,” if it be recog- 
nised for what it really is—an energy problem—the 
method of treatment is obvious, and the solution simple 
and free from dangerous experimentation. 

Mr. McKenna has somewhere defined currency as the 
‘* rolling-stock of commerce.” The metaphor may be 
somewhat clumsy, but the idea issound. The currency, 
whatever be its form, is only the vehicle, not the real 
thing. The real thing is the commerce, or, to put it 
more correctly still, the energies and activities of human 
beings exchanging goods and services. This can be 
defined as the commercial energy, which flows in and 
through communities, using for its medium coins, notes, 
cheques, bills, promises and other physical forms. 

“These different vehicles for the transference of 
commercial energy have their parallels in the different 
vehicles for heat energy, ¢.g., the different states of 
water. Solid ice when heated turns into liquid water : 
this, again, can be changed into vapour of water or 
steam, and, when heated still further, becomes super- 
heated or gaseous steam. 

‘On the financial side, gold in solid bulk is con- 
verted into liquid form as coinage, which, in turn, 
may be replaced by vaporous promises to pay called 
notes, and these, at a still higher commercial level, 
may be mere gaseous promises without the accompany- 
ing scraps of paper, the word instead of the bond.” 

If this analysis by a power engineer (Mr. G. M. Clark, 
M.A.) is sound, it must inevitably follow that as the 
demand for energy increases, the quantity of water 
circulating in the power station must also be increased. 
Any attempt to carry on without doing this will prove 
futile. Mr. McKenna has arrived at precisely this 
conclusion, as the following extract, from his annual 
speech in January this year, shows :—‘‘ The vital need 
for the future is to ensure that the maintenance of 
prosperity, with a growing population and ever- 
improving standard of living, both requiring an ex- 
pansion in the volume of trade, shall not be hampered 
by false restrictions on the quantity of money.” 

The function of the water in the electrical power 
station, and that of the money in the national commer- 
cial system is precisely and absolutely the same. There 
is, therefore, no solution except that which the engineer 
would apply in a similar case, where he is short of 
power. What he does, after fixing the value of his 
pound of steam in terms of energy, is to proportion the 
volume to the work he is seeking to do. 

What the financier must do is identical. Some 
means must be found for increasing the volume of both 
legal tender currency and cheque currency. The 
“rolling stock”? must be adequate to carry the volume 
of trade, the latter having long since outgrown the gold 
or any other arbitrary standard. 

The Cunliffe Currency Commission, consisting of 
orthodox financiers and economists of the classical 
school, advised the return to the gold standard. Mr. 
McKenna supported this advice. Now, amid the ruin 
caused by this obviously backward step, they seek 
another enquiry. This time Mr. McKenna suggests 
that the whole “ theoretic basis and practical technique 
of our credit and currency system ” should be examined. 
What he pleads for is a return to first principles in this 
matter, and I submit that this will necessitate the inclu- 
sion on the committee of engineers and chemists, as 
well as some leading industrialists who are not bankers. 

The industrial order is the outcome of scientific study 
and research. The scientific men have hitherto been 
entrusted only with two of the three main ingredients 
in the problem: Nature’s rude materials, and Nature’s 
mysterious forces. These have been subdued for the 
use of mankind, but they are not yet “in widest 
commonalty spread.” If the production of a better 
standard of human life and personality be the end of 
all our corporate endeavours, then finance must be no 
longer kept within a closed privileged reserve. 

The classical must not be allowed to strangle the 
scientific. If finance be the distribution element (or 
ingredient) in the modern industrial problem, the 
engineer must have his say in that, for it is in trans- 
portation that he has most excelled. I hope you will 
ventilate this subject in your columns and support 
the demand, not only for this fundamental enquiry, 
but also for the inclusion on the committee of men 
representing directly power engineering, industry and 
agriculture. 

Yours faithfully, 


a 


. Gotprer, M.I.Mech.E. 
Blackheath, July 18, 1927. 
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THE EGYPTIAN MARKET FOR 
BRITISH MACHINE TOOLS. 


SoME interesting information regarding the market 
for machine tools in that country can be derived from 
the answers to a questionnaire, which was recently 
circulated to its members by the British Chamber of 
Commerce in Egypt. A résumé of these replies, which 
represents the general consensus of opinion of the 
British trade in Egypt, has been forwarded through 
H.B.M. Commercial Secretary to the Department of 
Overseas Trade, who initiated the enquiry. As these 
are likely to be of considerable interest to British 
machine tool manufacturers, a summary of the answers 
is given below. 

The chief industries using machine tools in Egypt 
are the Government workshops, including railways, 
the municipal power stations and waterworks, large 
pumping stations, sugar and cotton ginning factories 
and numerous small factories and repair shops, 
connected with the engineering and other trades. The 
Government departments are certainly the largest 
users. The individual demand though small is con- 
tinuous, but falls mainly under the heading of replace- 
ments. There is no local factory producing machine 
tools. Foreign !competition is very keen, especially 
from Germany, Austria and America. Sweden is now 
entering the market. Germany and Austria sell 
mainly to native Egyptian firms ; England, France and 
Belgium to the larger concerns. This competition is 
assisted by the fact that German and Austrian prices 
are 30 to 50 per cent. below those of English and French 
firms. In addition, Egyptians always buy in the 
cheapest market, irrespective of quality. A further 
factor is that foreign firms give long credits. While 
British manufacturers give sufficient credit for dealings 
with Government departments, foreign manufacturers 
are content to wait until their agents receive payment, 
and in cases of extendedcredit accept payment over one, 
two and three years. It is stated that trade is very 
slack at the moment. To improve matters it is 
recommended that prices should be reduced and credit 
extended ; that propaganda should be set on foot, 
especially among Government departments, to prove 
that good machine tools are necessary for high-class 
work and more economical in the long run; and that 
these activities should be combined with suitable 
advertising and more frequent visits of travelling 
agents to the country. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Conditions in the Cleveland 
pig iron trade are going from bad to worse, and there are 
rumours that more blast furnaces are likely to be laid 
idle in the near future. Two furnaces at one of the works 
of Messrs. Pease and Partners, Limited, are expected to 
be damped down. At the Clarence Works of Messrs. 
Dorman Long and Company, Limited, two old furnaces 
have been put out of action, but in their place is being 
started a large furnace which will approximately maintain 
the firms’ output. The very limited quantities of 
Cleveland pig available for sale are more than sufficient 
to meet the moderate market demand, but makers refuse 
to lower quotations. Buyers’ unsuccessful @fforts to 
securing price concessions are resulting in pig iron con- 
sumers here once more purchasing comparatively cheap 
Continental makes. No. 1 Cleveland is 72s. 6d.; No. 3 
G.m.b., 70s.; No. 4 foundry, 69s.; and No. 4 forge, 
68s. 6d. 


Hematite.—Quotations for East Coast hematite iron 
are irregular with a rather marked downward tendency. 
Though prices are already well below cost of output, 
producers are keen to reduce their rather heavy stocks, and 
do not hesitate to accept orders at rather less than recog- 
nised market rates. No. 1 is offered freely at 76s. 6d., and 
mixed numbers are on sale at 76s. 


Foreign Ore.—Resumption of transactions in foreign 
ore are unlikely until consumers’ stocks have been sub- 
stantially reduced. Nominally, quotations are based on 
best rubio at 21s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Sellers of Durham blast-furnace 
coke are endeavouring to make a stand against the 
downward movement of prices, but local users are not 
disposed to pay the figures named. For good average 
qualities, the general quotation remains at 19s., which is 
declared by makers to be an altogether unprofitable 
price. 


Manufactured Iron and Steel.—Finished iron and steel 
manufacturers are very keen to secure work but are as 
reluctant as ever to reduce quotations. Orders are much 
needed to follow on to contracts fast running out. 
Common iron bars are 111, 5s.; iron rivets, 111. 15s. ; 
steel rivets, 12/.; packing (parallel), 8.; packing 
(tapered), 11/.; steel billets (soft), 71. 12s. 6d. ; steel 
billets (medium), 8/. 2s. 6d. ; steel billets (hard), 8/. 12s. 6d. 
steel ship plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d. ; 
steel joists, 7/. 12s. 6d.; heavy steel rails, 8/. 10s.; and 
galvanised corrugated sheets (No. 24 gauge, in bundles) 
141. to 141. 5s, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The heavy steel trades are in the grip 
of a seasonal quietness that is customary at this time of 
the year. The holiday period has had the effect of 
curtailing the placing of business, and there is a general 
disposition for outputs to fall in those sections that are 
most exposed to the force of foreign underselling. Taken 
as a whole, however, the position is not without satis- 
factory features. While the total of unemployed opera- 
tives still exceeds 20,000, more men are at work than 
was the case pre-war, and aggregate production is 
considerably in excess of the returns then recorded. An 
improvement may be looked for in the purchase of raw 
and semi-finished materials at any moment. Stocks at 
steelmaking works are uniformly light, and prices 
generally are in favour of buyers, having regard to succes- 
sive cuts that have taken place in the principal materials. 
Rolling mills are operating at about 50 per cent. capacity, 
but there is rather more activity in heavy forgings 
and castings. The railway departments might be better 
employed. A much bigger outlet could be found for 
axles, tyres, and springs. On the other hand, overseas 
schemes point to a progressive demand from which 
Sheffield is likely to benefit, having regard to the tendency 
in several important quarters to revert to the more 
reliable British steel. Electrical machinery and equip- 
ment is a strong line, with order books even better placed 
than was the case twelve months ago. Heavy deliveries 
of automobile steel are going to the Midlands, and at 
the same time efforts are being made to expand British 
connections, not only in the Dominions, but in several 
of the principal foreign markets. The demand for builders’ 
castings and general ironwork has fallen somewhat, though 
outputs are still considerable. A substantial business is 
being done in railway and tramway furnishings. Prices 
in tool manufacture allow a very narrow margin of profit. 
There is a good demand for joiner’s tools, but in garden- 
ing tools, mining implements, and engineering requisites, 
business shows several weak patches. 


South Yorkshire Coal Trade.—Buying generally is 
dull, Consumption in housecoal is at a minimum, and 
the disposition to cater ahead for winter supplies develops 
slowly, despite the attractive rates that are obtainable 
having regard to the depressed conditions at the collieries. 
The market for industrial fuel is adversely affected by 
the disposition of the heavy trades to mark time. 
Overseas inquiries are more numerous, and some good 
business has been arranged, but contracts are subject 
to the keenest possible competition. The pronounced 
slump in the price of blast furnace coke has done little 
to stimulate inland purchases. Smalls can be obtained 
at special rates owing to the accumulation of surpluses 
at district collieries. Quotations: Best handpicked 
branch, 27s. 6d. to 28s. 6d.; best house coal, 21s. to 
22s. 6d.; screened house coal, 19s. to 2ls.; sereened 
house nuts, 16s. to 17s. 6d.; Yorkshire hards, 16s. to 
17s.; Derbyshire hards, 16s. to 17s.; rough slacks, 
10s. 6d. to 11s. 6d. ; nutty slacks, 8s. to 9s. ; and smalls, 
3s. to 5s. 6d. 








TENDER.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of the following tender. Further details and 
information relating to this can be obtained on applica- 
tion to the Department at the above address, the refer- 
ence number given below being quoted. The Public 
Works Department, Wellington, is calling for tenders, to 
be presented by September 6, for line conductors for 
Waikaremoana power scheme. Section 65. (Ref. No. 
AX 4933.) 


DESIGN AND CONSTRUCTION OF  FORMWORK: 
ErrAtuM.—In a review of this book, which appeared 
on page 711 of our issue of June 10, it was suggested 
“that the dimensions given in Tables 2 and 3 do not 
appear to be correctly derived from the formula.” Mr. 
A. E. Wynn, the author of the treatise, informs us that 
all these tables have been carefully checked, and that 
the discrepant results obtained by the reviewer were 
due to his having inserted in the formula the nominal 
instead of the reduced dimensions of the sheathing. 
Thus sheathing with a nominal thickness of 2 in. should 
be calculated for strength as if the thickness were 1 in. 
We regret the misunderstanding, but as there is a possi- 
bility that other readers may also be misled we are glad 
to put on record the explanation above given. 





Moror TaxaTion.—Figures furnished by the Minister 
of Transport relating to the number of motor licences 
issued from December 1, 1926, to May 31, 1927, and 
to the tax collected in Great Britain during that period, 
show that the total gross receipts amounted to 18,339,280/. 
Rebates allowed in respect of pre-1913 engines amounted 
to some 48,000/.; sums totalling approximately 
150,000/. were refunded in connection with the surrender 
of 17,355 licences under Section 18 (1) of the Finance 
Act, 1924, and the gross receipts are subject to further 
adjustments as regards other refunds. The total 
number of motor vehicles, exchiding tramway cars 
and certain other classes, in respect of which licences 
were current on May 31, 1927, may be taken as 
1,756,000. This total includes 727,000 cars taxed on 
horse-power, 635,000 cycles, 271,000 goods vehicles, 
86,000 motor hackneys, 14,000 motor ploughs, 2,900 
tractor vehicles for general haulage, and 1,100 agri- 
cultural road locomotives. The average receipt for 
a whole year licence was 14l. 7s. 6d. for cars taxed on 
horse-power, 27. 148. for cycles, 201. 7s. for electric 
goods vehicles, 281. lls. 6d. for other goods vehicles, 
and 461. 19s. for motor hackneys. 








CarpirF, Wednesday. 

The Coal Trade.—Portugal has decided to follow the 
example of Spain by compelling railways and industries 
to use a certain percentage of native coal. A decree 
has been issued providing that in four months’ time a 
definite percentage coal, which will be fixed every three 
months, must be used, the prices of which must not 
exceed those of equivalent British Admiralty qualities. 
Plant is to be adapted for the substitution of Portuguese 
coal. The bulk of Portugal’s coal supplies are at present 
drawn from South Wales, 295,000 tons having been 
imported in the past six months. What effect the new 
regulation will have remains to be seen, and will depend 
to a large extent on the development of the coal industry 
in Portugal and the success or otherwise of the adoption 
of new plant. In the meantime, though prices for 
Welsh coal have receded to levels which, in the majority of 
cases, involve colliery owners in losses, the demand is 
insufficient to absorb outputs, which have been consider- 
ably reduced by pit stoppages caused by lack of trade. 
The approaching holidays has caused a quickening in 
shipments, as merchants are keen to get boats away, 
with the result that there has been a rather better demand 
for the superior classes of smalls, chiefly for bunkering 
purposes, and prices have hardened slightly, the best 
descriptions ruling from 12s, 6d. to 14s. All qualities of 
large, however, remained in ample supply, with best 
Admiralties from 20s. to 20s. 6d. The miners will be 
idle on Monday, Tuesday and Wednesday next, and it is 
hoped by colliery salesmen that the loss of output will 
help to reduce. considerably the heavy stocks of coal. 
Prospective buyers, however, were not perturbed and 
continued to make their purchases on hand-to-mouth lines, 
realising that a big improvement must take place in the 
demand to absorb available quantities of coal. 


Steamer Contracts.—A contract for a new cargo 
steamer of 7,500 tons deadweight has been placed by 
Messrs. E. C. Downing and Company, Cardiff, managers 
of the Strath Steamship Company, Limited. The vessel 
is to be built by Messrs. Joseph L. Thompson and Sons, 
of Sunderland, to be delivered in the second half of next 
year. Coal-burning engines are to be supplied by 
Messrs. John Dickinson and Sons, of Sunderland. This 
order represents the twenty-fourth placed by Cardiff 
owners, since the termination of the disastrous coal strike, 
for new vessels, the aggregate tonnage representing 
195,850 tons. Two of the vessels have just been 
launched, the Ramillies, of 8,300 tons d.w., for Mr. John 
Cory, and the Iddesleigh, of 9,700 tons d.w., for Lord 
Glanely. Orders placed by Cardiff owners represent a 
capital outlay of about 2,000,000/. 








ContTRActTs.—Messrs. James Gordon and Company, 
Limited, Windsor House, Kingsway, London, W.C.2, 
have received a repeat order from the executive engineer, 
Northern Division, Ganges Canal, for a 330-h.p. water 
turbine to work under a 19-ft. head. Other orders 
include 10 smaller vertical-shaft Francis turbines, two 
horizontal Francis turbines, and nine small Pelton 
wheels.—Messrs. Richard Sizer, Limited, Cornwall-street, 
Wilmington, Hull, have just received a large contract for 
126 sets of oil-immersed worm reduction gears; these 
form part of a large order and are for an important firm 
in the South of England. 





CoMPETITION OF INDUSTRIAL Desicns.—A selection 
of the designs received in connection with the Compe- 
tition of Industrial Designs, 1927, for prizes and 
scholarships offered by the Royal Society of Arts and 
well-known manufacturers, will be exhibited in the 
Indian Pavilion of the Imperial Institute, South 
Kensington, 8.W.7, from July 30 to August 31, from 
10 a.m. to 5 p.m. (Sundays from 2.30 p.m. to 6 p.m.). 
The exhibition is open free of charge; no tickets are 
required. It will include designs in architectural 
decoration, textiles, printing and book production, 
china, earthenware and glass, designs for posters, and 
price lists. A bureau of information has been established 
at the Royal Society of Arts, John-street, Adelphi, 
London, W.C.2, in connection with the competition, 
at which are kept the names and addresses of exhibitors. 
These lists are at the service of manufacturers who desire 
the service of designers. 





Tue ENGINEERING INDEx.—Published by the American 
Society of Mechanical Engineers, 29, West 39th-street, 
New York, U.S.A., the 1926 volume of The Engineering 
Index recently made its appearance. As is now well 
known, the book constitutes an index to articles which 
have appeared in the chief technical periodicals of the 
world on mechanical, civil, electrical, mining and 
chemical engineering, metallurgy, and allied subjects. 
The present volume covers, as far as possible, the year 
1926. The large number of entries may be gauged from 
the fact that the book contains over 800 pages. In 
each case the title of the article or paper is given, 
together with the author’s name and full data regarding 
date and page number in the particular periodical. In 
addition, the subject matter of the article is summed up 
in a few lines. Photostatic copies (white printing on 
black background) of any of the articles referred to 
in the Index may be obtained on application to the 
Engineering Societies’ Library, at the address given 
above. Translations of any material in the collection 
of the Library are also undertaken. The Engineering 
Index, the value of which need not be emphasised, 
is priced at 6 dols. for members of the American Society 
of Mechanical Engineers, and at 7 dols. for non-members 
of the Society. 
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Guascow, Wednesday. 


Scottish Steel Trade-—Movement in the Scottish steel 
trade is at a standstill at present as all the works are 
closed down for holidays. All that is being done at 
the moment is overhauling plant, &c., in preparation 
for re-starting. Inquiries so far are disappointing, and 
specifications are not being received in anything like a 
promising tonnage. The prospects are therefore not 
very encouraging. A meeting of the Scottish and 
English associated makers was held in London at the 
end of last week, when prices were under discussion. 
It was ultimately decided to make no change in the 
meantime in the current quotations, and these remain 
as under :—Boiler plates, 11J. per ton; ship plates, 
81. 2s. 6d. per ton; sections, 7]. 12s. 6d. per ton; and 
sheets, under ;% in. to } in., 10/. to 12/. per ton, delivered 
Glasgow stations. 


Malleable-Iron Trade.—The state of affairs in the 
malleable-iron trade of the West of Scotland has under- 
gone no change. The works are still closed, but manage- 
ments do not report any improvement in specifications. 
Prices are unchanged, with Crown bars at 101, 15s. per 
ton delivered Glasgow stations. 


Scottish Pig-Iron Trade.—None of the blast furnaces 
is yet in operation, and it may be a week or two before 
any of them are blown in. Stocks on hand are quite 
ample for any immediate calls, and, until the outlook 
is clearer, producers are not inclined to restart their 
works. The local demand is poor and export lots are 
not of much account at present. Prices are weak, 
and the current rates are as follow :—Hematite, 80s. 6d. 
per ton delivered at the steel works; foundry iron, 
No. 1, 82s. 6d. per ton, and No. 3, 77s. 6d. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 23, only amounted to 105 
tons. Of that total 70 tons went overseas and 35 tons 
coastwise. For the corresponding week of last year 
the figures were 196 tons overseas and 53 tons coast- 
wise, making a total shipment of 249 tons. 


Wages in the Iron Trade Reduced.—Intimation has 
been made by Sir John M. MacLeod, Bart., C.A., 
Glasgow, to Messrs. James C, Bishop and Owen Coyle, 
joint secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board, as follows :—‘‘ In 
terms of the remit, I have examined the employers’ 
books for May and June, 1927, and I certify that the 
average net selling price brought out is 111. 10s. 4-30d.” 
This means that there will be a decrease in the wages 
of the workmen. 





THE WuitwortH Society.—The summer meeting of 
the Society was held in Derby at the end of June, 
on the same day that the members of the Institution 
of Mechanical Engineers were visiting various works 
in Derby. Members of the Society who were not 
members of the Institution of Mechanical Engineers 
were most kindly entertained at lunch by the L.M. & 8. 
Railway Company. Thirty-three Whitworth men then 
visited Darley Dale Church, where a wreath was 
deposited on the tomb of Sir Joseph Whitworth by 
Dr. F. P. Purvis, the president. The party then 
proceeded to Bakewell, where they had tea, and the 
dinner was held at the Midland Hotel, Derby, when 
34 members were present. The new president, 
Thos. Sugden, Esq. (Wh. Sc. 1873), was installed in 
the chair. There are now 503 members on the roll, 
and further particulars may be obtained from the 
Hon. Secretary, Whitworth Society, The Institution 
of Mechanical Engineers, Storey’s-gate, Westminster, 
London, S.W.1. 


Raw MATERIALS OF THE Empire.—The Imperial 
Institute Act, passed in May, 1925, opened a new 
chapter in the life of the Institute and reorganisation 
began on January 1, 1926. The annual report on the 
work of the Institute during 1926, which was published 
recently, illustrates the progress made during the first 
year of the reorganised institution. One of the principal 
changes has been the appointment of advisory councils 
on plant and animal products, and on minerals, to 
advise on all matters relating to these groups of Empire 
raw materials, a task in which they are assisted by a 
number of representative advisory technical committees 
dealing with special products. These councils and 
committees are discussing many important questions 
affecting the possible development of the production, in 
the Empire, of silk, timbers, vegetable and animal fibres, 
minerals and other products. The Institute is intended 
to serve as a central clearing house for the whole Empire 
for information relating to raw materials, and the 
reports of the intelligence sections indicate the extensive 
use which is made of the facilities offered by the Institute 
in this respect. Another important branch of the 
Institute’s work is the preliminary investigation, in its 
laboratories, of Empire raw materials with a view to 
promoting their utilisation in industry or commerce. 
During 1926 materials of the most diverse kinds were 
received for examination from practically every part 
of the Empire. The work of the reorganisation and 
rearrangement of the exhibition galleries has been 
proceeding steadily. Particular attention has been 
paid to correct spacing and grouping, and the avoidance 
of overcrowding of exhibits. Copies of the report may 
be obtained from the secretary of the Imperial Institute, 
South Kensington, London, 8.W.7. 
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MAGNETIC TESTING. 


To say that present-day conditions require that 
there shall be the greatest possible economy in 
the use of the materials commonly employed 
in engineering is trite enough. If it were 
necessary to prove this statement, however, little 
more would be needed than to call attention to the 
very large number of investigations which have been, 
and are being, conducted into the properties of such 
substances as iron, steel, concrete, paper, rubber and 
oil, with the primary object of determining how 
they will behave under a given set of conditions. 
Equally important, and, indeed, a necessary corol- 
lary to these researches, are trials of the performance 
of the equipment, in the construction of which these 
materials are used, and post mortem examinations 
into the causes of such failures as may occur. To 
carry out all this work, a great variety of tests has 
had to be devised, extending from investigations 
into the microstructure of the raw material to }e 
operation, under practical conditions, of the finis: 
machine. Many methods, from those of a labor 
tory character to those which can be employed in the 
field, have been used, which have been both in- 
genious and successful. 

This being so it is more than a little surprising, 
in view of the very large figure which the world’s 
consumption of iron and steel reaches annually, that’ 
so little use has been made of a property of these 
materials, which, for most practical purposes, they 
alone possess, especially as it gives so good an 
indication of their quality. We refer, of course, to 
their capacity for being magnetised. This omission 
is the more strange, considering that electrical 
engineering, including both telegraphic and tele- 
phonic communication, depends to a large extent 
upon this very property and that a great deal of work 
has been done upon the laws and quantitative 
relationships of the magnetic circuit and in deter- 
mining which magnetic materials are best suited for 
specific purposes. In addition, the methods of 
manufacture by which those materials may be most 
economically and reliably produced, have received 
much attention. Yet little seems to have been 





“| done, and still less to have been published, upon the 


possibilities of determining by magnetic means the 
suitability, or otherwise, of ferrous materials for the 
mechanical] work they have to do. This iseven more 
remarkable as the material is quite undamaged 
by such tests. 

It is with considerable interest, not entirely aroused 
by their contents, therefore, that we turn to three 


1 contributions, which were presented at the recent 


annual meeting of the American Society for Testing 
Materials. These were concerned with what is 
conveniently called “magnetics” (but would 
5| probably be more correctly termed magnetic 
analysis), both from the theoretical and the practical 
standpoints. 

The objects in view in the work that is being 
undertaken by this Society are admirably stated in 
the report of the Committee, which has been 
appointed to consider the problems as a whole. 
These objects are the promotion, to the fullest 
possible extent, of the development of magnetic 
analysis and its practical application. Such de- 
velopment has two phases: The establishment of 
the fundamental relationships which connect the 
magnetic properties of ferro-magnetic materials with 
their mechanical properties, and the discovery of the 
testing methods which are most likely to bring 
out the significant variations in these properties, 
caused by changes in the composition and in the 
thermal and mechanical treatment of the material. 
It is felt that the most rapid progress will 
be made by carrying out these two researches 
simultaneously, since without adequate methods of 
testing, the application of fundamental principles 
would be impossible, while, on the other hand, the 
extent to which the tests can be utilised in a 
practical way is definitely limited by the knowledge 
that is available of the underlying relationships. 
These precepts are not, however, altogether easy to 
apply in practice, because, although the apparatus 
is simple, magnetic phenomena have their complica- 
tions, being extremely sensitive to many influences, 
some of which do not affect the mechanical proper- 
ties to a corresponding degree. This may explain, 
even if it does not condone, the neglect to which 
we have called attention above. 

An important step in this development is the 
correlation of the results obtained from magnetic 
analyses per se with the properties of the material, 
to which this analysis is to form a guide. For 
instance, an investigation is now being conducted 
which involves the use of alternating-current 
magnetisation for measuring a magnetic property 
that is easy to interpret in terms of heat treatment. 
This forms an interesting contrast to the earlier 
measurements of the formal magnetic constants 
and to the attempts to interpret mechanical charac- 
teristics in terms of them. The method, a description 
of which, by Mr. A. V. de Forest, forms an addendum 
to the report we have just mentioned, permits the 
graphical representation of the entire hysteresis 
loop, or of the difference between two similar loops, to 
be obtained. As, insuch a diagram, the magnetising 
force is cyclic, all the magnetic and electrical proper- 
ties of the material under test are represented. If, 
then, a material of unknown properties is balanced 
against a standard, the differences between the two 
at any degree of magnetisation can be compared. 

For carrying out tests on these lines, an apparatus 
is used, consisting of a vacuum tube, the stream of 
electrons from which is projected on to a fluorescent 
screen, where it produces a bright spot. This 
stream is deflected by a magnetic field, thus causing 
the spot to travel over a path, the shape of which 
is an indication of the direction and intensity of the 
field. The stream passes between two sets of 
deflecting plates at right angles and, if recurrent 
voltage fluctuations of the same frequency are 
applied to both sets, a curve in rectangular co- 
ordinates of the changes of one in terms of the other 
is obtained. For instance, if one co-ordinate is 
made to vary with the sinusoidal alternating current 
to give a time axis, the other can be used to study 
the wave form, amplitude, or variation in phase 
of a voltage, which represents the difference between 
the magnetic properties of two samples placed in 
similar coils. When this method was applied to the 
testing of bars of high-speed steel, it was possible from 
the patterns obtained to trace out the effects of 
both the quenching and drawing temperatures on 
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the properties of the material. Another set of 
tests was applied to a series of cutters. In both 
cases, the results were distinctly striking, con- 
siderable differences being exhibited in bars which 
had undergone the same heat treatment, while in 
the case of the cutters the variations were equally 
large. Up till now, the number of tests that have 
been made do not allow these idiosyncrasies to be 
explained, but that the reasons are discoverable 
by magnetic methods seems highly probable, if we 
argue by analogy from the information given in 
Mr. J. A. Capp’s paper, a valuable communication 
with which we deal more fully below. 

This graphic method, it is pointed out, has great 
advantages when applied to commercial material, 
in which the tolerances with respect to size, compo- 
sition, and treatment are necessarily large. The case 
of a drop forging of irregular section, and made from 
a medium carbon-steel of varying composition, may 
be taken as anexample. Occasionally a low-carbon 
bar may be forged up by accident, while the dimen- 
sions, forging temperature, and heat treatment 
may all vary to a greater or less degree. It was 
found that a similarity in the shape of the diagrams, 
regardless of size, indicated brittleness, and, although 
the effect of the other factors has not yet been 
separated out in the same way, even this discovery 
has allowed a useful routine test to be established. It 
is therefore claimed that, for the first time, graphic 
magnetic analysis provides both an insight into the 
mechanical properties of the material and the 
possibility of selecting from these properties the 
particular characteristics which are important to 
the solution of any one problem. 

A second apparatus, which has been invented 
by Mr. J. A. Sams with the same end in view, 
but with particular application to the determination, 
by magnetic methods, of the durability of steels, 
is known as the Durascope. It depends on the 
measurement of the loss in the test sample under 
the influence of alternating magnetising forces, or 
rather upon a quantity which is related in a certain 
way to the true loss in the specimen. The test con- 
sists in comparing the apparent loss of the several 
test specimens by one or other of four different 
methods, important points about all of which are 
that the apparatus is independent of the variation in 
the voltage and frequency and is especially adapted 
to shop testing. It is claimed, and the claim is 
borne out by the curves given in the paper, that this 
arrangement will replace, or at least supplement, the 
present methods of testing tools and cutters, and be 
superior to them in speed, consistency and adapta- 
bility. 

Mr. Capp’s paper, to which we have already 
referred, deals specifically with the application of 
magnetic testing to the inspection of steam-turbine 
wheels. It is hardly necessary to emphasise that 
reliability is the very essence of turbine 
performance, yet neither macroscopic nor micro- 
scopic examination, still less visual inspection, 
provide full information regarding that homogeneity 
and soundness which are so eminently necessary. 
Fortunately, the turbine wheel can easily be tested 
by magnetic means, and, after one or two attempts, 
an apparatus has been devised which fulfils all 
the necessary practical conditions. It consists 
essentially of a vertical spindle fitted with a 
chuck at its upper end, by which the wheel is 
held and turned between the poles of an electro- 
magnet. This magnet consists of a yoke spanning 
the wheel and cylindrical poles, which carry 
both the exciting and the measuring coils. Simple 
means are provided for bringing all parts of the 
wheel between the poles. The exciting coils are 
connected in series, and the measuring coils are 
in circuit with two galvanometers, one of which 
is of the mirror type, the other being associated 
with a recording photographic mechanism, so that 
a circle is obtained, the radius of which is pro- 
portional to the radius of the portion of the wheel 
between the pole pieces. The poles, yoke frame, 
air gap and wheel form the magnetic circuit. 
The magnetic reluctance of the pole and yoke 
frame is fixed, and that of the air gap will not 
vary so long as the gap itself is uniform in length. 
Hence, if the wheel is magnetically homogeneous 
and uniform in thickness, the magnetic reluctance 
will remain constant as the wheel rotates, and 
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the flow of magnetic flux will be uniform. Any 
change in the flux will, however, cause a deflection 
of the galvanometer, and since the only part of the 
magnetic circuit which may be expected to vary 
is the wheel under test, such change is an indication 
of the presence of some defect. This change in 
reluctance is small, however, and, unless precautions 
are taken, may be obscured by the eddy currents 
set up in the rotating wheel. This can, however, 
be overcome by arranging the measuring coils 
astatically and carefully adjusting the cross- 
sectional area of the three segments into which 
the pole tip is divided. The two outside segments 
must be of exactly the same area, and each must 
have exactly one-half the area of the central 
segment, while the three must have, as nearly 
as possible, the same magnetic and electrical 
characteristics and be machined from one piece 
of carefully annealed soft steel. The arrangement 
is very sensitive, as shown by the statement 
that a rough-turned wheel will cause a continuous 
movement of the galvanometer, due to the irregular 
surface left by the roughing tool, while a hard 
spot will make the galvanometer swing entirely off 
the scale. 

As Mr. Capp points out, such changes in the 
reluctance as we have been considering, may be 
caused by the presence of “seams,” resulting 
from the flattening out of blow holes during forging 
or by a tear, caused by an injudicious hastening 
of the reduction of thickness. The results 
obtained with this method of testing are very 
positive. A strip of steel % in. thick exhibited 
a defect, when tested magnetically, but showed 
nothing wrong, when examined visually. It was 
not until a series of cuts had been made that the 
defect was disclosed. Slag inclusions are indicated 
in the same striking way. For instance, a wheel 
which had been rejected as the result of the magnetic 
test, was cut up, a block being machined from 
about the centre of the suspected sector. At each 
surface there was a band of very clean steel 
yy to % in. thick, but between these bands was 
a large amount of slaggy inclusion, which is 
most unlikely to have been indicated by any 
of the ordinary methods of examination. It 
should be pointed out, however, that only the 
presence and location of an area where the steel 
differs in some respect from that surrounding it 
are given. No definite information is provided 
as to the cause or character of the difference, 
but as there is some reason to suppose that 
certain types of defects give rise to certain types 
of deflection, we hope that this matter will be 
further investigated. It is significant, too, that 
there has never been a magnetic indication of the 
presence of trouble without an adequate cause 
being found. Mr. Capp adds that experience has 
developed confidence in this method of testing, and 
has engendered the belief that it supplies the neces- 
sary information about the homogeneity and 
soundness of the wheel itself. 

In this matter, at least, we seem, therefore, to 
have received a lead from American engineers. 
We hope that this lead will be followed and careful 
investigations made into the part this system can 
play, not only in permitting us to put the material 
we employ to the best possible use, but in ensuring 
that that material will perform the duty which is 
required from it. 





' UNCONVENTIONAL MATERIALS IN 
CEMENT MANUFACTURE. 


THERE are sculptures on the walls of Thebes 
showing the process of making concrete ; the dome 
of the Roman Pantheon is a striking specimen of its 
use in a later civilisation; while the durability of 
the medieval form employed in certain of our 
old castles suggested to Smeaton its adoption for 
river and harbour work. To-day, concrete seems 
to be dominant, in commercial architecture at 
any rate, and the ordinary man, if he thinks at all 
of the history of this ubiquitous building material, 
merely reflects that here again there is nothing 
new. Yet the difference between the old and 


contemporary usage is profound. From Egypt 
to Victorian Britain, both in time and space, 
empiricism reigned and the few ancient examples 








we have, no doubt exist to-day due to some fortuitous 
composition of the mortar or cement, by far the 
greater number probably having perished from the 
impossibility of controlling, due to want of exact 
knowledge, those subtle chemical changes loosely 
described as the results of wind and weather. It 
required the intelligent application of the test tube, 
the balance, pyrometer, microscope, and much other 
apparatus to replace the age-old steels of Damascus 
and Toledo by the wide variety of to-day, and, 
through a somewhat analogous process the manufac- 
ture of concrete is emerging from a mere mixing 
together of so-called natural products to more 
scientific methods in which both the chemical 
and physical aspects of its materials and processes 
have pride of place. Particularly is this true of the 
cement which binds the aggregates together. 
Increased strength and greater durability, a uni- 
formity of composition, and wider adaptability are 
being diligently sought, and with improved technique 
new and hitherto unexplored materials are being 
turned to account. Examples of the last are 
readily found. From Denmark we learn of the 
use of a native deposit giving excellent results with 
hydraulic cement in sea water, while from the United 
States comes an account of the manufacture of 
Portland cement from thé marl of that country’s 
fresh-water lakes. 

Moler is the local name given to a clean diatoma- 
ceous earth found in quantities in Jutland. Chiefly of 
tertiary origin, it consists for the most part of shells 
of alge, having a high silica content, mixed with 
some clay. It is used either raw or burnt, and is 
ground with the cement clinker to leave only a 4 per 
cent. residue on a sieve of 5,000 meshes per square 
centimetre. It acts as a puzzuolana, replacing 
to advantage the volcanic lavas known by that 
name, trass, or artificial substitutes such as ground 
tiles or bricks. Both the Romans and Greeks were 
familiar with the use of a puzzuolana for hydraulic 
mortar, but as they were ignorant of its mode of 
action, no doubt, as we have already said, much of 
their work suffered from the hit-and-miss practice 
consequent upon want of knowledge. Mr. J. 
Lowenthal and Mr. A. Poulsen, of Copenhagen,* 
have been experimenting for the last seven years and, 
it would appear, have shown conclusively that, 
taking the native Moler as a typical example, 
diatomaceous earths may be very valuable as a 
puzzuolanic addition for concretes in sea water. 

The experiments were based on the theory that 
in concrete immersed in salt water, surplus lime in 
the cement will react with the magnesium sulphate 
in the water, and form insoluble double salts in 
such volume as to cause cracking and disintegration. 
To keep down the lime contents is not desirable ; 
to reduce the amount of material which will not 
combine with it is desirable, and if the puzzuolana 
chosen has such chemical affinities as will ensure its 
forming useful compounds with the surplus lime, the 
latter object is automatically attained. We will 
take first the question of durability. Experiments 
were made by immersing the test cubes in sea water 
containing one-half per cent. of magnesium sulphate 
and noting the time which elapsed before the first 
fissure made its appearance. With a 1 to 3 mix- 
ture of cement and sand, and no puzzuolana, this 
period was 28} weeks ; thereafter the surfaces peeled 
and cracked, and ultimately complete disintegration 
occurred. With the same mixture, but with 26 per 
cent. of trass by weight in the Portland cement, 
the fissures appeared earlier, namely, at 19 weeks. 
Increasing the proportion of trass to 42 per cent., 
increased the durability to 60 weeks. Substituting 
raw Moler for trass and using 15 per cent. of it, the 
time interval rose to 110 weeks; with 25 per cent. 
of Moler it was 125 weeks. Using calcined Moler, 
with the same percentage, i.e., 25 per cent., 140 
weeks were recorded. Increasing the percentage 
of the burnt Moler to fifty, showed that the service- 
able limit was passed as the durability decreased 
considerably. 

The comparative figures with a leaner cement are, 
however, much more striking. With a mixture of one 
of cement to five of sand, the untreated cement main- 
tained an unfissured surface for 64 weeks only. With 





* Communication from the Royal Danish Department 
of Marine Work, Copenhagen, to the XIV International 
Navigation Congress, Cairo, 1926. 
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26 per cent. of trass the time was 6 weeks, with 
42 per cent. 13 weeks, but the substitution of Moler 
for trass made an extraordinary difference. With 
all the above proportions of Moler, either raw or 
calcined, the surface was unfissured at the end of 
350 weeks, between six and seven years, when the 
results of the observations were prepared for pub- 
lication and the experiments were concluded. Tests 
on still leaner mixtures up to one of cement to seven 
of sand, showed no very consistent results and 
scarcely need discussion. 

As regards the effect of Moler on the strength of 
the concrete, compressive and tensile tests were 
made at intervals during the seven years the 
experiments were in progress. Taking the cement 
without puzzuolana as a basis, and an average 
of all the mixtures tested from 1:3 up to 1:7, 
the addition of trass weakened the concrete. The 
Moler strengthened it, the compressive strength of 
the mixture containing 25 per cent. of the calcined 
Moler, being 44 per cent. more, and the tensile 
strength 40 per cent. more, than that of the above- 
mentioned basic material. With a higher propor- 
tion of Moler, viz., 50 per cent., the increase of 
strength was not so marked, the figures being 20 per 
cent. and 13 per cent. respectively. The conclusion 
has been reached that the best mixture to use with all 
proportions of sand is 75 per cent. by weight of 
Portland cement with 25 per cent. Moler. It is 
worthy of note that all Portland cements do not 
give equally good results with the Moler, and there 
does not appear to be any means of determining 
which are the best, analysis having failed to disclose 
any marked difference in composition between the 
satisfactory and unsatisfactory samples. The cal- 
cined Moler imparts a fine red brick colour to the 
cement and, as will be seen from the figures quoted, 
permits the use of a leaner mixture with greatly 
improved durability and increased strength. With 
the trass and other puzzuolanas it would seem that, 
owing to the comparatively coarse state in which 
they are used their chemical activities are discounted 
and, in part, they act as inert sand. 

The use of this diatomaceous earth is, however, 
not the only instance of an organically produced 
material, apart from chalk, being used in Portland 
cement manufacture. There is more than one plant 
in the United States which uses shell deposits dredged 
from the sea. In South San Francisco Bay, areas 
of oyster-shells exist, some of which have beds a mile 
or more long and up to 300 ft. indepth. These are 
interspersed with clay, and it is said that the 
resultant mixture requires neither additions nor 
washing to make it fit for the kiln into which, after 
grinding, it enters in the form of a slurry containing 
35 per cent. to 40 per cent. of water. Three thou- 
sand barrels of cement per day are produced by 
this plant. On the Atlantic side of the Continent, 
a plant near Houston, Texas, makes use of similar 
deposits, though these contain silt and sand which 
require to be washed out. Many more shell de- 
posits are known and await development. Again, 
scattered over the north central parts of the country 
adjacent to Canada are large areas of marl. This 
either exists at the bottom of lakes from which it is 
dredged, or the lake having dried up, the marl has 
been left exposed. In other and intermediate cases 
it is covered with swamp, or an overburden of peat 
or bog plants. It is an unconsolidated carbonate of 
lime sometimes mixed with sand or organic matter, 
but in other cases is almost pure calcium carbonate. 
In this state, finely divided and relatively pure, it is 
admirably suited for cement manufacture, the 
grinding required being almost a minimum. It 
naturally involves the use of the wet process, not 
hitherto very popular in the United States, though 
a method of overcoming one of the greatest objec- 
tions—namely, that of heavier fuel consumption than 
is required by the dry process, was described not 
long ago in these columns (see vol. cxxi, page 681). 

The existence of this fresh-water marl is accounted 
for by three theories—all, of course, postulating the 
presence of calcium bicarbonate in the water. The 
supporters of one theory ascribe the loss of carbon 
dioxide, with resultant deposit of the carbonate, 
to changes in pressure and temperature as cold 
underground feeders enter the lake. Those of 
another claim that small molluscs abstract the 
calcium for the building of their shells, while the 





plants are directly concerned in the production 
of the marl, and support their contention by a 
reference to a dredged-out lake in Ontario, in which 
a fresh deposition is stated to be actually occurring. 
The balance of evidence seems in favour of the last 
hypothesis, which should be easily verifiable. As 
a matter of fact, the means exists in Great Britain, 
should anyone be interested enough in the subject. 
At Castle Douglas, in the romantic district of 
Galloway, the Carlinwark Loch was lowered some 
6 ft. in the eighteenth century in order to recover 
the large deposit of marl lying in the shallower areas. 
Marl was removed from something like 80 acres, 
and an examination of the loch, now again at a 
higher level, would show whether any fresh deposit 
has since occurred. Incidentally, it may be stated 
that this marl was used for spreading on the fields 
instead of lime, but, though it was stimulating at 
first, it resulted in rapid exhaustion of the soil. 

The identification of the source of the marl is 
perhaps, however, of only subsidiary importance, 
except that it might give some indication of where 
it may be looked for. The main point is that 
the marl itself must exist in sufficient quantities to 
justify the erection of a cement-making plant near 
the source of supply. Though it is possible to pump 
it for two or three miles in a pipe line, other systems 
of transport over greater distances are not remunera- 
tive on account of its water content. The marl 
should contain about 90 per cent. of calcium carbo- 
nate, though as low a percentage as 80 has been used. 
The magnesium carbonate should not exceed 3 to 4 
per cent., nor should the main body of sand be more 
than 2 per cent. by weight. The presence of small 
areas containing up to 5 per cent. of sand may be tole- 
rated. Organic matter should be in general not more 
than 3 per cent. On the other hand, 5 per cent. has 
been successfully dealt with in some plants. Deposits 
situated under more than 15 ft. of water are apt to 
contain more organic matter, and in any case this 
depth is about the limit of successful handling. 

One of the drawbacks to the use of dredged marl 
is the high water content. A cubic yard of such 
marl may weigh about 2,000 Ib. and contain only 
about 800 lb. of dry marl. In a well-drained swamp 
the conditions are better, a cubic yard with a weight 
of something like 2,600 lb. containing a ton of dry 
marl. The wet dredged marl will produce on the 
average about 1-7 barrels of Portland cement per 
cubic yard, the dry excavated marl may yield 
2-5 barrels per ton. The coal consumption in the 
kilns naturally varies with the water content. 
A plant calcining slurry containing about 48 per 
cent. of water uses 165 lb. of coal to clinker one 
barrel of cement. Another plant with 50 per cent. 
of water in the slurry uses from 150 Ib. to 175 Ib. 
of coal per barrel. The length of the kiln, quality 
of the coal, and stack temperatures are also 
important factors, in connection with the last of 
which may be mentioned the increasing use of 
waste-heat boilers on the kilns. These, in general, 
supply sufficient power for all the other operations 
of the plant. A plant designed to use marl should 
have kilns not less than 175 ft. long. A length of 
200 ft. with a waste-heat boiler is indicated by 
modern tendencies; 330-ft. kilns recently erected 
in Alabama appear to be excessively long, even 
though they are 11 ft. 3 in. in diameter. Mention 
might also be made of the possible development 
of powdered peat as fuel. As this sometimes over- 
lies the marl deposits, a successful application 
would, in such cases, make for commercial success. 

It is not suggested that marl is a more suitable 
material than limestone for the manufacture of 
Portland cement, but in certain areas where the 
latter is practically non-existent, it provides a 
source quite as good, a case in point being that of 
Minnesota, U.S.A., where a somewhat tentative, 
but scientifically-conducted survey of possibilities 
has been made by Mr. Raymond E. Kirk.* On the 
other hand, in the contiguous portions of Ontario, 
the marl deposits have been exhausted. Our main 
point is that the two examples of modern usage in 
the important cement industry indicate at once 
that the investigation of possible alternative mate- 
rials is proceeding, and that a country or district 





* Bullelin No. 4, Engineering Experiment Station, 
University of Minnesota, Minneapolis, U.S.A. 
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to contain, if such investigations are not allowed to 
lapse, resources quite adequate for all its needs, 
coupled with possibilities of technical improvement 
on present practice. 





EXPERT EVIDENCE. 


THE American Institute of Consulting Engineers 
has recently embarked upon the consideration of the 
present practice relating to expert evidence in the 
various courts of the United States. In course of 
speeches made at two meetings held on November 15, 
1926, and January 17, 1927, a number of distin- 
guished engineers expressed their dissatisfaction 
with the present state of affairs, and in the end 
a resolution was passed to refer the matter to a 
committee. This body is “to study the question 
during the present year, look into foreign practice 
and to outline a method of procedure and guidance, 
short and brief, which will correct the evils and 
yet be broad enough not to trammel the engineers 
or the courts.” 

That expert testimony is at present regarded as 
necessary to the administration of justice by some 
American lawyers is plain from certain speeches 
delivered at the Institute on the occasionsmentioned. 
Mr. Justice Hough, in the course of an illuminating 
address said: “Indeed we must admit that the 
expert witness is a natural product of our country 
and our times. Primarily, he is natural because 
the advance of applied science in every walk of life 
is so enormous that every fact-finding body must 
receive expert assistance in order to do its work. 
It is not too much to say that there is more science— 
a great deal more—in a rather simple modern 
kitchen than there was in all England when Roger 
Bacon experimented with explosives.” Not only 
does he recognise that expert evidence is indispens- 
able, but the same speaker holds a clear view that 
the American public will not submit to trial by 
experts. He said: “In 90 per cent. of the cases as 
to which I have made enquiry, I have been told that 
the people concerned did not want their causes tried 
by experts, as that word is now understood ; they 
preferred, in the language of one that I remember 
very well, ‘to take their medicine from a man or 
men, preferably intelligent, but with no special 
knowledge in the premises and accustomed to 
measuring, weighing and estimating evidence.’ My 
informants have been of the opinion that if the 
question was difficult, if it was one about which 
reasonable men might reasonably differ, they did 
not think there was such a thing as an impartial 
expert in the world.” 

A note which ran through the discussion is very 
similar to one which has often been sounded in 
this country. It is that the expert is often an 
advocate rather than a witness, and that, evincing 
all the ardour of counsel, he fails to assist the court 
to arrive at the real truth. But it was pointed out 
by more than one speaker that the expert who 
enters the witness box in the right spirit may not 
only aid, but be essential to the administration of 
justice. The right spirit is, of course, the spirit of 
honesty. No technical witness should consent to 
give evidence in support of a particular theory, 
unless he has satisfied himself beforehand that he 
can honestly do so. Nor need he be under any 
apprehension that he will lose anything in the long 
run by adopting this attitude. 

In view of the work of this American Committee 
it may be of interest to review briefly the practice 
of our English courts—tribunals upon whose proce- 
dure many of the courts of the United States have, 
as a matter of fact, based their rules of practice. 

Expert testimony has long been regarded as 
essential to the administration of justice in England, 
both in civil and criminal cases—essential in this, 
that absolute freedom is accorded to every litigant 
to call such and so many expert witnesses as he 
chooses. The expert is called, almost invariably, 
by one of the parties. It is true that by the consent 
of both parties, or even in the absence of objection 
by either, the judge may call a witness whom 
neither party proposes to call, and may examine 
him himself ; but since a witness so called is not the 
witness of either party, neither has the right to cross- 
examine him, though the judge may allow either, or, 
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possibly, both parties to do so. Actually, it is 
extremely rare for the court to call a witness ; so rare 
that the possibility of this course being adopted is 
never contemplated by those who have to prepare 
a case for trial. It may, indeed, be said to be 
English experience that to leave this matter to the 
parties themselves is in the long run the best practice. 

But our judges are not bound to decide a case 
without the assistance of an expert acting as 
assessor. Every judge exercising civil jurisdiction 
has power to appoint an assessor to sit with and 
advise him on any technical questions which may 
arise. Cases in which assessors have been employed 
in English courts are, however, very rare—subject, of 
course, to the fact, that their services are constantly 
invoked in the Admiralty Court. In 1905, ques- 
tion arose as to whether certain machines, known as 
‘ dobbies,’’ manufactured by a Bradford firm were 
an infringement of a patent held by the plaintiffs. 
Mr. Justice Ridley, who heard the case, was assisted 
by Professor Boys, F.R.S., who acted as assessor. 
The learned judge came to the conclusion, with 
which the professor agreed, that the defendant’s 
machine was a colourable imitation of the defen- 
dant’s. On appeal, one of the questions raised 
was what constituted the judgment of the courts 
below. Did it comprise, for example, a report which 
had been prepared by the assessor? The-Master 
of the Rolls said: ‘‘ When dealing as a Court of 
Appeal with the decision of a tribunal constituted 
of a judge assisted by an assessor it would be impos- 
sible properly to appreciate the decision of the 
judge so arrived at unless we consider the opinion 
given to the judge by the assessor. In the present 
case the opinion of the assessor, with his reasons 
for forming that opinion, have been put into writing, 
and we shall therefore have it read.” 

That is the last reported case since 1905 in which 
a King’s Bench Court had the help of an assessor ; 
but, as we have said, nautical assessors are con- 
stantly employed in the Admiralty Court. 

The powers of an assessor are very strictly 
limited. He takes no part in the judgment ; he is 
merely there to assist the judge, who may or may 
not adopt the view which he puts forward. In a 
recent case in the House of Lords,* Lord Dunedin, 
speaking of nautical assessors, said: “They 
occupy much the same position as do skilled 
witnesses, with this difference, that they are not 
brought forward as the partisans of the one side 
or the other. And just as, for instance, in a patent 
case the Court must make its own choice between 
the views that may have been put forward by one 
witness or by another, so, if assessors differ, the 
court must make its own choice. In every case 
the responsibility is with the court.” 

Having stated the existing practice of English 
courts in this matter, let us suggest a few considera- 
tions which ought to weigh with those who would 
deprive the litigant of his free choice in the matter 
of expert testimony. 

First, with regard to the criticism which is 
common in this country—and, as it seems, in the 
United States—on the subject of the expert 
witness. Why is it that this particular kind of 
testimony is often held up to ridicule and con- 
tempt? In this connection, the first question 
which calls for an answer is: Who are the critics ? 
To find the answer to this it is necessary to remember 
that the summoning and examination of witnesses 
is part and parcel of legal procedure. Legal proce- 
dure connotes a dispute between a plaintiff and a 
defendant, in which one or other of the parties in 
the end comes off victorious. Who is most likely to 
be the critic of that which letermined or brought 
about the decision of a cause—a successful plaintiff 
or a disappointed defendant ? Not the plaintiff : 
he leaves the court satisfied that justice has been 
done ; he is not concerned to criticise the judge who 
gave the judgment, the jury who found the verdict, 
or the witness (whether expert or otherwise) who gave 
the evidence. It is, of course, very different with 
the defendant, who is probably prepared to attribute 
his downfall to anything except what may be the 
salient fact—namely, that he had no case. Were 
the matter closely inquired into, we venture to 
think it would be found that to the disappointed 


* Owners of S.S. Australia v. Owners of cargo of 8.8. 
Nautilus (1927) A.C. 139. 








litigant might be traced most of the obloquy, of 
which, in England and elsewhere, expert witnesses 
have been the subject. 

The whole function of an expert witness is not 
always realised by those who cavil at his presence 
in a Court of Justice. The truth is that his 
work generally begins some time before the cause of 
the litigant for whom he is acting, comes on for trial. 
There are certain kinds of dispute in which the lay- 
man can get but little help from his lawyer, unless 
the expert is at hand to explain the matter in its 
technical aspect. It is notorious that in patent 
cases, the expert is consulted almost at once. Although 
there are many lawyers belonging to both branches 
of the legal profession in England, who know some- 
thing of science and engineering, they must needs 
call in the chemist or the engineer to explain a 
technical specification, or to show how the alleged 
infringement has invaded the rights of the patentee. 
In cases, too, which involve a knowledge of elec- 
tricity the lawyer, baffled by a vocabulary which he 
does not understand, can render but little service 
to his client, if he is not assisted by an electrical 
engineer. If the advocate for the plaintiff does not 
himself understand the technical aspect of a case 
how can he explain it to the judge? In one 
instance to our knowledge a leading counsel was in 
consultation for a whole working week with a 
number of experts before he considered himself 
sufficiently instructed to expound the case in open 
Court. Again, where counsel has to cross-examine 
in a technical case he can only do so when coached 
by experts—experts who have studied all the 
documents ; who have been present in court to 
hear the case as stated on behalf of the other side, 
and (what is perhaps of the greatest importance) 
who have heard the evidence on oath of their pro- 
fessional brethren in the witness-box. It may well 
be that by dint of careful preparation and the inherent 
strength of his case, counsel for the defendant can 
demolish the case for the plaintiff before he is ever 
called upon to place any of his own experts in the 
witness-box. By his less public and ostentatious 
labour, then, the expert may and often does not only 
aid the administration of justice, but prevents the 
waste of much valuable time. 

Complaint is often made that expert evidence is 
expensive. Those who make this protest some 
times ignore the fact that the expert witness is often 
a busy man in his own profession who cannot afford 
to spend whole days in Court, unless he is adequately 
paid. Nor should it be forgotten that the knowledge 
and experience, which are put at the disposal of the 
litigant, have not been secured save by years—pro- 
bably ill-paid years—of labour. Again, it not infre- 
quently happens that the costs of litigation, what- 
ever they are, are a mere bagatelle compared with 
the value of the subject-matter of the dispute. A 
favourable decision may result in a patent of 
enormous value being declared valid, or may declare 
a principle which helps to compose a number of 
outstanding differences which exist between persons 
who are no parties to the particular suit. 

We have said that the present practice in England 
is to leave the summoning of experts and the number 
to be called entirely to the parties. This, however, 
is subject to a certain element of control. In the 
first place, the costs of calling unnecessary witnesses 
may fall upon the party who summons them, and, 
in the second place, one of our Judges (Mr. Justice 
Tomlin) has recently made a rule for himself that 
he will not, except in special cases, allow more than 
two experts on either side. 








NOTES. 


Wor.tp-PowER CONFERENCE, SECTIONAL MEETING 
ON FUEL. 


ORGANISED by the British National Committee, 
with the approval of the International Executive 
Council of the World-Power Conference, a sectional 
meeting dealing with fuel problems will be held 
at the Imperial Institute, South Kensington, 
London, S8.W.7, from September 24 to October 6, 
1928. The honorary president of the fuel confer- 
ence is Lord Balfour, while the presidentship will 
be held by Sir Alfred Mond. The coal, oil, 
gas and chemical industries, which naturally will 





constitute the chief participants, are strongly 
represented through their nominees on the Fuel 
Conference Committee and the Technical Com- 
mittee. The technical programme of the meeting 
will be divided into five classes, namely, solid fuel, 
liquid fuel, gaseous fuel, fuel utilisation (general), 
and general aspects. Each of the first three classes 
will again be subdivided into four divisions, namely, 
composition and classification of fuels ; preparation 
of fuels; storage, handling and transmission of 
fuels; and utilisation of fuels. The utilisation of 


electricity for industrial and domestic heating, and - 


waste-heat recovery will be the subjects under 
consideration in Class IV, which bears the title 
“Fuel Utilisation—General.” Three subjects will 
be discussed in Class V (General Aspects), namely, 
the training of fuel technicians; a survey of the 
scope of organisations concerned with the efficient 
use of fuel in industry; and the economic possi- 
bilities in the better co-ordination of fuel utilisa- 
tion. In order to shorten the proceedings and 
to focus the attention of the conference on the most 
important aspects of the subjects to be covered, 
the conference committee are requesting that, as 
far as possible, only authoritative reports from 
representative bodies in each participating country 
be presented. In countries in which this recom- 
mendation cannot be carried out, special arrange- 
ments with the national committee concerned will 
be made, and contributions from individuals will 
be accepted. Papers are not to exceed 7,500 words 
in length, and should be written in English, French, 
or German. After the meeting, the contribu- 
tions, together with the discussions thereon, will 
be published by the Conference Committee. All 
correspondence relating to the meeting should be 
addressed to the Secretaries, Fuel Conference, 
1928, World-Power Conference, 36, Kingsway, 
London, W.C.2. 


A Treviruick Re tic. 


If Carlyle’s definition of a genius can be applied 
in practice, the proportion amongst antiquarians 
must be very high, for many of them take infinite 
pains to disinter some long-forgotten fact which 
may or may not have a measure of interest or 
utility. Few people, however, realise that such an 
expenditure of energy on the part of the future 
antiquarian can be considerably lessened, and 
that occasionally some bit of history which it is 
worth while to preserve, can be recorded, by the 
exercise of a little thought. An instance of such 
an intelligent grasping of an opportunity occurred 
during the construction of the pipe line from the 
new Taf Fechan reservoir with which we have 
dealt elsewhere in this issue. When excavating 
for the pipe trench near Abercynon, a portion of 
the old tram road from Penydarren Ironworks to 
the old canal basin of the Merthyr section of the 
Glamorganshire canal was discovered: a few inches 
below the surface. The cast-iron tram plates, 3 ft. 
long, were still in place and attached to the original 
stone blocks which preceded the modern sleeper. 
Asit was over this tram road that Trevithick ran his 
locomotive in 1805, the discovery is of considerable 
interest, and itis pleasant to be able to record the 
fact that, instead of following the far too common 
practice of breaking up such things when found 
as valueless, the Taf Fechan Water Supply 
Board has presented a set of the rails and blocks 
to the National Museum of Wales at Cardiff, and 
made a similar gift to the museum at Merthyr. 


MINERALS IN SoutH AFRICA. 


The South African Government Steel Bill, which 
was recently rejected by the Senate after passing 
the House of Assembly, and whose fate now hangs 
in the balance, has served to draw attention to 
the mineral resources and metal manufacturing 
ventures of the Union. South Africa possesses 
more than gold and diamonds. There is coal in 
abundance, and its quality is fairly good, whilst 
its cost of production is very low. In the period 
1923-26 the output has been 13,000,000 tons 
a year. The coal reserves are very great. The 
quality may be judged from the fact that the 
equivalent of 100 lb. of best Welsh works out 
to about 128 lb. of Dundee coal, 161 lb. of Indwe, 
and 169 Ib. of Vereeniging coal. The coal is so 
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cheap enough for the South African railways to 
secure their/supply at’an average price fractionally 
under 6s. a'ton in’ 1925, against 25s. 6d. paid by 
Australian railways, about 20s. paid by British rail- 
ways, and 12s. 6d. by United States railways. In that 
year the Transvaal produced 7,399,387 tons, and 
the pit-mouth price was 5s. 0-46d. per ton; Natal, 
4,627,831 tons, the corresponding price being 
7s. 6-30d.; Orange Free State, 974,344 tons, at 
5s. 6-82d.; and the Cape Province, 5,608 tons, 
at 14s. 4-98d. per ton. Much of the coal is suitable 
for coke-making and is in deposits near the iron 
ore reserves. The iron ore is ample, of good quality, 
and fairly easy to mine. There is a big iron- 
bearing strata sweeping in a curve from Pretoria 
eastwards to Arlie, and this is served by the Delagoa 
Bay Railway. The section of the deposit between 
Belfast and Balmoral is associated with plenty of 
coal. Near Dundee, at Ermelo and Kroomdraai, 
ore and coal are deposited together. There are 
iron reserves at or near Potchefstroom, Buffelshoek 
and elsewhere, but coal has not yet been located 
in those regions. The ore in the Pretoria region 
is described as highly siliceous and slightly oolitic 
ironstone, and there are at least 400 million tons 
of it. The iron content is put at 48 per cent. Some 
60 miles from Warmbath, on the Pretoria-Rusten- 
berg line, there is a bed of ore running from 6 in. 
to 20 ft. thick, and it is about 60 per cent. quality. 
There is also a 60 per cent. titaniferous magnetic 
ore deposited at several points east of Rustenberg, 
and these reserves are put at 2,000 million tons. 
At or near Arlie, Potchefstroom, and Prieska, 
there are deposits estimated at 1,000 million tons. 
Ore has been quarried at Pretoria for 3s. 6d. a ton, 
but by adit and underground mining the costs are 
estimated at from 6s. to 10s. per ton. There is 
no lack of refractories or fluxing materials, and 
several minerals valuable for alloy purposes exist 
in abundance. Limestone, dolomite, fluorspar, 
magnesite, manganese, vanadium and nickel are 
all found in considerable quantities. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 115.) 
THE meeting of Thursday, July 14, was concluded 
by a paper read by Professor W. Hovgaard, which 
was the last on the summer meeting programme. 


STRESSES IN THIN TUBULAR STRUCTURES. 


The paper was entitled ‘‘ Deformations and Stress 
Distribution in Rigid Airships,’ and Professor 
Hovgaard introduced it by explaining that the title 
was perhaps somewhat too narrow, as the methods of 
calculation he had adopted could equally well be 
applied to other structures, such as a tubular girder 
with a straight axis and a thin markedly curved shell. 
Such structures when subjected to a bending action 
would behave quite differently from a plain cylin- 
drical shell, and the stress distribution might vary 
considerably from that which would be expected 
according to the ordinary theory of bending. The 
methods by which stress distribution was analysed 
were explained by the aid of diagrams, and two 
appendices gave, respectively, the development of the 
formule used and their numerical application. The 
latter included calculations for an ellipsoidal airship 
100 metres long and 24 metres in diameter, similar 
in general construction to the German airship L 49 
and the Shenandoah, but much shorter. 

A bending moment of 300,000 m.kg. was supposed 
to act at the amidships point, and one of 
200,000 m.kg. at a section near the ends at about 
one-sixth of the length from the bow. These 
moments might appear to be rather excessive, but an 
analysis of the Shenandoah disaster seemed to show 
that bending moments of that order were produced 
at the place where the ship broke, due to a violent 
gust striking the bow. 

Considering the entire ship, it would appear that 
the total shear deflection amidships relative to the 
terminal stations would be nearly 2 ft., giving to 
the axis a marked sagging curvature amidships. 
At the same time, the frames near the ends would 
have a rotation in the same direction as in hogging, 
and of much greater amount than in a cylindrical 


deflection amidships due to pure bending being less 
than 1 in., the axis of the ship would have a double 
curvature. The total shear force at the terminal 
stations would be about 5 tons, and the stresses in 
the shear wires of the side panels would be excessive. 
The calculations given were based on somewhat 
extreme and in some cases uncertain figures, but 
served to illustrate the use of the method and were 
believed to indicate the order of magnitude of the 
deflections and stresses. When the frames were 
well stiffened by transverse wires their deformation 
would be small, and the consequent adjustment of 
the stresses in the longitudinals was likely to be 
rather beneficial. 

The discussion was opened by Professor R. V. 
Southwell, who said that in airship structures 
after all simplification, there were something like 
150 redundant parts. Some analysis was therefore 
essential. To work out the stresses in one direction 
only would take a day. Assumptions were accor- 
dingly made that some parts of an airship acted in 
one definite way. He did not feel convinced that 
Professor Hovgaard had introduced a useful method 
of analysis. He did not see how the structure could 
be separated into a shell resisting flexure, and a 
system of bracing wires resisting shear. The objec- 
tion would lose its force if there were no practical 
alternative to such separation, but by the method 
they adopted they. had not found it necessary. 
Professor Hovgaard’s effects were shown by their 
method, but the problem of distortion of transverse 
frames had not been treated in that way, not 
because it was impossible, but because it seemed 
unnecessary. 

He thought an unintended impression would be 
created by the paper, namely, that airships were 
immensely flexible structures—a kind of flimsy 
waste-paper basket, in short. Everything was said 
to be of relatively small stiffness. Actually at 
Cardington some of their difficulties arose from the 
stiffness of modern girders rather than their flexi- 
bility. He thought also that the deflections had 
been unduly exaggerated in the figures illustrating 
the paper. Had they been drawn to scale as they 
actually occurred they would, not..be noticeable in 
the diagrams. dee: 

Lieut.-Colonel V. C. Richmond followed. He 
commenced by stating that since the war there had 
been close co-operation between the airship authori- 
ties of the United States and our own country in this 
problem, and he offered his remarks in the sense of 
comparing notes with one who had taken such a large 
part in the difficult problem, and not in a critical 
sense. He referred to the work of the Airship 
Stressing Panel, published in the reports of the 
Aeronautical Research Committee, R. & M. No. 800. 
Of the Committee’s reports R. & M. Nos. 727, 790, 
791 and 819, the last-mentioned dealt with a tube 
tapered at the ends which might be regarded as 
equivalent to Professor Hovgaard’s shell with 
longitudinal curvature. Professor Southwell’s 
analysis was embodied in these reports, and in this 
analysis the assumption was made that the bulk- 
heads of the tube remained plain and undistorted. 

Colonel Richmond then gave a detailed account 
of the method of analysis, and of its bearing on 
Professor Hovgaard’s method which, however, is 
too long for quotation. Referring to R.101, the 
airship now being built by the Air Ministry, 
he stated that a radical departure had been made 
from the well-known Zeppelin principle, on which 
all the previous rigid airships in the world had 
been based. He also described certain results 
obtained from a full-scale experiment on a test 
section of the structure of R.101. In this work, 
a portion of the hull representing the largest 
bay, 130 ft. in diameter by 53 ft. long, was attached 
to the door of the airship shed by means of flexible 
connections, and allowed to project as a cantilever 
without support at the face away from the door. 
This face was loaded with a weight of 6 tons, con- 
centrated close to the bottom of the frame. This 
represented about the largest unbalanced shearing 
force ever likely to be applied at any one bulkhead 
of the ship, even when flying with one gas bag 
deflated. The distribution of the loads was altered 
several times. The weights were then removed 
and a gas bag was inflated in the section, which was 





girder, causing the ends to droop. The hogging 


thus sheared upwards instead of downwards, 





Finally, the connections to the door were removed, 
and the section floated off and inclined to an angle 
of 30 deg. to represent reverse pitching of the air- 
ship. Strains in girders and wires were continu- 
ously recorded by electrical means. 

The shear wires were found to take only about 
70 per cent. of the total shear, the rest being 
accounted for by the stiffness of the longitudinals, 
the depth of which was about 26 in. A force of 
about 4 of a ton would be required to deflect the 
centre of a double span by 2 in. With the load 
concentrated at the bottom of the frame the 
deflection at the top of the frame was 0-1 in., 
and at the bottom 5-1 in., so that the lengthening 
of the 130 ft. diameter was only 5 in. As regards 
longitudinals and frames, it thus. would appear 
that Professor Hovgaard’s remarks regarding 
stiffness could not fairly be taken to apply, at any 
rate, to R.101. It was interesting to note that the 
concentrated loads tended to cause what might be 
described as a bulge or blister, in that the deflec- 
tions and loads both in shear wires and longitudinals 
tended to pile up in their vicinity. 

Mr. H. H. Whiting, who had been a member of 
the committee on the first airship constructed, 
said that it had occurred to him that the stresses 
on shear wires were governed largely by initial 
stresses, which might have a very considerable 
effect. 

Professor Hovgaard then replied. He was 
aware that the deflections were small; the diagrams 
were necessarily exaggerated in order to show the 
character of the deflections. He had had no 
opportunity of making experiments, but from the 
examples worked out in the appendix it would be seen 
that the deflection of the top girders due to deforma- 
tion of the transverse frames was only a maximum of 
2 in. The very small deflection of the transverse 
frames was principally due to the bracing of the 
transverse wires. He did not think transverse 
frames without bracing would be very stiff, though 
he had allowed a considerable amount for their 
moment of inertia. He had made no attempt to 
make a complete analysis, but only to point out 
certain effects from stresses which were not so 
obvious and well known, and which occurred not 
only in rigid airships, but also in non-rigid and other 
curved shells. He had taken one aspect of the 
problem, viz., the effect of pure couples, and con- 
sidered it analytically. He did not suggest it 
should take the place of Professor Southwell’s 
more complete treatment. He assumed that the 
shear deflections and the work on the shear wires 
were independent and separate. This method he 
showed to be correct. As to initial stresses, they 
were somewhat uncertain, as it was difficult to give 
proper uniform tension. Some wires might be 
stressed more than others and might break, therefore, 
unexpectedly. In the Shenandoah loss investiga- 
tion some witnesses said they had heard wires 
snapping both forward and amidships. 

The President, in proposing a vote of thanks 
to Professor Hovgaard, said they were fortunate in 
terminating the meeting with a paper showing such 
mathematical capacity. He regretted that time had 
not permitted a more extended discussion. 

Mr. H. H. Whiting moved a vote of thanks to the 
President, and this was cordially assented to. His 
Grace the Duke of Northumberland, in reply, said 
they had had the privilege of listening to a most 
varied and interesting series of papers. He certainly 
felt, with Mr. Whiting, that the Institution owed 
much to Cambridge in laying the foundations of 
the mathematical science on which its practice 
was based. 

After lunch in the hall of Caius College, members 
reassembled in the Senate House, when the honorary 
degree of Doctor of Laws was conferred upon His 
Grace the Duke of Northumberland, Sir Archibald 
Denny, and Sir Eustace T.d’Eyncourt. Afterwards 
they were received by the authorities of King’s 
College in the hall of that college, the garden party 
which had been planned to take place in the grounds 
having been rendered impossible from wet weather. 
The banquet of the Institution took place in the 
evening in the hall of Trinity College. 

The meeting concluded on Friday, July 15, with 
a whole-day excursion to Ipswich, where members 
and ladies were received and entertained at luncheon 
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by Messrs. Reavell and Company, Messrs. Man-|in the wind tunnel, an autogyro wing (Géttingen 
ganese Bronze and Brass Company, Messrs. Petters, | section 429) was tested for lift and drag in a 4-foot 
Limited, &c., the works of these firms being visited | wind-tunnel. The maximum efficiency of the air- 
in the course of the day. | screw, considered as an aerofoil, i.e., the maximum 
| L/D, was found to be greatly inferior to the sup- 
| posed efficiency of the autogyro, chiefly because 
|the screw failed to rotate at very small angles of 
LABORATORY. |incidence. Scale models of rotating wings, first 3 ft., 
(Continued from page 87.) | and then 10 ft. in diameter, were afterwards fitted 

; | with wooden blades, which were free to flap about 

Aerodynamics ; Airscrew Research.—An examina- | hinges near their roots at right angles to their length 
tion of the experimental data on the vortex theory | andin the plane of rotation. Asmall concave mirror 
of airscrews which has been obtained by the Depart- | was fixed to the under surface of one blade, for the 
ment and by the Royal Aircraft Establishment | purpose of observing the flapping motion by re- 
during the past four years, shows a very satisfactory | flected light. At small angles of incidence, the 
agreement with theory. All the discrepancies | efficiency was still low, but there was considerable 
observed in total thrust and torque occur at small| scale effect. At the inspection, Mr. C. N. H. 
velocities of advance, on airscrews with a small| Lock gave a demonstration of these experiments 
number of blades, or on airscrews of high pitch |(which are also being continued at the Royal 
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‘of the wind pressure on latticed towers which was 
|undertaken for the British Electrical and Allied 
| Industries Research Association. 

The William Froude National Tank Department.— 
| Sir Eustace Tennyson d’Eyncourt has been appointed 
|Chairman of the Tank Advisory Committee, in 
|succession to Sir William Smith, and Mr. R. W. 
| Dana has been elected one of the representatives of 
the Institution of Naval Architects, in the place of 
Sir Westcott Abell, who now represents Lloyd’s 
Register. Although the Department has been kept 
open from 7.45 a.m. to 9 p.m. on five days a week, 
and two new members have been appointed to the 
staff, the pressure of routine work has restricted 
research to some extent, especially as regards the 
experiments undertaken for the Air Ministry. Six 
“type” sets of seaplanes and flying boats were 
| made, involving 11 models, as against 13 and 61, 
| respectively, in 1925. Nevertheless, the cost of 








Fig. 12. 


ratio, particularly for pitch ratios greater than 1: 2. | Aircraft Establishment) in a 6-ft. wind tunnel. The 


The advantages for airscrew research of the Géttingen | large 10-ft. models require a specially rigid wire 


open-jet type of wind tunnel, over the closed tunnels 
in use at Teddington, are also being investigated. The 
latter method involves ccrrections, which the former, 
also preferred in America for testing larger air- 
screws, does not require. Recent observations indi- 


cate that it is possible, under certain conditions, for a | 


suspension in the 7-ft. duplex tunnel. The frame 
of rigid rods used is shaped like an inverted tetra- 
hedron. The base is above the roof of the tunnel, 
and three rods penetrate into the latter. 

Wing Flutter—Much work has been done, 
since the publication of the Wing Flutter Report 





screw to drive air against the general stream, the air | of. the Accidents Investigation Sub-Committee, on 
being afterwards returned outside the screw. The flow | wing flutter, i.e. the unsteady wing vibrations which 
resembles a circular vortex ring on the up-stream | were first noticed on certain machines at high speeds. 
side of the screw. There is only theoretical evidence | Probably few modern aeroplanes would be immune 
of the existence of this vortex-ring state, but the | from flutter, if sufficiently high flying speeds were 
illustrations in Fig. 12 are reproductions of photo-| attainable. On the other hand, some instabilities 
graphs which support the theory. They show the | could be prevented at all speeds by an appropriate 
progressive velocity distribution round a two-bladed adjustment of the weight of the aileron and 
model of an airscrew, 1 in. in diameter, and of 0-15 sufficient stiffening of the front spar. The addi- 
in. pitch, working in a water channel, 3 in. in width. | tion of the hinged aileron, however, complicates 
In the two left-hand views in Fig. 12, the screw is| the study of the flexural and torsional vibrations 
retarding the stream. This is proved by the spread- | of the wing itself. Mr. R. A. Frazer demonstrated 
ing out of the stream-lines in front of the screw, and the method of investigating these very difficult 
the turbulence behind it. In the two right-hand problems by experiments on a biplane wing, which 
illustrations, the screw is driving the fluid against | was fitted with an aileron. 
the general stream, whilst the flow up-stream | Economic Flight. Wing Pressure on Latticed 
resembles a section of a vortex ring with a Towers.—The work for the Air Transport Sub- 
circular core. Committee on the problems of economic flight’ has 

Autogyro.—After testing the windmills, or four- | not advanced much, owing to the pressure of other 
bladed screws of very small pitch, of a Cierva auto-| work, and a report has not yet been issued. Neither 
gyro at various pitch angles and axial inclinations | has any report been published on the investigation 


the researches exceeded the 1,938/. available from 
the fund by 516l., and an appeal for further assistance 
has therefore been made by the Institution of Naval 
Architects. Thanks to facilities afforded by the 
Pacific Steam Navigation Company, the Ellerman 
Lines, Messrs. Alfred Holt and Company, and 
Messrs. Yarrow and Company, measurements of the 
effects of rough water on resistance and pitching, 
as well as a comparison of model resistance with 
propeller thrust, were made by members of the 
staff on board the Oroya, the Oropesa, the City of 
Lyons and the Ambuscade, while crossing the 
Atlantic or the North Sea. These have been 
compared with model test data, so as to act as a 
check and to enable the scale effect to be determined. 
The tank itself has not required any special over- 
haul, but new apparatus was designed for testing 
a hull which was propelled from inboard by four 
screws on four shafts, all working simultaneously. 
The number of mercantile models tested for shape 
of hull was 63 (against 36, 52 and 35, in the 
three previous years). These involved 33 designs, 
of which 24 were tried with propellers. In order to 
determine the best shape for the propeller bossings, 
the direction of the flow of the water over the stern 
in the locality of the bossings was ascertained, and 
the latter were lined out to follow the natural flow. 
Where bossings and webs were used on the ship for 
supporting the outboard propeller-shafts, exactly 








Parowers 








eros 























ap uerigrncnatcponee mre 








Sap SS Pt OTE 


Denise ee 




















JULY 29, 1927.] 





similar bossings were fitted to the hulls during the 
propeller tests. In some of these tests, the propellers 
were driven from inboard. This has advantages, 
especially on boats provided with more than two 
screws, but does not permit the wake and thrust 
deduction to be measured. 

Wave Resistance. Maneuvring of Ships.—The 
influence of waves on the resistance, propulsion and 
pitching of ships has been investigated in the tank, 
as well as in the course of six voyages by Mr. G. L. 
Kent and mathematically by Mr. W. C. S. Wigley, 
both of whom have read papers before the Institu- 
tion of Naval Architects.* Mr. Kent has found 
that, for ships of 400 ft. length and of varying 
fullness, the resistance due to the waves was approxi- 
mately the same at the same speed for all forms 
with a prismatic coefficient less than 0-75, so long 
as the waves did not exceed 4 ft. in height. For 
higher waves, the increase in resistance with an 
increasing coefficient was much greater than in 
moderate seas. It would therefore appear inad- 
visable to build ships with a fullness equal to 
coefficient 0-8 for sea routes where waves higher 
than 8 ft. are to be expected. Under identical 
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conditions of experiment, the fullest model shipped 
the most water. When crossing from Liverpool 
to Havana, the Oroya and Oropesa encountered 
winds up to 80 knots, and swells with individual 
waves over 30 ft. in height. 

The investigation and calculation of the wave 
resistance of three-dimensional forms, in accordance 
with Professor Michell’s mathematical theory, is 
being continued, and experiments are being made 
with models of the same form, length and draught, 
but differing in beam and fore and aft shapes. 
The observed wave profiles do not, so far, 
however, agree with the calculated profile. The 
manceuvring measurements taken when moving 
the rudder over to produce a yaw of the ship, 
when holding the rudder at a steady angle, while 
the ship yawed, and when putting the rudder 
over to produce a yaw and then reversing it to 
check the yaw, show that the largest pressures were 
recorded under the last condition. The City of 
Lyons, which was used for these fine-weather tests, 
is a single-screw ship with an unbalanced rudder 
operated by electro-hydraulic gear. 

Screw Propulsion and Wake Exploration.—A 
striking example of the value of model tests is 
given in Fig. 13. This illustrates the results of the 
comparative tests which were made, first in the tank 
and then in a smaller tank at Hamburg, on a model 
screw, 9-6 in. in diameter, and under practically 
identical conditions in open water. The agreement 
of the figures for the torque and thrust, as deter- 
mined by the different methods, is very satisfactory. 
The same screw was afterwards used for studying 
the wake and rotative efficiency. The velocities 
in the race were measured at various radii, both 
in open water and behind flat plank surfaces, 





* See ENGINEERING, 1927, vol. cxxii, pages 477 and 479. 
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28 ft. in length, and either smooth or very rough. 
The wakes obtained behind the plank were checked 
against those obtained by calculations based upon 
the form of the screw blades, as well as by Pitot- 
tube measurements. The intake velocity being high 
at some places and the effect of its fluctuation upon 
the calculations being large, the measurements 
did not, however, supply a very reliable check. 
Apparently, the intake velocity may be assumed 
to exceed the ahead velocity by one-half of the 
excess measured at the rear of the screw. This 
assumption has some theoretical foundation. Mr. 
G. S. Baker is extending these experiments by 
making similar measurements with the same 
propeller behind a single-screw hull of the normal 
type, the wake and efficiency having already been 
measured in the usual way. 

The demonstrations given on inspection day 
included tests of a model of a single-screw cargo ship 
with inboard drive and complete apparatus for 
recording the thrust, speed and torque on the 
propeller shaft. Records of the actual data obtained 
on board ship were also exhibited for comparison 
with the corresponding model test data. These 
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most suitable material, as it is non-porous and is 
not corroded by the manganese vapours which ruin 
the thermocouples. This mixture, to which a little 
cellulose acetate is added, is extruded in the form of 
fine tubes, which are fired between 1,710 and 1,750 
deg. C. in a special injector furnace, supplied with 
gas under pressure. Glazed china clay-alumina 
muffles are satisfactory up to 1,650 deg. C., while 
lime-alumina with a glaze of quartz, pure china 
clay and feldspar are being tried for higher tempera- 
tures. To glaze crude fused alumina and magnesia is 
difficult, owing to the absorption of the glaze by 
the porous refractory. It may be mentioned that 
the Department has succeeded in restoring con- 
taminated thermocouples. 

The new equipment includes an Ajax-Northrupp 
high-frequency induction furnace for the foundry, 
which is equipped with a valve generator, chokes, 
a heavy bank of condensers, water-cooled spark 
gap and water-cooled copper coil surrounding the 
sleeve. Pumps are also provided to maintain a 
vacuum in the crucible over the fusing metals, a 
matter of considerable difficulty at high tempera- 
tures. By this means, a vacuum of 0-01 mm. of 
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comprised figures for seaworthiness, pitching records 
with waves up to 50 ft. high, records of thrusts up 
to 43 tons on the propeller shaft at ship speeds 
ranging from 8 to 23 knots, as well as data regarding 
the manoevring, the twisting moment on the 
rudders, and the rate of yawing. The model being 
used for new work on the effect of waves on the 
thrust efficiency and to show the action of a ship 
which is pitching under the influence of waves, was 
also demonstrated. Records were also taken of the 
advance of the model in smooth and rough water 
while propelling itself down the tank, in order to 
ascertain how much of the power lost was due to 
wind resistance and how much to the propeller. 
The arrangement that has been devised for studying 
the towing of trains of barges by self-propelled 
tugs, was also shown. 

Metallurgy Department ; Refractories. Furnaces.— 
Since the date of the last report, this Department has 
lost two members of its staff: Mr. J. Murdoch, who 
has had charge of the test work since 1907, has re- 
tired, and Dr. D. Hanson has been appointed Feeny 
Professor of Metallurgy at Birmingham University. 
In the study of pure metals, as well as of alloys and 
their properties, the production of refractories that 
will withstand high temperatures and not contami- 
nate the charges is of paramount importance. The 
Department makes its own refractories, as the 
result of detailed experimenting by the Super- 
intendent, Dr. W. Rosenhain and his staff, by 
methods which were demonstrated by Mr. D. 
Turner on the inspection day. Crucibles are pre- 
pared from a mixture of china clay and alu- 
mina and provided with sleeves of carborundum. 
The intervening space is packed with alumina, 
which has been previously fired to expel the gases. 
This alumina takes up the metal if the crucible 
should crack. The pots and sleeves are made in 
three-part steel moulds, which are lined inside with 
brown paper so as to prevent damage to the 
refractory on removal. Pure metals are fused in 
pots (up to 2 cm. in diameter) of alumina, or of 
pure thoria for chromium. Crude magnesia, which 
has been previously fused, gives stronger pots. 
For thermocouple protectors and sheaths, a lime- 
alumina containing 23-5 to 28 per cent. of CaO 








and 76-5 to 72 per cent. of Al, O,; has been found the 
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mercury can be maintained over molten chromium 
at temperatures between 1,600 and 1,700 deg. C. 
In the newest form of high-frequency furnace, due 
to Mr. Adcock, the spark gap has been replaced 
by valves, giving 3,000 volts at a frequency of 
1,000,000 cycles per sec. A resistance furnace is 
used in the rolling mill, and has proved indispensable 
in many metallurgical studies for pre-heating 
the billets and rods which are to be rolled hot, 
up to 1,300 deg. C. This furnace is illustrated in 
Figs. 14 and 15. The resistors are Silit rods, Silit 
being a mixture of carborundum, carbon and sili- 
con. Forty of these rods, each with a resistance 
of 10 ohms, are used and dissipate about 1 kw. in 
maintaining a temperature of 1,200 deg. C. The 
power required varies from 12 to 18 kw., and is 
obtained from the copper *bus-bars, which are 
arranged in series or parallel, in accordance with the 
temperature desired. In a second furnace of this 
type, which is of 2 in. internal diameter, and is 
therefore very useful for pre-heating specimens for 
microscopical examination, the resistors are arranged 
round the periphery of an alundum tube, their length 
being parallel to the axis. 

In a third furnace, which has been patented by 
Dr. Rosenhain, cylindrical pellets of graphite are 
placed in a tube of silica or of china clay-alumina 
refractory, so as to form a continuous segmented 
core between two water-cooled carbon plates, which 
are lightly pressed against its ends by springs. 
The current heats the pellets, owing to the direct 
and the contact resistances, and the little oxygen 
originally in the tube is soon converted into carbon 
monoxide, so that there is no need to attempt to 
obtain a vacuum. On the inspection day, eight of 
these very simple resistors were shown arranged 
round a muffle, and demonstrations of the thermo- 
static control of furnaces for alloys research, of cold- 
bulb control and of slow-cooling devices were given 
by Dr. J. L. Haughton and others. 


(To be continued.) 








CopPER IN THE UNITED States.—The total production 
of new refined copper in the United States, during 1926, 


was 2,322 million lb. Some 856 million Ib. of refined 
copper bars and ingots were exported during 1926; out 
of this total 180 million Ib, were shipped to the United 
Kingdom. 


ome 





148 





THE BOWIE-GAVIN PETROLEUM 
RECOVERY AND CRACKING PROCESS. 


In the course of cracking experiments Messrs. 
C. P. Bowie and M. J. Gavin, of the United States 
Bureau of Mines, noticed some years ago that, while 
the oil retorted from oil-soaked shales, had a crack- 
ing odour, the free carbon liberated did not adhere to 
the sides of the retort and vapour pipes, but was en- 
trained in the shale. The observation suggested the 
possibility of overcoming the carbon difficulties in 
cracking processes by mixing inert materials with the 
oil before it entered the cracking zone. The first labora- 
tory experiments made with various inert materials, 
ground down to about }-in. mesh, and very heavy, 
almost solid asphaltes and tars, gave remarkably 
promising results, producing 80 per cent. or more of 
cracked oil, in addition to gas and carbon, which caused 
no trouble. The work was then continued on a larger 
scale in the hope of dealing with the vast deposits of 
oil shales and tar sands hardly utilisable till now for oil 
production. Mr. Bowie describes his experiments in 
detail in Technical Paper 370 of the Bureau of Mines.* 

The first Bowie-Gavin retorts consisted of a bottom 
plate of cast iron, heated from below by electricity or 
gas, and surmounted by a cone of wrought iron, to 
the inner walls of which were welded three troughs, 
arranged to discharge any liquids entering them into 
}-in. outlet pipes, which also served as vapour lines. 
Resting on the plate was a vertical shaft carrying rabble 
arms to move the material from the centre to the 
periphery. The outside of the plate was surrounded 
by a ring of sheet iron forming a lip; ploughs at the 
ends of the rabble arms discharged the spent inert 
material over the top of the lip. The first rabble arms 
were soon replaced by a kind of rolling disc harrow, the 
parallel dises being so mounted on the two horizontal 
arms that they scraped the bottom by their weight in 
slipping and rolling. The feeds of inert material and 
of oil to be cracked were first separated, but it was 
found more convenient to mix them by a spiral con- 
veyor before their introduction at the top of the cone. 
Ground shale or clay from brickworks were used as the 
inert materials in the proportion of 40 parts by volume 
to 60 parts of asphaltic oil; sand, coke and saw-dust 
were also tried with success, 

Various improvements were adopted for the 8-ft. 
cone retort constructed later, especially as regards the 
bottom plate, which, though built up of two superposed 
plates, warped and interfered with the scraping of the 
rabbles. The bottom was finally made of a central 
casting, provided with a hub for the shaft, and supported 
by ribs and webs, and two concentric rings, each built 
up of 16 segments fitting into one another and into 
the central casting with flanges and grooves. The outer 
ring rested directly over the firebox of the furnace, and 
the hot gases circulated through the webs of the bottom 
plates and beneath the surface of the successive cast- 
ings towards « flue and the stack at the centre of the 
furnace. Outside the outer castings an iron ring was 
placed ; it was made of two halves bolted together. The 
rotating rabble and ploughs swept the inert material 
into a pocket in one of the hearth plates in the outer 
ring of castings. A 74-h.p. motor was required to drive 
the rabbles and the mixer, with oil charges of 2-cwt. 
maximum, the cracking temperature being about 400 
deg. C. ; the steam used for preheating the original oil was 
furnished by a 20-h.p. vertical boiler. Consecutive runs, 
up to 67 hours in duration, have been made with this 
plant, but no cost estimates have yet been made, and 
the experiments have been interrupted by lack of funds. 
It is considered that a 25-ft. retort of this kind 
would be a suitable commercial unit, and that its con- 
struction would not involve any great difficulties. 








UnpDERGROUND Loapine Devices IN METAL MINES.— 
According to the United States Bureau of Mines, where 
accurate and detailed costs have been kept of successful 
underground operations, the effect of adopting proper 
and timely mechanical methods is clearly evident. The 
tonnage-per-man curve rises and the cost curve drops 
sharply. The net result of this as affecting labour is not, 
as labour at first feared, a reduction in the number of men 
employed,'but rather a widening of the definition of ore, the 
inclusion of material hitherto unprofitable, expansion of 
operations, and the consequent employ1.1ent of more men 
at better pay. At a number of mines where mechanical 
loading has been successfully applied to local conditions, 
the really vital benefit has been, not so much in speeding 
up the operation and the reduction of the unit cost, 
important as that is, but rather in the fact that mech- 
anical methods make the work more desirable, attract a 
better grade of labour, reduce both the personnel and 
the labour turnover, and yield a tonnage which, under 
present labour conditions, could not be produced by 
hand shovelling. 








* The Bowie-Gavin Process: its Application to the 
Cracking of Tars and Heavy Oils, also to the Recovery 
of Oil from Oil-Soaked Sands or Shales, or from Ousl 
Shales.—Bureau of Mines Technical Paper, No. 370. 
Government Printing Office, Washington, D.C., U.S.A. 
Price 15 cents. 
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ENGINEERING TRAINING AND 
EDUCATION. 


University of Bristol.—A prospectus, for the session 
1927-1928, of the Faculty of Engineering of the 
University of Bristol, which faculty is provided and 
maintained by the Society of Merchant Venturers in 
the Merchant Venturers’ Technical College, Bristol, 
has just reached us. Courses of study are available 
at the College for students intending to engage in 
civil, mechanical, electrical, or automobile engineering, 
and full particulars of these courses are given in the 
prospectus. The ordinances and regulations relating 
to degrees and diplomas are included, and some par- 
ticulars of the Bristol sandwich system of training 
engineers are also given. The prospectus may be 
obtained from the Registrar of the Merchant Venturers’ 
Technical College, Bristol. The autumn term will 
commence on September 30 next. 

Imperial College, Department of Aeronautics.—The 
Department of Aeronautics of the Imperial College of 
Science and Technology, South Kensington, London, 
S.W.7, was established in 1920-21 as a central school 
for advanced study in aeronautical science. A pre- 
liminary pamphlet syllabus for the session 1927-28, 
which has just been published, contains details regard- 
ing the post-graduate courses held in the Department. 
The two main branches are design and engineering, 
and meteorology. The first is again subdivided into 
aerodynamics ; drawing and design; materials of air- 
craft construction; construction and strength of air- 
craft; engine design; airships; air navigation and 
aircraft instruments; and mathematics. The director 
of the Department is Mr. Leonard Bairstow, F.R.S., 
Zaharoff Professor of Aviation, and the. Professor of 
Meteorology is Sir Gilbert T. Walker, F.R.S. 

University of London, King’s College.—The pros- 
pectus of the Faculty of Engineering of the University 
of London, King’s College, Strand, London, W.C.2, 
has just been issued. It contains a syllabus of the 
classes held in the engineering department of the 
College, together with time-tables and full particulars 
regarding fees, entrance examinations, degree and 
diploma courses, and scholarships and prizes obtainable 
by students. The divisions of the Faculty of Engineer- 
ing and Applied Sciences comprise, civil, mechanical, 
and electrical engineering, geology, mathematics, 
physics and chemistry. The courses set forth in the 
prospectus are those taken by students entering for 
three years, either for the College Diploma, or the 
B.Sc. (Eng.), or both. The Michaelmas Term will 
commence on October 3, next. The Dean of the 
Faculty, is Dr. Gilbert Cook, M.I.Mech.E., Professor of 
Mechanical Engineering. The civil engineering depart- 
ment is under the direction of Prof. A. H. Jameson, 
M.Sc., M.Inst.C.E., and Mr. Ernest Wilson, M.Inst.C.E., 
M.I.E.E., is Professor of Electrical Engineering. 

Loughborough College.—The calendar of Lough- 
borough College for the session 1927-28 has just 
reached us. As has previously been the case, it con- 
tains full particulars regarding the courses of study 
held in the mechanical, civil, electrical, and auto- 
mobile engineering departments of the Faculty of 
Engineering, in the department of administration and 
economics, in the Faculty of Pure and Applied Science, 
and in the school of industrial and fine art. In addi- 
tion, a great deal of information is given concerning 
the administration of the College, the equipment of the 
laboratories, the College residential halls, the extra- 
mural adult education scheme adopted at Lough- 
borough, and other matters dealing with the College 
or its social and educational activities. Diplomas are 
awarded to students in the Faculties of Engineering and 
Pure and Applied Science, and associateships in the 
departments of mechanical, electrical and automobile 
engineering of the Faculty of Engineering. Students are 
also given every facility to prepare for the external 
science and engineering degrees of the University of 
London, and for membership of the engineering insti- 
tutions. Copies of the calendar may be obtained from 
the Registrar, Loughborough College, Leicestershire, 
price 2s. 6d. net. The autumn term will begin on 
September 23 next. 





FEED-WaTER IMPURITIES AND CoRROSION.—In the 
course of a paper on “Impurities in Feed Water and 
their Effect on Boiler Operation,” which he read before 
the American Water Works Association, Mr. J. B. Romer 
remarked that, when surface condensers were first 
employed, it was felt that, with a feed water at least 
95 per cent. distilled, boiler troubles were virtually over. 
But very pure water was corrosive, owing to the presence 
of dissolved oxygen and of hydrogen ions. An ideal 
feed water was therefore one which was neither scale- 
forming nor corrosive and would not cause embrittle- 
ment, priming or foaming. Unfortunately such waters 
did not exist, but the necessary treatment could be effected 
in various ways, either outside or inside the boiler. The 
former enable satisfactory results to be obtained; the 
results of the latter method were never'so good, because a 
boiler should not be regarded as a chemical vessel. 
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ALLOYS OF IRON AND MANGANESE 


CONTAINING LOW CARBON.* 
By Sm Rozsert HADFIELD, Bt., F.R.S. 


Fo.tLow1ne the author’s early published researches 
on alloy steels, many other investigators entered the 
field, but the author will only mention those who have 
worked with the subject of this present paper, namely, 
alloys. of iron and manganese. There were notable 
contributions by Guillet and Arnold, also Burgess and 
Aston, and more recently by Kasé, a Japanese research 
worker in Professor Honda’s laboratory, and Dr. 
Jerome Strauss, 

Objects of the Present Research.—In view of the fact 
that the manganese steel now used industrially con- 
tains considerable percentages of carbon varying 
from about 0-90 to 1-50 per cent., and that both 
carbon and manganese are instrumental in producing 
the remarkable qualities of this alloy, the importance 
of ascertaining definitely the properties conferred 
by manganese itself upon iron, that is, in the practical 
absence of carbon, has always been apparent. It 
was from this consideration that the author himself 
prepared the various alloys of iron and manganese 
now described, some of them made many years ago, 
and in which the carbon was kept very low. Thus, 
comparison could be made between the qualities of 
these and of the materials represented by his earlier 
researches—namely, between the materials representing 
the two types of alloys of iron and manganese, the one 
with carbon varying from about 0-50 to 1-20 per cent., 
and the other with little or no carbon, 0-08 to 0-20 
per cent., while keeping these alloys, as far as practicable 
free from other elements ; that is, they were generally 
but little influenced by the presence of other elements. 
Some of these alloys, as regards their percentage of 
manganese, apart from their low carbon, would com- 
prise products which might be considered to come under 
the term ‘‘ manganese steel,” though they must not 
be confused with the latter for industrial applications, 
for which there seems to be no particular field in the 
case of these low-carbon alloys. Nevertheless, it 
is important, from the scientific point of view, to 
have their various qualities—chemical, physical, and 
mechanical—put on record. 

The accompanying Table IV gives the contents in 
carbon and manganese of the various specimens 
included in the present research, from which it will 
be seen that the chief disturbing element, carbon, is 
low, and varies but little. The other elements present 
are of fairly normal percentages and probably have 
not much influence on the physical qualities of the 
various materials prepared, as regards the unannealed 
and annealed conditions, Further, in the present 
series the author has presented the following informa- 
tion which, to the best of his knowledge, has not 
before been determined on such a series, that is, with 
regard to the co-ordination of so many different physical 
qualities. 

TaBLeE IV.—Key Table giving the Carbon and Manganese 
Percentages of the Specimens prepared for this Research. 








Group No. — Carbon. Manganese. 
1 1727D 0-11 0-06 
1 1379A 0-07 1,-68 
2 379B 0-06 3°95 
2 1379B/4 0-10 4°10 
2 1379B/3 0-11 4-82 
2 1379C/1 0-06 6-68 
2 1379C/2 0-08 6°75 
2 1379D 0-07 9-45 
3 1379E 0-09 12-95 
3 1379E/3 0-14 14-30 
4 1379G 0-15 17-10 
ae 1379F 0-08 22-70 
4 1379H 0-20 38-90 
5 13791 0-29 83-50 














The various specimens were obtained in both the 
cast and the forged form. In each case their qualities 
were determined : (1) In the untreated condition, i.e., 
as forged or as cast; (2) after annealing by heating 
to 860 deg. to 890 deg. C. and cooling very slowly ; 
(3) as water-quenched from a high temperature. The 
object of the latter treatment was to see whether 
any toughening effect occurred as in the standard 
material known as the Hadfield manganese steel 
under such treatment, namely, when heated and water- 
quenched from the extraordinarily high temperatures 
that is, as compared with those used for ordinary 
steel—of 950 deg. to 1050 deg. C., which, when intro- 
duced by the author in 1883, were indeed a new depar- 
ture in methods of metallurgical treatment. The 
tests carried out include the following: (a) For the 
cast material: bending tests on cast strips and trans- 
verse bars; also Brinell ball hardness and hammer- 
hardening tests. (b) For the forged material : bending 





* Paper read before the Iron and Steel Institute, 





London, on May 5, 1927. Abridged. 
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tests on forged strips; tensile tests showing the yield | extremely pure series of iron-manganese alloys melted | No. 1727 D, prepared in a similar manner, but contain- 
point, tenacity, elongation, and reduction in area;|in vacuo, and including an investigation of their|ing practically no manganese, was also included. 
: Frémont shock tests on specimens—(a) nicked, (6)| mechanical and physical qualities. The work so far|There are also several duplicates of alloys in the 
without nicks; hammer-hardening tests; Brinell | carried out in the production of these alloys is described | original series. These contained lower percentages 
ball hardness tests. In addition, in the case of the | in the Reports of the National Physical Laboratory for|of metalloids and were prepared with a view to the 
forged material, a complete series of the following| the years 1924, 1925 and 1926. When the series is!confirmation or otherwise of certain characteristics 
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tests was made: the specific magnetism of each of the 
thirteen specimens, from 1-68 to 38-90 per cent. manga- 
nese ; electrical resistance ; heating and cooling curves ; 
microstructure of the specimens; their corrodibility. 


Fig. 1. 


As Cast 


= — Water Quenched from 71000°C. 





Angle of Bend 


9000 
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completed with physical 
and other tests it will be 450 
interesting to compare the 
results obtained with those 
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TABLE FoR Fic. 1.—TRANSVERSE Tests—Cast MATERIAL, noted in the first series made some time ago. A further 
alloy, No. 13791, containing about 83 per cent. 
—_— | 1 2 | Se a 5 | 6 | 7 8 | 9 | 10 | 11 manganese, was also prepared at this later period. 


The qualities of ferro-manganese of this percentage 
and containing about 7 per cent. of carbon were fairly 


| | 
es, (by aiff.) a = a ay a my = . = CT | — Fm : py | a" Zz oy be nd a ~~ “s well known, and it was thought interesting to ascertain 
Mn 0:06 | 1-68 | 3-95 | 4-10 | 4-82 | 6-68 | 12-95 | 14-30 17-10 | 22-70 | 38-90 the qualities of such an alloy, that is, with about 80 per 
Analysis P pe pies oa | oan | 0-049 | $a | oa 0-044 | 0-051 | 0-046 | 0-036 | cent. of manganese, with practical absence of carbon, 
Si oa | eas aan| Gar | aa ia a | aa —— bt a3 | O.93° ~=| as more or less representative of the characteristics 
L Cc 0-11 | 0-07 | 0:06 | 0-10 | 0-11 | 0-06 | 0-09 | 0-14 | 0-15 | 0-08 0-20 to be found at the higher end of the iron-manganese 
series. 








TABLE FOR Fic, 2.—BRINELL 


HarpNEss—Cast MATERIAL. 
































In the preparation of each of these alloys the same 
general procedure was adopted throughout, namely, 
the addition of manganese, metal containing the 





Sieg i : E | | 
| : | . | " | ae ’ : . . ” | 11 | 12 | 18 highest available percentage of manganese and as 
free as possible from other elements, to molten iron 
Specimen No... | 1727D | 1879A | 1379B |1379B-4 1379B-3|13790-1113790-2| 1379D | 1379E |1379E-3| 1379G | 1379F | 1379H | as free as possible from carbon and silicon, Aluminium 
(b: ‘aift.) 99-52 | 98-03 | 95-73 | 95-53 | 94-78 | 92-99 | 92-95 | 90-24 | s6-69 | 85-21 | 92-29 | el on: |e eS ena 
y diff. : : 7 5:53 | 94-7 2-96 2- : -69 | 85-2 2:29 | 76- . . : 
Mn | 0-06 | 1-68] 3-95] 4-10| 4-82] 6-68 | 6-75 | 9-45 | 12-95 | 14-30 | 17-10 | 22-70 | 38-90 | Quantity of the alloy was added to ensure a 
Analysis; P 0-059} 0-070} 0-068) 0-056 0-049) 0-064) 0-064) 0-059) 0-050) 0-044 0-051) 0-046) 0-036 | The method was also adopted of heating the metallic 
: Sarl del ean) San) Gas) Gael gan) ont 0-108} 0-051) 0-060 0-054) 0-055 | manganese to redness in the crucible into which the 
si . 0% . ‘16 | 0-19] 0-12] 0-08] 0-10/ 0-12] 0-26] 0-35] 0-13| 0-70 , 
L c 0-11] 0-07 | 0-06 | 0-10/ 0-11] 0-06 | 0-08 | 0-07| 0-09 | 0-14 | 0-15| 0-08| 0-20 | molten iron, free from carbon, was afterwards poured. 
| | Naturally, for this purpose the well-known chemical 
activity of manganese with a silica lining demanded the 
TABLE FoR Fic. 3.—TEnsILE TesTs—as Forcep, use of a basic-lined crucible. The analyses of the 
metallic manganese employed were as follows :— 
_ | 1 2 3 4 5 6 7 | 8 9 | 10 | 11 | 12 | 13 
Silicon. | Manganese 


























Specimen No. 


€ | 
(by diff.) | 99-52 | 98-03 | 95-73 | 95-53 | 94-78 | 92 
Mn 0-06 





1727D | 1379A | 1379B 11879B-4!13708-3|13790-1|13700-2 1379D | 1379E |1379E-3) 1379G | 1379F | 1379H 





| Carbon. 











Per cent. | Per cent. | Per cent. 





08 | 95-73 8 $ | 92-99 | 92-95 | 90-24 | 86-69 | 85-21 | 82-20 | 76-90 | 60-11 

1- ’ 4-10 | 4-82 | 6-68 | 6-75 | 9-45 | 12-95 | 14-30 | 17-10 | 22-70 | 38-90 ,; 

Analysis =P 0-059] 0-070] 0-068) 0-056 4-500] 0-064} 0-064] 0-059/ 0-050 0-044) 0-051] 0-046] 0-036 | For, the original serles of | | 2-95 92-17 
S 0-049] 0-120} 0-098] 0-053; 0-047; 0-081} 0-076| 0-084! 0-103| 0-051| 0-060| 0-054) 0-055 For the latter alloys, B/3, : aie 7 oe 
Si 0-20 | .0-03 | 0-09 | 0-16 | 0-19 | 0-12) 0-08 | 0-10] 0-12 | 0-26| 0-35 | 0-13 | 0-70 | For the Matter Blloys, Bis.) 0 A. 1-40 95-30 
c 0-11 | 0-07] 0-06} 0-10} 0-11 | 0-06 | 0-08/ 0-07} 0-09) 0-14] 0-15/| 0-08| 0-20 eo BS, Se * | 

















A number of tests have also been carried out upon 
the unforgeable alloy containing 83-50 per cent. of 
manganese—that is, similar to high percentage ferro- 
manganese but with quite low carbon, namely, 0-29 per 
cent. In this case, owing to the brittle character of 
the material and its non-forgeability, a similar series 
to that made upon the remaining materials was not 
possible, and the tests actually carried out were of a 
character more suitable to display its qualities both as 
cast and also as affected by heat treatment. The 
author also calls attention to the important work in 
the same direction now being carried out by Dr. W. 
Rosenhain, F.R.S., assisted by Dr. Marie Gayler and 
others, at the National Physical Laboratory on an 





made on a manufacturing scale and described in this 
paper. 

Production of the Iron-Manganese Alloys for this 
Research.—The production of this series of alloys has 
extended over a considerable range of time, some of 
them being made before the war when the purer types 
of manganese metal now available and comparatively 
low in sulphur could not be obtained, yet the results 
have been most useful. The series comprises the 
alloys A, B, Ci, C,, D, E, and F, ranging from about 
1-7 per cent. to about 23 per cent. of manganese. 
Later were added alloys G and H, extending the range 
up to about 39 per cent. of manganese. 


For the purpose of comparison a low-carbon steel, | 








Analyses showed that the author’s experiments to 
produce alloys of iron and manganese, with but 
little disturbing effects of other elements, were on the 
whole successful. Carbon was not present to more than 
the amount of 0-20 per cent. even in the alloy con- 
taining 39 per cent. manganese, and reaching the still 
comparatively small figure of 0-29 per cent. in the 
83 per cent. alloy. Silicon was the only extraneous 
element found in appreciable quantity, this being due 
to the difficulty of obtaining metallic manganese 
sufficiently free from this element. Even, however, 
in the 39 per cent. alloy the silicon did not exceed 
0-70 per cent., but reached 1-36 per cent. in the 83 per 
cent. alloy. 

A total weight of between 50 and 60 lb. of each alloy 
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was made, this being poured in the form of an ingot in 
a cast-iron mould. There were also cast a pair of bars 
12 in. long by 1 in. square for transverse test, and strips 
1 in. by } in. by 7 in., these being cast in sand-moulds. 
In all cases the steel poured in a fluid manner and settled 
very well in the chill and sand moulds. For the purpose 
of carrying out tests on the alloys in their forged con- 
dition, a portion of each ingot was forged down under the 
steam-hammer to produce a sufficient quantity of bar 
of 1} in. diameter. From this bar were made the 
necessary tensile test-pieces, and from some of the 
alloys bar of smaller section, 11 mm. by 9 mm., was 
forged specially to provide shock test specimens. In 
each case this was accomplished quite easily and 
successfully at a bright red heat (about 950 deg. C.), 
though in some cases where an attempt was made to 
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forge at a lower temperature (about 800 deg. C.) the 
material was difficult to work and tended to crack. 

Heat Treatment.—In studying the mechanical and 
physical characteristics of these alloys it was thought 
well to examine each of them as far as possible whether 
in the cast or forged state, in three different conditions, 
as regards heat treatment—namely, (a) as cast or as 
forged; (b) as annealed, that is, by heating to a 
comparatively high temperature, 860 leg. to 890 deg. C., 
and cooling very slowly ; (c) as water-quenched from 
1,000 deg. C. There were at the time no special 
grounds for assuming that either of the latter types 
of heat treatment would be more favourable than 
others for a interesting or useful character- 
istics in these alloys; rough tests of a preliminary 
nature, in fact, indicated rather that heat treatment 
of any kind had nothing like such a pronounced influence 
on their qualities, as in the case of iron-manganese alloys 
containing a comparatively high percentage of carbon, 
=a in these the material known as “‘ manganese 
steel.” 

Mechanical Qualities—The mechanical tests on the 
cast material comprised, besides Brinell hardness tests, 


bending tests on the small cast strips and transverse 
tests on the 1-in. square bars resting on supports 12 in. 
apart. These bending and transverse tests are of a 
similar character to those employed by the author in 
his earlier-published researches on alloy steels. In 
addition, and in view of the remarkable characteristics 
displayed by manganese steel in this direction, a portion 
of each transverse bar was tested for its work-hardening 
qualities in the following way. Each specimen was 
hammered for a total period of 15 minutes with a 3-lb. 
engineer’s hammer, using the ball end of the head, the 
blows being concentrated inside a circle of 1 in. dia- 
meter. The Brinel!l hardness of the hammered surface 
was then measured and compared with its initial hard- 
ness. This method, while of a simple character and 













obviously dependent for its consistency upon the man 
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employed for the purpose, has 
been found to give useful com- 
parative results, developing in 
the case of manganese steel a 
hardness of over 600 Brinell. 
In the present case it was not 
desired to do more than obtain some approximate 
indication of the capacity of these alloys for work- 
hardening, it being intended to make more exact 
comparisons only if found desirable. 

| In the case of the forged material tensile tests were 
|taken, a complete record being obtained in each case 
of the yield point, maximum stress, elongation and 





“ENGINEERING” 


were carried out in the Frémont test machine both 
with nicked and unnicked specimens. The test-pieces 
were of the usual Frémont pattern. The mechanical 
qualities of the various alloys in their cast and forged 
forms in relation to their chemical analysis are shown 
in diagrams Figs. 1 to 7. In the tables accompanying 
these diagrams, the numerals at the head of the columns 
correspond with sections of the diagrams reading from 
left to right. Anexamination of these data shows that 
the alloys may be divided for convenience into ranges 
of composition expressed in the following groups :— 
Group 1.—Manganese below about 4 per cent. In 
this range the alloys are comparatively soft and tough, 
but becoming harder and less tough with increasing 
Manganese. Group 2.—Manganese 4 to 10 per cent.; 
characterised by a comparatively high Brinell hardness, 








reduction of area, and the type of fracture. Shock tests | 





in the region of 400, and brittleness. Group 3.—Man- 
ganese 10 to 15 per cent. ; a transitional zone in which the 
ductility improves and the hardness decreases with 
increasing manganese. Group 4.—Manganese 15 to 
39 per cent.; possessing to a limited extent the 
characteristics of manganese steel—that is, a com- 
paratively low Brinell hardness, in the neighbourhood of 
200, with considerable tenacity and ductility, and a 
capacity for work-hardening to a considerable degree. 
Group 5.—Manganese about 83 per cent.; hardy and 
brittle. 

It is interesting to note that the alloy, 1379 I, con- 
taining 83-50 per cent. manganese, and only 0-29jper 
cent. carbon, has qualities not markedly different from 
those of ferro-manganese of the ordinary kind con- 
taining about 7 per cent. of carbon, being of a glass- 
scratching hardness, quite brittle and not of a forgeable 










ENGINEERING” 


-870°C. cooled very slowly 
150 —-—-— Water Quenched from 1000°C. 
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character, also non-magnetic. The properties of low- 
carbon alloys, containing 83 per cent. of manganese, 
may be modified to some extent by quenching in water 
from a temperature of 950 deg. C. or over, this treat- 
ment resulting in a definite softening while not affecting 
their non-magnetic character. With slow cooling from 
similar temperatures the hardness as cast is retained, 
and very slight magnetic qualities appear. This 
increase in magnetism, although more apparent on the 
oxidised surface, is also definitely shown at the interior 
of the specimen. Subsequently to the preparation of 
the main portion of this paper, the author made a 
further alloy, No. 1379 J, of the following composition : 

C. Si. 8. P. Mn. Fe. 
percent, percent. percent. percent. percent. percent. 

0-24 1-14 0-062 0-039 61-50 37-00 
The object of this alloy was to give some indication of 
the characteristics to be found at an intermediate stage, 
in the rather wide gap between specimens H and I, 
with 38-90 and 83-50 per cent. manganese. Briefly, 
it may be said that the material did not forge success- 
fully at any temperature from 800 deg. C. to 1,100 deg. C. 
A transverse bar in the condition as cast broke under 
a load of 3,810 lb., with a bending angle of 2 deg. ; its 
Brinell hardness was 159. For a similar bar in the 
water-quenched condition the breaking load was 
5,500 lb., with a bending angle of 31 deg. and a Brinell 
harness of 185. 

Generally the mechanical qualities of such an alloy 
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seem to be much of the kind to be expected from an| In the paper by Arnold and Knowles in 1906*, the 
alloy intermediate between specimens H and I. 4s | properties reported for the alloy containing about 4 per 


regards forgeability, H, with 38-90 per cent. manganese, 
is readily forgeable ; I, on the other hand, with 83-50 
per cent. manganese, is quite intractable. It is not 
altogether surprising, therefore, to find that the 60 per 
cent. alloy could not be forged. Although it is hardly 


probable, nevertheless, in similar material containing | 


only minute traces of carbon this remark might require 
some modification. The transverse bars too, which 
with 38-90 per cent. manganese reveal greatly increased 
toughness as compared with the alloys of lower per- 
centage, show with 60 per cent. manganese a marked 
falling off again in toughness, as might be expected, 
in view of the complete brittleness of the 83 per cent. 
alloy. The 60 per cent. alloy, however, retains to some 
degree, the characteristic of toughening by water- 
quenching. 

In several instances comparisons have been made, 





where possible, between the mechanical qualities 
shown by the alloys in this research and those deter- 


TABLE FoR Fic. 4.—TENSILE TESTS—FORGED AND 


cent. manganese, essentially different from those 
obtained by Guillet, were mentioned, and some dis- 
cussion took place on this point. Guillet’s alloy No. 5 
in question,f containing 4-2 per cent. manganese, 
shows a very marked minimum of hardness and a 
maximum of toughness, dividing the series at this 
point into groups on either side possessing distinctly 
higher hardness and less toughness than itself. These 
same comparative features were found to exist also 
in the tensile test as well as in the Fr mont shock 
test, whether these be carried out on the material 
representing the water-quenched condition or the 
condition as forged. Such results would indicate that 
about 4 per cent. manganese in the alloys is in 
the nature of a critical percentage, and therefore of 
some importance in discussing the relations between 
iron and manganese. The author’s results obtained 
from alloy B, however, do not show such critical 
character, but properties intermedi ate between those 
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Specimen No... | 1727D | 1379A | 1379B |1379B-4 1379B-3| 


Fe 
(by diff.) | 99-52 | 98-03 | 95-73 
Mn 0-06 1-68 3-95 4-10 4°8 





Analysis by 0-059) 0-070 
s 0-049} 0-120) 0 
Si 0-20; 0-03) 0 
re © 0-11 | 0-07] 0 


| 
1379C-1/1379C-2| 1379D | 1379E |1379E-3| 1379G | 1379F 


95-53 | 94°78 | 92-99 

*82 6-68 6°75 9-45 | 12-95 | 14-30 
0-068; 0-056) 0-049) 0-064) 0-064) 0-059 
*098) 0-053) 0-047) 0-081! 0-076) 0-084) 0-103) 0-051 
-09 0-16 0-19 0-12 0-08 0-10 0-12 0-26 0-35 0-13 0-70 
06 0-10 0-11 0-06 0-08 0-07 0-09 0-14 0°15 0-08 0-20 


1379H 


82-29 | 76-99 60°11 
17-10 | 22-70 38-90 
0-050} 0-044) 0-051) 0-046 0-036 
0-060) 0-054 0-055 


92-95 | 90-24 | 86-69 | 85-21 





TaBLE FoR Fic. 5.—TENSILE TESTS—FORGED 


AND WATER- QUENCHED FROM 1,000 pea. C. 






























































cm | 1 | 2 3 | 4 5 | 6 | 7 8 9 10 
Specimen No. .. .. | 1727D | 1879B 1379B-4 1379B-3 | 1379C-2 1379D 1379E | 1379E-3 1379G 1379H 

Fe (by diff.) | 99-52 95-73 95-53 94°78 | 92-95 90-24 86-69 85-21 82-29 60-11 

Mn 0-06 3°95 4-10 4-82 6°75 9-45 12-95 14-30 17-10 38-90 
Analysis bs 0-059 0-068 0-056 0-049 | 0-064 0-059 0-050" 0-044 0-051 0-036 
8s 0-049 0-098 0-053 0-047 | 0-076 0-084 0-103 0-051 0-060 0-055 

Si 0-20 0-09 0-16 0-19 | 0-08 0-10 0-12 0-26 0-35 0-70 

l Cc 0-11 0-06 0-10 0-11 0-08 0-07 0-09 0-14 0-15 0-20 

| 
TABLE FOR Fic. 6.—FrémMonT SHOCK Tests—FORGED MATERIAL. 
— | 1 | 2 3 | 4 5 6 | 7 | 8 9 10 | 11 | 12 | 13 
| 
* 
Specimen saa” an | 1727D | 1379A | 1379B |1379B-4 1379B-3118790-1113790-2 1379D | 1379E |1379E-3| 1379G | 1379F | 1379H 
e 

(by diff.) | 99-52 | 98-03 | 95-73 | 95-53 | 94-78 | 92-99 | 92-95 | 90-24 | 86-69 | 85-21 | 82-29 | 76-99 60-11 
Mn 0-06 1-68 3-95 4-10 4-82 6-68 6-75 9-45 | 12-95 | 14-30 | 17-10 | 22-70 38-90 
Analysis Fr 0-059} 0-070} 0-068) 0-056; 0-049) 0-064) 0-064) 0-059) 0-050) 0-044) 0-051) 0-046 0-036 
8s 0-049} 0-120} 0-098) 0-053) 0-047) 0-081; 0-076} 0-084) 0-103) 0-051) 0-060) 0-054 0-055 
Si 0-20 0-03 0-09 0-16 0-19 0-12 0-08 0-10 0-12 0-26 0-35 0-13 0-70 
l Cc 0-11 0-07 0-06 0-10 0-11 | 0-06 0-08 0-07 0-09 0-14 0-15 0-08 0-20 








TABLE FOR Fic, 7.—BRINELL HARDNESS—FORGED MATERIAL, 
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Specimen No. 


Fe 
(by diff.) | 99-52 | 98-03 | 95-73 | 95-53 | 94 
Mn 4-10 


0:06 | 1-68 | 3-95 
Analysis \ 
8 0-049} 0-120} 0-098) 0-053 
| 
L 


0-059; 0-070} 0-068) 0-056 
Si 0-20} 0:03} 0-09} 0-16 


C 0-11 0-07 0-06 0-10 


ocoocom 





{ 
1727D | 1379A | 1379B |1379B-4|1379B-3| 1379C-1/1379C-2| 1379D | 1379E |1379E-3} 1379G | 1379F 


-049) 0-064) 0-064) 0-059 


1379H 


78 | 92-99 | 92-95 | 90-24 | 86-69 | 85-21 | 82-29} 76:99 | 60-11 
82 6-68 6-75 9-45 | 12-95 | 14-30 | 17-10 | 22-70 | 38-90 


0-050} 0-044) 0-051) 0-046) 0-036 





047) 0-081; 0-076! 0-084) 0-103) 0-051; 0-060) 0-054) 0-055 
‘19 0-12 0-08 0-10 0-12 0-26 0-35 0-13 0-70 
uD 0-06 0-08 | 0-07 0-09 0-14 0-15 0-08 0-20 











mined for the similar alloys examined in the researches 
of other investigators. In making these comparisons 
it should, however, be borne in mind that the heat 
treatments are usually not precisely similar, and in 
the case of forged material the size of the ingot from 
which the forging was prepared, also the amount 
of the reduction in forging, and the temperature were 
not necessarily the same. Any comparison on the 
basis of material in its condition just as forged without 
any further heat treatment is specially subject to 
qualification, this being a somewhat undefined physical 
condition dependent on the factors mentioned. From 
these comparisons it was seen that while there is a 
broad and general agreement as to the character 
of the alloys at the different manganese percentages, 
there are disparities in individual cases, specially as 
regards the degree of toughness or brittleness displayed 
by an alloy with certain percentages and with particular 
types of treatment. These differences are not always 
readily explainable, though the author has, where 
possible, by tests on alloys of similar percentages, 
endeavoured to test the accuracy of his own obser- 
vations. In addition, tests have been made by the 
author on specimens kindly supplied to him by Professor 
Arnold of the materials prepared for his (Arnold’s) 
research, and these tests give results on the whole 
agreeing with those obtained with the author’s series 
of alloys. The author, therefore, believes the results 


of the two adjoining alloys A and Cl, and form a 
link between Group 1, the comparatively soft and 
tough alloys, and Group 2, the hard and brittle alloys. 
To confirm this the author thought it necessary to make 
a further alloy, B4, with an even closer similarity in 
manganese percentage to Dr. Guillet’s alloy. As will 
be seen from Figs. 3 to 7, this gave results fully bearing 
out the brittle and comparatively hard nature of the 
alloy of this percentage, as shown by the author’s 
original series. The additional alloy, B3, with 4-8 
per cent. manganese, also goes to confirm the sequence 
of mechanical qualities indicated by the original 
series. 

With regard to the variatidn in Brinell hardness with 
manganese percentage, where this can be compared, 
that is, for the forged material in its untreated and 
water-quenched conditions, although in a general 
way both Guillet and the author indicate a similar 
progression with increase in manganese, there are 
certain essential points of difference. In each case 
the hardness rises to a maximum of about 450 as the 
manganese is increased, but with higher percentages 
falls away again. This maximum in the Guillet 
series is reached at a manganese percentage of 6-14, 





* “The Influence of Manganese on Iron,’’ see Enet- 
NEERING, 1906, vol. Ixxxi, p. 670. 





obtained will be found to be in concordance. 


t+ Dr. L. Guillet ‘Les Aciers Spéciauz.” published in 
1904. 





while in the author’s it is at 9-45 per cent. manganese. 
An interesting feature of the results obtained with 
the author’s specimens is the indication in the curves 
of a secondary maximum in hardness at 4-82 per cent. 
manganese above which the hardness shows a tendency 
to remain stationary, or even to fall slightly as far as 
6-68 per cent. manganese, then rising again to the 
maximum of 460 in the as-forged condition referred to 
at 9-45 per cent. manganese. In the specimens 
containing the higher percentages of manganese, 
from 15 to 39 per cent.—that is, in the materials 
coming into Group 4—the hardness of the author’s 
alloy is rather higher than that obtained by Guillet. 

So far as comparison can be made between Brinell 
and scleroscope hardnesses, the results of Kasé and 
the author, obtained on cast material, are in satis- 
factory agreement, the general features above referred 
to and displayed by the forged material being notice- 
able. Both series also indicate a general reduction 
in hardness for the whole series of alloys by annealing, 
although in respect of both the untreated and the 
annealed material the physical conditions are not 
strictly comparable. 

The series of shock tests carried out by the author 
on material received from Professor Arnold, with 
subsequent water-quenching in a similar manner to 
the author’s own specimens, gives results in excellent 
accord with those of the author’s series, and clearly 
establishes the brittle character of the range of alloys 
in Group 2 from about 4 to about 10 per cent. of 
manganese—that is, so far as the water-quenched 
condition is concerned. The rather rapid loss of 
toughness due to the first addition of manganese up 
to 4 per cent. was also clearly seen, toughness being 
gradually restored to the material by additions of 
manganese above about 10 per cent. 

Turning to the tensile qualities, it will be noticed 
that while the toughness, as determined both by shock 
tests, and by the Brinell hardness, indicates a systematic 
and fairly progressive relationship to the manganese 
percentage, the tensile qualities, particularly in regard 
to the maximum stress developed, display a somewhat 
erratic relationship in the first two or three groups, 
and particularly in the brittle range, Group 2. This 
erratic character is a feature not only of the author’s 
results, but also of those of Arnold and Guillet. The 
author is inclined to believe that the essentially brittle 
character of the alloys of this group makes their 
tenacities liable to abnormal variations. With brittle 
materials it is well known that the maximum stress 
developed in the tensile test is very much affected by 
slight differences in the degree of finish of the specimen 
and in the method of applying the load; with such 
materials it is consequently extremely difficult to 
arrive at an exact tenacity without taking the most 
elaborate precautions. Comparison of the results of 
the various researches is therefore rendered rather 
difficult. The author’s results show, however, that 
generally the characteristics seen in the shock and 
hardness tests are also displayed in the tensile tests. 
The untreated and the water-quenched materials show 
in the brittle zone, Group 2, a low elongation and 
reduction of area, though the tenacity is not com- 
mensurate with the Brinell hardness, possibly for the 
reasons above mentioned 


(To be continued.) 





THE ‘“*PROTECTOMOTOR’’ AIR 


FILTER. 


THE atmospheric air, which is an essential ingredient 
of the fuel used in internal combustion engines and also 
forms the working fluid of air compressors, contains, 
even under the best conditions, a certain amount of 
suspended matter in the form of dust or grit. When, 
however, plant of this character has to be operated 
along dusty roads, in the desert, or in such places as 
foundries, the dust content of the air is increased to 
an extent which may have a harmful effect on the 
efficiency of the engine, owing to the wear which it 
occasions in the valve boxes and cylinders. Various 
methods have been considered for overcoming this 
difficulty, of which one of the more efficient is some 
form of wet filter. The application of such a device 
to portable plant, like agricultural tractors, is, however, 
attended with considerable difficulty, while in addition 
it needs skilled attention and at best may only remove 
a portion of the dust. 

These drawbacks are, it is stated, overcome in an 
apparatus, which is termed the Protectomotor, and 
is marketed in this country by Messrs. C. G. Vokes 
and Company, Limited, of 38, Conduit-street, London, 
W.1. As shown in Figs. 1 to 4 on page 152, it 
consists of a length of metal wire gauze which is bent 
so as to form a series of fins, and is then secured at 
each end by means of an aluminium frame. To these 
fins are attached strips of a felt which is made up of 
silk, wool and cotton, in proportions which experience 





152 


has shown offers the greatest resistance to the passage 
of dust and grit. This felt-covered frame is then 
clamped into a case by means of a bolt which passes 
through a plate so that the top of the joint is 
air tight. The filter thus formed is placed in the} 
air intake of the engine, the air being first drawn 
through the felt and then passing out through the | 
hollow internal cylinder as illustrated in Figs. 1 and | 
2. It is claimed for this arrangement that it enables | 
a large area of felt to be mounted in a compact | 
space, and that the system of supporting ensures that 
the whole of this area is utilised without any great 
obstacle being placed in the way of the free passage 
of the air. The filter units, an illustration of one of 
which is given in Fig. 3, are made in capacities varying 
from 15 cub. ft. to 250 cub. ft. per minute. When | 
larger volumes of air than this have to be dealt with, | 
two or more of the units can be combined, as shown in | 
Fig. 4. This illustrates a filter with a capacity of | 
1,000 cub. ft. per minute, which is intended for use in 
connection with a Ruston and Hornsby engine. 

In the smaller combination filters the supporting 
frames are made of sheet steel of suitable gauge, with 
oxy-acetylene welded seams and angle iron stiffeners, 
while in those of capacities of 2,000 cub. ft. per minute 
and upwards angle iron frames are used which are 
designed both to withstand the suction forces and to 
permit an efficient air flow. 

As will be obvious from a consideration of the design 
of this apparatus, the dust extracted from the air 
gradually collects on the fins. In the case of ‘“ Pro- 
tectomotors,” which are fitted on moving vehicles, this 
collection is slow, as the dust is removed almost as 
quickly as it is deposited by the vibration of the 
vehicle. In any event, however, it is stated that the 
units will operate from six months to a year without 
attention, and that their total life is from three to five 
years, depending on the amount and kind of dust to 
which they are exposed. Moreover, any cleaning that 
is necessary is a simple matter, as the retaining bolt 
mentioned above is hollow. Normally this is held | 
in position by the butterfly nut shown in the centre | 
of each top plate in Fig. 4. This bolt is perforated | 
with very small holes, and is so arranged that 
when an air hose is connected to it and it is turned | 
through one revolution, a current of air can be | 
blown through the entire area of the felt in the reverse | 
direction, each fin being subjected to a pressure which | 
effectively removes the dust which has collected on the | 
outer surface. This arrangement allows the filters or 
inserts to be cleaned without dismantling and also 
ensures a good distribution of the air. 

The effectiveness of this filter in preventing wear in 
the engine may be illustrated by reference to the 
results of some comparative tests which were made 
by the United States War Department on two exactly 
similar petrol engines, one of which was fitted with a 
Protectomotor. After these engines had been run 
for 240 hours, it was found the wear of the cylinder walls 
of the one provided with the Protectomotor was 
0-0012 in., compared with 0-009 in. in the other case. 
The average wear on the piston rings was 0-0014 in. 
and 0-0259 in, respectively. The oil consumption 
in the unprotected engine was 40 per cent. higher than 
on the engine with the filter, while the reduction in 
carbon deposit in the latter case was very marked. } | 

















PULVERISED FUEL FOR MARINE 
PURPOSES.* 
By Eng.-Captain J. C. Branp, R.A.N. 
(Concluded from page 124.) 
Appenpix IV. 

BEFORE concluding it is advisable to draw attention 
to the work of Mr. Harald Nielsen (Gas Journal, 
February 2, 1927). He conducted a careful analysis 
of the peculiarities of combustion of several fuels, and 
has provided food. for thought for all combustion 
engineers. If his figures are reduced to an ash and | 
moisture-free basis they will be found to be in close | 
agreement with the practical experiments of Messrs. | 


> ‘3 . ‘ "aA Tt ° | 
Kreisinger, Augustine and Ovitz, U.S. Bureau of Mines. | 





The latter drew a series of curves showing the combus- | 
tion space necessary for various fuels at different rates 
of burning. Nielsen says: ‘* As a base for calculations, 
we start with the following factors, which can be | 
ascertained accurately within a close margin—namely, | 
the ultimate analysis on a dry basis, the calorific value, 
and, if desired, also the apparent specific gravity, or, | 
rather, weight per unit volume in powdered form. | 
It is now possible to work out the theoretical amounts 
of air, weight of combustion products, &c., required or 
produced per unit weight of fuel burnt. From these | 
data it is also comparatively simple to find the mean | 





* Paper read before the Institution of Naval Architects, 
Cambridge, on July 12, 1927. Abridged. 
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Fig. 3. 


specific heat of the combustion products at higher 
temperatures. There seems, however, to be some slight 
discrepancy between the specific heat values found by 
various investigators. Holborn and Henning’s figures 
agree closely with Peirs’s. Recently Dr. W. G. Shilling, 
in the Faraday Society’s Transactions, vol. xxii, 
part 6, reviewed the present-day knowledge, and 
gave a set of figures which are slightly higher than 


Fig.14. SPECIFIC HEAT OF GASES AT HIGHER 
TEMPERATURES 
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Holborn and Henning’s. But for our purpose in view, 
since the comparisons are all brought down to the same 
asis, the slight errors possibly incurred in using 
Holborn and Henning’s data may be neglected (see 
Fig. 14). 

“The following is the basis on which the figures in 
Table VIII have been computed; taking quantities 
on a weight basis, in order to facilitate matters :— 

CO, = weight of carbon x 3-666. 

O. = weight of carbon x 2-666. 

Air = weight of carbon x 11-55. 

N, + argon = weight of air x 0-769. 

Air to O, = weight of air x 0-231. 


Air = 1-294 kg. per cub. m. 

Specific heat of gases at 2,000 deg. C. (Holborn and 
Henning). 

CO, 0-201 + 0-0,000,742¢ + 0-000,000,018 22 = 0-2774 

Ng 0-235 + 0-000,019 ¢ = 0-2730. 

H,O 0-467 — 0-0,000,168¢ + 0-000,000,04412 = 0-6094 








Fig. 4. 


“The flame radiation is, according to Stephan- 
Boltzmann, a function of the difference of the fourth 
power of the absolute temperature differences, Tab.4 — 
Tab‘. 

“ Efficiency of High Carbon Fuels.—As standard for 
comparisons, pure carbon is employed ; and it will be 
seen that the closer the fuel approaches pure carbon in 
composition, to use a perhaps somewhat misleading 


Fig.15. COMBUSTION OF CARBON WITH EXCESS 
AIR & WEIGHT OF COMBUSTION PRODUCTS 
PER KG. OF CARBON 
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term—or, in other words, the lower the volatile content 
of the fuel—the more theoretically efficient the fuel is. 
Hence a low-volatile coke like H.T. gasworks coke 
or metallurgical coke comes as near to the ideal— 
namely, pure carbon—as possible. So would anthra- 
cite; but here we are up against the usual practical 
difficulties as regards the combustion of such material. 
High-temperature coke is covered with a graphite 
carbon film which is not very reactive or easily com- 
bustible, unless the coke is extremely finely pulverised 
or forced draught is employed, as well as high tem- 
peratures. Given these conditions, H.T. coke is ideal. 
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Fig.16. THEORETICAL COMBUSTION Fig.17. BRAND RADIANT VERTICAL WATER-TUBE BOILER. 
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« NEERING” 
TABLE VIII. 
: Calorif Weight of Air ~ -*" aeaaaaa | Combustion — per 1 Kg. Fuel Weight 
& alorific f . Fuel. urnt. 
& Raw Coals and Distilled Per Cent. = nang Per Cent.} Per Cent.) C/H Value, = p obama 
Index Residue. Carbon. pi Oxygen} Ash. Ratio. | Kg. Cal. C to Hy to ae ST « | HO from| _ tion 
Letter. per Kg. | Op. HO. | Total Air.) Kg. COz. | Ke. H20.| Kg. No. |o,‘in Fuel| Products. 
| | 
Column No. 1 2 3 ae ee 6 7 8 9 10 | 11 | 12 13 14 15 
Ai Pure carbon ak --| 100 _ _ —_— _ 8,100 11-550 — 11-550 3-666 — 8-880 _ 12-550 
: By Low volatile coke, HT. :: --| 85-20 0-55 1-65 12-0 155-0 7,010 9-85 0-139 9-989 3-130 0-036 7°685 0-018 10-869 
4 Cy Coking coal . 77°21 4-71 5-89 8-3 16-40 7,400 8-90 1-373 | 10-273 2-830 0-367 7-900 0-0664 | 11-1634 
: D, “L.and N.’ *fuel from coking coal. . 81-66 2-380 3-61 11-1 29-20 7,300 9-425 0-815 10-245 2-990 0-2115 7-875 0-0405 | 11-115 
Ma E} Medium coking coal 65-22 4-63 9-40 19-5 14-20 6,280 7°535 1-201 8-736 2-390 0-311 6-720 0-1057 | 9-5267 
3 F, -| “L. and N.” fuel tins medium 
F coking coal ° -| 63-94 2-02 8-04 23-9 31-70 5,490 7-390 0-353 7-743 2-342 0-0918 5-950 0 -0900 8-474 
b Gi Non-coking coal : -| 75-69 5-04 13-84 3:4 15-05 7,090 8-750 1-142 9-892 2-770 0-297 7-600 0-1560 | 10-823 
f Hi “TZ. and N.” fuel from non-coking 
2 coal -| 83-14 3-27 7-00 5:5 25-45 7,410 9-600 0-827 | 10-427 3-050 0-2150 | 8-020 0-0788 | 11-364 
4 Ty Australian dry brown coal. -| 61-50 4-40 31-01 2-6 14-0 5,300 7°120 0-184 7:304 2-260 0-0477 | 5-600 0-348 8-256 
: Jy Australian brown coal, 15 per cent. 0-296 
H20 -| 52-30 3-74 26-40 _ 14:0 4,400 6-050 0-153 6-203 1-920 0-0396 | 4-760 0-150 7-165 
Ki Australian brown coal, 40 per cent. 0-209 
-| 36-90 2-64 18-60 _ 14-0 3,090 4-27 0-112 4-382 1-358 0-0286 | 3-360 {9400} 5-355 
Ii “T. ‘and N.” fuel from Australian 
brown coal -| 74-50 3-18 15-50 5-1 23-4 6,400 8-64 0-410 9-050 2-735 0-106 6-945 0-175 9-961 
TABLE VIII—continued. 
Per- | | 
Relative Relative centage Theo- Average Relative | Relative 
a Mean Theo- Flame Relative Weight Corre- Heat of Tetal retical Volume Net Heat Heat 
i, Specific retical Tem- Flame of Fuel sponding Losses Heat CO2 of 1 Ton | ~ Carried | Energy 
i Index Heat of Flame perature Radiation Burnt Heat in Flue Loss in Per Cent. | of Pow- in Bven Carried Remarks. 
i Letter. Combustion | Tempera- | Corrected Bificiency for Units Gases for Flue by Weight dered Bulk as in Even 
a Products. ture, for Ash Corrected Equal Evolved, Equal Gases for | in Flue Fuel in Didant a| | Bulk 
@ 2,000 deg. C.| deg. C. | Contents. . Air Kg. Cal. Heat Even Gases Cubic |“ Fuel. against 
= Volume. Evolved. Heat (250 deg.C. Ft. | | P.O. 
* Evolved. | 
& | | | 
x | | 
: 16 17 18 19 | 20 21 22 23 24 25 2 6| (27 
| ! 
: | | 
Corresponding to— | | All fuels are on dry 
Al Al 0-2744 2,350 2,350 1-000 1-000 | 8,100 1-000 10-64 29-22 40-0 1-000 — basis except when 
11 By 0-2763 2,350 ,320 0-9860 1-156 | 8,210 1-000 10-61 28-82 40-0 0-866 0-688 otherwise _ stated. 
Ci Cy 0-2870 2,310 2,290 0-9050 1-125 8,320 1-015 10-82 25-40 50-8 0-710 0-5740 Col. 27 represents 
i Dy D; 0-2813 2,340 2,320 0-9500 1-128 8,240 1-006 10-70 26-90 48-2 0-743 0-5950 the corresponding 
§ 11 Ej 0-2892 2,285 2,240 0-8260 1-326 8,340 1-035 10-80 25-10 50-8 0-601 0-484 heat energy of the 
i Fu Fi 0-2814 2,310 2,245 0-8425 1-482 8,150 1-018 10-80 27-70 48-2 0-562 0-448 fuel for equal buik of 
Gi G 0-2885 2,270 2,260 0-8525 1-158 8,200 1-038 11-05 25-60 50-8 0-676 0-550 Pennsylvanian crude 
11 Hy 0-2822 2,310 2,300 0-9200 1-105 8,200 1-006 10-70 26-90 48-2 0-755 0-605 oil (P.0.) having a 
Th lh 0-2904 2,210 ash too 0-7860 1-571 8,325 1-069 10°95 27-40 _ -— — net value = 10,380 
si Jin J 0-2972 2,070 low to 0-6060 1-862 | 8,200 1-134 11°34 26-78 77-0 0-249 0-225 kg. cal. per kg. and 
si 11 Ki 0-3144 1,835 influence 0-3720 2-635 8,140 1-285 12-13 25-30 _— _ _— specific gravity = 
: li | 1) 0-2834 2,240 \0-8275 1-275 8,160 1-045 10-90 27-50 68-5 0-436 0-367 0-86, water = 1. 
oT ! ' ! 








The theoretical flame temperature is high, the flame {form can be carried than, for example, by a non-coking, | steaming conditions are better with this fuel, having 
radiation is high, and the mean specific heat of the | high-volatile raw coal, or, for that matter, by any |a lower volatile percentage, than with raw coal. The 
combustion products is low. Further, the apparent | raw coals except anthracite. ideal’ fuel for steam-raising or heating purposes is 
specific weight in powdered form is relatively high.| “Tests on a large scale with powdered semi-coke | generally, therefore, a low-volatile, highly reactive, 
Hence, more heat energy per unit volume in powdered | of the ‘L. and N.’ type have also shown that the| easily combustible fuel, free from graphite carbon, 
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MOISTURE-TESTING APPARATUS FOR GRAIN. 


CONSTRUCTED BY MESSRS. THOMAS 


ROBINSON 














Fra, 1. 


as naturally ash-free and as dry as possible. Within 
reason, however, the actual free moisture content (say 
up to 5 per cent.) does not play quite the important 
part one would imagine at first glance, since the | 
amount of H,O produced by the combustion of a | 


MOISTURE-TESTING APPARATUS 
FOR GRAIN. 


As many processes in the milling of wheat and other 
cereals are greatly affected by the quantity of moisture 


AND SON, LIMITED, 


relatively high oxygen coal—for instance, a bitumi-| present in the grain, the question of moisture deter- 
nous non-coking coal (G,)—is about three times that mination is one of considerable importance in a modern 
found in the combustion products due to the free} mill. Such determinations can, of course, be carried 
moisture contents of the coal. | out by the usual laboratory methods, but, as they are 

**When combusting the distilled residue against | so frequently required, it is obviously advantageous to 
the original raw coal, the figures relating to (forexample) | provide simple and reliable apparatus by means of 


E, and F,, G, and H,, and more particularly I, and L,, 
are highly instructive, showing the differences in| 
efficiency very clearly. All efforts must therefore be | 
concentrated on producing such fuels. We simply 
cannot afford to waste any heat units; we must strive 
to obtain them in a form which will produce most | 
energy for us. <A high calorific value fuel does not | 
necessarily mean a fuel which can be burnt more | 
efficiently than another of a somewhat lower calorific | 
value—take, for instance, G, and D,. Fig. 15 indicates | 
the variations in the theoretical flame temperature. | 
Curve CF EA shows how flame temperature varies | 
with different percentages of excess air. Curve 
CCPWEA indicates the weight of the total com- 
bustion products in grammes per 1,000 grammes of 
carbon combusted with different percentages of excess 
air. Fig. 16 indicates the flame temperatures of 
carbon with the theoretical air supply, the carbon being 
associated with moisture in various percentages (curve 
CF). Curve CS shows the variation in the specific 
heat of the flue gases. The other two curves (M F and 
MS) are relatively the same, but for Australian brown 
coal the two sets of curves represent extremes. Con- 
sequently, other fuels, with the exception of wood 
and peat, will have intermediate values.” 

[The Brand radiant vertical water-tube boiler, 
designed for burning pulverised fuel at sea, is illus- 
trated in Figs. 17 and 18. The boiler has four hori- 
zontal cylindrical steam drums and four similar water 
drums. At top and bottom, respectively, there is a 
vertical cylindrical feed drum and a superheated steam 
drum. The main tubes connecting the steam and 
water drums are slightly curved, and a bank of water- 
screen tubes is situated on the fire side of them. The 
curved superheater tubes join the steam drums to 
the superheater drum. Right-angle ducts, to be seen 
at the top of Fig. 17, connect the superheater to the 
funnel duct. The primary air admission and powdered- 
fuel burner are shown at the lower left-hand corner of 
Fig. 18, and the secondary air admission at the lower 
right-hand corner. } 














Etecrric RaILways In Japan.—In its last Budget, the 
Japanese Government set aside 100 million yen to be 
made use of over a period of three years in the electrifi- 
cation and extension of railways. The lines between 
Tokyo and Yokohama and between Tokyo and Koku- 
bunji are amongst those to be electrified. 





which the tests can be made in the minimum of time 
by a member of the ordinary mill staff. Such 
apparatus, recently placed upon the market by Messrs. 
Thomas Robinson and Son, Limited, Railway Works, 
Rochdale, and known as the Ideal moisture tester, 
is illustrated in the accompanying Figs. 1 and 2. In 
the apparatus shown, six tests can be made simul- 
taneously, but smaller models, in which provision is 
made for four and two simultaneous tests, respec- 
tively, can also be supplied. 

The construction of the apparatus can be followed 
from the illustrations with but little explanation. It 
consists, as shown in Fig. 1, of a wooden cabinet 
divided by a horizontal marble slab into upper and 
lower compartments, both of which are provided with 
access doors in front. In the upper compartment, 
mounted on the marble slab as shown in Fig. 2, is a 
series of six balance beams. One end of each beam 
carries a pointer which moves over a curved scale, 
and the other end carries a glass scale pan suspended 
from an agate knife edge by a rod which passes through 
a hole in the marble slab. The scale pan hangs, as 
shown, in an electrically-heated oven, of which six are 
provided side by side in the lower compartment. 
The ovens are constructed of sheet metal lined with 
asbestos, and the current supply to each is controlled 
by a separate switch, so that any one can be used inde- 
pendently of the others; a rheostat is also provided 
to enable the temperature to be adjusted according 
to requirements. The ovens have a hinged door in 
front and the heating elements, which are located at 
the bottom, as shown in Fig. 2, are protected by a 
metal shield, and, in order to remove the moisture 
liberated from the material in drying, air is drawn 
through the ovens by a small exhaust fan connected to 
the outlet pipe shown on the right of the illustration. 

In setting up the apparatus, the marble slab is first 
carefully levelled by means of the screwed feet on the 
cabinet, and the balance beams, which are supported 
by agate knife edges resting on planes of the same 
material fitted into a stout brass column, are adjusted 
for balance and sensitivity by moving the small weights 
on the horizontal and vertical screws attached to the 
main beam, as shown in the figure. When correctly 
adjusted, the pointer will be at zero on the scale when 
a 5-gramme weight is placed in the scale pan, and at 20 
when the 5-gramme weight is replaced by a 4-gramme 
weight. In making a test, or a series of tests, current 
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is first turned on to heat the ovens and a sample of 
grain, usually coarsely ground, or other material of 
which it is desired to determine the moisture contents, 
is placed in one of the scale pans, just sufficient being 
used to bring the beam pointer to the zero mark at the 
top of the scale, so that the weight of the moist sample 
is exactly 5 grammes, The oven door having been 
closed, the exhaust fan is started, and this draws in 
air which leaves by the outlet near the top of the oven 
previously referred to, taking with it the moisture 
which would otherwise collect in the ovens. 

In this way, the sample is gradually dried, the 
process occupying,35 to 40 minutes. While the moisture 
is being driven off, the pointer of the balance beam, 
owing to the reduction in weight, slowly travels down 
the scale, becoming stationary when the sample is 
completely dry, and the scale reading taken when this 
condition has been reached gives directly the percent- 
age of moisture originally present in the sample. This 
follows from ‘the fact that the weight of a 5 gramme 
sample containing 20 per cent. of moisture would be 
reduced to 4 grammes when completely dried, and, as 
already stated, the scale reading with a 4 gramme 
weight in the pan is 20. With any smaller proportion 
of moisture in the sample, the weight reduction on 
drying would be less, and the final scale reading would 
be correspondingly lower. ‘ 

It will be understood, of course, that as the ovens 
and scales are each entirely independent, any number 
of samples, up to six, can be dealt with simultaneously. 
The scale pans can be loaded in any order, and as soon 
as any one test has been completed another can be 
commenced at once by removing the dried sample and 
replacing it by a fresh moist sample. In conclusion, 
it may be mentioned that when making moisture 
tests on bran, or other similar light and bulky materials, 
a small counterpoise weight is hung on a hook provided 
| in the rod from which the main scale-pan is suspended. 
| This weight is exactly 2 grammes, so that the pointer 
| of the balance arm comes to the zero of the scale when 

24 grammes have been placed in the scale pan. The 
moisture is driven off by heating as above described, 
but the scale reading must, of course, be doubled to 
obtain the percentage of moisture originally present 
in the sample. The reasons for not using a 5 gramme 
sample of the lighter material are that there would 
be some difficulty in accommodating its relatively 
large bulk on the scale pan and that an incon- 
veniently long time would be required to dry it 
completely. 

It will be obvious from the foregoing description 
that, in addition to the advantages of rapidity and 
simplicity in operation, the fact that the sample has 
not to be transferred from one place to another tends 
to ensure accuracy, which is also enhanced by the cir- 
cumstance that no calculations of any kind are 
necessary. It is thus possible to carry out a large 
number of accurate tests in a comparatively short 
space of time. 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communicited from abroad, the Names, Sc., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the adverti. t of the p of a Complete 
— is, in each case, given by the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed ’’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 





268,008. A. Reyrolle & Company, Limited, 


Hebburn-on-Tyne, and N. Cooke, Sunderland. | 
Electric Circuit Breakers. (2 Figs.) December 17, | 


1925.—The invention relates to electric circuit breakers 


of the kind provided with time-lag mechanism in the | 
form of a dash-pot having a piston working in a cylinder, | 


one portion of the cylinder being of smaller diameter than 
the remaining part and provision being made for adjust- 
ing the relative positions of the cylinder and the piston 
so that the time-lag, which depends on the length of 
stroke of the piston in the restricted portion of the 
cylinder, may be varied. In a circuit breaker according 
to the invention, the time-lag mechanism comprises a 





easing A, a cylinder E within the casing having one 
portion of smaller diameter than the remaining part, 
a piston K within the cylinder having a working con- 
nection with the armature or plunger H of the circuit 
breaker, and means for moving the cylinder relatively 
to the piston and for moving the cylinder and the piston 
relatively to the casing. The cylinder E is supported in the 
casing A by a block or head G, having a screw-threaded 
connection with the cylinder, the arrangement being such 
that rotation of the head G causes the cylinder to move 
relatively to the piston, whilst longitudinal movement 
of the head moves both cylinder and piston relatively to 
the solenoid of the circuit breaker. (Accepted April 6, 
1927.) 


GAS ENGINES, PRODUCERS HOLDERS, &c_ 


266,061. R. P. Doxford, Sunderland and K. O. 
Keller, Sunderland. Internal-Combustion Engines. 
(4 Figs.) November 19, 1925.—In order to promote 
cooling of the piston-packing rings, the parts 31, 32, 
carrying the rings, are made thin and are connected to the 
crowns by parts 15 of reduced thickness, the piston being 
of the type in which the thrust is transmitted directly 
from the crowns to the piston-rod. The figure shows a 
double-acting piston formed in two parts, the lower 
part 25 being integral with the piston-rod and the 
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upper part 26 being formed with an internal conical 
projection which is bolted to the piston rod. The parts 
31, 32 are connected by a flexible ring 33, and the piston 
is cooled by fluid —— through passages 18, 19. 
Internal grooves may be formed in the parts 31, 32 
between the packing-ring grooves. In a single-acting 
iston, the — rod is integral with the crown and the 
ower end of the piston is closed by a diaphragm secured 
to the part 32 and to the piston rod. The part 32 may 
ts. — part bolted to a flange below the part 15. 
ealed, 


266,020. J.D. Alexander, Lossiemouth. Internal- 
Combusion Engines. (3 Figs.) July 16, 1926.—The 
invention relates to rotary valves for internal-combustion 


engines, of the type comprising a sleeve mounted for 
rotation in a casing extending transversely across the 
cylinder head and provided with a partition dividing the 
interior into two portions, in one of which is an inlet 
port and in the other an outlet port adapted to com- 
municate alternately with a common port in the cylinder 
head. According to the invention, the diameter of the 
sleeve f is reduced at the inlet end to act as a choke for 
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imparting increased velocity to the charge and also to 
receive the driving pinion /4. The carburettor] is applied 
to the reduced inlet end of the sleeve f so that the charge 
may be conducted thereby directly to the cylinder a 
when theinlet port gisin proper position. Turning of the 
sleeve about its axis will then bring the exhaust port g! 
into register with the cylinder port e, the partition and 
sleeve wall f? cutting off the inlet, and so on, alternately. 
(Accepted March 2, 1927.) 


LIFTING AND HAULING APPLIANCES. 


265,900. T.Souness, Finchley, London. Luffing 
Cranes. (2 Figs.) September 2, 1926.—The invention 
relates to luffing cranes of the type having a crane jib, 
the lower end of which is bifurcated, and a revolving 
frame and machinery house between the branches of the 
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lower end of the jib. According to the invention, the 
luffing gear for a crane of this type comprises a carriage 5, 
a rack 3, pivotally mounted at 4 to the jib 1 and slidably 
mounted at the other end in the carriage 5, and a pinion 
in mesh with the rack 3 and operated by the luffing gear. 
(Sealed.) 


268,074. Ropeways, Ltd., Westminster, and E. 
Roe, Westminster. Aerial Ropeways. (3 J gs.) 
January 21, 1926.—The invention relates to aerial rope- 
ways, of the kind in which load carriers are caused tc 
travel from place to place by means of a travelling end- 
less rope to which they are attached by clip devices, a 
shunt rail or rails being provided at intervals of the 





























length of the ropeway on to which the load carriers can 
be run from the travelling rope for the purpose of being 
loaded or discharged, and from which they can afterwards 
be run and re-engaged with the travelling rope. In 
an aerial ropeway according to the invention, there is 





associated with a shunt rail 4, a chain 1 that is arranged 


above the rail 4 and is adapted to act upon a load carrier 
6 supported by the rail and to move the carrier along 
the rail at an accelerating speed up to that of the rope, 
or approximately so. The chain is an endless one 
mounted to pass around pulleys and driven at a gradu- 
ally-increasing speed, through clutch mechanism, from a 
moving shaft driven from the travelling endless rope 9. 
The chain is provided with one or more tappets or stops 
8, adapted to be brought into engagement with a load 
“= supported on the shunt rail 4. (Accepted April 4, 
27.) 


PRINTING AND ALLIED MACHINERY. 


265,256. R. W. Crabtree and Sons, Limited, 
Leeds, and E. W. Smith, Edinburgh. Printing 
Machines. (2 Figs.) September 26, 1925.—The inven- 
tion relates to rotary printing machines adapted to 
print upon a web and provided with a brake applied to 
the reel spindle for the purpose of adjusting the tension 
of the web. The reel of web having been placed upon 
the reel spindle b, the web d is carried first around the 


- floating roller a and then around the roller e provided 


with the worm e?, and the brake spindle p2 is operated 
by means of the hand wheel p’ to secure approximately 
the pressure of the brakes that is desirable. In the 
operation of the printing machine and the forward 
feed of the web, the roller e is rotated, and this effects 
rotation of the control spindle f1, whereby the cam f4# 
effects an oscillatory movement of the rod h, so that the 
disc hl is caused to contact with the slides j, j4. If the 
tension of the web d is that for which the mechanism 
has been adjusted, no action of the brake control mecha- 
nism takes place. Should, however, the tension of the 
web be greater than the opposing pressure of the springs a* 
of the roller a, the weighted levers I’, the springs m} of 
the screw-threaded rods m, and the bearing blocks of the 
roller @ are ———— and thus the weighted levers 1 
turn the shaft / upon which they are mounted, with the 
result that the rod h is moved longitudinally. Thus the 

















(265,256) 


disc h! now contacts with one only of the slides j, j!, 
with the result that the clutch lever k is operated and 
causes engagement of the clutch f5 with the corresponding 
bevel pinion f2 or f5._ The control spindle f! thus drives 
the shaft g! in the corresponding direction and, through 
the chain gear n1, n2 and the worm p4, the worm wheel 
p® upon the brake-adjusting spindle p2 is rotated to 
effect the corresponding adjustment of the brake shoes o!. 
In the event of the tension of the web d being insufficient, 
the elements of the mechanism become so disposed 
that the rod h is given a movement in the opposite 
direction, and thus the second bevel wheel f5 or f2 upon 
the control spindle f! is engaged by the clutch f5, and 
rotation of the worm wheel p5 on the brake-adjusting 
spindle p2 is effected in the opposite direction to increase 
the pressure of the brake shoes ol. If it becomes neces- 
sary to increase the tension of the web d while the machine 
is running, the screw-threaded rod m is rotated so that 
the collar 5 is moved away from the swivelling fitting 
14, and the spring m? thus exerts a greater pressure upon 
the latter, whereby the weighted levers are caused 
to exert increased pressure upon the bearing blocks of 
the roller a. Should the tension of the web d require 
to be decreased during the running of the machine, the 
screw-threaded rod m is rotated in the opposite direction. 
(Sealed.) 
PUMPS. 


268,459. H. G. Allen, Bedford, A. Maude, Bedford, 
and W. H. Allen, Sons and Company, Limited, 
Bedford. Centrifugal Pumps. (2 Fiq3.) January 8, 
1926.—The invention relates to centrifugal pumps of 
the type having an impeller or impellers in which is 
produced an unbalanced thrust, and wherein means are 
provided in order to counteract such unbalanced thrust 
comprising a diaphragm or rotary-disc element (mounted 
on the pump shaft), which is subject to the discharge 
pressure of an impeller. The invention consists in a 





centrifugal pump characterised in that the rotary 





ENGINEERING. 





[JULY 29, 1927. 











156 





disc or diaphragm is located so that it is adapted to 
isolate a gland of the pump from the vacuum spaces 
or suction +ide of an impeller, and in that the discharge 
pressure of an impeller is adapted to act both upon the 
disc and upon the gland. In a centrifugal pumping unit 
of the head and pressure type, suitable for the extraction 
of condensate from surface condensers, the condensate 
is first dealt with by a double-entry impeller A, the 
suction entry for which is shown at 1. This impeller 
serves to raise the pressure to a slight extent and extract 
air or uncondensed vapours which are by-passed back 
to the condenser through the stand pipe la. A second 
impeller B is provided in the unit which receives con- 
densate from the double-entry impeller A, substantially 
free from vapour, through the outlet C, suction inlet 1b, 
@ communicating pipe (not shown in the figure) and a 
passage 2 in the casing. This impeller B is of the single- 
entry type and is adapted to undertake the bulk of the 
work necessary to extract the condensate under the 
vacuum of the condenser and deliver it against the re- 
quired external head through the discharge lc. Both the 
impellers are mounted upon one and the same shaft 3, 
and the single-entry impeller B is located so that one of 
the packing glands 4 of the pump is adjacent to it. The 
space 5 between the back of the impeller B and the 
associated part 5a of the pump casing is in communica- 
tion with the delivery or nebo side of the impeller 
through the clearance 56 necessarily existing between 
the impeller periphery and the stationary parts of the 
pump casing. The space 5 is isolated from the suction 
side, no throughway holes or passages being provided 
in the impeller which would cause an equalisation 
between the pressure on the suction side and that in the 
clearance 5. Thus, the adjacent packing gland 4 is 
subjected to a pressure sufficient to prevent air leakage 
taking place through this gland. Adjacent the other 
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packing gland 6 of the unit, and upon the side of the 
impeller A remote from the single-entry impeller, a cham- 
ber 7 is provided coaxial with the shaft. The chamber 
is arranged so that on one side it is bounded by the 
packing gland 6 and is provided with a disc or rotary 
piston member 8, arranged as a diaphragm, which is 
mounted upon the shaft 3 and adapted to rotate there- 
with. The periphery of this disc co-operates with a ring 
member 9 mounted in the casing of the pump adjacent 
the chamber, the arrangement being such that a fine 
working clearance is provided between the ring 9 and 
the oes grid of the disc 8. This disc member is 
subjected to a pressure which is adapted to counter- 
act the thrust in the direction indicated by the arrow 
on the shaft 3 developed by the single-entry impeller. 
The requisite pressure in the chamber 7, between the 
disc 8 and the gland 6, is established by subjecting it 
to the pressure of discharge from the single-entry 
impeller B, and for this purpose a conduit or by-pass 10 
is provided from the discharge side of that impeller to 
the thrust chamber 7, the cross-sectional area of this 
conduit being substantially large in order to overcome 
or nullify the small leakage which takes place through the 
working clearance around the disc 8. The side of the 
disc which is not subjected to the delivery pressure of 
the single-entry impeller is placed in communication 
with the suction side of the impeller A through a vent or 
clearance 11. The pressure in the chamber 7 upon the 
diaphragm disc 8 not only counteracts the thrust on the 
shaft, but also serves to prevent leakage of air through 
its adjacent packing gland. The thrust disc is so pro- 
portioned that it counteracts the unbalanced thrust of 
the single-entry impeller, and it will be appreciated that 
the proportions of this dise may be modified in order to 
meet any unbalanced thrust conditions of a pump. 
(Sealed.) 


265,361. A. E. Hodgson, London, and F. Lamp- 
lough, Hanwell, London. Variable-Stroke Pumps. 
(5 Figs.) January 19, 1926.—Variable-stroke mechanism 
for operating a pump comprises a crankshaft 28 or 
the like carried by two parallel plates 20 and driven 
through gear wheels 19, 31 by a shaft mounted in the 
pump casing 10. The small end 30 of the connecting 


rod 29 driven by the shaft is pivoted to links 32 
swinging on pins 33 mounted in the plates 20, and is 
connected by a link 34 to the end of a lever 35, which 
swings on a pin 36 and is connected at the other end 
to the omg plungers 37. The plates 20 are angularly 
adjustable round the axis of the driving wheel 19 by 
hand, or by automatic means, to vary the angle between 
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the path of the pin 30 and the path of the lower end 
of the lever 35, and thereby to vary the throw of the 
lever between zero and a maximum. When the pins 33 
are coaxial with the lower end of the lever, the latter 
does not move, @nd when the plates 20 are adjusted 
to bring the links 29, 34 into alignment, the movement 
is a maximum. The lever 35 may drive two pump 
plungers, and a duplicate mechanism may drive another 
pair. The plates 20 may be adjusted by the delivery 
pressure of the pumps. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. ' 


269,997. Daniel Adamson and Company, Limited. 
Dukinfield, P. A. W. Parkyn, Dukinfield, and 
T. Bradley, Dukinfield. Steam Generators. (4 
Figs.) 2 February, 1926.—The invention has reference 
to steam generators of the shell type having an internal 
flue or flues, in which the heat not utilised in the flue or 
flues is passed downward and back through tubes below 
the flues whence the products of combustion pass away 
below the shell. According to the invention, a steam 
generator of the kind referred to has, in combination, 






































flues 6, 7, running the length of the generator, batteries 
of tubes 8, 9, below the flues, the total cross-sectional area 
of the tubes being small compared with the cross-sec- 
tional area of the flues, a down-take 10 at the back end 
of the generator connecting the flues with the tubes, 
and a fan for providing an induced draught for causing the 
gases to pass through the tubes at a considerably increased 
velocity compared with the velocity in the flues, with a 
consequent higher rate of heat transfer. (Accepted 
May 11, 1927.) 


266,785. The Underfeed Stoker Company, 
Limited, London, and J. W. Wray, London. 
Travelling Grates. (6 Figs.) November 6, 1925.— 
The invention relates to a travelling grate of the endless- 
chain type, in which the riddlings are, for the greater part, 


carried by the grate and discharged as the chains travel 


turned upwards to form a cavity, or cavities, for collecting 
small fuel and dust. When the chains travel over the 
| rear drum 7, the bars turn on their axes 6, in relation to 
| their carriers d, and the riddlings are discharged; at the 
| 





| 
| 
| 
| 





| same time, the bars fall away from each other and may 
| travel free of each other when the upper run of the 
| chains has become the lower run. wing to this 
|movement of the bars, clinker adhering to them is 
dislodged. (Accepted March 16, 1927.) 


264,612. The General Electric Company, 
Limited, London, and J. H. Polley, Erith, Kent. 
Water-Tube Boilers. (2 Figs.) November 5, 1925.— 
According to the invention, an improved water-tube 
boiler for pulverised-fuel firing, of the type provided with 
alternative fuel firing systems, has a main combustion 
space 30, within which the pulverised fuel is adapted to be 
ignited, which comprises two side walls, two or more 
upper drums 10, 13 connected to two lower drums 16, 
19, steam and water tubes 11, 12 connecting the upper 
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drums 10, 13, inclined rows of tubes 20 connecting the 
lower drums 16, 19, and rows of tubes 18, 21 connecting 
the upper and lower drums and forming up-comers and 
down-comers, whilst each of the rows of tubes lies in a 
plane substantially perpendicular to the side walls. In 
a water-tube boiler, according to the invention, an entry 
28, or entries, for pulverised-fuel firing may be located in 
the upper part behind the front steam and water drum 10, 
and a grate 31 may: be located below the inclined bank of 
tubes, 20. (Sealed.) 2 


MISCELLANEOUS. 


264,984. R. and J. Dick, Limited, Greenhead, 
Glasgow, and D. Todd, Greenhead, Glasgow. 
Driving Belts. (4 Figs.) December 12, 1925.—The 
invention has reference to the manufacture of drivin; 
belts for grooved pulleys, of the type comprising a ban 
having blocks secured thereto. According to the inven- 
tion, the blocks 6 are secured to the band a by means 
of rivets c, each having a rivet head c! at one end, 
| and being provided at the other end with a conical, 














over the drum towards which the upper run of the grate | 
is moving. For this purpose. the bars a, preferably | 
arranged transversely to the direction of travel to form | 
one or more side-by-side longitudinal rows, are each | 
adapted to turn on an axis }, and, when in the position for | 
supporting the fuel, are inclined downwards in the direc- | 
tion of travel so that they lie against each other in the | 
manner of louvre slats. The chain f is fitted with carriers d, | 
on each of which is pivoted a number of the grate bars a, | 
to form a group, and as the carriers leave the upper | concave or similar recess c?, in combination with a dished 
run of the grate, the bars of the group together turn on| or concave washer d. When the rivet ¢ is inserted 
their pivots. Owing to the louvre-like formation of the | through the band a and block 8, and directly over the 
grate, the riddlings chiefly remain on the surface of the bars | central hole of the washer d, and the rivet head c! is ham- 
instead of falling through the air spaces provided by | mered, the other end, by co-acting with a pin or other 
projections on the face of each bar. To deal with the | fixture e, expands within the dished or concave recess of 
riddlings which happen to pass through the air spaces, the | the washer. Such riveting operation tends to draw the 
bars may be so constructed that they retain these | rivet head downwards or towards the washer, so that the 
riddlings ; for instance, the lower edge of the bar may be _ blocks are very effectively secured to the band. (Sealed.) 
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THE WESTERN PORTS OF THE | The minimum width of the navigable channel is 


NORTH ATLANTIC. 
By Brysson CunnineHaM, D.Sc., M.Inst.C.E. 
(I) Tar Port or MonrreEAt. 

THE Port of Montreal lies at the head of ocean 
navigation on the River St. Lawrence, nearly 
1,000 miles from the open sea. The early 
history of the port dates back to 1535, when the 
first French explorers landed on the island of 
Montreal and found a large Indian palisaded town 
called Hochelaga, a name which still survives as the 
designation of one of the suburbs of the modern 
city. In the intervening four centuries the place 
has grown in numbers and importance and developed 
commercially, until now it is the largest city of the 
Dominion, with nearly 1,000,000 inhabitants and a 
trade which extends all over the globe. It has 
become of late years the largest exporting grain 
centre in the American continent, with an output of 
over 150,000,000 bushels of grain in the restricted 





450 ft.; at bends it is much wider, and the curves 
have, with one or two exceptions, a minimum radius 
of 14 miles. The channel is described as practically 


| permanent throughout the 70 miles over which 


dredging operations have extended. In Lake 
St. Peter the material of the bed is a soft, blue 
clay of the consistency of cream cheese ; it can be 
sliced, but not otherwise washed or pumped. In 
one or two places the banks of the river are of sand, 
which drifts into the excavated channel and neces- 
sitates a certain amount of annual dredging. In 
other places the material dealt with varies from 
clay to compacted sand and gravel, hard pan, 
boulders, and rock. 

The port is tideless ; tidal water does not pene- 
trate up the river further than Lake St. Peter, 
about half-way between Montreal and Quebec. 

But while, by natural and artificial means, a 
safe and convenient channel is available for naviga- 
tion to and from the sea, unfortunately, it is only 





ments filled with rock rubble, is stated to have been 
2-70 dols. per cubic yard. 

But above water level the timber was not so 
durable, and the superstructure was in subsequent 
designs made of concrete, either as mass work, or 
in the form of a reinforced concrete shell. Writing, 
in 1914, on the subject of the development of 
this method of construction, Mr. F. W. Cowie 
said :— 

**In connection with these concrete quay walls, 
the greatest difficulty in Canada has been found to 
be the action of frost and currents. It has been 
usual to stop the timberwork below water-level, 
and to build the mass-concrete base of the wall 
to the timber in 3 ft. or 4 ft. of water. The shutters 
not being perfect, the surging action of the water 
pumped the cement out of the new concrete and left 
the face of the wall imperfect, in spite of every 
precaution. Every case of honeycomb work re- 
sulted, during the next winter, under the action of 
frosts and currents, in numerous holes, and if not 
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working season of seven months annually, which is 
all that the port can avail itself of, on account of the 
blocking of the St. Lawrence River by ice. The 
harbour accommodation has been correspondingly 
improved and enlarged, so that at the present date 
Montreal is a highly developed port with approxi- 
mately 9 miles of deep-draught berthage capable 
of accommodating 100 ocean-going steamers, varying 
in length from 350 ft. to 600 ft. Administration is 
in the hands of a body of three Commissioners, of 
which at the present time Senator the Hon. Dr. 
W. L. McDougald is President, with Dr. Milton 
Hersey and Mr. Emilien Daoust as his colleagues. 
A map of the harbour of Montreal from boundary 
to boundary is given in Fig. 1, while the up stream 
portion is shown to an enlarged scale in Fig. 2. 

Port Approaches.—The navigable channel, which 
in 1850 had a depth in places of less than 10 ft., 
has been dredged to the present standard depth 
throughout of 30 ft. at low stages of river flow, 
and a further programme of deepening to 35 ft. 
is about one-half completed. 

From 1850, when the channel-improvement 
scheme was definitely undertaken, till 1888, opera- 
tions were conducted by the Harbour Commissioners. 
Since the latter date, the work has been taken over 
by the Dominion Government as a public charge. 
At the time of the transfer of responsibility, a 
depth of 27} ft. had been attained from Montreal 
to tidal water below Lake St. Peter. 





open for eight months of the year. From about 
December 20 to about April 20 the port is blockaded 
by ice, and ocean navigation is rarely carried on 
for more than seven months in each year. The 
water levels in Montreal Harbour during the 
navigation season generally range between 18 ft. 
and 28 ft. above mean sea level, depending on the 
flow of the St. Lawrence and Ottawa rivers, the 
higher stages being due to the spring floods in the 
Ottawa. In winter, the increased slope of the 
river, due to ice retardation, raises the water surface 
by from 10 ft. to 20 ft., and ice jams occurring 
during the break-up season in April have raised the 
water to the stage of 52 ft. above mean sea 
level. 

Piers and Quays.—The earlier piers constructed 
at Montreal harbour were of wooden cribwork, 
filled with stone rubble. This form of construction 
proved itself to be excellently adapted to the physi- 
cal conditions obtaining in the harbour, being resis- 
tant to the effects of ice, currents and foundation 
scour, and, at the same time, possessing the merits 
of quickness and ease of construction in strong 
currents, combined with cheapness. The timber 
also proved exceedingly durable ; under water it 
was practically indestructible. Timber cribs which 
had been in service for over 60 years in an old wharf, 
removed in 1913, were found to be “ practically 
as good as when put in.” The pre-war cost of 
cribwork, placed in position with the front compart- 
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attended to the wall would in a few years be seriously 
undermined.” * 

Consequent upon this defect, Mr. Cowie, then 
Chief Engineer to the Harbour Commissioners, in 
1910 adopted reinforced concrete shells for the base 
of the walls, and these proved in every way success- 
ful. The shells were made to fit directly on top of 
the prepared crib. They were of such size as to 
give the wall its width of base, and of such weight 
that they could be handled by 12-ton floating 
derricks. The shells were placed in 2 ft. to 4 ft. 
of water, and the interiors, after being roughly 
caulked by divers, were filled with mass concrete 
which fitted itself to the top timbers, giving uniform 
distribution of load and a perfect bond, which 
prevented sliding. The pre-war cost of these 
standard cribwork and concrete quay walls, as shown 
in Figs. 9, 10 and 11, Plate XII, including the 
dredging of the crib seats and back filling for 100 ft., 
complete with ballast, &c., was about 250 dols. per 
lineal foot. The post-war cost of similar structures 
has amounted to 480 dols. per lineal foot. 

The latest development is the formation of cellular 
walls, without the use of timber cribwork, by a 
special system designed afid introduced by the 
John S. Metcalf Company, Limited, of Montreal. 
A wall on this principle was recently constructed 
for a length of about 1,200 ft. at Windmill Point 





* Proc. Inst. C.H., vol. cxeviii, page 124. 
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period. The men themselves are anxious to earn a 
year’s pay. There are no Saturday half-holidays, 
and a certain amount of Sunday work is permitted 
when absolutely required. Only two summer holi- 
days are recognised by the construction depart- 
ment: Dominion Day and Labour Day. During 
the winter, the plant is thoroughly overhauled to 
make good the wear of one constructional season 
and prepare for the equally severe ordeal of the 
next. Extremes of heat and cold—a range of 120 
deg. between 93 deg. Fahr. and — 27 deg. Fahr. 
—necessitate careful attention in the use of building 
materials. 

The liner berths at the quays are equipped with 
double storey sheds of the type shown in section in 
Fig.6. The sheds are about 500 ft. long and 100 ft. 
wide. They have vehicular lifts for raising lorries 
and street vehicles to the upper floors. The unload- 
ing of cargo is carried out by the system of burtoning 
which is commonly practised on the other side of the 
Atlantic. In this system two lines are attached to 
the load, one running through sheaves on the ship’s 
boom and the other to.a mast or other structure 
on the dock side. The load is worked across the 
intervening space by paying out one line and 
hauling on the other. There are no quay cranes, 
but there are a number of locomotive wharf cranes, 
for special services. In addition, there is a floating 





system and grain-handling equipment had to be 
adapted to meet new conditions and to be augmented 
to cope with an enormously increased demand. 

There are four elevators, or grain silos, at the 
quayside, all owned and operated by the Harbour 
Commissioners. They have a total capacity of 
12,162,000 bushels, and by a conveyor band system, 
which is a unique feature of the port, extending the 
full length of the piers in high level galleries, they are 
able to load grain into thirty steamships at their 
ordinary berths. Twenty-three vessels can be 
loaded simultaneously. at the rate of 450,000 bushels 
per hour. 

Elevator No. 1, shown to the left in the photo- 
graphic view reproduced in Fig..8, Plate XI, was 
constructed in 1904. It was of the latest design 
at the time, and could receive grain by railway 
wagon or lake vessel at the rate of 16,000 bushels 
(400 tons) per hour. Ocean vessels could be 
loaded at double that rate. But, unfortunately, 
they could only be loaded by moving from their 
ordinary berth to the elevator berth, a transfer 
which interrupted their normal operations and 
involved tug service, pilotage, &c., in addition to the 
delay and inconvenience. It was this consideration 
which led to the establishment of the overhead 
conveyor system, by which grain is conveyed direct 
from the elevator by belts in overhead galleries to 





Fig. 24. 
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crane with a lifting capacity of 75 tons at 54 ft. 
radius. There is also a fleet of dredgers, tugs, 
scows and barges. Towing is generally done by a 
local company. 

The most important facility for ship repairs is 
the floating dock Duke of Connaught, with a 
lifting capacity of 25,000 tons. It belongs to Cana- 
dian Vickers, Limited, and is located at their 
premises at the northern extremity of the harbour. 

Grain Handling.—The supreme interest at the 
port of Montreal is the handling of grain for export, 
and it is the field of the port’s activities which pro- 
vides material of greatest attraction to the technical 
reader. From the vast areas of arable land in the 
western provinces of the Dominion, there flow into 
Montreal each season, by rail, river, and canal, 
millions of bushels of grain to be stored in silos 
or elevators, graded, aerated, and despatched by 
steamship to the ports of Europe, not least to the 
ports of Great Britain. The development of Mont- 
real as a grain port during recent years has been 
remarkable—it might even be called phenomenal. 
Since 1920 the output has been nearly trebled. In 
that year, the amount of grain received for export 
was 62,600,000 bushels ; in 1925 it was 166,000,000 
bushels ; in 1926 there was a slight falling-off, due 
to lack of tonnage and excessive freight rates, by 
reason of the coal strike in the United Kingdom. 

Prior to 1921, ocean transport for the grain trade 
was almost exclusively provided by the regular 
steamship lines, and consignments were in the form 
of part cargoes. The sudden increase in the export 
demand of that year produced an influx of tramp 
steamers, and as these could only be loaded at 
berths allotted to liners, but happening at the time 
to be unoccupied, there was experienced a shortage 
of suitable berthage. The lay-out of the elevator 
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spouts, which enable a vessel to receive its load at 
the ordinary berth, without interference with its 
general cargo handling. These raised galleries are 
noticeable both in Figs. 7 and 8, Plate XI, and 
are to be seen above the outer sides of the double 
storey sheds in Fig 6. 

In 1912, elevator No. 2, to be seen in Fig. 7, 
Plate XI, was erected. It has a capacity of 
2,662,000 bushels, and covers an area of 457 ft. 
by 100 ft. The building is in two portions, a 
main house of 1,772,000 bushels capacity and a 
storage annexe of 850,000 bushels capacity. The 
main house is 314 ft. in length, the entire area 
of the building above the ground floor being 
occupied by bins 86 ft. deep, and these surmounted 
in the main house by a cupola, reaching to a height of 
107 ft. In the cupola are the legs with their 
machinery, for elevating the grain to the top of the 
cupola; the garners into which it is discharged by 
the legs; scales below these garners for weighing the 
incoming or outgoing grain; conveyor belts, and 
spouts for leading the grain from the belts to the 
different bins. The legs feeding the scales extend 
from foundation level to the top of the cupola: the 
twelve receiving legs have a lifting capacity of 12,000 
lb., and the five shipping legs of 15,000 lb. per minute. 
The storage annexe, 143 ft. long, is almost an exact 
counterpart of the main building, but there is no 
basement in the storage, and only sufficient cupola 
to admit of the transfer belts being continued from 
the main house, and to allow spouting from these 
to the bins, all receiving, shipping, weighing, &c., 
operations being performed in the main house. A 
marine tower for unloading boats was constructed 
on a new jetty projecting into the dock adjoining the 
elevator. The tower was placed in this position 
to permit of boats being unloaded on both sides of 





it at the same time, and although a single structure, 
it is practically two towers, all machinery, legs, &c. 
being duplicated. The tower is of steel construction, 
and a steel framed gallery, containing two 40-in. 
belts, connects the tower with the elevator. The 
maximum unloading capacity of the tower is 
40,000 bushels per hour. For the purpose of 
receiving grain from railway wagons, there are four 
rail tracks running through the elevator, with 12 
track hoppers and six receiving legs to each track, 
each leg being fed from two hoppers, one on each 
side, with interlocking valves, which make it 
impossible for grain to reach the leg from more than 
one hopper at a time. The track hoppers are of 
sufficient size to contain a complete wagon load, 
so that a wagon may be emptied and moved on, 
without waiting for its contents to be elevated. 
Unloading can be carried on into both hoppers at 
the same time, and the grain can be elevated at the 
rate of 12,000 bushels per hour, from one hopper at 
a time. 

For the service of tramp steamers, a 500-ft. 
extension was added to the Marine Tower Jetty at 
elevator No. 2, and by a corresponding extension of 
the conveyor system, two vessels could be loaded 
with grain at the rate of 64,000 bushels per hour, 
without in any way interfering with the unloading 
of inland vessels at the jetty. It was found, how- 
ever, that even with this additional accommodation, 
further extensions and a higher degree of co-ordina- 
tion was necessary in order to cope with the growing 
requirements of the grain trade. Elevator No. 1 


*}had been enlarged in 1912 and again in 1915, 


without adequately meeting the difficulty. So in 
1923, the Harbour Commissioners took over elevator 
B at Windmill Point Basin, formerly operated by 
the Montreal Warehousing Company, in order that 
all grain handling plant of the port should be under 
their control, and on obtaining possession they set 
about increasing the storage capacity by 1,350,000 
bushels, with the simultaneous construction of four 
new loading berths and the doubling of the facilities 
for unloading lake vessels. 


The same year witnessed an even more important 
advance in the provision of grain-storage accom- 
modation at the port. The construction of another 
elevator (Figs. 12 to 20, Plate XII, and Fig. 22, 
Plate XIII), known as No. 3 was put in hand. It 
is located at Maisonneuve, on the river quay at the 
head of the basin lying between the Laurier and 
Tarte piers. This situation will be seen on the 
right of Fig. 2, while a plan to a larger scale is 
given in Fig. 24, annexed. The elevator has a 
storage capacity of 2,000,000 bushels. It is the 
first unit of an installation destined to be increased 
ultimately to 10,000,000 or 12,000,000 bushels, and, 
as a matter of fact, the second unit of 3,000,000 
bushels capacity is now under way. Built by the 
Harbour Commissioners under the supervision of 
the John S. Metcalf Company, of Montreal, who 
also erected No. 2 elevator, it was completed in 
1924, and is one of the most striking and up-to-date 
examples of grain-elevator design. 

In principle it marks a distinct departure from 
previous types on account of the fundamental 
precautions which have been taken to safeguard the 
building from the possibility of dust explosions, 
which, less evident and notable in this country, are. 
a source of anxious concern in America, where grain 
is stored and handled in bulk of great magnitude. 
A serious explosion, indeed, occurred at grain 
elevator B, as recently as December 1, 1924. It 
was, therefore, felt desirable to segregate the 
different portions of the plant in such a way that 
an explosion occurring in any one unit would be 
confined thereto and not propagated, as is commonly 
the case, throughout the entire installation. 

The building, accordingly, is divided (as will be seen 
in Figs. 12 to 14, and 17 and 18), into three distinct 
parts, consisting of two side storage units of 1,000,000 
bushels storage capacity each, and a central working 
house for elevating the grain and running the belt 
conveyors. The two side units are entirely separated 
right up to the top of the bins and only connected 
at that level by the belting, which passes through 
small openings from and to the central working- 
house. The extremely dust-generating process of 
wagon unloading is carried out in a special shed, 
isolated from the remainder of the building. 





160 


ENGINEERING. 








THE PORT OF MONTREAL, CANADA. 
































Fic. 25. Cotp StoraGE WAREHOUSE AND CoMPRESSOR HOUSE. 


The belt, which conveys the grain from the 
hoppers below rail level in the wagon-discharging 
shed, runs through tunnels and discharges into the 
boots of receiving legs in a boot-house, which is 
only carried a few feet above ground level and there 
roofed over. The leg casings, passing through this 
roof, are carried up in the open air to a height of 
over 100 ft. above ground level, thus allowing any 
explosive force which may develop in the legs to 
expend itself in blowing out the thin sheet-metal 
casings, and the gases to escape before reaching the 
building above. 

The upper part of the receiving house, into which 
the legs are carried commences, at the level of the 
top of the concrete bins, and contains the leg heads, 
drives, scales, and belts to convey the grain either 
way into the side storage bins. Separation from 
the storage-houses is effected by means of heavy 
concrete walls, the only openings through which are 
those required for the belt conveyors and doors. 

The boots of the shipping legs in the basement 
are located in small houses separated from the 
storage basement by means of heavy concrete walls 
and cut off from the shipping house by an open 
space. Separation of the upper part of the shipping 
house from the storage house is also effected by 
heavy concrete walling. All the elevator heads are 
vented to the open air through the roofs. Each 
storage ,bin is vented with a separate pipe run 
vertically from the bin to about 4 ft. above the 
roof. There is no air connection between any two 
bins. Ample ventilation is afforded throughout the 
galleries and passages by means of windows designed 
to swing outwards on the least pressure from the 
interior. 

Summarising the accommodation as shown in 
Figs. 12 to 20, elevator No. 3 consists of a wagon- 
unloading shed and a receiving house (Fig. 20), two 
storage houses, two shipping houses, four travelling 
marine towers, and conveyor galleries leading to five 
ocean steamer berths. The total constructional cost 


amounted to 3,194,500 dols. 
The marine towers, to be seen in Fig. 19, Plate 
XII, and Figs. 22 and 23, Plate XIII, are located on 





a jetty in front of the elevator, and are capable of un- 
loading two lake vessels at the rate of 60,000 bushels 
per hour. Each marine tower is equipped with a 
78-ft. marine leg discharging to a re-elevating leg 
which feeds a 400-bushel scale hopper through a 
550-bushel garner. The scale discharges into a 
550-bushel lower garner, which, in turn, feeds 
through spouts, located at 24-ft. centres along the 
jetty, to one of the four 36-in. belts passing through 
the tunnels, each tunnel containing two belts which 
run to the boat legs in the eastern half of the 
receiving boot-house. 

The storage bins are of reinforced concrete. The 
main bins are circular, 23 ft. in diameter. They 
have a capacity of 33,000 bushels. Interstitial bins 
have a capacity of 7,000 bushels. 

One of the most interesting operating features is 
the method of unloading grain wagons by means of 
the Metcalf car dumper. This was fully described 
and illustrated in Eneryerrine of June 4 and 
June 18, 1926. In a more recent type of appliance, 
the principle of shaking the car replaces that of 
tilting it. There are now six unloaders on this 
principle at elevators Nos. 1 and 2. 

Cold Storage Warehouse.—Second only in impor- 
tance to its grain handling facilities is the provision 
made by the port of Montreal for dealing with the 
great variety of perishable food products, in the form 
of fruit, eggs, cheese, meat, fish and vegetables, of 
which the Dominion of Canada is a large and increas- 
ing exporter. A large cold storage warehouse 
(Fig. 21, Plate XII, and Fig. 25, above) 
has been erected by the Harbour Commissioners 
adjacent to Place Viger Station, of the Canadian 
Pacific Railway and in close proximity to one 
of the largest produce markets of the city. It 
is located on the river front, with a quayside 
berth at which modern deep draught vessels can 
be loaded or unloaded directly from or into the 
warehouse, while, at the same time, railway and 
road vehicles are served from a distribution floor. 
Indirect shipment is also made by a service of motor 
trucks. 

The building, which was erected in 1922, is on a 





site of an irregular rectangular shape with average 
external dimensions of 536 ft. by 103 ft. It has 
eight floors and a basement, the level of the latter 
being 3 ft. 4 in. above that of the low level wharf. 
Below, again, are spacious cellars. Six of the floors 
are insulated and refrigerated to temperatures 
ranging between —5 deg. and 34 deg. F. The 
remaining floors, except the ground floor, which 
is used for sorting and distributing purposes, are 
assigned to cool or dry storage. The total capacity 
of the building is 4,628,000 cub. ft. 

The walls are of reinforced concrete construction 
in beams and pilasters, with buff brick and hollow- 
tile panels. Equidistant along the building above 
the roof level are four towers for the storage of 
calcium chloride serving the automatic ‘sprinkler 
system installed as protection against fire. As a 
further protection, or means of localisation, the 
building is divided into two almost equal divisions 
with automatic fire-closing doors. 

The refrigerating medium is a solution of calcium 
chloride, cooled in an adjacent power-house, shown 
to the right in Fig. 25, by the expansion of 
anhydrous ammonia and circulated through the 
46 cold storage rooms of the warehouse by means 
of some 277,000 lineal ft. of 2 in. galvanised piping. 
The air in the cold storage rooms is ozonised 
and kept in circulation with the proper degree of 
humidity. The cooling plant in the power house con- 
sists of three ammonia compressors of a capacity of 
150 tons per 24 hours, with condensers, etc. 

The regular supply of cooling water for the 
ammonia condensers is obtained from the river, 
but there is also a 10-in. artesian well, bored to a 
depth of about 1,150 ft., adjacent to the power- 
house. The water is raised by means of a compres- 
sed air lift and a supply of 8,000 gallons is obtainable 
per hour at a temperature of about 50 deg. F. all 
the year round. A small ice-making tank and 
equipment is also installed in the power-house, with 
a daily output capacity of 5 tons, the ice being used 
for the refrigerator wagons on the railway system. 

The warehouse is furnished with five large goods 
lifts, each of 6 tons capacity, serving all the floors, 
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Fie. 26. SHuntina Locomotive; Port Rattway. 


and four of them extending to the basement. On 
the lowest floor, there is a system of overhead 
runways, by which meat carcases are run from the 
railway sidings to and from the lifts for transfer 
to the storage floors. Weighing machines are 
located at intermediate points to record the weight 
of each carcase. 

The installation has proved a great success, and 
an increasing number of chambers is being brought 
into operation. At first, only four floors were 
refrigerated. As refrigerated steamers become more 
frequent on Canadian routes, there will be greater | 
scope for the utilisation of this enterprise of the 
Harbour Commissioners. 

Electrified Railway System.—The harbour of 
Montreal and most of the industrial establishments | 
in the vicinity are served by a belt or marginal 
railway, constructed, maintained and operated by 
the Harbour Commissioners, independently of any | 
outside organisation. Commencing on a_ small 
scale, the system has gradually been extended to 
meet increasing demands, until, to-day, it com- 
prises nearly 70 miles of main line and sidings. 

Locomotion was, at first, by steam power, but in 
1919, on consideration of the traffic intensity and 
the heavy loads taken, it was decided to substitute 
an electric traction system. This change has been 
made, and all the lines and terminals have been 
operated electrically since 1924. The Commissioners 
adopted a 2,400-volt direct-current system, which 
embodies the overhead catenary collector system, 
a direct-current generator station, with auxiliary 
equipment and bonded rail return. 

The power station contains three 1,000-kw. motor- 
generator sets, the units having a very heavy over- 
load capacity for a short period to meet railway 
conditions, and being capable of carrying 250 per 
cent. load for five minutes. Each set consists of a 
three-piece unit, a 1,500-h.p., 2,300-volt, three- | 
phase, 60-cycle, 720-r.p.m. synchronous motor | 
directly connected to a 500-kw., 1,200-volt., 720 
r.p.m. compound wound d.c. generator on either end, | 
the two generators being permanently connected | 
in series, giving 1,000 kw. at 2,400 volts. The loco- | 





motives are each 100 tons in weight, and are capable 
of accelerating a 4,000-ton train to a speed of 
15 m.p.h. A typical machine is shown in Fig. 26. 

St. Lawrence and Great Lakes Ship Channel.— 
Intimately associated with the interests and future 
development of the port of Montreal is the project 
for a navigable waterway for ocean-going vessels 
extending from the head of the Great Lakes out 
into the Gulf of St. Lawrence, and so to the open 
sea. The scheme is one which has been before the 
public for a number of years, and it is the subject 
of keen controversy, both as regards its economic 
feasibility and its effects on the traffic at North 
Atlantic ports. Montreal, naturally, could not view 
with any enthusiasm a waterway which would enable 
shipping to pass her doors without calling, thereby 
withdrawing a considerable portion of her trade. 
At the present time, as already explained, the port 
is the chief Atlantic outlet for the great volumes of 
grain produced by the Western Provinces of the 
Dominion ; and if, instead of being handled at and 
through the port, the grain were shipped at Port 
Arthur and Fort William for direct, and unbroken 
passage down the St. Lawrence to the Atlantic, 
the effect on Montreal might well be serious, if not 
disastrous. The writer found, however, that the 
shipping interests and the port authority are not 
greatly concerned lest this project should material- 
ise, the general opinion being that the port of 
Montreal will always remain the point of inter- 
change between inland and ocean navigation. 

On broader considerations the project has been 
declared to be of potential benefit to the Dominion, 
and jointly also to the United States. Not only 
would the navigation to the interior and the Great 
Lakes be sensibly improved, but there are possi- 
bilities of the development of water power for in- 
dustrial purposes. 

Navigation on the Great Lakes and the St. 
Lawrence at the present time falls into three 
categories :—(a) Lake navigation, operating nor- 
mally on 20-ft. draught, on and between all the 
Lakes except Ontario. (b) Canal navigation, opera- 
ting normally, on 14-ft. draught between Lake Erie 





ports and Montreal through the Welland Canal, 
Lake Ontario and the St. Lawrence. (c) Deep-sea 
navigation from Montreal to the ocean. 

The completion of the new Welland Ship Canal 
will open Lake Ontario to lake navigation, which 
will then be separated from deep-sea navigation by 
183 miles of the St. Lawrence above Montreal. The 
present lake commerce is upward of 100,000,000 
tons perannum. The bulk cargoes, principally iron 
ore, coal and grain, are moved in a special class of 
vessels developed for that purpose, of great length 
in proportion to their draught, so designed that 
they can be loaded and unloaded rapidly by special 
machinery installed at terminal ports. 

The present canal commerce through the Welland 
and the St. Lawrence Canals is carried by smaller 
vessels of similar design. The vessels are relatively 
high powered, to meet the swifter currents on the 
St. Lawrence. This commerce has been increasing 
rapidly in recent years; that on the St. Lawrence 
canal amounted to 6,206,988 tons in 1925. Nearly 
all the grain reaching Montreal Harbour in recent 
years is transported by this route. 

As now proposed by the Joint Board of Engineers 
appointed by the Governments of the United States 
and Canada to consider the project, and as set out 
in a recently issued report, there would ultimately 
be a navigation route through the 183 miles of 
river and lake from Lake Ontario to Montreal 
Harbour with a total, not exceeding 25 miles, of 
restricted canal navigation and not more than nine 
locks. The navigable channel in the river would be 
25 ft. in depth, with lock sills laid at 30 ft. depth, 
so as to permit of the eventual deepening of the 
channel to the same level. 

The proposals include the provision of power 
houses with an ultimate installed capacity of 
2,619,000 to 2,730,000 h.p., and permit the eventual 
development with installed capacity of approxi- 
mately 5,000,000 h.p., which is the full power 
potentiality of the river. The estimate of the cost 
of the works proposed by the board for earliest 
execution, with hydro-electric machinery com- 
pletely installed, exclusive of interest during con- 
struction, is in the neighbourhood of 400,000,000 
dols. 

Montreal Harbour Bridge—Across the St. 
Lawrence River and within the central portion of 
the administrative area of the Harbour Commission, 
there will be before long a new bridge, now actually 
in course of construction, for foot and vehicular 
traffic. This is the Montreal Harbour Bridge, also 
commonly referred to as the Montreal South Shore 
Bridge. Its position is marked in Figs. 1 and 2. 
The south shore municipalities, lying, as the name 
implies, on the southern bank of the river, con- 
stitute a thriving suburban district of Montreal, 
only needing improved connection with that city 
in order to enable it to expand rapidly as residential 
and even as industrial communities; while further 
out to the south, there lies the great tract of farm 
land from which the metropolis derives its supplies 
of foodstuffs, and through which run the main 
provincial roads leading to the New England States 
of the Union. 

The bridge is designed to serve vehicular road 
traffic as well as pedestrians and to afford a means 
of rapid transit for suburban residents. The central 
roadway is to be 37} ft. in width and will allow four 
commodious lanes for automobiles and vehicles at a 
fair speed in both directions. Tramway tracks are 
located on each side of the roadway and are of open 
deck construction, except at special points. The 
tracks are separated from the roadway and also 
from the side walks by lines of fencing. The total 
length of the bridge from entrance to exit is two 
miles. Advantage has been taken of the existence 
of various small islands in the stream in order to 
found piers upon them. 

The main span which crosses the navigable channel 
has been given a vertical clearance of 162 ft. above 
surface level of high water in the river, for the 
central portion of 500 ft. The total horizontal 
fairway for vessels is 1,000 ft., measured across the 
current from the wharf side to the masonry of the 
river or east main pier, which is on the Harbour 
Commission’s estate. 

The bridge is being constructed by the Harbour 
Commissioners, the scheme being financed by a 
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special issue of bonds. A system of joint liability 
has been arranged between the Federal, Provincial | 
and Municipal authorities to cover probable opera- | 
tion losses during the first few years, but it is esti- | 
mated that after about five or six years under present | 
conditions, receipts will be sufficient to meet interest | 
charges, sinking fund and working cost, and that | 
after twelve years, the tolls will be reduced to a 
final level and the amortisation of constructional | 
cost commenced. 

Messrs. Monsarrat and Pratley, of Montreal, and | 
Mr. J. B. Strauss, of Chicago, are joint consulting | 
and designing engineers for the bridge. There is | 
also an advisory board of engineers of which Mr. 
T. W. Harvie, the general manager of the Port of 
Montreal, is chairman. 

Impending Developments.—During the past five 
years, the Harbour Commissioners of Montreal 
have expended some 17,500,000 dols. on improve- 
ment works at the port, and there is contemplated 
at the present time, for disbursement during the 
next three years, a further expenditure of} 
12,000,000 dols., a loan for that amount having 
recently been sanctioned by the Dominion Parlia- 
ment. This loan will cover, among other items, 
additional storage for 3,000,000 bushels at No. 3 
Grain Elevator, at an estimated cost of 2,700,000 
dols.; the continuation of reconstruction opera- 
tions at Windmill Point Wharf at an aaneat 
cost of 1,715,000 dols., and en extension of Bicker- | 
dyke Pier at an estimated cost of 930,000 dols. | 
Altogether, the authorities at Montreal, exercising | 
commendably prudent foresight, are making pro- 
vision on broad and comprehensive lines for the 
expansion of port accommodation to meet the 
demands of trade and shipping which are con- 
fidently expected to arise in the immediate 
future. 

The plans and illustrations accompanying this 
article have been courteously ‘urnished by the 
Montreal Harbour Commission, and by the John 
S. Metcalf Company, Limited ; assistance in com- 
pilation has been kindly rendered by Mr. Harvie, to 
whom the writer also indebted for various 
facilities during his recent visit to the port. 
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Electrical Engineers on September 30 next has resulted 
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THE WALCHENSEE HYDRO-ELECTRIC | | Austrian frontiers. It covers an area of 16-2 sq. 
|k 


STATION. 


In a previous article* we gave a general descrip- | 


| below, 


tion of the transmission network, which has been | 


erected to supply the electrical needs of Bavaria, by 
linking up a number of large water-power stations 
with existing steam and hydro-electric stations of 
By interconnection’ with the appro- 
priate adjacent networks, it will also be possible to 
transmit energy to the neighbouring States, when 
the power generated in these large stations is in 


; excess of local requirements, and, alternatively, to 


This | 


receive power at times of water shortage. 
arrangement will, it is hoped, enable advantage to 
be taken of the natural resources of the country 
as a whole in the best possible way. The Walchensee 


station, which is the largest hydro- electric station | 


in Germany, has been desor: ibed as the backbone 


of this system, and, as will be gathered from the | 


details we give below, 
points of interest. 
Dealing first with the geography of the scheme, | 


the Walchensee is one of a number of lakes, which| for employing the 
are situated on the northern slopes of the mountains | manner. 


to the south of Munich and close to the Swiss and 





* See ENGINEERING, 1927, vol. cxxiii, page 691. 


it possesses a number of | 


| 
| 
| 
} 


| 
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A little to the north of it, but some 200 m. 
is a much smaller lake, known as the Kochel- 
see, which feeds the river Loisach. This river is one 
of the tributaries of the Isar. into which it flows 
some 30 km. north of Kochelsee. The Isar itself 
rises in the Tyrolean Alps and makes a wide bend 
round both the Walchensee and the Kochelsee, 
as shown in the map reproduced in Fig. 1. The 
shortest distance between it and the Walchensee is 


m. 


at Krunn, where the first big bend to the east occurs. 
Between Mittenwald 


and Wallgau, which is the 
portion of the river of importance in connection with 
the Walchensee station, a number of tributaries 
flow into it, while the Walchensee itself is fed by a 
stream, the Obernach, which runs into the southern 
end of the lake. These comprise the various 
sources from which the station is supplied, and 
they are so well adapted for the purpose that it 
is not surprising that, as long ago as 1897, proposals 
were made for utilising the head between the Wal- 
chensee and the Kochelsee for the generation of 
| power, or that suggestions were also put forward 
water of the Isar in like 
Nothing was done, however, until 1909, 
when a competition was inaugurated by the State, 
with a view to obtaining something concrete in place 


lof many conflicting opinions regarding the exact 
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methods by which the work should be carried out. | cipitation varies between 13 mm. in November and 


As a result, a scheme was fathered by the State. | 


This provided for the lowering of the level of the | driest and the summer months the wettest. The 


294 mm. in July, the winter months being the 


Walchensee by 4:6 m., thus leaving sufficient | Walchensee itself lies in a very rainy district, 
water in the rivers Isar and Jachen for navigating|the average minimum monthly rainfall being as 


timber rafts and for irrigation purposes. 
it had been decided before the war to use the power 
available in the Walchensee for the general electrical 
supply of the country, work was delayed pending 
a decision on the question of railway electrification, 
and construction was not actually begun until 1921, 
at a time when the financial position in Germany was 
probably at its worst. 

As regards hydraulic conditions, the Walchensee 
draws its supplies from a catchment area of 74 sq. 
km. The annual precipitation in the upper Isar 
valley exceeds 2,000 mm. in a wet year, and, on 
the average amounts to 1,500 mm. The monthly pre- 


Though | 








much as 60 mm., and the maximum 240 mm. 
Between Mittenwald and Wallgau, the Isar is 
fed by numerous mountain streams, which are 
important from the point of view of the water 
supply. These come from bare weather-beaten 
slopes, and considerably augment the flow of the 
main river. This flow, as determined at the measur- 
ing station at Krunn, varied between 365 and 683 
million cubic m. during the years 1902 to 1907. The 
annual average is 18-2 litres per second per square 
kilometre, the summer figures being from 40 to 
60 litres and the winter figures from 10 to 20 litres 
per square kilometre. 


The actual catchment area of the Walchensee 
is small, because, in spite of the large amount of 
precipitation, the lake receives only a small natural 
additional supply. It was, therefore, necessary to 
augment the quantity of water available before 
the lake could be utilised for the scheme. As 
will appear, it is really the Isar that is em- 
ployed for power generation, the lake itself serving 
mainly for storage and equalisation. Similarly, 
the Kochelsee serves as a collecting reservoir 
for the water leaving the power station. This 
additional water made it necessary to install regu- 
lating equipment on the Loisach. The hydrau- 
lic capacity of the power station was _ based 
on the following considerations :—Measurements 
showed that the average amount of water avail- 
able for power purposes during the dry season 
was 12-3 cubic m. per second, of which 8:1 
cub. m. per second were obtainable from the Isar 
and its tributaries, and 1-4 cubic m. per second 
from the catchment area of the Walchensee itself. 
About 2-8 cub. m. per second had therefore to 
be drawn from the storage reservoir represented 
by the lake, or a total of 36-4 million cub. m. 
during the period from November to March. This 
meant that the surface of the lake was reduced 
4-6 m. below its normal level. In the summer, 
on the other hand, as much as 20 cub. m. per 
second could be drawn from the Isar, and this 
could be increased to 25 cub. m. per second in the 
spring when the snow was melting. The difference 
between this and the amount required at the power 
station could be stored in the lake, with the result 
that the latter was brought back to its normal 
level by the end of May. 

It was originally proposed to reduce the level of 
the lake by as much as 16 m., but, for reasons con- 
nected both with navigation and the amenities of the 
district, it was finally decided to be content with 
the lower figure. It may be noted that the natural 
variation in the level of the lake is about 1 m. 
above and 30 cm. below the normal level. Though 
only one station has been erected at present, it is 
obvious that the water available in the catchment 
area thus developed could be utilised in a number 
of stages, while the amount of energy generated 
could also be increased by lowering the water level 
in the lake. 

The actual arrangements by which the Isar 
water is rendered available for the generation of 
power may briefly be described as follows :—Intake 
works, shown in Figs. 2 and 3, have been erected at 
Krunn. Here the Isar is dammed and led in to an 
open canal, which runs along the left bank of the 
river as far as Wallgau. It then passes into a 
conduit, which cuts through the watershed divid- 
ing the valleys of the Isar and the Obernach. 
The water next passes through a small lake called 
the Sachensee, which acts as a settling tank. At 
the outlet from the Sachensee a sill, with a 20-m. 
wide spillway, has been erected. This is provided 
with bottom sluices, so that the lake and the conduit 
can be emptied. The water runs down, in an arti- 
ficial channel, to Obernach, where it flows into the 
Walchensee. Regulation is effected by maintaining 
the same cross section of conduit throughout and 
adjusting the gradient by the use of a series of 
cascades. Eventually it is proposed to construct 
a conduit nearly 4 km. long from Sachensee to the 
south-west bank of the Walchensee, and thus 











to utilise the head of about 60 m. between the 
Sachensee and the Walchensee in a station at 
Obernach, which will have a maximum capacity 
of 10,000 h.p. A regulating weir has been built at 
the natural outlet from the Walchensee at Nieder- 
nach, so that the storage capacity is utilised in the 
most economical way. This weir has two openings, 
each of which is 7 m. wide. Eventually only flood 
water will be allowed to escape by this means. 

The water used for power purposes is drawn from 
the northern end of the lake at Urfeld. Here an in- 
take chamber with very deep foundations (see Fig. 4), 
has been erected. This forms the entrance to the 
conduits through the Kesselberg mountains. At the 
end of this conduit is the forebay, whence the pipe 
lines descend very steeply, some 200 m., to the power 
station at the foot of the mountain. The water 
leaving the turbines flows through a short tail race 
into the Kochelsee. As already mentioned, the river 
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Loisach flows through the Kochelsee, and, in order 
to control the outflow, the entrance to a special 
channel at the northern end of the lake is closed 
by a regulating weir. The lower stretch of the 
Loisach, down to the place where it flows into the 
Isar at Wolfratshausen, has been deepened, so 
that it is capable of carrying an increased amount 
of water. The general contour of the course 
followed is shown in Fig. 5. It may be added that 
it is proposed to build special railways for handling 
the timber, which was formerly floated down the 
rivers Isar and Jachen, a method of transport 
which the reduction in the amount of water in 
certain reaches of the river has now rendered 
difficult. 

As we have already stated, the whole of the work 
in connection with this scheme is so designed that, 
in the winter months, a continuous flow of about 
12-3 cub. m. per second will be available for the 
generation of power. We shall next proceed to 
give details of the constructional work whereby 
the storage capacity of the Walchensee and the 
water of the Isar are combined, in order to 
render this possible. 


(T'o be continued.) 





480-KW. SUPER-PRESSURE STEAM 
TURBO-GENERATOR. 


TuRBines working with steam supplied at a pressure 
of 1,600 lb. per square inch were shown by Dr. de 
Laval at the Stockholm Exhibition held in 1897. 
The turbines ran very satisfactorily, with good economy 
and without undue wear, but the boiler troubles 
proved serious, and caused the turbine builders to 
retrace their steps and to revert to the use of steam 
at the temperatures and pressures then regarded as 
normal in power-station practice. The Blomquist 


boiler having proved a technical success, the Aktie- 
bolaget de Lavals Angturbin, of Stockholm, have 
again taken up the use of super-pressure steam, and 
on this and the opposite pages, and on page 172, we 
illustrate one of two units constructed by them to work 
with steam at a pressure of 100 atm., and at a tempera- 





ture of 400 deg. C. The exhaust pressure arranged 
for is 6 atm., and each of the units is designed to 
develop about 480 kw. with a steam consumption of 
some 12 to 13 kg. per kw.-hour. One of these two 
turbines has gone to Germany, and the other was 
ordered by a Swedish company, the Fors Aktiebolaget. 
Both have now been in successful operation for many 
months. 

As shown in Fig. 13, on page 172, the turbine is 
coupled to a generator, which it drives, through reduc- 
tion gearing, at 3,000 r.p.m., the speed of the turbine 
rotor being 15,000 r.p.m. The generator supplies 
3-phase 50-cycle current at 525 volts, and, as already 
indicated, is rated at 480 kw. 

As will be clear from the longitudinal section, Fig. 1, 
the turbine comprises, in all, two single-impulse stages. 
The rotor is overhung, both bearings being on the same 
side of the turbine. By this arrangement, only one 
gland is necessary, and this has to be packed 
only against the moderate pressure of 6 atm. The 
whole of the rotor, inclusive of the two wheels and the 
double-helical pinion, has been machined out of a single 
forging. The wheels have mean-effective diameters 
of 293 mm. and 295 mm., respectively, so that the 
mean blade speed is about 760 ft. per second. <A two- 
sided Michell bearing, located in a cap bolted to the 
housing of the outer bearing, fixes the axial position 
of the rotor and takes up any residual end thrust. 

The main stop valve is arranged horizontally, as 
indicated in Figs. 14 and 15. The steam enters it 
through a strainer and is delivered to the nozzle box, 
in which there are additional valves feeding indepen- 
dent groups of nozzles. Four of these nozzle valves 
are represented in Figs, 14 and 15, and provision was 
originally made for these, but in the case of the turbine 
illustrated in Fig. 13, only two were actually fitted, 
since the output demanded by the purchaser was only 
about one-half of that which could easily have been 
generated. Hence two of the groups of nozzles were 
omitted, together with the corresponding valves. 

These nozzle valves are controlled by cams, as best 
seen in Fig. 1, above. As the load varies, the cam- 
shaft is swung to or fro by a servo-motor controlled 
by the main governor, and thus varies the nozzle 
valve opening. At any load of more than about one- 
half the maximum, one nozzle valve is always fully 
open, and the nozzles supplied by it are consequently 
working at their full efficiency. In such case, the other 





valve takes control of the turbine speed, opening “wider 
or closing in as the load on the turbine changes. Hence, 
under these conditions, the throttling losses are confined 
to one of the groups of nozzles. Below half load, on 
the other hand, the second valve is completely closed, 
and its fellow then takes charge. In the case of exces- 
sive speed, a runaway governor mounted on the second- 
motion shaft, which runs at 3,000 r.p.m., comes 
into action and closes the main stop valve by means 
of a servo-motor operated by pressure oil. The whole 
of the turbine casing, and the valve bodies, are steel 
castings. 

Details of the nozzles and diaphragms are illus- 
trated in Figs. 2 to 8, page 165. The first-stage nozzles 
are represented in Fig. 4, and to a larger scale in Fig. 3, 
from which it will be seen that they afe slightly 
divergent at the delivery end. The mean discharge 
angle is about 15 deg., as will be best understood from 
Fig. 3. The complete nozzle plate consists of two rings, 
one fitting inside of the other. The nozzle passages 
are machined in the outer edge of the inner ring, 
and the two fit into a groove turned in the turbine 
casing. They are secured in place by set screws or 
bolts, which are carefully locked against the possibility 
of working loose. 

The diaphragm between the two stages is a steel 
forging. A groove is turned in it to take the ring on 
the edge of which the low-pressure nozzle passages are 
cut. As is perhaps best seen in Fig. 5, the diaphragm 
is slotted to correspond to the nozzle openings. The 
lands between the slots aré 5 mm. thick, and they are 
tapered at the admission edge, so as to ease the entry 
of the steam. These second-stage nozzles have a 
normal discharge angle of 12 deg. Other views of the 
diaphragm are reproduced in Figs. 7 and 8. 

The packing actually used is that represented in 
Fig. 2. It was at first intended to construct this 
diaphragm packing in the way indicated in Fig. 1, 
but in view of the possibility of the fins wearing, it was 
ultimately decided to adopt the arrangement shown in 
Fig. 2, with which, even if wear does occur, there is 
no straight run for the leakage steam, but the flow is 
broken up by the projecting collars on the shaft which 
intermesh with alternate fins. 

The cap in which the Michell thrust block is housed 
is illustrated in Figs. 9 and 10. The fixed thrust 
plate, of which additional views are given in Figs. 11 
and 12, is provided, it will be seen, with a spherical 
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seat. The lubricating oil is fed in centrally 
by the passages shown, which form a by- 
pass to the main flow to the bearing (see 
Fig. 1). Above each bearing is a tube 
leading up into a glass bell lettered K in 
Fig. 1. So long as the bearing is being 

properly fed there is a visible escape of oil 

into the bell. The arrangement thus serves 

the purpose of a sight-feed lubricator. 

The drive for the oil pump, which is of the ordinary 
gear-wheel type, is provided by the horizontal cross 
shaft C, which also carries the main governor. This 
cross shaft is driven in its turn by a worm on the second 
motion shaft, to the end of which the generator rotor 
is connected by a flexible coupling. This coupling 
is enclosed in the chamber B, into which escapes the 
oil used in lubricating it. The sprayer by which the 
reduction gearing is lubricated is represented at D. 





THE Ratine or Low-Pressurm HEATING BOILERS.— 
The Research Committee of the American Society of 
Heating and Ventilating Engineers has formulated a 
Code for the Rating of Low-Pressure Steam Heating Boil- 
ers using Solid Fuel. In brief, the provisions are that 
the flue gas should not exceed a temperature of 700 deg. F., 
the dryness fraction of the steam should not be less than 
98 per cent., and the carbon dioxide in the products of 
combustion should not be less than 12 per cent. when 
anthracite is used, or 10 per cent. with bituminous coal. 






Fig.8. 





480-KW. SUPER-PRESSURE STEAM TURBO-GENERATOR. 
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THE LATE MR. E. S. LUARD. 


WE regret to note the death, on July 30 last, at his 
home, 25, Durham-terrace, London, W.2, of Mr. 
Edward Sydney Luard, who was for some years chief 
locomotive, carriage and wagon superintendent of the 
Bombay, Baroda and Central India Railway Company, 
Bombay. The eldest son of the late Rev. Octavius 
Luard, Mr. E. S. Luard was born on October 28, 1856, 
and received his early education at Felstead School. 
He entered upon an apprenticeship of three years at 
the locomotive works of the Great Northern Railway 
Company in 1874, and, in 1877, joined the drawing- 
office staff of Messrs. Sharp, Stewart and Company, 
Atlas Works,- Manchester. Three years later he was 
appointed locomotive inspector on the London, 
Brighton and South Coast Railway. Subsequently he 
was promoted to the position of assistant district 
locomotive superintendent, a post which he relinquished 
in 1883, upon receiving the appointment of first 
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assistant locomotive and carriage superintendent of 
the Bombay, Baroda and Central India Railway 
Company, in Bombay. Subsequently, he rose to the 
position of chief locomotive and carriage superinten- 
dent. While occupying this post, he re-designed and 
rebuilt the workshops of the company, and also re- 
designed the rolling-stock. In 1902, he was nominated 
by the Government of India to represent the Indian 
Railways at the International Engineering Congress 
held at Glasgow. While in India, he was Colonel of 
the Railway Volunteer Corps, and was also a Justice 
of the Peace for Bombay. In after years, Mr. Luard 
served on the boards of various companies. He was 
managing director of the Consolidated Brake and 
Engineering Company, Limited, chairman of Messrs. 
G. D. Peters and Company, Limited, and a director 
of the British Power Railway Signal Company, Limited. 
He became an associate member of the Institution 
of Civil Engineers on December 6, 1892. 
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LABOUR NOTES. 


On Thursday last week, the House of Lords’ amend- 
ments to the Trade Disputes and Trade Unions Bill 
came up for consideration in the House of Commons. 
The Attorney-General moved that the House agree 
with an amendment to provide that ‘“‘ No person shall 
be deemed to have committed an offence under any 
Regulations made under the Emergency Powers 
Act, 1920, by reason only of his having ceased work 
or having refused to continue to work or to accept 
employment.” The amendment, he said, was designed 
to prevent any undue hardship being inflicted on the 
individual striker under Clause 1. During the Com- 
mittee stage in the House of Commons an amendment 
was accepted by the Government to provide that no 
penalty should be inflicted on the individual striker 
merely for taking part in an illegal strike. It was 
suggested in the House of Lords that it might be 
possible under the Emergency Powers Act to make a 
Regulation that would inflict such a penalty. The 
amendment was agreed to. 





In Clause 3, which deals with intimidation, the House 
of Lords had altered the words “ the expression ‘ injury’ 
includes injury other than physical and material 
injury ” so as to read “‘ the expression ‘ injury ’ includes 
injury to a person in respect of his business, occupa- 
tion, employment, or other source of income and in- 
cludes any actionable wrong.” Sir H. Slesser moved 
to omit the words “ includes any actionable wrong.” 
The Attorney-General said that the Lords’ amendment, 
which Sir H. Slesser proposed to alter, had been 
introduced and accepted as a concession in order to 
meet a point which the Opposition raised that the 
original words “an injury includes an injury other 
than physical and material injury ’’ were too vague. 
The Lords’ amendment as it stood would not make 
anything an actionable wrong which was not an action- 
able wrong to-day. All that it provided was that if 
people threatened to do actionable wrongs against 
other persons in order to coerce them that should be a 
penal offence. In making the amendment which they 
agreed to make the Government went to the limit of 
concession. Sir H. Slesser’s amendment was rejected, 
and the House of Lords’ amendment agreed to. 





The Lords’ amendment was also agreed to—that 
in the case of a first offence a Civil servant should 
forthwith be warned by the head of his department 
and disqualification should not take effect if within 
one month after such warning the Civil servant ceased 
to contravene the regulations. The Bill received the 
Royal Assent before Parliament rose on the following 
day. 





In the course of a statement made on Saturday, the 
Attorney-General said that ‘‘ the Act will not interfere 
in any way with the use of the strike weapon in legiti- 
mate trade disputes. What it will do is to prevent 
any attempt to dissipate the funds of trade unions by 
a misuse of their powers for revolutionary purposes, 

The moderate trade union leaders knew that 
the general strike was a huge folly, which was bound 
to lead to disaster, but they found themselves unable 
to prevent it. Now, as the result of the passing of the 
Trade Disputes Act, they will be able to resist any 
attempt to stampede their unions into another general 
strike, and thus to avoid a repetition of the great loss 
in business orders and contracts—of which we are 
now reaping the sorry harvest in the way of unem- 
ployment. . . . The best evidence of the efficacy 
of the new Act will be furnished,” Sir Douglas Hogg 
concluded, “if the prov.sions of the first clause— 
which deals with a general strike—never have to be 
brought into play.” 

A manifesto issued by the Industrial Peace Union 
of the British Empire, and signed by, amongst others, 
Lord Denbigh, Mr. J. Havelock Wilson, and Mr. L. 
Haden Guest, directs attention to the dangers to 
which British trade and industry are exposed by indus- 
trial disputes, largely brought about by malevolent 
propaganda. ‘“‘A sedulous and persistent propa- 
ganda,” it states, ‘supported by foreign money, is 
being carried on among our workpeople, with the 
avowed object of destroying our institutions, and it is 
gaining ground mainly because, through apathy and 
indifference, it has been allowed to go largely without 
challenge.” In order to carry out its work effectively, 
the organisation will require, it is estimated, 100,000I. 
a year for the next five years. 


The effect, during 1926, of the undertaking given by 
The Accident Offices Association for the purpose of 
limiting the charges to employers in respect of em- 
ployers’ liability insurance, is shown in a White 
Paper just issued by the Stationery Office. The total 
amount of premiums received was 4,885,1641., while 





the net premiums were 4,883,9411. The total amount 
of payments under policies was 1,161,943/., which, 
with 1,506,9291. as:reserve for liability on outstanding 
claims at the end of thefyear, made the}total losses 
2,668,872/. The ratio of losses to premiums is 54-65 
per cent., and insured employers are entitled to a 
rebate of 5-35 per cent. 





The Southport conference of the Miners’ Federation 
of Great Britain considered the question of unemploy- 
ment at a private session on Thursday last week. The 
following resolution was passed unanimously :—“ This 
conference views with alarm the continued increase in 
the number of unemployed miners and the extremely 
precarious position in which a very large section of 
the mining population finds itself. We are, further, 
gravely concerned at the policy operated under the 
guidance of Government departments, leading to— 
(1) large numbers being deprived of unemployment 
benefit ; (2) many Poor Law authorities deciding to 
regard all unemployed workers as able-bodied men and 
not entitled to relief; (3) the failure of and definite 
refusal of responsible departments to give adequate 
consideration to the prevailing industrial conditions 
and the most elementary needs of our people. The 
conference therefore instructs the General Executive 
to seek the assistance of the General Council of the 
T.U.C. and the Parliamentary Labour members in 
approaching the Government with a view to obtaining 
the necessary means of adequately relieving the dis- 
tress prevailing in our extremely necessitous areas.” 





Almost unanimously, the delegates supported a 
resolution from Durham, asking the Executive to 
examine the organisation and operations of the Fede- 
ration, ‘‘ with a view to recommending to the districts 
such reforms and proposals as, in their opinion, are 
essential to its progress and effective work.” A Forest 
of Dean proposal that a sing!e national union of miners 
be formed, was withdrawn. By a considerable 
majority, the conference passed a resolution, put 
forward by the Forest of Dean area, in favour of a 
world-wide miners’ international ‘‘ embracing the 
miners’ organisations of all countries on equal terms.” 
A Scottish motion in favour of immediate steps to form 
an Anglo-Russian miners’ committee was defeated by 
moving and carrying of “the previous question.” 
A resolution from Scotland in favour of allowing the 
Communist Party to affiliate to the Labour Party, 
was rejected by a large majority. 





Mr. E. Williams, a South Wales delegate, moved a 
resolution calling for the repeal of the Eight Hours 
Act. With the progressive return in Continental 
coalfields to the eight-hour day from bank to bank, the 
hours of most of the British miners—eight hours plus 
one winding time—were now, he said, the longest of any 
country in the world. Mr. E. Hough, a Yorkshire 
delegate, seconded the resolution, which was agreed 
to unanimously. 





Addressing the Liberal Summer School at Cambridge 
last week-end, Mr. E. H. Gilpin said that the Liberal 
Party’s industrial programme, to be published in the 
autumn, would carry with it an appeal to all parties 
in industry to “ play the game.” His task was to put 
forward proposals for factory government. He 
proposed the setting-up by statute of a consultative 
works council in every industrial and commercial 
establishment employing more than 50 persons, the 
council to consist of representatives of wage-earners, 
salaried staff, and management, each section nominated 
and elected by ballot. The council’s first duty would 
be to agree to a code of factory rules, a copy of which 
should be handed to every worker on engagement. It 
would be his charter, accompanied by legal remedy. 
The management would present regularly to the council 
all financial information furnished to shareholders and 
statements as to trading conditions, and explanation to 
the council, and discusssion with it, of all the information 
should be enforced by statute. The duty should also 
be laid upon all councils of discussing schemes for 
giving to their constituents a share in the ownership 
of the concern. 





The Ministry of Labour states that on July 25, 1927, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,026,900, of whom 816,000 were men, 33,100 boys, 
148,200 women, and 29,600 girls. Of the total number 
658,200 were wholly unemployed, 309,100 temporarily 
stopped, and 59,600 normally in casual employment. 
On July 16, 1927, the number of unemployed persons 
was 1,047,956, of whom 840,409 were men, 28,262 
boys, 152,304 women, and 26,981 girls; and on 
July 26, 1926, it was 1,605,420, of whom 1,188,248 
were men, 45,095 boys, 324,850 women, and 47,227 
girls. The figures for July 26, 1926, were affected by 
the dispute in the coal mining industry. 





Further conferences on the wages question are 
taking place in London to-day between representatives 
of the Shipbuilding Employers’ Federation and repre- 
sentatives of the shipyard trade unions. At an earlier 
meeting it will be recalled, the trade unions were 
informed that, in the opinion of the employers, the 
state of the industry did not warrant any advance of 
wages—much less the 10s. per week and 15 per cent. 
on piece rates demanded by the men. It was incorrect 
to assume, it was added, that the orders recently 
placed represented a revival, as practically half the 
berths in the country were still idle. The Federation 
of Engineering and Shipbuilding Trades declined to 
take the employers’ refusal as final, and asked for 
a further conference in accordance with the usual 
procedure for the discussion of general wages questions. 
Hence, to-day’s conference with the Federated Trades. 
The Amalgamated Society of Woodworkers, the 
National Painters’ Union, the Electrical Trades Union, 
the Plumbers’ Society, the Shipwrights’ and Ship- 
constructors’ Association, and the Boilermakers’ and 
Iron and Steel Shipbuilders’ Society—which are not 
units of the Federation of Engineering and Ship- 
building Trades—asked, at the earlier conference, 
for a reference to arbitration. The employers’ repre- 
sentatives promised to consider the matter, and at 
the meeting this afternoon they will, no doubt, formally 
communicate their decision. 





At a special general meeting in London on Monday, 
the National Union of Seamen passed a resolution, 
by a large majority, authorising the Executive Council 
to make a loan of not more than 10,000/., without 
interest, to the miners’ non-political movement. The 
resolution endorsed the declared policy of the organisa- 
tion to promote, apply, and extend trade union principles 
without political activities, and recommended the 
executive council to support the establishment and 
growth of movements and unions having a similar 
policy among workers in general, and in particular 
among the miners. It further declared that if it 
appeared desirable to the executive council to provide 
funds out of the funds of the union for the aforesaid 
purpose the meeting authorised the council to make 
a loan of 10,000/. without interest to the miners’ 
non-political movement. Mr. J. Havelock Wilson 
stated that no action would be taken in regard to the 
loan until issues before the Courts were decided. 





A vote of confidence in Mr. Wilson, as general 
president of the union, was also passed by the conference. 
The president suggested that a resolution from the 
Antwerp branch recommending that the union should 
cease affiliation to the Trades Union Congress should 
be withdrawn. This course was adopted, but it was 
decided that the union should not send delegates 
to the Congress this year. 

Objecting to the introduction of a new price list 
for piecework, practically the whole of the riveters 
employed in Clyde shipbuilding yards ceased work 
at the beginning of this week. The stoppage was 
unofficial and against the instructions of the executive 
council of the Boilermakers’ Society, and on Wednesday 
meetings of the men in the upper, middle and lower 
reaches of the river decided to bring it to anend. The 
list to which exception was taken had been mutually 
adjusted by representatives of both the employers 
and the employees, and the objection to it by the rank 
and file was that it appreciably reduced their earning 
capacity. 





The danger of a serious split in the international 
Labour movement is clearly accentuated by Mr. 
Purcell’s references to Soviet Russia in his presidential 
address at Paris, to the International Federation of 
Trade Unions, Probably Mr. Purcell, Mr. Hicks, Mr. 
Brown and the other British delegates do not realise 
that; but the plainest fact of the whole situation has, 
nevertheless, been for a considerable time, that the 
Continental units of the Amsterdam International 
will have nothing to do with Moscow—on Moscow’s 
terms. Most of the unions have suffered severely at 
the hands of the Red International, and if any attempt 
is made to bring about fusion on the lines to which 
Moscow adheres, they will almost certainly withdraw. 
Instead, therefore, of bringing about greater unity, 
these, and other, British friends of Moscow may bring 
about widespread disintegration. 





ScHOLARSHIPS IN ARCHITECTURE.—The Board of 
Architectural Education of the Royal Institute of British 
Architects informs us that the Institute’s Maintenance 
Scholarship granted to the following students have been 
renewed for the academic year 1927-28; Messrs. A. K. 
Brown, E. L. W. Davies, B. I. Day, H. Jackson, and E. J. 
White. The scholarships are intended to enable promising 
students to attend an approved course at one of the 
schools of architecture recognised by the Institute, for 
the purpose of exemption from its examinations. 
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AUTOMATIC VACUUM OIL LAMP. 


INCANDESCENT lighting by oil lamps, in which the 
mantles are heated by oil gas generated by the heat of 
the flame, has been in use for many years. These 
lamps have proved extremely convenient for private- | 
house lighting in isolated districts, and have also, 
in certain cases, been adopted with advantage for 
street lighting. They are, however, subject to the 
disadvantage that it is necessary, from time to time, 
to pump additional air into the oil tank, and in most 
cases the latter cannot be replenished with oil unless 
the lamp be extinguished. The pipe conveying the 
oil from the tank to the lamp is under pressure, and 
should the lamp be extinguished by accident, the 
whole of the oil in the reservoir will be expelled through 
the burner, with results that are at best irritating 
and may perchance prove dangerous. 

An entirely new type of oil-gas lamp not subject 
to these drawbacks is now being supplied by Vacuum 
Power, Limited, of 100, Victoria-street, S.W.1, and is 
illustrated in Figs. 1 to 8,on this page. With this lamp, 
the oil is sucked up from the reservoir instead of | 
being forced up, and the supply pipe is thus always 
under vacuum, so that the reservoir may be an open | 
vessel. Moreover, should the supply pipe be broken | 
there can be no leakage of oil, and the lamp attached | 
thereto will simply go out as the supply ceases. The | 
oil tank can, of course, be refilled without it being | 
necessary to extinguish the lamp, and in lighting up, 
it is merely necessary to apply a match to the torch | 
used for the initial heating of the vaporiser, and the | 
lamp will start up automatically as soon as the proper 
temperature is attained. The only part of the apparatus | 
under pressure is the vaporiser and a few inches of | 
tubing in its immediate neighbourhood. | 

The characteristic feature of the lamp is a most | 
ingenious automatic oil pump, which is operated by | 
the heat of the burner. This remarkable pump, which 
has been devised by Mr. Charles Scott-Snell, is the 
outcome of a curious observation accidentally made 
by him with the apparatus illustrated in Fig. 5. The 
glass tube there shown, has a branch connection dipping 
into a beaker containing oil. At the outset, the tube 
was completely filled with oil, and it was then heated 
as indicated in the sketch. Vapour was thus generated, 
causing the mass of liquid to separate into two distinct 
portions, the surplus oil being forced out into the 
beaker until the state of affairs represented in the 
figure is reached. At this stage, the whole of the 
oil vapour suddenly condenses, and the tube is imme- 
diately completely refilled with oil drawn in from 
the beaker. The original condition of affairs being 
thus re-established, the phenomenon repeats itself, 
the oil being again quietly expelled and then suddenly 
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Fig.7. VERTICAL |\SECTION. 
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returned by an instantaneous condensation of the 
vapour. 

Mr. Scott-Snell realised that this very peculiar and 
striking phenomenon lent itself to the construction 
of an automatic pump, and Fig. 6 represents one of 
the earlier models he experimented with. It was 
developed from the device represented in Fig. 1 by 
merely adding suction and delivery valves. With this 
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model, when vapour is generated the surplus oil is 

expelled through the delivery valve. This closes when 

condensation occurs, and fresh oil is then drawn in 

from the tank through the suction valve. 

Many minor difficulties were met with in practicalising 
this pump so as to ensure perfect regularity of action. 
As the result of three years’ laborious experimenting, 
however, the arrangement shown diagrammatically in 
Figs. 1 to 4 was devised, and this has proved so 
thoroughly reliable and satisfactory that arrangements 
have been made, both in England and America, for 
mass production of the new lamp in which this pump 
is embodied. 

To ensure regularity of operation, it was found that 
the generator must be thoroughly scoured out by the 
inflowing oil when condensation occurs. This end 
has been attained by providing that, when the vacuum 
is established, there will be a certain head available for 
accelerating the flow of oil into the generator. The 
arrangement adopted with this object is clearly shown 
in Figs. 1 to 4. In Fig. 1, vaporisation has 
commenced, and oil is being expelled, through the 
delivery valve shown, into the vaporiser. Fig. 2 
represents the condition of affairs at the moment when 
condensation occurs, and it will be seen that the net 
head available for producing flow into the generator is, 
for the instant, only equal to 4. As matters proceed, 
however, oil is drawn up through the narrow-bore riser, 
whilst it sinks in the main column. Hence the effective 
head progressively increases, and at the stage illustrated 
in Fig. 3 is equal to H. The velocity of flow into the 
generator is thus increased, so that it is thoroughly 
scoured, as indicated in Fig. 4. The turbulence thus 
originated is increased, as will be explained later on, 
by the inflow of the oil drawn up from the supply 
tank, and, as a result, any particles suspended in the 
oil which may have succeeded in passing the strainer 
are maintained in suspension, and do not collect in 
the bottom of the generator. 

Sectional views of the lamp, complete with all its 
accessories, are reproduced in Figs. 7 and 8. It will be 
seen that the rising pipe shown in Fig. 2, has been 
replaced by one having a central partition, which, as 
indicated in the plan view, Fig. 8, is really part of a 
wide plate screwed to the framing of the lamp. 
Owing to this provision, the oil in the riser is kept cool, 
and the regular operation of the generator secured. 
The oil from the supply tank is delivered from the 
suction valve to the top of this sub-divided pipe. 
There is, it will be seen, a hole at the top of the partition, 
but this is very small and little flow takes place through 
it. It is, in fact, merely intended to equalise the 
pressures on the two sides of the partition. When 
condensation occurs in the generator, the oil drawn up 
from the supply tank passes down the back of the 
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partition and through the injector shown. The head 
available for producing flow through this injector 
corresponds to several inches of mercury, so that the oil 
enters the generator in a highly turbulent condition. 

The inlet and outlet valves to the pump are simple 
bicycle balls, and these constitute the only moving 
parts of the apparatus. The oil discharged from the 
delivery valve passes through a down-comer into the 
vaporiser as indicated. Here it is converted into 
vapour and issues from the delivery nipple into the 
mixing chamber. The air required for combustion 
is drawn into this chamber by the inductive action of 
the vapour jet, and the mixture then passes on to the 
burner. 

As shown in Fig. 7, an air cushion is provided below 
the vaporiser, which damps out any fluctuations of 
pressure resulting from the intermittent action of the 
pump. The top of the air bell carries a rod at the 
extremity of which is fixed a needle, with which the 
nipple can be cleaned should the necessity arise. This 
needle is operated by rotating, in the proper direction, 
the cup shown at the bottom of Fig. 7. As the illustra- 
tion shows, the lower edge of the air bell is cam shaped, 
and this engages with a corresponding cam, which is 
actuated by rotating the cup, as already explained. 
If the cup be turned in the opposite direction, it opens 
a valve, which allows the oil in the vaporiser to escape 
into the cup, thus extinguishing the lamp. By this 
operation, the air in the air bell is simultaneously 
replenished. 

It will be obvious from the foregoing that a number 
of lamps can be supplied from a single main, and that 
the oil reservoir may, if desired, be placed out of doors. 
A leaky joint on the main will merely give rise to an 
inward leakage of air and not to an escape of oil, since 
the pressure in the pipe is always below that of the 
atmosphere. 


ENGINE REVOLUTION RECORDER 
FOR AEROPLANES. 


Or the various instruments required by the pilot of 
an aeroplane, one of the most important is that which 
gives the speed at which the engine is running. A 
simple indicating instrument, if its readings are reliable, 
is a useful guide to the functioning of the engine, on 
which the safety of the aircraft mainly depends, but 
the utility of the instrument is greatly increased if it 
can be made capable of furnishing a permanent record 
on a time base, as well as an indication of the engine 
speed. Such records would obviously provide valu- 
able information in connection with the investigation 
of an accident, and would also enable an accurate record 
to be kept of the work done by the engine. The latter 
is, of course, important in deciding when a complete 
overhaul is necessary. We illustrate, on this and the 
opposite pages, an instrument supplied for this purpose 
by the Hasler Telegraph Works, 26, Victoria-street, 
London, S.W.1, and known as the Tel engine-revolution 
indicator and recorder. Before describing this instru- 
ment, as we propose to do, we may mention that it has 
been thoroughly tested by the Air Ministry, and is now 
specified by them as a standard instrument to be fitted 
on all passenger-carrying aeroplanes, The instrument, 
we understand, is used on all the machines of Messrs. 
Imperial Airways, Limited. 

Figs. 1 and 2 show the instrument with its casing 
removed. The casing, it should be explained, carries 
a dial over which the indicating pointer, visible near 
the centre of Fig. 1 and on the left of Fig. 2, moves. 
The dial has a uniformly-divided scale reading from 
0 to 2,500 rp.m. in the particular instrument we 
are now describing. The casing is also provided with a 
glazed window through which the record chart can be 
seen, and with other windows through which an 
eight-day clock and a total-revolution counter of the 
Veeder type can be observed. In addition, a small 
revolution counter with a dial graduated from 0 to 100 
is provided for test purposes, this dial, which can be 
set to zero at any time, being shown on the left of 
Fig. 1, opposite the clock dial. A portion of a record 
chart obtained from one of Messrs. Imperial Airways’ 
machines on a flight from London to Paris is repro- 
duced, on a reduced scale, in Figs. 8 and,9, on page 169. 
The actual chart is of metallic paper 24 in. wide, and 
on it are recorded, by means of a silverstylus, the number 
of revolutions on a time base. Figs. 8 and 9 show the 
engine-speed variations in the course of taking-off 
and landing, the portion of the record of the actual 
flight, during which the engine speed was practically 
constant for a period of 2 hours 36 minutes, having 
been omitted to economise space ; the record has also 
been reduced in width, the actual chart being capable of 
recording engine speeds up to 2,500 r.p.m. The time 
is marked on the chart by the closely-spaced dots at 
the top and bottom, the distance between the dots 
representing a period of one minute. These dots are 
actually small holes punctured in the paper by spikes 
formed on the paper-driving drum. Holes are also 
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punctured, as shown, at each 10,000 revolutions of the 
engine, the mechanism for this purpose being operated 
by the Veeder counter. To indicate the actual time 
of day or night, an inclined line is drawn on the lower 
part of the chart by means which will be explained 
later. 

The line is inclined upwards from 6 o’clock to 
12 o’clock, and downwards from 12 o’clock to 6 
o’clock, the exact hours being indicated by the points 
at which the inclined line crosses parallel lines ruled on 
the chart; the time line, of course, becomes vertical 
when the engine is not running, the paper then being 
stationary. For convenience in reading both the 
time and engine-speed from the chart, an electrum 
scale is provided with the instrument. From the above, 
it will be seen that a complete engine record is secured, 
and these records are carefully preserved by Messrs. 
Imperial Airways, Limited, each record being identified 
by marking on it the number of the aeroplane, the 
route, and the name of the pilot. The records are all 
pasted into a book for reference, thus enabling the 
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history of any engine to be traced from the time of 
its original installation. 

With regard to the mechanism, it should first be 
explained that a flexible shaft from any convenient 
rotating part of the engine, usually the camshaft drive, 
is connected to a vertical spindle extending through 
the bottom of the casing, as shown in the photographs 
reproduced in Figs. 1 and 2. 

This spindle carries at its upper end a bevel wheel 1, 
which engages with two other bevel wheels, 2 and 3, 
mounted on the shaft 4 in Fig. 3. The wheels 2 and 3 
are connected to the shaft 4 by keys and springs 
arranged to form.a ratchet drive, so that the shaft 4 
rotates in one direction only, irrespective of the 
direction of rotation of the vertical spindle. The 
rotation of the shaft 4, the speed of which is, of course, 
proportional to the engine speed, is communicated by 
gearing to the spindle II, to which are fixed a set of 
three discs kj, having fine ratchet teeth formed on one 
side, as shown in Fig. 3. On the same spindle, and 
close to the discs k;, are three loose rings k with similar 
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ratchet teeth, and these rings can be moved along the | tions from the wheels Z resting on its upper edge. 
shaft so that the teeth engage with, or clear, the | The cycle of operations described above is carried out 


teeth on the fixed discs; the arrangement thus consti- 
tutes a set of three positive-drive clutches. 

The spindle II, with one of the clutches drawn in 
greater detail, is shown in Fig. 4. It will be seen from 
this that a pinion r is attached to the loose ring & 
and that both can be moved along the spindle II by 
a lever H controlled by a conical-faced cam mounted on 
the spindle I; the latter is driven at a constant speed 
by a clock-escapement mechanism. Actually there 
are three cams on the spindle I, one for each of the three 
clutches, and each cam is formed with two sets of two 
notches, formed at different radii, as is perhaps most 
clearly shown in Fig. 5. The positions of the three 
cams on the spindle I are such that the notches on any 
one cam are displaced by an angle of 60 deg. in relation 
to those on the other cams. As the spindle I is rotated, 
the roller A on the end of the lever H, which is held 
up to the cam by a spring, slips into one of the notches, 
and when this occurs the two parts of the corresponding 
clutch are put into engagement, so that the pinion r 
drives the wheel Z, which runs freely on the spindle ITI. 
As the wheel Z rotates, a projection m on its periphery 
engages with a stirrup U also mounted on the spindle ITI, 
and the stirrup, to which the pointer of the speed 
indicator is attached, is thus carried round to an 
extent which depends upon the speed of the shaft IT 
and the time during which the parts of the clutch are 
kept in engagement. 

The time of engagement is controlled by the speed of 
the shaft I and by the design of the cam, and the arrange- 
ments are such that the clutch is closed for exactly 
one second; the pointer is thus turned through an 
angle which is directly proportional to the speed of 
rotation of the spindle EI and therefore to that of the 
engine. After one second has elapsed, the cam moves 
the lever H to disengage the clutch, and the stirrup U 
would then fly back to its original position, under the 
influence of a spring, but for the effect of a second 
lever Hj, shown in Fig. 5. A conical roller B on the 
upper end of this lever, shown in Figs. 5 and 6, works 
against an inner face on the cam in which there are two 
other notches at right angles to those on the outer face 
of the cam, and at the lower end of the lever is mounted 
a toothed block B, shown in Figs. 5 and 7. As the 
clutch parts are released at the end of the first second, 
the toothed block By, is brought, by the movement of 
the lever Hj, into engagement with the member &, in 
order to hold it stationary for another second, together, 
of course, with the pinion r, wheel Z, and stirrup U. 
It is thus held for another second and afterwards 
released, the wheel Z then returning to its original 
position during the third second, after which the cycle 
of operations is repeated. 

As already stated, there are three sets of cams 
and levers, clutches and gearing, of which one set only 
is shown in Fig. 4. The stirrup U, however, is common 
to all three sets, as can be seen on examining Fig. 2. 
In this the three levers H are shown near the centre 
of the illustration, and below them the stirrup can 
be seen in the form of a flat bar with the three projec- 





by all three sets of levers, &c., with a time displacement 
of one second, and as each cycle occupies three seconds, 
the engine speed is measured at one second intervals. 
If we suppose the set of levers &c., on the left of Fig. 2 
to come into operation first, the stirrup will be carried 
round for one second, moving the pointer with it, 
and will be held in position for another second, during 
which the projection from the central wheel will be 
moving downwards in Fig. 2. If the engine speed is 
increasing, the stirrup will be moved on farther during 
the second period, but if it is diminishing the stirrup 
will be moved back a certain amount by the spring when 
released by the first set of levers, &c., at the com- 
mencement of the third second. The effect of the 
third set of levers, on the right of Fig. 2, will be similar, 
and the action will then be continued by the first 
set, and so on. It should, perhaps, be mentioned here 
that, as the maximum speed for which the instrument 
is designed may possibly be exceeded, a few teeth are 
removed from the wheels Z, so that, when the maximum 
speed is reached, the wheels are automatically disengaged 
from the pinions and no damage is done to the 
mechanism. 

The clockwork mechanism which drives the cam- 
shaft is wound automatically from the driving spindle 
of the instrument, the spring being enclosed in the 
barrel visible on the left of Fig. 1, while the balance 
wheel and escapement can be seen on the right of Fig. 2. 
The winding takes place at intervals of about two 
minutes, and as the winding gear is automatically 
disengaged as soon as the spring is fully wound, there 
is no possibility of over-winding. The drums on 
which the paper recording chart is carried are driven 
by the same clockwork mechanism as drives the 
camshaft, and the recording stylus is moved by the 
gears and rack from the indicating-pointer spindle, as 
will be understood on reference to Fig. 1. The eight- 
day clock is entirely separate from the speed-indicating 
and recording gear, and the mechanism was actually 
removed before taking the photograph, from which 
Fig. 2 has been reproduced, in order to render the 
camshaft and clutch-operating levers visible. It is 
wound by hand, and its only function, in addition to 
acting as a timepiece, is to move a second stylus up 
and down in a vertical direction over the chart, and 
thus to give a time record in the form of an inclined 
line as already explained. The vertical step shown 
in the time line on the left of Fig. 8, indicates the fact 
that the engine was stationary for about half an hour 
before starting on the flight of which the record is 
given in the two figures. The small knurled knob, seen 
in Fig. 1 near the right-hand corner of the base 
plate, is provided for setting the hands of the clock, 
and the corresponding knob on the other side is used 
for setting the testing counter to zero. The length of 
paper carried on the drum is 20 ft., which is sufficient 
for 30 hours actual running time. Several of the 
instruments have now been in regular service for 
some years, and we understand have given entire 
satisfaction. 





NOTES ON NEW BOOKS. 


A NEw edition of “‘ The Running and Maintenance of 
the Marine Diesel Engine,’ by John Lamb, should 
prove quite a valuable addition to the somewhat scanty 
information available on this subject. The book is 
primarily intended for those whose duty it is to run 
the Diesel engine under the exacting conditions to be 
met with on board ship, and it is from this point of 
view that it should be read by others. It has been 
largely re-written, and should be of considerable service 
to marine engineers preparing for the Board of Trade 
examinations. We find the book contains very com- 
plete descriptions of the important features of the 
modern Diesel engine. New chapters have been added, 
and it would have been quite consistent with the 
progress of this prime mover if a complete chapter 
had been devoted to the double-acting engine. The 
book is not, unfortunately, without faults. Rather 
much reiteration occurs, and some of the descriptions 
are unnecessarily long. Some inconsistency and lack 
of conciseness appear in the text. The author lays 
himself open to misinterpretation on page 15, where 
he says, “The Diesel engine owing to its 
high compression, which gives the gaseous mixture a 
larger proportion of air and therefore more complete 
combustion of the fuel.” It is usually much better 
to isolate the idea of high compression from that of 
high charge weight. Again, it is perplexing to read 
on one page that the compression pressure of a Diesel 
engine using blast air is from 450 to 500 lb. per square 
inch, the lower value being suitable for high-speed 
engines, and then to find in a subsequent page on high- 
speed engines that the compression pressure should not 
be allowed to fall below 500 Ib. per square inch. In 
a separate chapter, the author describes the Still 
engine, but does not refer to that important feature of 
the engine, the reinforced liner. This is also omitted 
in the section of the book on cooling, although for the 
purpose of explanation of the use of a thin-wall cylinder, 
no better illustration could be found. The mechanical 
efficiency figure of 65 per cent. for a two-cycle engine 
which occurs so often in the book, cannot be said to be 
in line with modern achievements and comparisons 
based on such a value are now quite useless. Taken 
as a whole, the book is a useful contribution to the 
literature on the Diesel engine. Itis published, at 18s. 
net, by Charles Griffin and Company, Limited, London. 





That a sixth edition of “ Metallurgy of the Common 
Metals,” by Leonard 8. Austin (Chapman and Hall, 
London, price 35s. net), has been found to be necessary 
is by no means surprising, seeing that it is one of the 
very best and most practical books of its kind, and 
an example of what a book on general extractional 
metallurgy should be. In the new edition, it has been 
thoroughly revised, and the descriptions of the latest 
methods of smelting and refining incorporated make it 
well up to date. As regards gold, silver, lead, copper 
and zinc, it contains as much useful information as 
many works devoted specifically to those metals. 
Aluminium is not dealt with, although surely it is now 
@ common metal. The section on iron and _ steel 
is excellent, although in a book which emanates 
from America it is curious that the only serious 
contribution to the metallurgy of iron (apart from 
the dry-air blast, the benefits from which are 
seldom commensurate with its cost) yet made 
in America should find no record in Mr. Austin’s 
pages. We refer to the manufacture of what is now 
universally known as ingot iron, of which many 
thousands of tons are being produced both in America 
and elsewhere. Apart from this, the book is a wonder- 
fully complete one, well written and readable, besides 
being of reasonable compass, and one which all working 
metallurgists engaged in smelting and extraction 
processes would do well to acquire. 





In these days, when most text-books on chemistry 
still open with the subject of gases, because we are 
supposed to understand these better than solids and 
liquids, it is rather astonishing to find a book like the 
“ Principes de V Electrochimie,” by J. Ponsinet (Paris : 
Libraire Armand Colin, price 9 francs) limited to 
electrolytes. Gases seem to be disregarded, and 
are barely mentioned even in the chapter on ions, 
though the large electrochemical works, as well as 
theories, have quite as much to do with gas reactions 
as with electrolytic processes. Mr. Ponsinet, an 
engineer, approaches his problems chiefly from the 
physical side, but thermodynamical considerations are 
omitted. His chapters deal with the laws of electro- 
lysis, the mechanism and the conductivity of 
electrolytes, and the properties of ions; also with 
electric tension, the hydrogen-ion concentration and 
applications of electrochemistry. The hydrogen-ion 
concentration has certainly become very important, 
and what Mr, Ponsinet has to say on it is instructive ; 





yet to give these two last chapters almost equal space 
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allowances indicates a lack of sense of proportion 
even in a book on principles. The treatment, on the 
whole, is less elementary than might be expected. 
One does not look for many historical notes in such 
a volume, and the Thomson frequently quoted is 
always Lord Kelvin. But to see Thomson paired 
with Helmoltz and to find this omission of the second 
““h”’ in the name of Helmholtz repeated throughout 
the book, is suggestive of a peculiar carelessness. 
Formule like V =e—ri? (instead of E — RI?) 
look odd, and are odd in view of the international 
agreement on these matters. 


Mr. Albert T. Gilbert’s “Gas Meters: Their Con- 
struction, Use, Fixing, Inspection and Maintenance. 
(London: Crosby Lockwood and Son; price 7s. 6d. 
net) is what it professes to be—a handbook for 
engineers and managers, inspectors, fitters and 
students, and is a decidedly useful addition to the 
series of Lockwood’s Trade Manuals. The com- 
mendation of the second edition of this volume, 
in a foreword by Mr. S. B. Chandler, will be endorsed 
by the reader. The subject is dealt with under the 
following chief headings: Pressure and pressure gauges ; 
wet meters; dry meters; prepayment meters; meter 
inspection, testing and fixing; inferential meters ; 
and hints to the gas manager, buyer, inspector, store- 
keeper and fitter. In the last chapter, Mr. Gilbert 
seems to overlook the consumer, a fact which is rather 
surprising for a writer who was for many years con- 
nected with the South Metropolitan Gas Company, and 
is now distribution superintendent of the Nuneaton 
Gas Company. He does not, however, preach the 
infallibility of gas meters, and he endeavours to be 
of assistance to the consumer. The appendix draws 
in attention to matters that might have been embodied 
the text of the enlarged edition, viz., the new dry meters 
of Mr. W. J. Davis, manufactured by Messrs. J. H. 
Robinson and Co., of Liverpool, the valves of this 
firm and of Messrs. Alder and Mackay, and the meters 
of Mr. E. R. Loram, and the fittings of Messrs. Willey 
and others. The complaint too frequently made 
against trade manuals is that they do not help the 
reader farther than their own contents go. Although 
the engineer and student to whom Mr. Gilbert appeals 
are not college men, they would probably like to be 
informed, for instance, when and under what condi- 
tions the “ prolonged deliberations of the Life of Gas 
Meters Committee” took place. A few such references 
would tell the reader at once where he can learn more. 





One of the most important metallurgical concerns in 
Europe is the organisation known as “ Columeta,” the 
head offices of which are situated at Luxemburg in the 
Grand Duchy of the same name. The full title of 
Columeta is Comptoir Métallurgique Luxembourgeois, 
and this concern controls twelve works, six of which are 
in the Grand Duchy, two in the Sarre district, three in 
the Rhineland, and one in France, in the Moselle 
Department. The works are divided into two groups, 
namely, the Arbed group (Acieries Réunies de Burbach- 
Eich-Dudelange), and the Terres-Rouges group. The 
Columeta organisation produces over 2,500,000 tons of 
steel of er grades per annum and controls 40 blast 
furnaces, 23 Thomas converters, 17 open hearth and 
3 electric furnaces. Recently a book entitled “* Manuel 
des Laboratoires Sidérurgiques,” prepared by a commit- 
tee comprising the chief chemists of the various Arbed- 
Terres-Rouges works, was published by the Librairie de 
l’ Office de Publicité, 36, Rue Neuve, Brussels, Belgium. 
In this volume are set out the standard analytical 
methods employed at the Columeta laboratories. As 
is usual in works of this type, the subject opens with 
a chapter on the sampling of steelworks materials. 
Then follows a section in which the analysis of each 
element present in pig irons and steels is considered 
separately. Other chapters deal with the examination 
and analysis of ferro-alloys, copper alloys, white 
metals, pure metals, slags, ores, lime, dolomite and 
magnesia, fluorspar, refractory materials, foundry 
sands, cements, boiler waters, tar, lubricants, 
fuels, and gas. In every case the principles of the 
method of analysis under consideration are explained 
briefly, and the chemical equations of the reactions 
taking place are given. A list of the reagents required 
is also given with a detailed account of the manipula- 
tions involved; finally, the method of calculating 
out the percentage of the ingredient determined is 
indicated. The aim of the compilers of the work is to 
interest young steelworks chemists in their work and to 
enable them to follow intelligently the theory of their 
particular branch of chemical analysis. The methods 


described in the book are, generally speaking, sound 
and standard, and the whole arrangement of the work 
is somewhat similar to that adopted in Arnold and 
Ibbotson’s widely known book Steel Works Analysis. 
The price of the manual, which is paper backed, is 
5s. 6d. post free to England, 





ENGINEERING TRAINING AND 
EDUCATION. 


Royal Aeronautical Society.—Provided that a suffi- 
cient number of entries is received, the Royal Aero- 
nautical Society’s examination, for candidates not 
otherwise qualified for associate fellowship, will be 
held during the third week of September. Intending 
candidates should forward their entry forms as soon as 
possible, and, in any case, before the third week in 
August. Full particulars regarding the examination 
may be obtained from the secretary, the Royal Aero- 
nautical Society, 7, Albemarle-street, Piccadilly, 
London, W.1. 


Scholarship in Architecture—The Board of Archi- 
tectural Education of the Royal Institute of British 
Architects, in conjunction with the Artists’ General 
Benevolent Institution, offer for award, in September 
next, a maintenance scholarship, having a maximum 
value of 1001. and tenable from October 1, 1927. The 
scholarship will be tenable in the first instance for one 
year, and will be renewable for two further periods of 
one year each. It is intended to enable the orphan 
of an architect or artist, or son or daughter of an 
architect or artist, who has not the necessary means, 
to attend an approved course at one of the schools of 
architecture recognised for exemption from the R.I.B.A. 
examinations. Full particulars regarding the scholar- 
ship may be obtained from the Secretary to the Board 
of Architectural Education, R.I.B.A., 9, Conduit- 
street, Hanover-square, London, W.1, not later than 
August 20 next. 


Technical College, Bradford._The prospectus, for 
the session 1927-28, of the diploma and special day 
courses held at the Technical College, Bradford, has 
just been issued. The various departments of the 
college comprise : textile industries, chemistry, dyeing, 
mechanical engineering, civil engineering, electrical 
engineering, biology and pharmacy, mathematics 
and physics, and commerce and banking. The 
courses of study include diploma courses, which involve 
full-time attendance during a period of three or four 
years; special courses in advanced study and in 
training in methods of research; special day courses 
which involve full-time attendance during a period of 
one or two years; and part-time day courses. The 
diploma courses have also been arranged to meet the 
needs of students who wish to present themselves for 
the honours examinations of the University of London. 
The Michaelmas term will commence on September 20 
next. Copies of the prospectus may be obtained 
from the Principal, Technical College, Bradford. 
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Dampfkessel-Besitzern 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Production of Cleveland 
pig- iron is in excess of needs, and with stocks still steadily 
increasing there is likelihood of more furnaces being put 
out of blast. Ironmasters are consuming most of the 
make at their own steelworks, but the small surplus that 
comes on the open market is not being fully taken up. 
Quotations are stationary, makers being as determined 
as ever not to further reduce prices. No. 1 is 72s. 6d. ; 
No. 3 g.m.b., 70s.; No. 4 foundry, 69s.; and No. 4 
forge, 68s. 6d. 

Hematite.—Slightly more inquiry is reported for East 
coast hematite iron, and while producers are still very 
anxious to negotiate for new orders, they are less ready 
to give favourable consideration to offers below the 
recognised unremunerative market rates. Mixed numbers 
are 75s. 6d. to 76s.; and No. | is at a premium of 6d. 

Foreign Ore.—Foreign ore is still unsaleable, consumers 
having large and steadily increasing supplies, but sellers 
continue to base quotations nominally on best rubio at 
21s. 6d. c.i.f. Tees. 





coke are endeavouring to take a firmer stand, but local 
users state they experience no difficulty in still covering 
their requirements at 19s. for good average qualities 
delivered. 

Manufactured Iron and Steel.—Finished iron and steel 

quotations are maintained, but sales are slow. Imports 
of semi-finished steel commodities against old contracts 
are on a considerable scale, but new business is quiet. 
Among the principal market quotations for local products 
are :—Common iron bars, 11l. 5s. ; best bars, 11l. 15s. ; 
best best bars, 12/. 5s.; iron rivets, 11l. 15s.; steel 
rivets, 12/.; packing (parallel). 8/.; packing (tapered), 
1ll.; steel billets (soft), 7/. 12s. 6d.; steel billets 
(medium), 81. 2s. 6d.; steel billets (hard), 87. 12s. 6d. ; 
steel ship plates, 8/. 2s. 6d.; steel angles, 71. 12s. 6d. ; 
steel joists, 7]. 12s. 6d.; heavy steel rails, 8/. 10s. ; and 
galvanised corrugated sheets, 14/. to 14l. 5s. 
Shipments of Iron and Steel.—July shipments of iron 
and steel from the Tees reached 102,096 tons, as against 
85,663 tons in June. Loadings last month comprised 
11,824 tons of pig-iron, 5,817 tons of manufactured iron, 
and 84,455 tons of steel. Scotland was the largest buyer 
of pig-iron, taking 2,741 tons, whilst Belgium received 
1,998 tons, Netherlands 1,426 tons, Germany 1,295 tons, 
and Wales 1,010 tons. With an import of 1,000 tons, 
the Federated Malay States accepted the greatest quantity 
of manufactured iron from Tees-side. The heaviest 
receivers of steel were: India, 20,575 tons; the Argen- 
tine, 12,916 tons; Australia, 11,538 tons; Portuguese 
East Africa, 4,444 tons ; and Japan, 3,851 tons. 





IRRIGATION IN ALBERTA.—More than 19,000 additional 
acres of Southern Alberta farming land were brought 
under irrigation on June 24 last, when Mr. E. Bennion, 
chairman of the Magrath Irrigation District, opened the 
diversion gates of the new project. The canal and high 
line ditch carries the water forsix miles, and brings under 
irrigation an area well settled by farmers, north and west 
of Magrath. 

THE INstiTUTE OF METALS,—As previously announced 
in our issue of May 27 last, on page 647, the autumn 
meeting of the Institute of Metals will be held at Derby 
from September 6 to 9 next. The programme of the 
meeting has now been published. The proceedings will 
commence at 8 p.m. on September 6 in the Municipal 
Technical College, when Dr. L. Aitchison will deliver the 
sixth autumn lecture, taking for his subject, ‘‘ Non-Ferrous 
Metals in Modern Transport.”’” The mornings of the second 
and third day, September 7 and 8, will be devoted to the 
reading and discussion of papers in the Municipal Tech- 
nical College. In the afternoons, visits will be paid to 
the locomotive and to the carriage and wagon works of the 
L.M.S. Railway Company, to the Derby Crown china 
works, to Messrs. Rolls-Royce Limited, to Messrs Leys 
Malleable Castings, Limited, and to Messrs. W. Bemrose 
and Sons, Limited. An all-day excursion to the Peak 
district has been arranged for Friday, September 9. 
The papers to be submitted are the following: ‘‘ The 
Copper-Magnesium Alloys. Part II,’’ by Messrs. W. T. 
Cook, and W. R. D. Jones; ‘‘ Researches on Inter- 
metallic Compounds. VI. The Reaction between Solid 
Magnesium and Liquid Tin,” by Mr. W. Hume-Rothery ; 
‘** Age-Hardening Tests with Elektron Alloys,” by Mr. 
K. L. Meissner; ‘‘ The Equilibrium Diagram of Copper- 
Tin Alloys containing from 10 to 25 per cent. of Tin,” by 
Mr. A. R. Raper; ‘* Note on Cathodic Disintegration as 
a Method of” Etching Specimens for Metallography,”’ 
by Mr. C. 8. Smith ; “‘ The Protection of Aluminium and 
its Alloys against Corrosion,’’ by Messrs. H. Sutton and 
A. J. Sidery; ‘“‘The Nature of the Film Produced by 
Anodic Oxidation of Aluminium,” by Messrs. H. Sutton 
and J. W. W. Willstrop ; ‘‘ Grain Growth in Compressed 
Metal Powder,” by Dr. C. J. Smithells and Messrs. W. R. 
Pitkin, and J. W. Avery ; ‘*The Undercooling of Some 
Aluminium Alloys,” by Dr. M. L. V. Gayler; **The Con- 
stitution of Alloys of Aluminium with Silicon and Iron,” 
by Dr. A. G. C. Gwyer and Mr. H. W. L. Phillips ; 
“Effect of Work and Annealing on the Lead-Tin 
Eutectic,” by Mr. F. Hargreaves; ‘The System Mag- 
nesium-Calcium,”” by Messrs. W. Hume-Rothery and 
S. W. Rowell; and “The Constitution and Physical 
Properties. of Some of the Alloys of Copper, Zinc, and 
Cadmium,” by Mr. C. H. M. Jenkins. The offices of the 
Institute of Metals are at 36, Victoria-street, London, 
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NOTES FROM THE SOUTH-WEST 


Carpirr, Wednesday. 

The Coal Trade.—Holiday conditions have prevailed 
this week. The pits were idle on Monday, Tuesday, 
and to-day, and the coal trimmers and tippers were also 
on holiday on Monday and Tuesday. In the circum- 
stances business has been practically at a standstill 
and chiefly confined to oddments to finish off cargoes 
and bunkers. The Spanish Norte Railway has placed 
orders for 19,000 tons of large Welsh coal and the Portu- 
guese State Railways for 20,000 tons. Though outputs 
have been considerably curtailed in consequence of the 
holidays, the demand remains quiet with consumers 
continuing to buy on hand to mouth lines. Prices have 
not shown any appreciable change. For loading ahead, 
collieries are not keen to accept current values, and ask 
6d. to 9d. more, but. for prompt orders are ready to 
discount quotations slightly, though some salesmen 
will not make any concession. Best Admiralty large 
rules from 20s. to 20s. 6d., with seconds from 19s. to 
19s. 6d., and ordinaries 18s. 6d. to 19s. Best dry large 
rules from 19s, to 19s. 6d., and ordinary dries from 18s. 
to 18s. 6d. Monmouthshires, too, are plentiful, with 
Black Veins from 18s. 6d. to 19s., Western Valleys, 
18s, to 18s. 6s., and Eastern Valleys 17s. to 18s. Smalls 
are steady and not too plentiful on account of lessened 
outputs and the extra quantity which collieries are 
burning under their own boilers owing to the frequency 
of temporary stoppages. The best bunker descriptions 
rule from 13s. 6d. to 148., with good classes 12s. 6d. to 
13s. 6d., and other grades from lls. up. Sized coals 
remain steady, bituminous nuts, beans and peas ruling 
from 20s. to 16s., and dry nuts, beans and peas from 
22s. to 17s. Foreign cargo exports in the past week 
totalled 365,330 tons against 414,600 tons in the previous 
week, the heavy reduction being due to the suspension 
of work over the holiday. At Cardiff, shipments were 
lowered from 251,720 tons to 222,830 tons, at Newport 
from 64,020 tons to 53,300 tons, at Port Talbot from 
49,810 tons to 31,970 tons, and at Llanelly from 6,230 
tons to 3,850 tons, but at Swansea were raised from 
42,820 tons to 53,300 tons. 





PERSONAL.—Messrs. Davey, Paxman and Company, 
Limited, Colchester, have purchased the West Hydraulic 
Engineering Company, Limited, of Luton, and the 
installation has been transferred to Colchester, where 
the manufacture of hydraulic machinery will be continued. 
The technical staff of the West Hydraulic Engineering 
Company has been retained.—Messrs. J. C. Bentley 
and Company, “New Era” Works, Bertram-road, 
Bradford, are now the proprietors and sole makers of the 
Hartnell patent governor.—The Associated Daimler 
Company Limited, Blackhorse-lane, Walthamstow, 
London, E.17, announce that the sales, publicity and 
commercial departments, other than design and experi- 
mental, will be moving to the new Associated Daimler 
offices at Windmill-lane, Southall, Middlesex, as from 
Monday, August 8.—Messrs. Andrews and Beaumont, 
of 329, High Holborn, London, W.C.1, have altered the 
name of their firm to Messrs. Andrews, Beaumont, and 
Byrne. This does not, however, indicate any alteration 
in the constitution of the firm. 

TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Empire and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case.—The Melbourne Harbour Trust Commissioners are 
inviting tenders for the supply, delivery, and erection, 
at berths 19, 20 and 21, Victoria Dock, Melbourne, of 
two 3-ton, semi-portal, electric cargo cranes, or, alterna- 
tively, two 5-ton, semi-portal, electric cargo cranes. 
Tenders will be received at Melbourne until October 11, 
1927. (Ref. No. A.X. 4992).—The South African Railways 
and Harbours Board is calling for tenders for the supply 
and delivery, at Cape Town, of three 4-ton, electrically- 
driven, portal jib cranes for Amsterdam coal yard, 
Table Bay Harbour. Tenders must be received at 
Johannesburg not later than noon on September 8, 
1927. Local representation is practically essential. 
(Ref. No. A.X. 4991).—The Argentine National Sanita- 
tion Works are inviting tenders for the supply, delivery 
and erection of pumping machinery and electric generat- 
ing plant. ‘Tenders should reach Buenos Ayres by 
October 5, 1927. Local representation is essential. 
(Ref. No. A.X. 4996).—The State Electricity Commission 
of Victoria, Australia, is calling for tenders to be presented 
by October 24, 1927, for armour-clad switchgear and 
accessories. (Ref. No. B.X. 3681.)—The Government of 
the Province of Cordoba, Argentina, has recently sent 
a bill to the Provincial Legislature relative to a loan of 
8 million pesos Argentine paper currency. If the 
measure is passed it is proposed that a portion of the 
money should be devoted to the construction of an 
irrigation dam across the Rio Primero, below the existing 
dam. It is also proposed to construct a generating 
station at a cost of 170,000 pesos. A copy of a handbook, 
in Spanish, containing details of the proposed irrigation 
dam, is available, on loan, and will be sent on application 
to the Department of Overseas Trade. (Ref. No. A. 
4985.)—The Public Works Department, New Zealand, is 
calling for tenders, to be presented by October 25, 1927, 
for 50 k.v. switchgear and steelwork for Waikato 
Electric Power Supply (Sections 219, 220, and 221). 
(Ref. Nos. B.X. 3687, 3686, and 3685, respectively). The 
same Department is also inviting tenders, to be presented 
by November 15, 1927, for 50 k.v. switchgear and steel- 
work for Waikaremoana Electric Power Scheme (Section 
55). (Ref. No. B.X. 3688). 








NOTES FROM THE NORTH. 


Gtascow, Wednesday. 

Scottish Steel Trade.—Although the holidays are now 
over in this area and works have been re-opened, the 
general state of affairs in the Scottish steel trade differs 
little from that prevailing before the stoppage. Specifica- 
tions have not accumulated to any extent, and few fresh 
orders have been secured, while inquiries are not up to 
expectations. On the whole, the outlook is still some- 
what clouded. In the black sheet trade some makers 
are well provided with work for a month or two yet, but 
others are short of orders. Prices are unchanged and are 
as follow :—Boiler plates :—11l. per ton; ship plates, 
81. 2s. 6d. per ton; sections, 71. 12s. 6d. per ton; and 
sheets, under 7 to } in., 101. to 111. per ton, delivered 
Glasgow stations. ' 


Malleable-Iron Trade.—Conditions in the malleable-iron 
trade of the West of Scotland show no sign of improve- 
ment. Orders are few and far between, and the immediate 
prospects are not very bright. The ruling prices are 
without change, and ‘‘Crown”’ bars are quoted at 
107. 15s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—No inroad of any consequence 
has been made during the holiday period in the stocks of 
pig-iron held by Scottish makers and there has, therefore, 
been no rush to blow in the furnaces. The demand during 
the past couple of weeks has not been of any note, and the 
inquiry has also been rather poor. Prices continue to 
have a sagging tendency, and sellers are generally prepared 
to meet buyers when a fair tonnage is wanted. The 
following are the current market quotations :—Hematite, 
79s. to 80s. per ton, delivered at the steel works : foundry 
iron, No. 1, 80s. to 82s. 6d. per ton, and No. 3, 77s. 6d. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 30, amounted to 916 tons. Of that 
total 840 tons went overseas and 76 tons coastwise. 
For the previous week the total was only 105 tons. Last 
year for the week corresponding to last week the total 
shipment was only 106 tons. 

Scottish Shipbuilding.—The output of new tonnage 
from the Scottish shipyards during the month of July was 
much below the average for that month. The holiday 
period cannot be held responsible for the falling-off in 
the number of launches, and other reasons must be found 
for the difference in tonnage—over 20,000 tons—between 
the last two months. The total for all the districts 
for the past month was 26 vessels of 21,564 tons, made 
up as follows :— 


’ 


Vessels. Tons. 

The Clyde... ee re 20 20,309 
The Forth... oer se 4 263 
The Tay a a nee 1 80 
The Dee and Moray Firth ... 1 912 
Total aaa 26 21,564 


The Clyde total was the lowest monthly output since 
the improvement began in March, and with but two 
exceptions was the lowest for the month of July since 
1914. It brings the year’s figures to 120 vessels of 
165,480 tons. The prospects in the industry are not 
any brighter than they were, and although some improve- 
ment has taken place there has been a marked falling-off 
in the number of new contracts during recent months. 
Those reported last month only number ten, the half of 
which are for small craft. 


Clyde Shipbuilding Contract.—Messrs, Barclay, Curle 
and Company, Limited, Whiteinch and Scotstoun West, 
have just received an important order for two fast cargo 
steamers for the Hain Steamship Company, Limited, 
Cardiff. This is one of the many lines in the P. and O. 
group of shipping companies controlled by Viscount 
Inchcape. 





Contracts.—Messrs. Worthington-Simpson, Limited, 
Queen’s House, Kingsway, London, W.C.2, have received 
from Messrs. Armstrong, Whitworth and Company, 
Limited, an order for various pumps for installation on 
each of the two vessels which this firm are building for 
Messrs. Tankers, Limited. These include horizontal, 
duplex and streamline cargo-oil and drain-oil pumps, 
and ballast, oil-fuel transfer, general-service, auxiliary- 
feed, and fresh-water pumps.—Messrs. John Thompson 
Water-Tube Boilers, Limited, Imperial House, Kingsway, 
London, W.C.2, have received an order from the Metro- 
politan Asylums Board, for one of their horizontal-tube 
staggered-header, “Zeta” type, water-tube boilers, 
complete with all accessories, to be delivered and 
erected at Darenth Training Colony, Dartford, Kent. 





THE RELIABILITY OF BRITISH BEARINGS.—It is interest- 
ing to note that bearings made by Messrs. The Hoffmann 
Manufacturing Company, Limited, Chelmsford, were 
used in a number of cars and aeroplanes which have done 
well in recent reliability events. These include the 
Invicta car used by Miss V. Cordery in her tour round 
the world; the Alvis cars, which proved very successful 
in the recent six-hour reliability trial at Brooklands ; 
the victorious Bentley car in’ the twenty-four-hour 
endurance Grand Prix at Le Mans; the Norton motor 
cycle, which won the Senior Tourist Trophy in the Isle 
of Man; and the three Delage cars which secured first, 
second, and third places in the Grand Prix at Montlhéry. 
The Whirlwind engines used in each of the recent Trans- 
atlantic flights had Hoffmann roller bearings fitted on 
their crankshafts. These bearings were also fitted to the 
Siddeley Puma engine used by Captain Smith and Mr. 
Yulm during their round-Australia flight, and to the 
engine of the aeroplane used by Sir Alan Cobham, K.B.E., 
in his earlier exploits. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Contrary to expectation in many 
quarters, the set-down at steel and engineering works in 
this district is not likely to be of longer duration than 
usual. Instances are to be found, indeed, where, owing 
to the aed improved state of order books, a resumption 
was called for yesterday, after a stoppage on the Monday 
only. Most of the machine shops and intermediate 
departments resume to-day, with moderate prospects of 
continuing in fair activity, provided no further dis- 
location occurs in the labour market. As in several 
revious years, operations at rolling mills are suspended 
or the whole of this week for repairs and renewals. A 
restart will be made next week, with prospect of 50 per 
cent. capacity production. The amount of business 
passing this week is necessarily restricted. Steelmakers 
would like to see an early development in the arrange - 
ment of forward business, and believe this is justified, 
having regard to the low rates ruling for supplies— 
rates which, in most cases, have been lowered materially 
in consequence of the cheapening of blast furnace 
coke and pig-iron. Siemens acid billets are quoted 
at 101. per ton, hard basic billets at 81. 2s. 6d. to 
81. 12s. 6d., and soft basic billets at 7/. Foundry pig 
iron ranges between 67s. and 68s. 6d. per ton, from 
Derbyshire and Lincolnshire, respectively. A heavy 
tonnage of bulk steel is being turned out at furnaces in 
and around Sheffield and Rotherham, and at allied plants 
in the neighbourhood, though the biggest batteries, having 
regard to record extensions to plant, could practically 
double present supplies. Steelmakers are doing good 
business with British automobile engineers. A disap- 
pointing feature is the slump in trade in rolled steel with 
France, the price factor, on account of currency differ- 
ences, having interrupted connections extending over 
many years. Electrical engineers are well booked forward. 
Railway steel is likely to improve if expectations with 
regard to export business are realised. More inquiries 
are coming from the North for various classes of ship 
steel. Business in special steels is restricted by the 
adverse effect of foreign tariffs, coupled with the develop - 
ment of electric-furnace practice in competing markets, 


South Yorkshire Coal Trade.—Merchants and colliery 
agents report that business in house-coal is disappoint- 
ingly flat. Current consumption is at the minimum, and 
there is a lull in purchases for winter stocking purposes, 
despite the comparatively low range of rates. According 
to sellers, expectations of further substantial cuts are not 
likely to be realised. Industrial fuel is a moderate line. 
Export inquiries are perhaps more numerous, but the 
keenness of foreign competition for this class of business 
keeps down prices to a level that is barely profitable. 
A better tone is shown in furnace and foundry coke, 
and the market for slack has strengthened as a result of 
collieries having enlarged their stocks to carry them over 
the holiday A prog Quotations: Best branch hand- 
picked 27s. 6d. to 28s. 6d., best house coal 21s. to 22s. 6d., 
screened house coal 19s, to 21s., screened house nuts 
16s. to 17s. 6d., Yorkshire and Derbyshire hards, each 
16s. to 17s., rough slacks 10s. 6d. to lls. 6d., nutty 
slacks 8s. to 9s., smalls 3s. to 5s. 6d. 








Raproactivity PHOTOMETER: ERRratum.—Mr. W. T. 
Astbury, of the Davy-Faraday Laboratory, has drawn 
our attention to an overlooked misprint in our brief 
notice of his radioactivity photometer for the deter- 
mination of the integrated intensity of X-ray crystal 
reflections, as exhibited at the Royal Society Conver- 
sazione and described on page 771 of our issue of 
June 24 last. Westated first that the rays from a deposit 
of polonium fall through a glass slit ; subsequently we 
said that the X-rays penetrate through the slit and 
film ; we should have said a-rays. The rate of discharge 
of the electroscope is proportional to the a-ray intensity 
and a measure of the original X-ray intensity. We 
regret that the correction was neglected. 





Weturncton Harsour, NEw ZEALAND.—The chief 
exports from the port of Wellington, New Zealand, 
are wool, frozen meat, butter and cheese, and, during the 
year ending September 30, 1926, goods to the total value 
of 14,189,997/. were sent overseas. During the same 
period, the value of the imports entering the port was 
16,192,897/.; rather more than half this total was 
supplied by the United Kingdom. According to the 
recently-published annual report of the Wellington 
Harbour Board, the total income of the port for the year 
under review was 493,543/. and the expenditure 459, 1341., 
leaving a net surplus on the year’s working of 34,4081, 
as against 30,1491. for the previous year. The work of 
strengthening and extending the Miramar wharf was 
completed in March, 1926, and the wharf has since been 
utilised to its fullest extent for coal, timber, and oil ships. 
It is stated in the report, however, that if the industries 
around Miramar continue to expand, as at present, it 
will be necessary to provide for further wharfage accom- 
modation in this locality in the near future. The 
construction of the concrete sea wall, 3,429 ft. in length, 
in connection with the Thorndon reclamation scheme, is 
proceeding steadily. At the beginning of the financial 
year 49,330 cub. yards of concrete had been deposited 
out of a total of 61,605 cub. yards. Practically all of 
the balance had been deposited by the middle of February. 
At the request of the Railway Department, the wall was 
extended by 450 ft., involving the placing of an additional 
13,387 cub. yards of concrete. On September 30, there 
remained only 4,169 cub. yards of concrete to be put in 
position to complete the whole work. During the year 
476,960 tons of dredgings were pumped in behind the 
sea wall, 
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HicuH-TENsIonN CaBLE DEVELOPMENTS.—<According to 
the Electrical World of July 2, 1927, the Commonwealth 
Edison Company, of Chicago, has recently installed 6 miles 
of cable which operates at a pressure of 132,000 volts 
and carries 100,000 kw. The cable is of the Pirelli oil- 
filled type and was manufactured b.7 the General Electric 
Company of America. A cable, which is to work at the 
same voltage, is now being laid batween the Hellgate 
station in New York and the Dunwoodie distributing 
station in Westchester County, a distance of about 12 
miles, This is of the same type as the Chicago cable, 
special features of which are that the hollow core is 
filled with oil under pressure, so that it impregnates the 
paper,tand the use of elevated oil reservoirs along the 
route which keep the core filled and under pressure. 


ELECTRICITY IN SHANGHAI—lIf there was any indus- 
trial depression during 1926 in Shanghai, the report of the 
Electricity Department for the year shows no evidence 
of it. The total sales of electricity for all purposes, during 
1926, were 408,245,810 kw.-hours, as compared with 
294,343,905 kw.-hours during 1925, As, however, a three 











months’ strike occurred during the latter year, the per- 
centage increase of 38-7, realised during 1926, is mis- 
leading. A truer indication of the increase in current 
sold is furnished by a comparison with the 1924 figures. 
In that year, 307,307,401 kw.-hours were sold, and the 
total for the twelve months under review constitutes, 
therefore, an increase over this figure of 32-8 per cent. 
The year’s trading resulted in a net profit, after meeting 
interest and all other net revenue charges, of 275,686/., 
which is 44,880/. more than the estimated profit of 230,806/. 
The estimated profit for the year 1927 is 286,2501. 
Since 1916, the general municipal funds of the city have 
participated in the profits of the department, and the 
contribution for the year under review is 150,000/., 
which brings the contributions to date up to 882,500/. 
No additional generating plant was installed during the 
year, and the present capacity is 121,000 kw. An additional 
20,000 kw. turbo-generator, together with boilers and 
switchgear, is in course of construction and is due to 
arrive during the present year; the new plant should 
be in commission in the first half of 1928. The highest 
maximum peak load recorded during 1926 was 90,000 kw., 
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and the maximum load delivered to feeders 86,106 kw. 
The year 1926 marks a new record as regards the amount 
of work carried out by the distribution section. Some 
3,060 new poles were erected, and 104 miles of new over- 
head cable and 22 new pole transformers were put into 
commission. Moreover, an average of 270 yards of under- 
ground cable was laid and 3} joints and end boxes made 
each working day throughout the year. Quite recently, 
Mr. T. H. U. Aldridge, engineer-in-chief and manager 
of the undertaking, informed us that the statement 
which had appeared in the Press to the effect that, during 
the troubles in Shanghai in the early part of the present 
year, practically the only light in the foreign settlements 
was that supplied by the searchlights of the warships 
lying off the town, was absolutely incorrect. There 
was at no time any danger of the electricity supply 
being interfered with or even curtailed, as arrange- 
ments had been in force ever since the strike in 1925 
by which the service could be carried on by the Euro- 
pean staff alone. The service was, in fact, maintained 
uninterruptedly to all consumers. Mr. Aldridge also 
states that the searchlights could only have illuminated 


the maximum sustained load, for 30 minutes, 89,600 kw., | the water front and were not used in the manner suggested, 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 


the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TeLEGRAPHIC ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 


TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom £3 5 0 

For Canada— 

Thin paper copies 
Thick paper copies 
For all other places ab 
Thin paper copies 
Thick paper copies 6 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 128. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
en application. The es are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 

. able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “« ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. eS, Cee ae 
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Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Company Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 
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87, Queen-street East. 
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FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 
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THE FUEL SERVICES. 


In the ordinary way, coal, gas and electricity 
are separate industries, large enough to engross 
the attention of any man who is engaged in them. 
Voluminous, however, and absorbing as is the work 
of each of them, and complex though the ramifica- 
tions of each industry may be, the knowledge of it 
is not sufficient by itself to give a complete account 
of the industry in its proper perspective. The 
smallest combination that will yield such a picture 
must include all the fuel services, and for many 
purposes must take account indeed of the industries 
which share their raw material with them or derive 
it from their by-products. In particular, such a 
conjoint view is required for a forecast of the 
future of any of them, and though there is nothing 
to be gained by making such forecasts too frequently, 
they are indispensable from time to time to a prudent 
view even of a present position. In a recent discourse 
delivered to Engineering Foundation, of New York, 
on Impending Changes in our Use of Fuels, Dr. 
Arthur D. Little drew attention further to the diffi- 
culty of obtaining a clear view of the evolution of 
even a single industry while it is still in progress, and, 
as his title implies, he appears to have set out with 
the intention of defining the direction in which fuel 
services are tending. If he has not quite succeeded 
in doing this, it is because the data which ultimately 
will determine these changes, are still in process of 
accumulation. A perusal of his interesting and 
suggestive address leads, in fact, to the not un- 
expected conclusion that several alternatives are 
possible, but what may be the respective share of 
each cannot yet be predicted. 

In the public mind, electricity is thought commonly 
to be the form of energy of the future, whether it is 
derived from fuel or otherwise. For many purposes, 
great and small, this opinion is doubtless correct, 
but there is perhaps some risk that the fascination 
of this new, powerful, and increasing service may 





*|have led people to.overlook the great scope 


likely to be reserved for gas. When all allowance 
is made for the convenience and other intrinsic ad- 
vantages of electricity, it can never be forgotten that, 
as compared with gas, it stands for most purposes 
at a thermal disadvantage, which for the time being 
is insuperable. To obtain a given amount of heat 
from fuel three or four times as much has to be 
spent at a power station as at a gas works, and 
the gas industry is far from having exhausted the 
opportunities it may derive from this circumstance. 
In particular, it has still to obtain for itself, as a 
whole, the advantages that a few of the more enter- 
prising of its constituent bodies are obtaining for 
themselves individually by judicious processes of 
amalgamation and intercommunication. In the 
service of electricity, these advantages have formed 
the subject of lively discussion and vigorous action. 
Large generating stations, connected by intricate 
net-works, form the foundation of the last Elec- 
tricity Act, and the event of that considerable 
enterprise will be held rather to show whether 
these measures are being administered wisely, 
than whether they are advantageous when applied 
in appropriate circumstances and to a judicious 
extent, for no difference of opinion is felt on the 
general question. 

It is not realised quite so generally, however, that 
that in this respect many of the same considerations 
apply to gas as to electricity. Gas costs money to 
transmit, as electricity does, and it would not pay 
to send either form of energy from one station to 
another unless the various advantages obtained by 
operating on a larger scale were worth more per 
unit transmitted than the cost of transmission with 
interest and upkeep. This cost will increase neces- 
sarily with the distance between stations, but the 
advantages will not. Sooner or later the whole 
undertaking must reach a limit of size at which the 
advantage of increasing scale must cease, and 
presumably will begin to decrease as the complexity 
of the system becomes greater. The economic 
problem of large-scale production and distribution 
net-works for either gas or electricity is, therefore, 
to determine the point at which continued increase 
will not yield further advantage. 

Clearly, this decision has to be made with con- 
siderable deliberation. The processes, for instance, 
best suited for one class of coal, like the products 
required for one particular market, differ from those 
demanded by other coals and markets, and an 
undertaking may have to solve a fresh set of 
problems when it has to provide for both coals and 
both markets. Differences of kind, as well as of 
scale, may have to be taken into account in this 
way, and a forward policy may involve making 
assumptions in regard to the advantages of large 
stations and net-works beyond the limits that 
have been recognised previously to be profitable. 
This disposition is illustrated, for example, in a 
large scheme now under discussion in Germany. 
In this, attributed to the coal and steel interests 
in the Ruhr, large areas in the country are to be 
provided with arterial gas mains, fed with gas at 
high pressure from the Ruhr coke ovens, and 
serving as the basis of net-works in the districts 
through which they run. Already, coke-oven gas 
is being distributed over a radius of upwards of 
60 miles, and the problem of leakage over much 
longer lines and at higher pressures is said to 
have been solved completely by welding processes. 

In America, indeed, natural gas is piped at present 
over a line 300 miles long, and a line 450 miles 
long is said to be projected to deliver gas up to a 
pressure of 450 lb. per square inch. The scheme 
we refer to is by no means confined to the ex- 
ploitation of gas. Its intention is said to be to 
include also immediately the firing, for instance, 
of powdered coal, the installation of district heating, 
and the various applications of the distillation of 
coal, while, for the future, modern chemical processes 
which have coal for their raw material, will be sub- 
mitted to the extensive investigation they require 
before their technical application on a large scale 
can be undertaken prudently. For the moment, 
the immediate objective appear: to be to build 
a gas-collecting system in the Rhine-Westphalia 
district, into which the several coke-oven plants 
will pump their gas. The line will follow the 





water courses through the district, and will, of 
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course, make considerably less demand on them 
than would be involved in producing a similar 
amount of energy by electricity. The gas will be 
purified at the end of the collecting system, where 
the gas holders and compressing station will be 
situated. It is believed that the cost of trans- 
mitting gas in great volume by pipe line will be 
much less that the transport of coal by rail to 
local gas works, and as the result of the whole 
scheme it is hoped to have one basic price of gas 
for the whole country. 

The result of these enterprises, if they are carried 
through, will be watched with much interest, but 
they appear to be proceeding on a different basis 
from that which has been adopted in this country. 
Where the German scheme proposes, from the 
outset, lines extending through the length and 
breadth of the country, the English plan has been to 
erect local works, and in this way it has built up a 
consumption between three and four times as large 
per head of population as the consumption of gas in 
Germany. This has been by no means without inter- 
communication, mutual supply, and even the super- 
session of small works by large ; but these methods 
of co-operation have been adopted only between 
works which, relatively speaking, were next door to 
each other, and have served to link up systems 
already in operation. Of late years, there has 
been a strong disposition to reduce the number 
of works and increase their size, though always 
on the principle of biting off no more than 
previous experience had shown could be chewed 
with certainty. In the Middle Ward of Lanarkshire, 
for instance, nine out of the twelve gas companies 
were combined some ten or twelve years ago, and 
their district supplied from two centres, from which 
some 35 miles of high-pressure main were led, the 
plants in the other works being abandoned. The 
growth of the Gas Light and Coke Company is a still 
more conspicuous example of a steady policy of 
amalgamation. The last instance was the absorp- 
tion of the Brentford Gas Company last year, with 
over 800 miles of mains, the Company now having 
some 3,700 miles of mains, extending over an area 
of 40 miles’from end to end. Last year, again, the 
South Metropolitan Gas Company obtained powers 
for making working arrangements with other gas 
undertakings, under the first of which, made with 
the South Suburban Gas Company, that company 
will take from the South Metropolitan Company 
all the gas it requires beyond its own production, 
thereby saving itself capital expenditure and at 
the same time increasing the South Metropolitan 
Company’s load. <A similar mutual advantage for 
the two companies has been arranged also in the 
shipment of all the Suburban Gas Company’s coal 
by the South Metropolitan Company’s steamers, 
thus cheapening the cost of transit for the customer 
company, and providing fuller employment for the 
other company’s steamers, jetties, cranes, &c. 
Generally, again, the disposition among authorised 
undertakers to exchange gas has now reached con- 
siderable figures, and is still extending. In 1925, 
for instance, the amounts of gas sold and bought in 
bulk by authorised undertakers was not far short of 
a thousand million cubic feet, and the amount 
they bought from coke ovens approached five 
thousand million cubic feet. The Sheffield Gas 
Company has, indeed, had so satisfactory an experi- 
ence of coke-oven gas that it has increased its 
contracts considerably, and next year it will be 
taking by itself over three thousand million cubic 
feet. 

The gas industry, in fact, is showing remarkable 
signs of strengthening itself and cheapening its 
costs by co-operation on a large scale, but it is 
doing so without abandoning the policy on which it 
has earned its remarkable prosperity. Little doubt 
can be felt that, by continuing to deal sagaciously 
with each proposed concentration on its merits, 
the industry will obtain better results, and obtain 
them more safely than by attempting to devise 
Procrustean schemes to fit all cases. At the 
present time, indeed, there is every advantage in 
allowing each works the fullest technical liberty 
economically possible. Recent progress in methods 
of carbonisation should not disguise the awkward 
fact that some aspects of most of them, such, 
for instance, as the mechanism by which heat 


is transmitted within an externally heated retort, 
are not yet fully understood. Their explanation is, 
indeed, being sought actively, but, until it is obtained, 
no one can predict what modifications in practice 
the knowledge may suggest. While this is so, 
the time seems certainly premature for an endeavour 
to crystallise and standardise processes, as though 
their manner of operation were completely under- 
stood. 





THE TRADES DISPUTES ACT. 


Now that Royal Assent has been given to the 
Trades Disputes Bill, it is desirable to consider the 
changes in the law which it is designed to effect. 

It is hardly too much to say that the demand 
for this Act was occasioned by two sections in the 
Trades Disputes Act of 1906. Section 3 of that 
famous measure provided that ‘“‘an act done by a 
person in contemplation or furtherance of a trade 
dispute shall not be actionable on the ground only 
that it induces some other person to break a contract 
of employment, or that it is an interference with 
the trade, business, or employment of some other 
person, or with the right of some other person to 
dispose of his capital or his labour as he wills.” 
Section 4 (1) of the same Act provides that “an 
action against a trade union whether of workmen 
or masters, or against any members or officials 
thereof on behalf of themselves and all other mem- 
bers of the trade union in respect of any tortious 
act alleged to have been committed by or on behalf 
of the trade unions, shall not be entertained by any 
court.” 

We presume that it was fondly imagined that the 
unbridled licence conferred by these two amazing 
provisions would not be abused, and that even if 
it was necessary to declare wrong to be right 
when committed by the members of a certain class, 
and to protect completely a number of wealthy 
trades unions from action at law, these immunities 
would enure for the public good. But what has 
been the industrial history of the last 21 years ? 
What is to be said for the Trades Disputes Act, 1906, 
in this, the year in which it attains its majority ? 
Have strikes been few and unembittered ? Have 
the relations between employer and workman im- 
proved? Have those to whom this power to act, 
uncontrolled by laws which are enforced against 
other members of the community, been worthy of 
the trust imposed upon them? A whole series of 
bitter and costly industrial disputes, culminating 
in the General Strike of last year, furnishes answers 
to these questions which are far from satisfactory. 

But the curious fact remains that in spite of all 
that has been said about the new Trades Disputes 
Act it does not repeal the two sections quoted 
above. Actions in furtherance of a trade dispute 
are still to be lawful, and trades unions are still to 
be immune, but subject to the fact that certain 
strikes or lock-outs may be declared illegal, and 
then, if they are so declared, those who take part 
in, or foment, them, may be held responsible in law 
for the consequences of their actions. 

It is only necessary to look at the very first para- 
graph of the first clause of the Act to realise that 
in so far as it affects the right to strike, its opera- 
tion is very limited. That clause provides that a 
strike which has any object besides the furtherance 
of a trade dispute within the trade or industry in 
which the strikers are engaged is illegal if it is a 
strike designed or calculated to coerce the Govern- 
ment or to intimidate the community or any sub- 
stantial portion of the community. 

A careful perusal of this clause makes it plain 
that a mere strike within an industry is not affected 
by the Act at all. A strike within an industry is 
a dispute between employers and workmen or 
between workmen and workmen in that trade or 
industry, which is connected with the employment 
or non-employment or the terms of the employment 
or with the conditions of labour of persons in that 
trade or industry. Suppose, for instance, that 
there was a strike within and affecting, say, the 
entire cotton industry of the country—a strike for 
higher wages or shorter hours. It could or might 
be designed to coerce the Government. It might 
intimidate a substantial portion of the community. 
Yet, as we read the clause, it would not be an illegal 





strike within the meaning of this Act. It is only 





when some other object, and one or other of the 
elements of coercion or intimidation is introduced 
that a strike can be declared illegal. Again, the 
purely sympathetic strike is not illegal unless it can 
be said to be designed or calculated to coerce the 
Government or to intimidate the community or 
substantial portion of the community. This pro- 
vision limits the operation of the measure very 
materially. Many a sympathetic strike can take 
place on a small scale without coercing the 
Government or intimidating the community. 

Penalties are imposed upon persons taking part 
in or fomenting an illegal strike; but it is all- 
important to observe that it will be for those who 
set the law in motion against an “ illegal striker ” 
to show that the strike was illegal in the sense we 
have described ; and this will not be by any means 
an easy task. 

As regards the “civil” as distinct from the 
“penal” consequences of an illegal strike, it may 
be stated that, broadly speaking, the Trades Disputes 
Act of 1906 will not spread its protective mantle 
over the illegal striker or the funds of his union, 
while it is roundly declared that the worker who 
refuses to take part in an illegal strike may not be 
visited with any unpleasant consequences. We 
are inclined to agree with the view recently put 
forward by Dr. Shadwell in The Times, that it 
is only when this clause for the suppression of 
the ‘illegal strike ’’ is sought to be put in force 
that the worker will come to realise its true signifi- 
cance. But it is not likely that many employers 
will take the trouble to attempt to have a strike 
declared illegal. 

Coming now to the other provisions of the Act, 
it certainly does strengthen the law for the suppres- 
sion of picketing and intimidation, making it penal 
for people to attend at or near the house or a 
factory in such numbers as to be calculated to in- 
timidate a worker or his wife or family. The 
watching and besetting of a residence is also pro- 
hibited. But this Act does not prevent picketing, 
or coercion. The draughtsman who can prepare 
a Bill which will do that has yet to be found. 
There are subtle forms of coercion which cannot be 
prevented by any act of Parliament. Ostracism, 
social punishment in all its various forms—these 
cannot be touched by any act of the legislature. 
Every man knows how it was in his own school 
days. The youth who did a thing which, according 
to the school code, ‘“‘ no fellow should do,” could 
be made to suffer in a’number of mysterious ways. 
To forfeit the good opinion of his schoolfellows is 
the severest punishment which any boy can undergo. 
Similarly the workman who runs counter to the 
opinion of his mates—however misguided the latter 
may be—may undergo forms of mental torture from 
which no statute can relieve him. 

With regard to the political levy, the policy of the 
new Act is to allow men to contract in rather than 
(as at present) to contract out. To judge from the 
extraordinary calm which has pervaded the rank 
and file of the working classes since the terms of 
the Bill wer2 first published, it is more than likely 
that many a working man is only too glad to have 
this opportunity of deciding for himself whether 
he will or will not subscribe to the party funds. 
Apart from this, we doubt if the new provision will 
make any difference. The good trade unionist 
will do whatever the majority of his fellows think 
right, no matter what happens. If it is the ““ game ” 
to support the union, he will do it. One Conserva- 
tive candidate, at least, at the last General Election, 
had information that a number of working men 
intended to vote for him, though at the same time 
contributing to a fund for the assistance of the 
Labour candidate, ‘‘ because,” they said, “‘ we must 
stand by the ‘union.”’ 

The Act also provides that the power of civil 
servants to belong to trades unions which are 
affiliated to others, shall be restricted. It also 
makes it unlawful for any local authority to insist 
that any person employed by it shall be or remain 
a member of a trade union. Further, no local 
body now,will, be able_to impose any disability on 
any one of its employees who is not a member of a 
union. 

These are the main provisions of the Act. What 
has the future in store? Seldom has a measure 
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experienced such violent opposition in the House 
of Commons; but on the other hand, seldom has 
a measure, so ardently opposed, been taken so 
quietly in the country as a whole. This leads us 
to think that a large portion of the working popula- 
tion sees and understands clearly that, so long as 
they exercise the right to strike as it ought to be 
exercised (if at all), namely, to secure their just 
rights in a lawful manner, this measure will not 
really limit their activities in the smallest degree. 








THE WATER SUPPLIES OF KENYA. 


In the development of a new colony, one of the 
most difficult questions to be settled is often the use 
that should be made of its water resources. Many 
countries have not enough water to satisfy all 
purposes, and even when the quantity is known to 
be large, it can never be certain enough to justify 
extensive works, until hydrographical observations 
have been made over a longer period and a greater 
variety of places than those for which they are 
usually available. It is, therefore, a matter of the 
utmost consequence that a critical cireumspection 
should be exercised with regard to water schemes 
before measures are definitely decided, and the 
experience to which such examinations lead may 
be instructive even to those who are concerned in 
other parts of the world. An interesting report 
by Mr. A. D. Lewis, M.Inst.C.E., Director of 
Irrigation to the Union of South Africa, on the 
possibilities and circumstances of the water resources 
in the Colony and Protectorate of Kenya has just 
been published by the Crown Agents for the Colonies 
(price 5s. net). Based on a two months’ visit, during 
which information had to be sought with more or 
less success into subjects such as rainfall, geology, 
stream measurements and water law, the report 
must be regarded as preliminary rather than final. 
Already, however, it leads to certain definite con- 
clusions, and illustrates the advantage which may 
be derived from an expert and impartial review of 
such problems before a definite solution is under- 
taken. 

Though it is only two or three times the size of 
Great Britain, both the rainfall and the geological 
formation of Kenya give considerable variety to the 
circumstances of its water resources. Straddled 
as it is over the equator, its rainfall might have 
been expected to have been uniformly high. As 
a fact, however, it is remarkably variable both in 
space and time. Kenya happens to be the meeting 
ground of two rainy areas and a desert, its central 
parts being occupied mostly by table lands set on 
a slope, and its south-eastern border coming down 
to the Indian Ocean. The average annual rainfall 
over more than two-fifths of its area, most of it 
uninhabited, is less than 20 in., and for four-fifths of 
the remainder is between 20 in. and 40 in. In one 
part of the country the rainy season occurs in the 
same six months as the dry season in another part, 
and elsewhere there is the typical equatorial four- 
season distribution. Considerable fluctuations occur, 
moreover, from year to year, to an extent up to 
between three and four times as much in one year 
as in another, and no less than seventeen times as 
much in the same month of different years. Geo- 
logically, the country is based on metamorphic 
rocks, which, though generally traversed by numer- 
ous planes of jointing and by crevices as to permit 
some passage of water, are for the most part hard 
and compact. A large part of the mountainous 
regions is, however, covered with volcanic material 
of an exceedingly porous character, leaving doubt 
both regarding the amount of water which would 
reach a storage reservoir after travelling over such 
ground, and the extent to which the reservoir would 
retain it. 

These physical difficulties are increased consider- 
ably by the nature of the population. It is not 
much more than twenty years since any European 
settlement began in the country, and the total of 
Europeans even now is only 12,000. To these 
must be added about 25,000 Indians, and the balance 
of the population consists of something under three 
million natives and Arabs. Unfortunately for the 
progress of the country, this population seems to 
have a constitutional objection to avoidable work. 
Their wants and their methods are equally simple. 





Just enough food for their own families, sufficient 
wealth to enable them to acquire a limited number of 
wives, and for the more civilised a further margin for 
the purposeof buying drinkin considerable quantities, 
are said to satisfy their modest requirements. The 
plough is almost unknown, and the privilege of 
tilling the soil is left ungrudgingly to the women 
folk. Mr. Lewis suspects ever that, if shallow- 
well ox-pumps were provided for use on grazing 
land, the native would harness his women to them 
instead of his cattle. Without European guidance, 
moreover, considerable risk would be run of ruining 
what irrigation is possible, either by applying ex- 
cessive quantities of water to flat alluvial areas, or 
washing away a large part of the soil by careless 
irrigation on non-alluvial slopes. 

In one of the three drainage systems the rainfall 
is high and well distributed, the rivers for the most 
part are strong and perennial, and irrigation and 
water supply problems are not, therefore, of much 
consequence. With the others, on the other hand, 
the amount of water available for irrigation and 
similar purposes is strictly limited. There are 
indeed considerable quantities of water in some of 
the rivers and streams, from which it is thought some 
hundreds of thousands of horse-power may be ob- 
tained in the future. Its irrigation possibilities, 
however, are limited by the strength of the low- 
water flow, especially as the steep nature of the 
country and the large quantities of sand in the river 
bed seem practically to prevent any substantial 
use of storage. So far as available measurements 
have enabled an opinion to be formed, the total 
area of irrigable land would be under 200,000 acres, 
ignoring all other demands on water. Part of these 
lands, situated on the high land of the southern and 
eastern slopes of Mount Kenya, are said to contain 
some of the most fertile, well-watered and healthy 
regions in the whole of Central Africa, and in com- 
parison with non-irrigated areas have shown 
excellent results on coffee and other high-grade 
crops. Up till now, however, these districts do not 
come into question, because they are reserved 
exclusively for the use of the native population, 
who are believed to be quite unsuited for settlement 
on irrigation schemes in steep country. Three 
large schemes have been projected, of which only 
one has approached anything like a definite shape, 
involving the growth of sisal, sugar and other 
crops. No definite opinion can be formed on avail- 
able data further than that the most advanced of 
these schemes is thought likely to be able to supply 
only half the water for which it is projected. As 
a whole, however, the immediate possibilities of 
extensive irrigation schemes in the country are 
regarded as exceedingly small. 

Much better prospects seem to be open to schemes 
for utilising water for the purposes of grazing, 
and in this connection the report is instructive in 
respect to the conditions necessary for permanent 
success. Grazing has the primary advantage of 
requiring a very much smaller amount of water than 
any system of irrigation. A mixed scheme, for 
instance, for irrigatin: sugar and other crops over 
an area of, say, 6,000 acres, is estimated to require a 
total of 90 cusecs, and if 10 cusecs more are allowed 
for sisal, which takes barely one per cent. of the 
water required for other crops, the total 100 cusecs 
would irrigate something under 150,000 acres. For 
grazing, on the other hand, 4,500 head of cattle 
would require a flow of only one-tenth of a cusec, 
and would occupy a grazing area of over 90,000 
acres. From two aspects, however, it is indispens- 
able to success that unduly large water centres 
should be avoided. From a merely economical 
point of view such centres would mean waste of 
money on needlessly large supplies, and where, as is 
often the most certain and convenient method, the 
water is provided through pipes from permanent 
sources of supply to grazing areas at a lower level, 
the length of pipes required is very considerable, 
and the additional cost of a larger size than is fully 
used is a serious extravagance. A still greater 
objection, however, to a system of unduly large 
water centres is that they would ruin the grazing 
nearest to them, and, therefore, would cease ulti- 
mately to have permanent value. It is pointed 
out, for example, that in previous schemes arrange- 
ments have been made for no less than 10,000 





head of stock at a single water-centre. In such 
schemes the concentration of the herd becomes 
much greater near the centre, and, by overgrazing 
and erosion of soil, the pasturage near the centre 
becomes useless before long. With the utmost 
possible allowance for the grazing required per head 
of stock, which would not be less than ten acres per 
head, a large number of the cattle would at best have, 
moreover, to walk upwards of 15 miles a day, a 
distance which would have to be increased as the 
central part of the area became useless. The object 
of the administration in setting up dairies and schools 
round the water centres would also be frustrated, as 
ultimately the bulk of the population would leave 
the district. According to figures in the report, the 
maximum herd that should be concentrated round a 
water centre should not exceed 500 head, and would 
be better restricted to 300 or less. The technical 
difficulties likely to be encountered are not great on 
this more modest scale, seeing that no supply is 
required in excess of 6,000 gallons per day, and such 
supplies are easier to find than larger ones. So far 
as can be tested without actual measurements of 
wind velocities, supplies of this kind seem 
particularly suitable to the use of bore-holes in 
conjunction with windmills, restricting the size 
of mill to not more than 14 ft. diameter. 

Generally, Mr. Lewis is disposed to recommend a 
consistent policy of boring over large areas of the 
country in sufficient quantities to establish water 
centres for stock purposes as widely as_ possible. 
Apart from the technical points, some interesting 
questions of law and administration have still to be 
settled. There are three parties having each more 
or less separate interests, namely the Government, 
the European settlers and the natives, and it will 
be interesting to see how far the authorities succeed 
in reconciling these interests and those of the 
efficient working of the country. What, however, 
is most striking about the report is that it gives 
an unusually candid statement of difficulties as well 
as of advantages, on which it may be hoped that a 
sure foundation will ultimately be reached. 








THE ITALIAN MARKET. 


CountriEs, like individuals, who have conspicuous 
difficulties to overcome, and are succeeding in the 
effort, naturally attract sympathy. As Dickens 
pointed out, even a rascal, when half drowned, 
becomes for the time being of transcendent interest, 
though if either well or dead he would merely be 
an object of aversion. Of greater interest is the 
fate of those who have taken an illustrious part 
in the world’s history, and, among communities, 
none has been more eminent in the history of 
civilisation than the Kingdom of Italy. To the 
outside world to-day, Italy is known as a country 
which, having shared with most other civilised 
nations the troubles and perplexities of these times, 
has latterly become conspicuous by taking a strong 
and definite line for its own economic rehabilitation. 
A spirit that sends men to jail for charging 2d. too 
much for a pound of butter may not show a just 
sense of perspective, but it leaves no doubt of its 
determination. Stopping short, moreover, of 
academic and unscrupulous ruthlessness such as has 
inspired the proceedings of the Russian oligarchy, 
it has addressed itself to the difficulties of every 
branch of Italian economic life, and appears to 
be seeking a prosperity that the country has not 
known since the days of the merchants of the 
Middle Ages. 

Thus much, perhaps, is generally known in this 
country, but it may be questioned whether most 
Englishmen actually realize the present economic 
position of Italy. There is, however, little reason for 
uncertainty in this respect, since the Department 
of Overseas Trade possesses in the Commercial 
Counsellor, Mr. E. C. Donaldson Rawlins, and the 
Commercial Secretary, Mr. H. C. A. Carpenter, 
attached to H.M. Embassy at Rome, two officers 
who have made an intimate study of the subject on 
the spot, and has just published in the regular 
series of its reports a study of the commercial, 
industrial and economic situation in Italy up till 
March of the present year (H.M. Stationery Office, 
price, 3s. 6d. net). The report is distinguished 
not merely by the breadth of view with which it 
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traces out the dominant facts of a complex situation, 
but also by the unusual detailinto which it enters, 
both in the second part of the text and in a number 
of appendices. The prospects of an ally and ancient | 
associate cannot be a matter of indifference to this 
country, least of all at so interesting a period of its 
economic fortunes, and the account of them given 


in this report loses nothing in the telling. It is | 


not likely, however, that the average Englishman 
who reads it will be prepared for the remarkable 
story it discloses. 


Most people may be aware that Italy is a Great | 


Power in something more than name and political 
influence, without recognising how considerable a 
State sheis. With a backgroundin Europe that in- 
cluded the Empires of Russia and Germany, there 
used to be a disposition to regard Italy as a relatively 
small country, and to many people it may be a 
surprise to find that its area is a third larger than 
that of Great Britain, and three times that of 
Austria, and its population within 5 per cent. of that 
of Great Britain, and equal to that of France. In 
mineral deposits, indeed, which have been the 
foundation of so large a part of the prosperity 
of many nations, its resources are small compared | 
with those of many others, though apparently not so 


small as even the Italians themselves have imagined | 
Its agriculture and its silk trade, | 


until lately. 
on the other hand, and its textile and some other 
industries represent an enormous source of income, 


the effect of which is the more important because | 


of the very moderate extent to which the country 
is burdened with taxation. According to an official | 
American estimate, the burden imposed on Italy | 








| good fortune has doubt- 

less been due to the 
| country’s labour policy, 
| which has now reduced 
| strikes and lock-outs to 
|a minimum, if indeed 
| recent legislation has 
not for the time being 
| abolished them alto- 
| gether. Obviously, how- 
‘ever, this would have 
been insufficient to pro- 
duce a result so remark- 
able, at least in compari- 
son with the experience 
of this country, if it had 
not been for the extra- 
ordinary freedom the 
country has enjoyed 
from fixed burdens. It 
is not, moreover, from 
merely negative evid- 
|ence that the prosperity 
| of the country can be 
inferred. In almost every direction the facts show 
| expanding industry, whic h other countries would be 
glad to emulate. 

Professor Mortara has published index figures 
for some economic conditions of the country for 
|1919 to 1926. The figures for 1926 are said to 
be provisional only, but the tendency of those for 
1925 is sufficiently similar to make them illustrate 
the situation fairly. The consumption of coal, 
mineral oils and electric power for that year, 1913 





by the war, per head of population, was less than being taken as 100, was 143, the production of steel 
a fourth of that which Great Britain incurred ;|was 191, the imports of raw cotton were 125, and 
but, as recorded in the present report, the Italian | | the net exports of raw silk were 137, while the railway 
war debt to the United Kingdom has been reduced | goods traffic, usually the best index of the state of 
this year to a little less than one-eighth part of its | trade in an industrial country, was 153. It was 
nominal amount, and even this small fraction of | only in 1921 and 1922 that ‘these figures caught 
the face value of the debt is to be paid over a|up ‘with the 1913 level, but since then they have 
period of 62 years. So considerately, indeed, has | continued to increase almost without interruption. 
Italy been treated in regard to its war liability, | That this growth has not happened by accident or 


that the total extent of the taxes and customs 
which it has to support for all purposes, appears 
from the report to be less than 3/. per inhabitant, 


roughly a half of the figure for each inhabitant of | 


France, Germany or the United States, and a 
sixth of the rate collected in this country. 

It is not surprising, therefore, to find that, while 
Italy has had her serious difficulties to overcome, 
they have not been sufficient to prevent her from 
escaping much of the stress that most other countries 
have had to bear. One of the chief problems she 


has still to solve is that of her surplus population, 
and the recent deflation of her currency has made 
her industries feel an acute need of capital. Yet 
the aggregate unemployment during the last three 
years has been nearer a tenth than a fifth of the 
amount endured in this country. 


A part of this 


| by the mere operation of general world forces is 
| evident, not only from the experience of other 
|countries, but from the financial history of Italy 
herself. In 1919, the revenue of the State was less 
than a third of its expenditure, and its exports were 
barely over half its imports. By 1924, its income 
exceeded its expenditure and, according to Professor 
Mortara, its exports exceeded its imports. In 
1925, the railways and the postal services showed a 
profit for the first time, which was increased in 
1926, in the case of the railways to more than double 
the surplus of the previous year. 

Broad facts such as these show unequivocally 
how powerful are the forces working in favour of 
Italian prosperity. They are indeed not sufficient 
to safeguard its industries against the fluctuations 
of trade to which all industries are liable in all 











Fig. 3. 


countries, but they indicate a vigour which points 
to the economic position of the country becoming 
thoroughly sound, if indeed it has not already 
become so. At the present time its trade is hampered 
considerably with tariffs and restrictions, and seems 
likely to become even more so, in order to maintain 
i financial balance of the country’in its favour. 
For the time being this policy may be a necessity 
of the situation, but it seems likely that sooner or 
later some reconsideration will be essential. So far 
as the information in this report goes, the wages 
and standard of living in Italian industries appears to 
be low, and seems likely to remain so as long as the 
country’s primary object is to avoid buying from 
other countries. The most profit and the best 
living is made when industries can devote their 
energies to the product they can turn out to the 
best advantage, and not when they have to make 
every post a winning post. For the time being the 
present policy does not seem likely to be altered, 
and competition such as that of Germany is likely 
to make matters harder. The energetic efforts 
being made to extend Italian manufacture must, 
as the report points out, tend to increase its 
demands for raw and partly finished products, but 
apparently British manufacturers in the engineering 
trades have not yet found it worth while to under- 
take as good propaganda as their German and other 
competitors. It is remarked, for instance, that in 
alloy steels, German works, by reason of their 
excellent selling organisation, obtain a preponderant 
share of the trade at little lower prices, for all except 
tungsten steels, than are quoted from Sheffield, in 
spite of the high appreciation of the value of British 
practice to Italian makers. 
It may be worth the while of British engineers to 
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consider how far it may be wise to set about 
improving the intimacy of their relations with the 
Italian market. At the present time the extreme 
anxiety of the country to avoid buying anything 
it can produce must undoubtedly make business 
difficult, though it seems to be a good deal more 
profitable to German makers than to British. 
The present developments of Italian industry seems 
likely, however, ultimately to cause that market to 
require a steadily increasing quantity of foreign 
engineering manufactures, and the present financial 
stringency, which enforces the severe restriction of 
foreign purchases, will not necessarily be permanent. 
The manufacturers who supply a market when it is 
relatively small, particularly where spare parts are 
involved, have a considerable advantage in any 
endeavour to develop it when it increases. The 
great advances made in various industrial develop- 
ments point to this increase arriving without much 
delay, and it might be to the benefit of both Italian 
and British engineers if they considered how far 
they could trade with each other in it to mutual 
advantage. 








THE RECONSTRUCTION OF THE 
COETY DAM AT DOLGARROG. 


THE disaster at the works of the Aluminium 
Corporation, Limited, at Dolgarrog, North Wales, 
which occurred in November, 1925, took the form 
of the failure of an upper dam by which the waters 
of Lake Eigiau were raised. The release of the 
waters of the lake following this break caused the 
failure in turn of the Coety Dam, which lies lower 
down the valley. We dealt with the failure at the 
time of its occurrence, and on various occasions since 
have returned to the subject, particularly in our 
fssue of October 15 last (page 484), when we pub- 
lished technical particulars and drawings describing 
the nature of the failure of the Eigiau Dam. 

As the break in the low-level Coety Dam could be 
repaired rapidly and cheaply, it was decided in 
the first instance to repair this dam, leaving the 
question of the Eigiau Dam, at which the original 
failure occurred, over to the future. The reservoir 
formed by the Eigiau Dam has been connected by 
a tunnel with the Cowlyd Lake, the situation and 
size of which are such that it is able to accom- 
modate the water that would otherwise have run, 
through the breach in the Eigiau Dam, to waste. By 
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the courtesy of the Aluminium Corporation and its 
consulting engineers, Sir Douglas Fox and Partners, 
we are able to give particulars of the repairs and 
reconstruction work which have been carried out in 
connection with the Coety Dam. 

An examination of the break showed that the 
core wall across the gap had been carried away down 
to the original ground level. In view of the diffi- 
culty of removing the concrete from the core 
trench, it was decided to alter the line of the dam 
from a point well beyond the north side of the 
break, and to cut a completely new core trench 
from that point to the southern end of the dam. 
The original spillway, which was separate from the 
dam and located on its south side, had also been 
so badly cut away as to make the expense of re- 
constructing it very considerable. It was, there- 
fore, decided to replace it by a fresh spillway formed 
in the new part of the dam. Fig. 1 shows a general 
view of the dam as reconstructed, and Figs. 2 and 3 
the spillway from its upside and downside, respec- 
tively, Fig. 4 is a general plan of the spillway, on 
which the alteration in the line of the core wall 
is indicated, Fig. 5 an elevation, and Figs. 6 to 9 
are sections showing details of the channel. 

The new core trench was cut to a depth of some 
30 ft. below ground level, and was carried into solid 
rock. Holes were drilled in the bottom of the trench 
about 15 ft. apart to a depth up to 15 ft., and pipes 
were fixed to the top of the holes, so that grout 
could be forced into any fissures. The trench was 
then filled with 4:1 concrete, breaking joint both 
ways. The old core wall was cut back beyond any 
weaknesses caused by the break, and a junction 
was made between it and the new core wall above 
ground by carrying the new wall a distance of about 
10 ft. on each side of the old one. The holes were 
grouted after the concrete in the core trench had 
been brought up to ground level. 

The new spillway, formed over the dam itself, 
instead of at its side, is a masonry structure, built 
against the down stream side of the core wall. 
It is formed of cyclopean rubble in 6:1 concrete, 
and its dimensions will enable it to deal with more 
than the maximum flood that could come off the 
catchment. .The spillway channel has been carried 
in 6:1 concrete well beyond the downstream toe 
of the dam. It terminates in a cut-off wall to 
prevent scour, and beyond that point the spillway 
channel is carried in pitching set in concrete for a 
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distance of 50 ft. On the upstream side of the spill- 
way the dam has been pitched in concrete. The spill- 
way has come into operation on several occasions, 
and is found to be quite satisfactory. 
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LAUNCH OF THE M.S. ‘* BERMUDA.” 


THE quadruple-screw motor passenger liner Bermuda, 
which has been built to the order of Messrs. The Bermuda 
and West Indies Steamship Company, Limited, who 
are associated with Messrs. Furness, Withy and Com- 
pany, Limited, was launched successfully on July 28, 
last, from the North Yard, Belfast, of Messrs. Workman 
Clark and Company, Limited. The vessel, which is 
intended for service between New York and Bermuda, 
and also for long cruises round the world, has a length 
of 550 ft., a beam of 74 ft., a depth, to the shelter 
deck, of 45 ft., and a displacement of 20,000 tons. The 
propelling machinery comprises four sets of Doxford 
opposed-piston reversible oil engines, each with four 
cylinders, having a diameter of 600 mm. and a 
combined stroke length of 1,800 mm., installed in the 
main engine room. Four electric generating sets, 
driven by Diesel engines, are fitted in the auxiliary 
engine room, which is separated from the main engine 
room by a watertight bulkhead. Two donkey boilers 
intended for heating the fuel and accommodation, 
and for cooking purposes, are installed in the auxiliary 
engine room. ‘The auxiliaries, generally speaking, are 
electrically driven, as also are the steering gear, cap- 
stans, windlass, and winches. 

There are seven decks devoted to passenger accommo- 
dation, which is of an exceptionally luxurious character. 
Apart from the dining saloon, which is capable of 
seating over 400 passengers, and the foyer, the public 
rooms are all on A deck and on the boat deck. The 
vessel is built to carry 616 first-class and 75 second- 
class passengers. The total number of first-class 
cabins is 250, and many of these rooms are arranged 
for individual accommodation. The electric lighting is 
of the indirect type, and the rooms are separately 
heated and ventilated by a mechanical system, through 
directional louvres, from which the flow of air can be 
regulated as desired. The boat deck and the deck 
below are extended beyond the beam of the ship by as 
much as 2 ft. 6in., on each side. On the boat deck 
there is an area, some 70 ft. in length, for sports and 
other purposes. 

The service arrangements of the ship are very 
complete; the cooking appliances are largely electrical, 
and a modern steam and electric laundry has been 
provided. The vessel has been built to comply with 
the latest requirements of the British Board of Trade, 
the United States Regulations, and Lloyd’s Register. 
There are nine watertight bulkheads, extending to 
the main deck, the watertight doors being fitted with 
hydraulic machinery for rapid closing; these are 
operated from the bridge. The cargo arrangements 
include insulated and refrigerated chambers for the 
carriage of chilled meat, similar chambers for the 
carriage of fruit and vegetable cargo, and “tween 
decks and hold space for general cargo ; part of the space 
is arranged for the carriage of motor cars. Another 
cargo to be carried is fresh water for delivery to the 
Company’s hotel in Bermuda, and, in connection with 
this, special pumping arrangements are being provided. 
The whole of the work in the vessel has been carried 
out under the supervision of Messrs. Esplen, Son and 
Swainston, Messrs. Gardner, of Glasgow, and the 
owners’ representatives. 
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Rotary Converters: Their Principles, Construction and 





Operation. By E. P. Hitt, M.8e.Tech. (Vict.). 
London: Chapman and Hall, Limited. [Price 
25s. net.] 


Ir an engineer who specialises in a particular 
class of machinery, and has many years of experience 
in all matters referring to such machines, can find 
time to collect in book form what he knows about 
his subject, he is likely to give his readers a large 
amount of valuable information. Mr. E. P. Hill 
has succeeded in doing this in his well-written book 
on rotary converters, and has produced an exhaus- 
tive treatise on the whole subject in its various 
aspects. This is all the more to be welcomed, as, 
at present, no other book exists in any language 
which deals exclusively with machines of this type. 
The literature on this class of electrical machinery is 
rather disjointed and spread over a large number 
of articles, on various particular aspects of the sub- 
ject, in general text-books, proceedings of institu- 
tions and technical periodicals. 

Books emanating from Universities have often 
the drawback that they give the general theory 
of the subject and main principles of design, con- 
struction and working, without paying attention 
to their application and the many important 
details which are deciding factors in actual practice. 
This book, by a practical engineer, who knows—in 
some cases possibly from bitter experience—what 
matters and which points must have special atten- 
tion, will give other engineers full and reliable 
information on most questions that may con- 
ceivably arise in connection with rotary converters. 
This is done so thoroughly, and in such a form, 
that the information can be applied directly to the 
case in point. The author promises this in his 
preface, where he states that his book deals with the 
principles and operating characteristics of the 
rotary converter from an operation and com- 
mercial standpoint, and is primarily intended for 
engineers responsible for purchasing, operating or 
testing rotary-converter machinery. 

Although the actual detail design of rotary 
converters is not included, students of electrical] 
engineering will find that, apart from the large 
amount of general information on the subject, the 
book will give them an idea how a machine like a 
rotary converter, which offers many interesting 
and rather intricate theoretical problems, is dealt 
with in actual practice in the factory and in the 
substation itself. As books which do this for any 
kind of machinery are not at all plentiful, such a 
link with their future occupation will prove very 
useful for this class of reader. 

One-third of the.book is devoted to fundamental 
principles and constructional features. Then fol- 
lows a chapter on transformers used in connection 
with rotary converters. The rest of the book 
gives information on running and testing, beginning 
with a description of the various starting methods 
now used, and proceeding to questions in con- 
nection with regulation and other operating charac- 
teristics and service conditions. A complete 
bibliography shows how thoroughly the author 
has studied his subject, and gives readers the 
opportunity of finding elsewhere more detailed 
information on any particular question which could 
not be exhaustively dealt with within the limits of 
the volume. An unusually large number of dia- 
grams and photographs illustrate the various matters 
discussed in the text. 

Recent developments, such as the automatic 
substation, the application of the rotary converter 
to supply current for high-tension direct-current 
traction systems, and high-speed circuit breakers 
used for protection of such rotaries, are all fully 
explained with detail information on present-day 
practice. Room is even found for patented devices 
which have only recently been introduced, and 
are at present hardly used in actual practice, 
such as the system of supervisory control of rotary- 
converter substations. This system enables the 
control of rotary converters installed in various 
substations of a supply system to be effected | 
from one point. It has the advantage, compared 
with the automatic substation, that although it 
es the 





also ‘supersed substation attendants, it 


adds the human element in form of a single operator 
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for the whole system located at a central operating 
room, who can start and stop any machine as and 
when required. The system uses the methods 
developed for automatic telephone circuits. Indi- 
cators are provided in the control room for return 
signals, which keep the supervisor informed on the 
effect of all his operations, tell him what is going 
on in the substations, and warn him if a fault of 
any kind occurs there. 

The book also gives full particulars for erection, 
first starting up and testing rotary converters. 
Operating engineers will find the methods advo- 
cated in fault finding particularly useful, all the 
more as they are based on the extensive experience 
of the author himself. The recent developments 
of rotary-converter substations have been so 
rapid and revolutionary that the timely appearance 
of this book will be welcomed by all engineers who 
have to deal with this class of machinery, and the 
author must be thanked for putting his thorough 
knowledge and experience of the subject at their 
disposal. 





L’ Organisation Scientifique du Travail. By GEORGES 

Bricarp. Paris: Librairie Armand Colin. [Price 

9 frs.] 

To-pay it is a commonplace to say that the most 
efficient utilisation of labour is indispensable to 
the greatest prosperity of the workers and their 
industry. This truth was not always recognised 
generally, and indeed can be admitted without 
qualification only when sufficient latitude is given 
to men to transfer from an employment in which 
the course of business has reduced the demand 
for labour into another in which it is required. 
At all times, however, the value of economising 
labour has been recognised in countries where it 
was scarce. The most notable instance is, of 
course, the United States, in which necessity was 
undoubtedly the mother of the many inventions 
for saving labour for which that country is famous. 
Before the war, France, though painfully aware of 
a decreasing population, was not greatly affected in 
her industries, because they were for the most part 
on a relatively small scale. The needs of the war, 
however, made France, among other countries, 
into a great arsenal, and compelled her, like 
ourselves, to turn all available labour to the best 
account. The event of the war has largely increased 
the material resources of the country, far more 
indeed than her gain in population. It has left 
her likewise with the same sort of economic troubles 
as the rest of the late belligerents have to bear, and, 
for the first time in her history, she is therefore 
under the necessity of making the most that she 
can of her steadily growing industries. 

This necessity has given rise to an intensive 
search for improved methods of organisation, and 
the circumstances under which M. Bricard’s work 
is published illustrate how general is the interest 
the subject has excited. MM. Michelin Fréres, 
the great French rubber-tyre makers, who are 
strong advocates of modern works organisation, 
placed at the disposal of a committee, under the 
chairmanship of M. Henri le Chatelier, a sub- 
stantial subvention for the purpose of promoting 
in I’Ecole d’Application, affiliated to 1’Ecole 
Polytechnique, a wider knowledge of the principles 
of scientific organisation. With the help of this 
subvention, M. Bricard, who at the time was 
Professor at l’Ecole d’Application de Génie 
Maritime, made a study in the United States 
of the Taylor system, which he completed by 
numerous inspections of French works, and the 
present small volume describes the results of his 
inquiries. 

In American and English literature there is no 
lack of works dealing with factory organisation. 
Most of them have the defect of a fluent incoherence, 
which tends to mask the author’s meaning and to 
discredit the systems he describes. The subject is 
rarely discussed with the thoughtfulness and sense 
of perspective in which M. Bricard presents it, and 
any readers who require a concise outline of modern 
views on the scientific organisation of works will 
find it intelligibly and conveniently set out in 
M. Bricard’s sketch. In a preliminary chapter he 
describes the principles of Taylor’s system, and 
though pointing out reservations with which iv 


has to be applied in various circumstances, he says 
that, in effect, it is the base of all modern methods. 
In successive chapters he describes the organisation 
of a factory on Taylor’s system, the processes of 
time study recommended by Taylor and others, and 
the various methods of payment used in industry. 
In another chapter, examples are given of the appli- 
cation of the system to various industries, including 
woodworking, accountancy, and the organisation 
of a large enterprise, while in the sixth chapter 
information is collected in regard to a few variant 
methods similar to Taylor's, and to the studies 
made by physiologists and others such as Major 
Gilbreth and M. Frémont. The final chapters give an 
account of works conducted on the Taylor and 
allied systems in the United States and in France, 
respectively, in the course of which interesting 
ndications are given of the difficulties that were 
found in introducing them. It appears that, 
in France, Taylor’s system of functional foremen 
has not yet been adopted to any extent, but that 
in other respects his methods have been extremely 
successful, in particular in regard to the scientific 
study of processes and of times. Works without 
number have established a production office and a 
time-study office, and the author has no doubt 
that the movement will progress increasingly. 

Perhaps the most significant of M. Bricard’s 
independent observations is seen in his statement 
that manufacturers have not yet made a practice 
of publishing the results of their time studies. 
It is not unnatural that a works which has obtained 
valuable information in regard to manufacturing 
processes, often at considerable cost to itself, should 
not be eager to place it at the disposal of its com- 
petitors. It may be doubtful whether this reticence 
is, in fact, more profitable than the mutual exchange 
of information, but no doubt can be felt that the 
absence of data obtained in actual practice under 
the direction of skilled men is a grave impediment 
to the criticism of working processes, and to 
the advancement they might effect in the general 
standard of productivity. 





Artificial Fertilisers: Their Chemistry, Manufacture and 
Application. By P. ParrisH and A. Ocitviz. Vol. I. 
London: Ernest Benn, Limited. [Price 45s. net.] 

Apart from the introductory chapters, the first 

volume of the work before us practically limits itself 

to superphosphates, a fact which might well have 
been indicated in the title. By 1913, the world’s 

output of mineral phosphates amounted to 7,230,000 

tons, half of which came from the United States ; 

in 1919 the total was about 4,000,000 tons, and in 

1923, 6,858,000 tons. Last year a production of 

7,000,000 tons was again reached, and of this 

quantity the United States produced 3,000,000 

tons, which did not exceed the production of 

French North Africa, Tunis, Algiers, and Morocco. 

The Pacific islands, which were formérly very im- 

portant sources, only slowly attained a production 

of about half a million tons. The best Florida 
deposits are very rich, containing up to 83 per cent. 
of tricalcicphosphate, but are also hard, while the 
less rich minerals (up to 65 per cent.) from the 

Gafsa mines in Tunis, which have the largest output 

of any concern, are soft and do not require grinding. 
The operations of mining, grinding, mixing with 

sulphuric acid in hand dens and mechanical dens 
and excavators, and storing of the superphosphate, 
are described in the first eleven chapters. Troubles 
arise from the hardening of the stored product and 
its retrogradation, 7.e., the reversion of the acid- 
soluble phosphate into the insoluble tricalcic salt, 
which is apt to occur, especially in the presence of 
more than 2 per cent. of iron oxide and alumina, 
and when the product is stored hot and moist. There 
is always a question of the real solubility of the 
phosphate in the product, and the citric acid and 
other tests, on which payments are based, are not 
altogether satisfactory, particularly in the case of 
the basic slag fertilisers. Messrs. Parrish and Ogilvie 
pass on to these after having discussed the prepara- 
tion and mixing of compound manures, containing 
also potassium and ammonium salts and nitrates. 

The many admixtures made to basic slag call for 

better tests. Some information about production 

would have been more in place, in the chapter on 





the manufacture of basic slags, than the references 
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which are sail to the constitution of basic slag in 
relation to furnace reactions. The reader would 
also probably desire more than the hazy statement, 
without the mention of any date, that some five or 
six years elapsed before confidence was reposed in 
the invention of Gilchrist and Thomas. The 
manufacture of bone superphosphate, the handling 
of materials and products, and the establishment 
and design of artificial-fertiliser works are discussed 
in other chapters. 

The superphosphate industry is suffering from an 
acute depression, even here in the country of its 
origin. This depression, which is largely due to the 
enormous development, for other reasons, of the 
nitrogen fertilisers, which can certainly not replace 
phosphates, Messrs. Parrish and Ogilvie ascribe, to a 
certain extent, to want of appreciation of modern 
methods, while not questioning that many British 
fertiliser companies are conducted on very sound 
lines. Dr. H. C. Brown, managing director of the 
West Norfolk Farmers’ Manure and Chemical 
Co-Operative Company, who has written a preface 
to the volume, does not quite share the authors’ 
views on this question, without explaining on what 
grounds he dissents. The authors themselves 
express the hope that much of interest will be 
found in their last chapter on the trend of 
future developments. Part of that chapter is, 
however, very disappointing. A large number of 
more or less recent suggestions are very briefly 
abstracted, names, without patent numbers or dates, 
being given in many instances. The conclusions 
drawn, however, seem to be correct, and the book, 
which has few English competitors, will be found 
very useful, owing to the good descriptions and 


illustrations of actual processes, machinery and 


works it contains. 








THE PRODUCTION OF TOOLS, 
IMPLEMENTS AND CUTLERY. 


THE returns made in connection with the third 
Census of Production, 1924, have recently been pub- 
lished by the Board of Trade for several industries, 
of which the two of most interest to our readers are 
the tool and implement, and the cutlery trades. Under 
the former heading the total value of goods made and 
work done in the factories and workshops of Great 
Britain ‘during 1924 amounted to 10,049,000/, this 
total including items of 1,342,000/. for agricultural 
and horticultural implements (excluding spades and 
shovels), 1,134,000/. for engineers’ tools (not including 
gauges), and 1,093,000/. for manufactured abrasives. 
This last-mentioned sum includes emery cloth to the 
value of 391,000/., glass-paper and sand-paper valued at 
202,0001., and grinding wheels valued at 442,000/. 
Other important items in the grand total for the tools 
and implements trade were 890,000/. for saws and 
blades, 745,000/. for spades and shovels, and 628,000. 
for files and rasps. 

The above-mentioned figures are those given in the 
returns of firms engaged in the tools and implement 
trades, but it will readily be understood that they do 
not entirely cover the production of goods included 
in this category, since such goods are also manufac- 
tured by firms whose main interests lie in other branches 
of production and whose returns were, consequently, 
made on other schedules. Making allowance for this, 
the amount previously given for engineers’ tools must 
be increased to 1,626,000/., and that for agricultural and 
horticultural implements to 1,394,000/. The differences 
in the other items mentioned are not very important, 
except, possibly, that for files and rasps, which when 
returns made from other schedules are added, amounts 
to 666,0001. 

It is, perhaps, to be regretted that the classification 
of goods adopted for the 1924 census does not corre- 
spond exactly with that employed in the 1907 census, 
so that comparisons between the figures for the two 
periods are rendered difficult. For instance, in 1907 
ploughs and harrows, other than those operated by 
mechanical power, were regarded as agricultural 
implements, but in 1924 they were classified under the 
heading of agricultural machinery and their value 
included in the figure for the engineering trades. 
Spades and shovels for agricultural purposes were 
also classed as agricultural implements in the 1907 
census, but in the last census they were included with 
spades and shovels for all purposes in the item men- 
tioned above. It is thus practically impossible to 
compare the outputs of agricultural implements in 
1907 and 1924, although it would appear that some 
decrease has occurred in the aggregate production 
of agricultural implements and machinery. The output 
of files and rasps also seems to be less in quantity in 
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1924 than in 1907, and some decline is also amet in 
the case of edge tools. On the other hand, important 
increases are indicated in the outputs of saws and 
engineers’ tools. In the accompanying table are 
shown the quantities and values of certain classes of 
tools and implements produced, exported, and imported 
into the United Kingdom during 1924. 

As previously stated, the total value of the output of 
factories and workshops in the tool and implement 
trades amounted to 10,049,000/. in 1924, and as the 
cost of materials purchased and used by these factories 
was 4,295,0001. and the value of work given out was 
116,000/., the net output amounted to the difference 
between these sums, viz., 5,638,000/. Dividing this 
by the average number of persons employed, viz., 
28,072, the net output per head amounts to 2011. 
The corresponding figures for 1907 was 88/. per head, 
which allowing for the increase of prices, indicates an 
increase in the productive value of the workers due to 
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tion of women and girls employed in the cutlery trade 
is comparatively large, the numbers for 1924 amount- 
ing to 3,912 out of a total of 11,354. The number of 
males employed in the industry has declined from 
11,774 in 1907 to 7,442 in 1924, and the total employees 
from 14,831 to the figure just mentioned ; the number 
of women workers, on the other hand, has increased 
by nearly 30 per cent. 

In addition to electric motors, with a total horse- 
power of 8,412, supplied by the mains, the power 
employed in the cutlery industry in 1924 amounted 
to 4,962 h.p., this figure including steam engines 
developing 1,748 h.p. and internal-combustion engines 
with an aggregate horse-power of 3,169. The corre- 
sponding figures for steam engines and _ internal- 
combustion engines used in 1907 were 3,315 h.p. and 
1,818 h.p., respectively, the number of electric motors 
then in use being very small. About 12 per cent. of 
the capacity of the steam and internal-combustion 


























Production. Exports. Net Imports. 
Kind of Goods. 
Value. Quantity. Value. Quantity. Value. 
£ Dozens. £ Dozens. £ 
Shovels and spades . 746,000 264,000 370,000 1,300 500 
Files and rasps a 666,000 740,000 309,000 282,000 72,000 
Saws and saw blades ’ 892,000 770,000 310,000 1,543,000 113,000 
a adzes, and matchets . 311,000 191,000 182,000 20,000 12,000 
a and joiners’ tools not elsewhere 
pecified . 7 440,000 314,000 278,000 285,000 113,000 
hgeiaael and horticultural tools (except 
shovels and spades) : 1,394,000 — 1,013,000 _ 44,000 
Engineers’ tools (excluding gauges) 1,626,000 — 580,000 ~- 502,000 
Other sorts .. 898,000 _— 560,000 —_ 95,000 
Tools, not separately ‘distinguished 129,000 _ _- ~- —- 
Total value .. 7,102,000 -- 3,602,000 — 951, 500 





improved machinery and manufacturing methods. 
Further light is thrown on this aspect of industrial 
economics by figures relating to the power used in the 
industries under consideration. It appears that the 
total capacity of prime movers installed in the factories 
to which the figures refer in 1924 was 22,915 h.p., 
of which about 17 per cent. was idle or in reserve, 
while the corresponding figures for 1907 was 18,969 
h.p. The 1924 total included reciprocating steam 
engines of 9,473 h.p., steam turbines of 735 h.p., 

internal-combustion engines of 12,244 h.p., and water 
wheels or turbines of 463 h.p., while that for 1907 
included steam engines of 11,008 h.p., steam tur- 
bines of only 6 h.p., internal-combustion engines of 
7,296 h.p., and water wheels or turbines of 659 h.p. 
The capacity of electric motors used in the class of 
factory referred to was not ascertained in the 1907 
census, but in 1924 motors aggregating 39,016 h.p., 
were employed using current supplied from public 
mains, 13 per cent. of the total capacity being idle 
or in reserve. This aggregate capacity was four times 
that recorded in the 1912 census. In addition, motors 
with a total horse-power of 3,818 were supplied with 
current generated at the factories during 1924, whereas 
the horse-power of those similarly supplied in 1912 was 
but little more than one-eighth of the 1924 figure. 

Coming now to the cutlery trade, we find that 
the total value of goods made, or work done, in 1924 
amounted to 3,476,000/., of which the principal items 
were knives and blanks valued at 1,759,0001., safety 
razors, 404,0001., and electroplated goods, &e., 
389,0001. Here, again, comparisons with the 1907 
production are rendered difficult by differences in 
classification, but taking steel cutlery alone, including 
table cutlery, pocket cutlery, scissors, razors, &c., the 
figure for 1924 is 2,640,000/., and that for 1907 
1,512,0001., showing an increase in value of 75 per cent. 
Goods of the last-mentioned class to the value of 
1,025,000/., were exported in 1924, and the net imports 
of similar goods amounted to 368,0001. Of the exports 
mentioned, goods to the value of 24,0001. went to the 
Irish Free State, and if this is deducted from the total 
export figure of 1,025,000/. first given the difference 
of 1,001,0001. may be compared with that of 770,000/., 
which was the value of the cutlery exports from Great 
Britain in 1907. This last-mentioned sum, however, 
was about half the factory value of all the cutlery 
manufactured in this country during that year, whereas 
the exports for 1924 amounted to only about 38 per 
cent. of the factory value. The excess of production 
over exports in 1924 represented, in money value, 
considerably more than double the corresponding 
excess in 1907. 

In the case of the cutlery trade the net output, 7.e., 
the excess of the total value of the output over the 
cost of the materials used and the value of the work 
given out, was 1,818,000/. in the year 1924, and the 
net output per head of persons employed in that year 
was 1601, as compared with 73/. in 1907. These 
figures, it will be noticed, are lower than those given 
above for the tool and implement trade, and the pro- 
portional increase from 1907 to 1924 is also rather less. 
It is noteworthy, in this connection, that the propor- 


engines installed in 1924 were in reserve or idle, and 
the corresponding figure for the electric motors con- 
nected was about 10 per cent. A certain amount of 
the power requirements of cutlery factories is also 
supplied by motors for which the current is generated 
at the factories, but the total capacity of motors so 
supplied amounted to only 580 h.p. in 1924. Allowing 
for this, however, does not give the whole of the 
power used in cutlery manufacture, since a considerable 
proportion of the tenement workers in the industry 
now supply their own power requirements by using 
electric motors taking current from the mains, instead 
of taking power supplied by the proprietors of the 
premises in which the work is carried out. No statis- 
tical data are available for the amount of power used 
in this way. 








LETTER TO THE EDITOR. 


CORROSION AT RIVETED JOINTS. 
To THE Eprror oF ENGINEERING. 


Sir,—In your issue of June 3, page 676, you alluded 
to a suggestion made tentatively by me some months 
ago that the corrosion cracks which sometimes appear 
radiating from rivet holes are, in some cases, merely 
the enlargement of microscopic cracks which existed 
before ever the corrosion commenced. You truly 
add that this does not explain the corrosion of the 
rivets themselves. Nevertheless, it would seem that 
the principles suggested by me in the lecture quoted 
in your columns may be applied to the corrosion of 
rivets also. It should of course, be pointed out that 











there are many types of rivet corrosion which must 
be attributed to different causes, but the following seem 
to be the main factors involved :— 

If the water causing the corrosion contains oxygen, 
the well-known principle of differential aeration shows 
that the corrosion will be concentrated largely in 
crevices relatively inaccessible to oxygen. Thus if 
incipient cracks exist radiating from the rivet-holes, 
corrosion will extend and enlarge these cracks. In 
other cases, corrosion may penetrate down the crannies 
between rivet and plate, and where the material of 
the rivet contains pores, it will follow and enlarge 
these pores, producing a honeycomb structure. In 
case it should be urged that good steel is not porous, 
I would recall the work of Tammann and Bredemeier,* 
who have shown that practically all metals are porous, 
even in the worked state; they demonstrated that 
dye-solution could be forced by high pressure even 
into the interior of rolled sheet. Of course, the charac- 
ter of the porosity varies in different materials, and 
the attack upon the rivets likewise varies—a fact 
well illustrated by some photographs of ships’ rivets 
which appeared last year in your journal accompanying 
a paper by Bennett.—| I have met with cases of 





* G. Tammann and H. Bredemeier, Zeitsch. Anorg. 
Chem., 1925, vol. exlii, 53. 
{¢ W. Bennett, ENaIvEERING, 1926, vol. cxxii, 796. 





180 


rivet corrosion almost certainly due to differential aera- 
tion, but the best examples come, not from boilers, but 
from riveted plates washed by water rich in oxygen. 

In boilers, the supply of dissolved oxygen is usually 
limited. Even in the complete absence of oxygen, 
however, certain waters may still corrode steel with 
elimination of hydrogen. Acid waters containing 
magnesium chloride have this power.* So also have 
alkaline waters, if the concentration of free sodium 
hydroxide be sufficient. According to the latest paper 
by Parr and Straub{, the caustic alkalinity must 
reach about 20 times the concentration present in a 
normal boiler; they suggest that this concentration 
is reached locally by evaporation in the seams, and 
around rivets, the water being blown out as steam 
through minute leaks. In this case also, therefore, 
corrosion occurs preferentially in crannies. Further- 
more, the hydrogen thus produced will partly enter 
the steel and will render both plates and rivets brittle. 
This “hydrogen brittleness’ is independent of the 
breakage caused directly by corrosion ; iron saturated 
with hydrogen by cathodic treatment becomes highly 
brittle, although it suffers no corrosion. Finally, 
it seems quite probable, as Williams and Homerbergt 
suggest, that the reduction of intergranular oxide by 
the hydrogen, and the direct attack of the caustic 
alkali on the intergranular sulphide, play an appreciable 
part in intergranular failure. 

In my opinion, these different suggestions regarding 
the attack ought not to be regarded as rival hypotheses, 
because it seems probable that all, or most, of them 
do actually, under different conditions, play a real 
part in causing trouble. Fortunately for the engineer, 
the main remedies are very much the same, whichever 
of these five agencies are at work. It has been pointed 
out above that cavities or crannies are potential 
dangers, whether oxygen is present or absent; _ it 
has also been pointed out that sulphide and oxide 
are to be avoided. Now it is a fact that sulphide 
and oxide are most likely to occur in the parts of a 
steel ingot which contain cavities. This is not an 
accident. Oberhoffer§ has shown how, during the 
solidification of an ingot, the pressure-changes force 
the sulphide-segregate into the gas-blowholes, and 
that these holes are most likely to escape being welded 
up during working where their walls are oxidised. 
The moral is, therefore, to avoid the use of unsound 
steel containing sulphide, oxide or undue porosity. 
This is a general conclusion, and does not affect rivets 
alone, neither is its truth confined to cases where alkaline 
waters are concerned. Woodvine and Roberts||, for 
instance, have shown that perforation of boiler tubes 
occurs very much quicker if they are made from 
steel containing blowholes and sulphur segregates. 
For the avoidance of caustic embrittlement, another 
precaution is obvious ; this is to avoid undue accumu- 
lation of alkali in the water, a policy which is advisable 
on other grounds. A third precaution would be 
to reduce tensional stresses, as far as possible, at 
vital points. It seems to be generally agreed that 
intergranular embrittlement occurs mainly where the 
metal is in tension; no doubt, the tension keeps 
opening out the cracks as the corrosion penetrates 
deeper and deeper. The importance of tension as a 
factor in corrosion seems to be particularly great in 
the case of attack by alkaline liquids. Several causes 
may be suggested; in the presence of alkali, the 
insoluble corrosion-product tends to be precipitated 
inside the cavities (instead of outside them as occurs, 
to some extent, in neutral waters), and owing to its 
voluminous character would usually seal them up 
unless tensile stresses are present. Furthermore, 
the production of passivity due to protective films is 
particularly likely to occur in alkaline solutions, unless 
these films are constantly being ruptured ; recent work] 
has pointed to the importance of stresses in metals 
in opposing passivity by causing oxide-iilms to crack. 
But whether these explanations of the action of tensile 
stresses are applicable to boiler conditions or not, 
the fact has been demonstrated by Stromeyer** and 
others that the trouble is mainly located at places 
where tension exists in the metal. This matter is 
evidently one which deserves to be borne in mind— 
and no doubt is being borne in mind——by those whose 
task it is to design boilers. 

Yours truly, 
Unick R. Evans. 
University Chemical Laboratory, 
Cambridge. 


* O. Bauer, Stahl und Eisen, 1925, vol. xlv, 1101. 

+ S. W. Parr and F. G. Straub, Ind. Eng. Chem.,1927, 
vol, xix, 620 

+ R. S. Williams and V. O. Homerberg, Chem. Met. 
Eng., 1924, vol. xxx, 589. 

§ P. Oberhoffer, Stahl und Eisen, 1920, vol. xl, 705, 872. 

G. R. Woodvine and A. L. Roberts, J. Iron Steel 

Inst., 1926, vol. exiii, 219. See also ENGINEERING, 1926, 
vol, exxi, page 646. 

q U. R. Evans, Trans. Chem. Soc., 1927, 1020. 

** ©, E. Stromeyer, ENGINEERING, 1917, vol. civ, p. 645, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markeis.) 
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Nore.—lIn the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “‘ fine foreign” and ‘“‘standard”’ metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical linein the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 











STanDARD SPECIFICATION FOR THE ELECTRICAL 
PERFORMANCE OF TRANSFORMERS FOR POWER AND 
LigatTiINnc.—A new specification has been issued by 
the British Engineering Standards Association to 
supersede B.S.S. No. 72—1917, in as far as it applies 
to transformers for power and lighting, having windings 
insulated with Class A and Class B materials, including 
auto-transformers and single- and poly-phase trans- 
formers, but having no connection with instrument and 
traction transformers. The specification proper is con- 
tained in twelve sections, which, after laying out the 
scope of the publication and defining the terms used, 
deals with methods of cooling, standard voltages, classes 
of rating, frequency, etc. The limits of temperature 
rise for the various types, high-voltage tests, and 
performance and type tests are also included. The 
latter part of the specification consists of ten appendices, 
giving details of the methods of declaring efficiency, 
taking temperature measurements, and the standard 
method adopted for the classification of insulating 
materials, Terminal markings have been brought up-to- 
date, and, in addition to details and tables of figures for 
the measurement of voltage by the spark-gap method, 
the information to be given with enquiry and order is 
set out. Copies of this specification, No. 171—1927, 





may be obtained from the B.E.S.A. Publications Depart- 
ment, 28, Victoria-street, London, 8.W.1, price 2s. 2d., 
post free. 

THE Port oxjLonpon.—A 700,000/. contract for the 
second portion of the scheme for the improvement of 
West India and Millwall Docks was placed recently with 
Messrs. Sir Robert McAlpine and Sons, by the Port of 
London Authority. The work provides for the construc - 
tion of a new entrance lock to the South West India 
Dock, 590 ft. long and 80 ft. wide. Work on the new 
Tilbury Dock, which the company is constructing at a 
cost of 2,500,000/., is proceeding satisfactorily. Messrs. 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
have received an order for three pairs of steel dock gates, 
complete with hydraulic operating machinery, for the 
new 110-ft. entrance lock at Tilbury. These gates, which 
are the second largest in Great Britain, will be con- 
structed at the Armstrong Naval Yard. The hydraulic 
operating machinery will be manufactured by the engine 
works department, Elswick Works. The largest dock 
gates in this country are those at the Gladstone Dock, 
Liverpool, recently opened by H.M. the King. These 

ates, it will be remembered, were also constructed and 
erected by Messrs. Armstrong, Whitworth and Company. 
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ARMCO IRON AND MILD STEEL AT 
HIGH TEMPERATURES. 


THE large variety of work that has been done for the 
Engineering Co-ordinating Research Board of the 
Department of Scientific and Industrial Research has 
hitherto been published partly in general technical 
literature, and partly in the Reports and Memoranda 
Series of the Aeronautical Research Committee. It 
has now been decided that in suitable cases such ‘com- 
munications should be amplified by a series of Special 
Reports, the first of which has now been published.* 
The work described is part of a comprehensive pro- 
gramme carried by a Committee of the Board on the 
behaviour of materials at high temperatures, which 
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tensile, creep, torsion, impact, hardness and fatigue 
tests. Chemical analyses showed compositions typical 
of the respective materials, and preliminary Brinell 
tests indicated that the bars of each material were in 
substantially a uniform condition. 

Tensile Tests——In the tensile tests, the limit of 
proportionality and the modulus of elasticity were 
first determined in the usual way by measuring the 
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0 deg. C. On calibration, the system gave readings 
correct to + 3 deg. C., which on re-calibration never 
differed more than 2 deg. C. from those of the original 
calibrations. The criterion adopted for steadiness of 
temperature was that no changes occurred with time 
in the readings given oy the mirror extensometers. 
Three to four hours were required for obtaining a 
temperature of 600 deg. C., and, at all temperatures,. 
soaking for half an hour to an hour was necessary for 
the temperatures to become steady. Observations 
were made at 16 deg. C. and at intervals of about 
50 deg. C. from 100 deg. to about 700 deg. 

It was found that the ultimate tensile strength in 
each material reached a maximum between 200 deg. 
and 250 deg. C., the minimum percentage of reduction 
of area at a slightly lower temperature, and the mini- 
mum percentage of elongation at between 150 deg. to 
200 deg. C. The stress corresponding with the limit of 
proportionality reached a maximum at about 150 deg. 
C. for the iron and the milder steel, and at about 
100 deg. C. for the harder steel. No yield point (drop. 
of testing machine beam) was evident above 250 deg. C. 
for the iron, or above 200 deg. C. for the steel, Above 
500 deg. C. for the steels and 450 deg. C. for the iron, 
| the extension for successive loads was affected very 
| largely by the rate at which loads are applied, being 
; greatest for quick loading, and the same effect was seen 
to a slighter extent even at lower temperatures.§; At 
200 deg. C. the materials appeared alternately rigid 
and plastic until the maximum load was approached, 
when they became uninterruptedly plastic. |The 
yielding was accompanied by a crunching or grating 
noise, At 150 deg. and 200 deg. C. the materials tended 
to show local contractions, apparently with evolution 
of heat to an extent that is not mentioned: It is 
pointed out that, since at these temperatures the 
ultimate stress increases with the temperature, local 
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the use of higher steam pressures and the advances in 
design of internal-combustion engines make of great 
practical importance. We have already published the 
results of a similar investigation by Mr. Tapsell and 
Mr. J. Bradley on an alloy of nickel and chromium.+ 
The present report deals with Armco iron, and 0-17 
and 0-24 carbon steel. The material used was in form 
of l-inch bars, said to have been normalised before 
delivery. In that condition they were subjected to 





* Department of Scientific and Industrial Research. 
Engineering Research: Special Report No. 1. Properties 
of Materials at High Temperatures: I. Mechanical Pro- 
perties of Armco Iron, 0-17 per Cent. Carbon Steel, and 
0.24 per Cent. Carbon Steel, with Special Reference to Creep. 
By H. J. Tapsell and W. J. Clenshaw. H.M. Stationery 
Office. [Price ls. 9d. net.] 

+ See ENGINEERING, Vol. cxx, pages 614, 648, and 746, 





ance wire spaced more closely towards the ends than 
in the middle, and giving temperatures at the top and 





the centre of the test piece when this was at 600 deg. C. 
Throughout all the tests dealt with, temperatures 
were measured by platinum platinum-rhodium thermo- 
couples on a millivolt meter with the cold junction at 


extension of the test piece at each step of the loading, 
an operation which occupied about 20 minutes. The 
load was then increased at the normal rate from the 
limit of proportionality to the maximum load. The 
stress was applied in a lever-type machine, the furnace 
and extensometer arrangements being similar to those 
used in the earlier work dealt with in our article already 
referred to. The furnace, which was illustrated on 
page 614 of our issue of November 13, 1925, was 15 in. 
long, with a double winding of nickel-chromium resist- 


bottom about 3 to 5 deg. C. below the temperature in 








contractions set up points of extra strength and thus 
determine local yieldings elsewhere. The effect of 
repeated overstrain at high temperatures was not 
investigated. The stress-strain curves for the iron at 
various temperatures up to 450 deg. C. are shown in 
Fig. 1. The curves of ultimate strength, modulus of 
elasticity, limit of proportionality, and yield point 
were fairly similar for all three materials, but for the 
higher temperatures the elongation and reduction of 
area were strikingly greater for the steels than for 
the iron, as shown in Figs. 2, 3 and 4. 

Creep Tests.—The creep tests consisted in observing, 
over @ period, the daily extensions of test pieces, each 
exposed to a constant temperature and pressure, in 
order to see whether at any or each temperature a 
stress could be defined—the limiting creep stress— 
below which the material would not extend further or 
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break under very prolonged stress. The observations 
are said to have been made for periods up to several 
months, but the tests, of which particulars are given, ran 
only for periods varying from 24 to 70 days, or up to 
fracture at an intermediate or shorter date. 

The loads were applied in apparatus which was 
illustrated in our previous article, a diagrammatic 
drawing being given on page 615, vol. exx of Enat- 
NEERING. In this, the test piece was loaded by a 
10 to 1 system of levers, the connections of the rods 
through which stress was applied to the test piece being 
such as to ensure axial loading. The furnace was 10 in. 
long, and was made of nickel-chromium wire wound 
round a nickel-chromium tube. The temperature 
was controlled to within + 2 deg. C. by the arrange- 
ment shown in Fig. 5. In this the final control is 
effected by resistances A in series with the furnace B, 
each resistance consisting of a hydrogen-filled lamp 
with an iron filament. Each lamp took a current 
of 1 ampere with a drop in voltage of 20 volts, and 
up to + 1} volts absorbed most of the variation 
in the 110-volt supply to the furnaces. To keep 
these resistances at the critical current of 1 ampere 
at which they operated in this way, other resistances 
were placed in parallel with A, and a portion was 
shunted through the variable resistance C. For the 
initial regulation of the furnace current a variable 
resistance D was placed in series with the furnace. 
This arrangement allowed each furnace to be controlled 
separately, and it was found that within the limits 
of temperature which it provided, the variations in 
creep rates, due to temperature fluctuations, were 
small, and averaged out over the day. 

It is stated in regard to the tensile tests that in 
general only one test is made at each temperature. 
No similar statement appears to be made in respect 
of the creep tests, and the interesting results to which 
the creep tests lead are presumably contingent on 
their having been repeated to a sufficient extent. The 
relations which have been found to exist between the 
creep or extension of the test piece during a test, and 
the duration of the test are shown by the typical curves 
in Figs. 6 and 7, for certain stresses and temperatures 
applied to the iron specimens. It will be observed 
that in these instances, which range from 348 deg. 
to 421 deg. C. and 13-6 tons to 10-9 tons per square 
inch, the creep at the lowest temperatures has come 
nearly or altogether to a standstill, and the rate of 
creep has never risen after it had begun to fall. When, 
however, the temperature is raised—in Fig. 6 by 
only 14 deg. C,—the rapid initial increase in the rate 
of creep is followed by a period of creep at a steady 
rate, followed by a final rise of the rate of creep until 
fracture. Similar but more rapid results were obtained 
when the temperature became somewhat higher. 

Accordingly each of these curves includes a part 
for which the creep seems to be steady, and to take 
place at the minimum rate under the given conditions. 
By plotting these minimal rates of creep against the 
temperature of test for each stress, a family of curves 
has been obtained, in each of which the upper part 
represents an increasing rate of extension for a given 
increase of temperature up to fracture, and the lower 
part seems to be on the point of running into the 
temperature axis, and thus indicating a temperature 
at or below which the stress in question produces no 
creep. Where the test was stopped before the 
minimum rate of creep had been reached, the rate 
measured was that found at the end of the test— 
when, of course, no time minimum had been reached. 
From these curves, others were constructed connecting 
the limiting creep stress, measured on the original 
cross-sectional area, with the temperature, and Fig. 8 
shows these limiting stress curves for each material. 
As the authors remark, the method of extrapolation 
involved in the determination of the temperature 
at which creep ceases, is open to criticism. Some 
inferences ‘from it cannot be made with any great 
precision, and other influences besides creep may lead 
to failure with time, such, for instance, as excessive 
oxidation, season cracking, porosity due to penetration 
of oxygen, and acquired brittleness. The suggestion, 
however, that designers may find some practical 
advantage in basing their calculations on limiting 
creep stresses determined as described seems to be 
borne out to some extent by a comparison of results 
obtained at the National Physical Laboratory on 
other materials, These are shown in the curves of 
Fig. 9, and relate to the materials tested in this report 
{curves 1, 2 and 3), superheater drums of 0-20 per 
cent. and 0-23 per cent. carbon steel (curves 4 and 5), 
70 : 30 nickel-copper rolled alloy (curve 6), 80 : 20 nickel- 
chromium rolled alloy (curve 7), and also some high 
temperature observations on various cast nickel- 
chromium alloys (points 8 to 11), Other similar results 
plotted from data given by other observers, show curves 
of generally similar forms. 

It is pointed out that calculations for the purposes 
of design must allow for the maximum temperature 
that will ever be reached in service, having regard to 





the large difference in the limiting creep stress which 
at the higher temperatures may be caused by a rise 
of a few—say 20—degrees. If, moreover, a structure 
must remain rigid and free from permanent deforma- 
tion at a given temperature, the stress must be not only 
less than the limiting creep stress, but also than the 
stress at the limit of proportionality. 

Torsion Tests——Torsion tests were made up to 600 
deg. C. for the iron and 700 deg. C. for the steels, the 
torque being applied by hand in steps to a point just 
above the limit of proportionality, and then increased 
rapidly until fracture. The time taken over the later part 
of the test was rather longer than was occupied by the 
corresponding tensile test, but the practical difference 
does not seem to have been great. The testing arrange- 
ments were substantially as described in the second 





Fig.10. NOTCHED BAR IMPACT TESTS. 
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part of the article previously quoted, and the results 
obtained were of the same type as with the tensile 
tests, the chief difference being that the maximum 
value of the modulus of rupture occurred at a higher 
temperature than the corresponding temperature of 
ultimate tensile strength. No experiments were made 
to determine the effect of creep in torsion tests, but it 
is presumed that this effect is delayed as the tempera- 
ture of the test is raised, owing to the influence of the 
lower-stressed internal layers of the material. 

Notched Bar Impact Tests.—Impact tests were made 
in a Charpy type testing machine with the B.E.S.A. 
standard form of 45 deg. V-notch, and the values 
obtained for each material and temperature; in each 
case the average of at least three independent tests, 
is shown in Fig. 10. Attention is called to the large 
variations in impact value at the lower temperatures, 
which suggest the importance of defining precisely 
the temperatures of the test-pieces when carrying out 
tests described as being made at air-temperature. 

Hardness Tests—The hardness of the materials was 
determined up to 400 deg. C. by the Brinell method, 
and up to 700 deg. C. by an impact (rebound) method. 
The Brinell hardness numbers were taken to be the 
quotient of the load in kilogrammes divided by the 
spherical area of the indentation in square millimetres 
and the impact hardness numbers the energy in kilo- 
gramme-metres absorbed in making the indentation 
divided by the volume of the indentation in cubic 
centimetres. The results, see Fig. 11, show a con- 
siderable difference between the indications of the two 
methods, this occurring even at ordinary temperatures. 
The Brinell tests were made partly to throw light on the 
amount of work-hardening produced by stress at tem- 
peratures above those of the atmosphere. The results 
seem to show that up to 300 deg. C., little or no con- 
tinued penetration of the ball occurred after 30 seconds. 
Whether the hardness acquired at these temperatures is 











retained permanently, is being made the subject of 
further investigation, which may possibly afford some 
explanation of the cessation of creep in the creep tests. 
Fatigue Tests.—The testing arrangement employed 
in the fatigue tests was similar to that employed in 
the earlier experiments, and was illustrated on page 
746, vol. cxx of Engineerrnc ‘It kept the part 
of the piece actually under test at a uniform tempera- 
ture. The stresses were applied in a Haigh alternating- 
stress testing machine, working at a speed of about 
2,400 cycles per minute. The mean stress in most 
of the observations was zero, and the results of these 
are plotted in Fig. 12 on the basis of 107 reversals. 
Comparing these results with those obtained for limit- 
ing creep stresses, it will be seen that the fatigue 
ranges are considerably higher between 300 and 400 
deg. C. than at air temperature, though the limiting 
creep stresses fell rapidly at these temperatures. The 
explanation suggested is that the rate of reversal is 
too rapid to allow the effect of creep to manifest itself 
in the short time for which the test lasted. A few 
tests, however, in which the minimum stress was zero 
and the mean stress was above the limiting creep 
stress for the temperature of the test, showed consider- 
able creep, especially during the first few thousand 
cycles. These tests were made on the 0-17 per cent. 
carbon steel, and one test-piece stood more than the 
10,000,000 cycles under a mean stress of 11-6 tons per 
square inch from zero. As pointed out, the significance 
of this figure lies largely in the rate of reversals. 
reneral Conclusiuns.—The authors are inclined to 
conclude from their observations that if the permanent 
deformation developed at the limiting creep stress is 
permissible, a long life may be predicted for the 
material under this stress. Above it, however, con- 
tinuous creep will occur, and the material will fail 


Fug.12, FATIGUE TESTS ON ARMCO 
IRON, 0-17 PER CENT. & 0-24 PER 
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sooner or later. In the present experiment the limiting 
creep stresses are above the limit of proportionality for 
temperatures below about 500 deg. C. The difference 
between these two quantities seems to depend on the 
ability of the material to “strain harder” at that 
temperature. 

For practical purposes the curves of limiting creep 
stress must be considered as the true ultimate strength 
curves, when the effect of time at high temperatures is 
to be taken into consideration. As stated above, a 
factor of safety must be applied in practice to bring 
the working stresses either below the stress at the 
limit of proportionality if no deformation is permissible, 
or sufficiently below the limiting creep stress (though 
above the limit of proportionality) if some permanent 
deformation can be allowed. By reason of the extreme 
sensitiveness of the limiting creep stress to small varia- 
tions of temperature at the higher temperatures these 
factors must be made for the highest temperatures to 
which the material will be subjected. 





THE INsTITUTION OF ELECTRICAL ENGINEERS.—The 
Council of the Institution of Electrical Engineers has 
awarded the following students’ premiums for papers 
read before the students’ sections during the session 
1926-27. Premiums of the value of 10/. each to Mr. 
W. A. Cook, for his paper ‘‘ High Voltage Insulation : 
Choice of Materials and Design’; to Mr. J. Eccles, for 
his paper ‘‘ Notes on the Starting and General Per- 
formance of Rotary Converters”; to Mr. F. I. Ray, 
for his paper ‘Automatic Telephony’; and to Mr. 
J. A. Sumner, for his paper “ Electrical Supply for 
Rural and Agricultural Districts.”” Premiums to the 
value of 51. each have been awarded to Mr. G. P. Barnard, 
for his paper “‘ The Selenium Cell in Theory and Prac- 
tice’; to Mr. S. B. Jackson, for his paper ‘‘ Propulsion 
of Ships by Electricity ’’; to Mr. 8. N. Ray, for his 
paper ‘“‘ Electrons in Solid Conductors’; and to Mr. 
D. H. Wills, for his paper “‘ Oscillographs.”’ 
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HISTORICAL REFERENCES TO THE 
PROGRESS IN THE USE OF HIGH- 
PRESSURE STEAM.* 


By James MOLiison. 


RECENT appreciation of the advantages accruing 
from increases in the working pressures and tempera- 
tures of steam, in both land and marine work, and the 
great interest aroused by the commissioning of the 
King George V, may render the notes, given below on 
high-pressure installations of about fifty years ago of 
some interest. A résumé of the benefits resulting will 
enable the value of the work and aims of these early 
investigators to be fairly accurately assessed. 


Fig. 7. SECTION THROUGH A B. 





was too large a field for two or three experimenters, 
and it is not to be wondered at that no great interest 
was stimulated, but the designers of those early installa- 
tions were, nevertheless, the pioneers in this field. 

In comparing the normal results of those days with 
the concurrent high-pressure endeavours as recorded, it 
is found that, with a fourth of the higher boiler pressure 
and its limited expansion, equally economical produc- 
tion of power was attained. Better conditions of 
working with high pressure, of course, would have given 
higher economy. There are, however, occasional 
records indicating a degree of economy not unsatis- 
factory, even compared with to-day’s standard. The 
attempt then made to solve this problem was in the 
right direction. 
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PERKINS’ ENGINES, S.Y. WANDERER” 


Fig.6. 





Fig.7. 
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The employment of high-pressure and high-tempera- 
ture steam results in smaller units for a given power, 
boilers with less heating surface per horse-power, 
and a reduction in fuel consumption, implying lower 
first costs. What were the limitations facing the ex- 
perimenters of the later eighties, and to what extent 
were they working on correct lines, or those on which 
to-day, with our much more advanced knowledge, 
we expect success ? Theoretically, of course, economy 
of fuel would result on account of the greater measure 
of expansion available. Unfortunately, theoretical 
considerations turned out to be the least important. 
The question of using high-pressure steam successfully 
could only be answered by experiment. Except in a 
few isolated cases, experimental investigation was 
lacking, and cohesive effort was generally absent. It 





* Paper read before the Institution of Engineers and 
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Only when the inexperience in design and workshop 
methods, and the lack of metallurgical knowledge of 
that period are compared with present-day practice 
and experience, can the difficulties of those early ex- 
perimenters be realised. Factors now established as 
fundamental for the economic use of steam were not 
in those days considered practicable. Reference might 
be made to forced draught, interheating and super- 
heating systems. Even the water-tube boiler itself 
was not regarded with favour. 

Before dealing with specific vessels of the period, 
equipped for extra-high pressures, it may be of interest, 
and will make retrogression easier, to give some data 
concerning the general trend of the increase of working 
pressures for power units. In 1872, Dr. Siemens, 
F.R.S., President of the Institution of Mechanical 
Engineers, stated in Newcastle that, over a period 
of nine years, conditions had so improved that the 


of the amount of fuel which at the beginning of this 
period (1863-1872) was thought to be indispensable. 
Great progress was being made. Pressures at that 
time ranged from 40 lb. to 65 lb. per square inch, 
and the average consumption of coal, from the recorded 
data from 19 vessels, was 2°11 lb. per indicated horse- 
power per hour. The average piston speed was 376 ft. 
per minute. In 1881, nine years later, Mr. F. C. 
Marshall, before the same Institution at Newcastle, 
dealt with the subject, and Table I, below, gives a 
comparison of working pressures and coal consumptions 
averaged from about 40 normal steamers. No figures 
of exceptional cases are included in the table. 

During this time many ships were equipped with 
boilers having steam pressures up to 120 lb. per square 





Fig.5. DIAGRAMS FROM ENGINES OF S'S."IRISHMAN.” 
BOILER STEAM 350 LB. PER SQ./N.ABS. 
REVS.H0. RECEIVER 19 LB. PER SQ. IN. (G) 
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Fig.8. DIAGRAMS FROM ENGINES OF S.Y.“WANDERER’. 
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TABLE I.—Comparison of Coal Consumptions, 
1872 and 1881. 


| | 





Item. | 1872. | 1881. 
Se anes 
Working pressure, Ib. per squareinch . | 52-5 77-4 
1.H.P. per square foot of heating surface | 4-64 3-919 
Piston speed, feet per minute .. aa 376 467 
Coal consumption, Ib. per i.h.p. per hour | 2°11 1-828 


inch; indeed, 90 Ib. per square inch became the 
standard specified pressure. Figures relating to a few 
of these are given in Table II, on page 184. 

Over the same period, the power of the engines, the 
speed of vessels, and the working pressures of steam 
increased, while the consumption of fuel decreased. 
As applied to marine boilers, the tubular system had 
not been a success ; neither had forced draught been used 











Shipbuilders in Scotland, Glasgow, on June 21, 1927, 


marine engine consumed rather less than one-half 


to any extent. Consequently, attention was devoted 





184 


chiefly to producing greater efficiency in the old type 
of boiler. Attempts were also made to adapt the 
locomotive type of boiler and forced draught for 
marine purposes, and although a few ships so fitted 
successfully used steam pressures up to 165 lb. per 



































Coal consumption, lb. pe: 
i.h.p. per hour ., os 


TABLE II, 
Working pressure, Ib. per 
square inch .. ak ae 60 75 
Expansions ia ae ae 6 8 6 8 
Coal consumption, Ib. per i.h.p. | 
per hour <A ‘ : 1-560 | 1-546 1-556 | 1-491 
Working pressure, lb. per 
square inch eA * 90 105 120 
| 
| 
Expansions ese | ss | 6 | 8 6 | 8 





! 
1-528/1-459/1-502)1-429 1-483)1-415 





square inch under closed stokehold conditions, generally 
speaking, this arrangement was not regarded with 
favour. Obviously, a greater evaporative performance 
of the boiler could only be achieved by :— 

1. The adoption of thinner plates, or of a material 
having better conductivity. 

2. An increase of heating surface. 

3. Better disposition of absorbing surface, or 

4. The adoption of an entirely new type of boiler. 

The three outstanding vessels of that period, the design 
and performance of which were perhaps prophetic of the 
trend of to-day, were the Anthracite, Wanderer, and 
Irishman, each fitted with the type of engine and boiler 
developed by Loftus Perkins. 

The steam yacht Anthracite, measuring 84 ft. by 16 ft. 
by 10 ft., was built by the firm of Messrs. Schlesinger, 
Davis & Co., Wallsend, and was supplied by Messrs. 
Hawks, Crawshaw & Sons, Gateshead, with a two- 
crank triple-expansion engine which developed about 
168 i.h.p. at about 130 r.p.m. She made an excep- 
tionally good run across the Atlantic, and a trial 
of her engines was carried out by the Board of United 
States Engineers (Navy Department). The report 
of this trial was read before the Franklin Institute, 
and a reprint of the proceedings will be found in the 
Marine Engineer of February, 1881. During the 
trial, which lasted 23 hrs. 58 min., the vessel was 
tied to the wharf in the Navy Yard, New York, and 
the engines run under steaming conditions with the 
throttle full open. Prior to the vessel’s departure 
for America, Mr. (later Sir Frederick) Bramwell con- 
ducted a trial lasting 12 hours 3 min. The points of 
interest in these two trials are given in Table III. 


TaBLe ITT. 





Boiler Initial Coal 
Pressure. | Pressure on Consumption. 
— Lb. per | H.P. Piston. | R.P.M. Lb. per 

i.h 








square Lb. per -h.p. per 
inch. square inch. hour. 
British ae 350 — | 130 1-83-1-7 
(average) | 
American ..| 316-5 201-64 | 102 2.7 








The great discrepancy shown can, to a certain extent, 
be accounted for by the method of conducting the 
American trial. Mr. Bramwell used special hand- 
picked coal of the finest quality, and paid careful 
attention to the firing of the boiler throughout. Exhaust- 
ive as the American trial was, a very poor quality of 
coal was used, and the boiler was fired considerably 
above its economical capacity. Also, the ratio of 
expansion was so great (25-7) that heavy condensation 
in the cylinder resulted. Had the American engineers 
had time to run a series of tests over a wide range of 
expansions and initial piston pressures, more elucidating 
results would probably have ben obtained. 

It will be instructive to remark on the details of 
the Perkins engine and boiler in the Anthracite. The 
diameter of the H.P. cylinder was 7} in., and that 
of the M.P. cylinder 1543 in., the two cylinders 
being in tandem. They were single acting, the H.P. 
taking steam on the top and the M.P. on the bottom side. 
The cylinders were steam jacketed, and had double- 
beat poppet valves, the H.P. exhaust being the M.P. 
inlet, thus foreshadowing the latest advance in marine 
practice. The L.P. cylinder, which had a diameter of 
224% in., was double acting, steam jacketed, and fitted 
with a slide valve. The stroke of the engine was 165 in. 

It is now generally admitted that a steam jacket is 
not necessary. In this particular engine, the clearances 
were from two to four times greater than the normal 
practice of those days, accounting, in a measure, for 
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the steam loss in filling these spaces and in conden- 
sation on the large surfaces. 

There was one boiler, of the horizontal water-tube 
type, designed to work at a pressure of 350 lb. per 
square inch, the horizontal rows being connected by 
small vertical tubes, and arranged for superheating 
the steam, but the degree of superheat does not 
seem to have been recorded. This boiler, which is 
illustrated in Figs. 1 to 4, was enclosed in a 
double shell of thin iron plate, the intervening space 
being filled with vegetable black as a non-conductor. 
One-half of the tube surface was generating surface, 
and the other half steam superheating surface. The 
grate was rectangular, and measured 45} in. by 49 in. 
The outside diameter of the tubes was 3 in., and the 
inside diameter 2} in. 

Very few troubles seem to have been experienced 
in the employment of high pressures, except excessive 
priming due to the small steam-release areas provided, 
and apparently no steps were taken to counteract 
this defect. A coal consumption of from 1-83 to 
1-7 Ib. per i-h.p. per hour is certainly a remarkably 
good figure for such a small unit. 

As to the steamship Irishman, there are logs and 
trial reports available. She was a coasting steamer, 
measuring 153 ft. by 20 ft. 6 in. by 12 ft. 6 in., and 
was supplied by Messrs. Blackwood and Gordon, 
Paisley, with geared steeple engines, having a cylinder 
diameter of 30 in. and a stroke of 30 in., designed to 
work at a steam pressure of 20 Ib. per square inch. 
She was lengthened by 20 ft. in 1863 by Messrs. Barclay 
and Curle, and in 1879 was reconditioned and fitted 
with Perkin’s patent engines and boilers by Messrs. 
Robert Steele and Company, Greenock. These engines 
had cylinders of 9 in., 20 in. and 28} in. in diameter, 
respectively, with a piston stroke of 24in. The heating 
surface of the boiler was 938 sq. ft., and the grate area 
22-8 sq. ft. At times steam pressures were used up to 
500 lb. per square inch, the lowest recorded pressure 
being 250 Ib. per square inch, when the horse-power 
developed was 215 at 75 r.p.m. Indicator cards taken 
from her engines are reproduced in Fig. 5, and Table IV 
gives the coal consumption for a number of voyages 
which she made. 








TABLE IV. 

Average Boiler Coal Consumption. 
Steam Pressure. Time. Lb. per i.h.p. 
Lb. per square Hours. per hour. 

inch. 

350 52 1-6 

300 34 1:6 

300 16°5 1:5 

290 10 1-6 








From an inspection of the logs of some 45 voyages, 
the average boiler pressure was 350 lb. per square inch, 
and the fuel consumption 1:35 lb. per indicated 
horse-power per hour. 

The steam yacht Wanderer, built in 1879, was fitted 
with engines having cylinder diameters of 17 in., 34 in. 
and 48 in., respectively. She had four boilers, 
operating at a steam pressure of 350 lb. The machinery, 
shown in Figs. 6 and 7, gave 377 i.h.p. at 77 r.p.m., with 
the remarkable coal consumption of 1-29 lb. per indi- 
cated horse-power per hour. It was constructed under my 
supervision, and I was specially instructed by Lloyd’s 
Committee to give every attention to the engines and 
boilers, with a view to the vessel being classified by 
the Society. On April 10, 1878, I commenced my 
survey. It was only after the engines and boilers were 
fitted on board and the trials commenced in Greenock 
Harbour that troubles arose, chiefly with the materials 
of which the valves were made. Various kinds of metal 
were tried, in addition to Mr. Perkin’s own patent metal, 
for the L.P. valve, which had given much trouble. 
Alterations had to be made to the driving gear of the 
L.P. valve before a satisfactory result was achieved. 
Indicator cards taken on the Wanderer are given in 
Fig. 8. Delay was occasioned, and it was only on 
May 15, 1879, that the official trials took place. 
Immediately thereafter the vessel sailed on her maiden 
voyage, with the owner, Mr. Charles I. Lambert, and 
a party of guests, on board. They had not been long 
at sea, however, when trouble developed through 
defective feed-pump arrangements, and one of the 
four boilers was said to have become “‘ red hot.” This 
so alarmed the owner and those on board that they made 
for Southampton, where the vessel was laid up and 
new compound engines fitted by Messrs. Day, Summers 
and Company. 

In concluding this paper, I should like to add that 
the failure of the Perkins engine and boilers in the 
case of the Wanderer was, in my opinion, almost entirely 
due to the want of efficient feed-pumping arrangements, 
and I have every reason to believe that if Weir’s pumps 
had been available at that time, the working of the 
engines and boilers might have been attended with 
success, and the successful use of high-pressure steam 
might not have been so long delayed. 
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The recent application of high steam pressures to 
marine steam machinery is not, therefore, unprece- 
dented, and, bearing in mind the limited knowledge 
available over the period dealt with, it is remarkable 
that so much was achieved. Moreover, it is pleasing 
to reflect that then, as now, British engineers were 
in the forefront of this development. j 








ALLOYS OF IRON AND MANGANESE 
CONTAINING LOW CARBON.* 
By Sm Rosert HaprizExp, Bt., F.R.S. 
(Concluded from page 151.) 


Magnetic and Electrical Qualities—From the results 
of this research it will be seen that, in the types of 


low-carbon steel obtained, the metal manganese has . 


not produced material of any particular value for elec- 
trical purposes. In view of the fact that manganese 
steel, containing about 13 per cent. manganese and 
1-25 per cent. carbon, is practically non-magnetic, 
it was hardly to be expected that, in the absence of 
carbon, as in the alloys dealt with in this paper, this 
characteristic of non-magnetic susceptibility would 
be strongly modified in the way now shown to be the 
case. Similar absence of magnetic susceptibility to 
that just mentioned is shown by specimen “G”’ in 
the present research, the steel containing 0-15 per 
cent. carbon and 17 per cent. manganese, this being 
4 per cent. higher in manganese than the non-magnetic 
manganese steel containing 13 per cent. manganese 
with 1-25 per cent. carbon. 

Critical Ranges on Heating and Cooling.—Some dis- 
cussion regarding the critical ranges of iron-manganese 
alloys was presented in a joint paper by Onnes, Woltjer, 
and the author, published in the Proceedings of the 
Royal Society in 1921. This, however, had more specific 
reference to the magnetic transformations, and was 
directly concerned with the explanation as to why the 
alloys containing about 16 per cent. manganese and 
above are non-magnetic. Dr. Gumlich had determined 
the temperatures at which the magnetic transforma- 
tions take place in such alloys containing up to about 
13 per cent. manganese, but, so far as the author is 
aware, their critical temperatures in respect of other 
properties had not been determined. The author 
therefore prepared heating and cooling curves of the 
inverse-rate type instituted by Professor Osmond. These 
were made on selected specimens representing stages 
in manganese percentage up to 17-10 per cent. man- 
ganese and in their forged condition ; a similar deter- 
mination was also made on 1379I containing 83-50 
per cent. manganese, the series being eventually com- 
pleted by the addition of material J with 61-50 per 
cent. manganese. Both these high-percentage alloys 
were necessarily examined in their cast condition. In 
addition to these heating and cooling curves showing 
thermal changes, observations were taken of the 
temperatures at which loss and regain of magnetism 
occur—that is, for those specimens which are magnetic 
at ordinary temperatures. 

Dealing first with the loss of magnetic qualities on 
heating, the temperature at which this occurs seems 
to be very little influenced by the percentage of 
manganese. For each of the magnetic specimens— 
that is, up to and including E/3 with 14-30 per cent. 
manganese—it occurs within the range from 765 deg. to 
780 deg. C. Turning to the inverse-rate curves, speci- 
men 1727D, with 0-06 per cent. manganese, gave clear 
indications of the Ac, and Acs points, although the 
carbon change point Ac; did not appear. In the case 
of 1379A and B, with 1-68 and 3-95 per cent. man- 
ganese, respectively, only one point appeared clearly, 
though a slight but definite protuberance—the exist- 
ence of which was confirmed on repetition—seemed 
to indicate a further transformation for each material. 
The upper of these two transformations appears to be 
‘the Ac; change, progressively lowered from 903 deg. 
to 802 deg., with increase in manganese from 0-06 to 
3-95 per cent. The lower transformation similarly 
corresponds to the Ac, magnetic change, its comple- 
tion, so far as ascertainable from the inverse-rate 
curve, agreeing reasonably well with the observed loss 
of magnetism. 

In specimens C/2 and D (6-75 and 9-45 per cent. 
manganese) there was only evidence of one transforma- 
tion. Asthe end point of this transformation (752 deg. 
and 720 deg., respectively), so far as it can be deter- 
mined, is below the temperature of loss of magnetism 
(770 deg.), the two points Ac, and Ac, have presumably 
now combined. This being so, the retention of 
magnetism in these specimens, in a small range of 
temperature above what appears to be the completion 
of the thermal transformations, is peculiar. Similar 
behaviour is, however, observed in the cooling curves. 
Specimens E and E/3, with 12-95 and 14-30 per cent. 
manganese, although possessing initially sufficient 





* Paper read before the Iron and Steel Institute, 
London, on May 5, 1927. Abridged. 
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magnetism for the magnetic transformation tempera- 
ture (770 deg.) to be determined, showed no corre- 
sponding indication in their inverse-rate curves. 
E/3, however, displayed a@ critical point at as low 
as 264 deg. On repetition a similar point was found 
at 230 deg. Specimens G and J (17-10 and 61-50 
per cent. manganese) were devoid of critical points 
in their inverse-rate curves, and, as might be expected, 
G, initially non-magnetic, gave no indications of 
magnetic changes. The appearance of a critical 
point in specimen I (83-50 per cent. manganese), 
apparently quite unconnected with those observed in 
the alloys containing the lower percentages of man- 
ganese, is interesting. Its actual nature has not, so 
far, been examined, though possibly it has its origin 





to about 100 deg. in alloy E (12-95 per cent. man- 
ganese), becoming, at the same time, much weaker. 
In alloy E/3 (14-30 per cent. manganese) no such 
critical point was discernible. This is only to be 
expected in view of the feebly magnetic qualities of 
the material. It is interesting to note that this 
material E/3, although never displaying magnetism 
to a high degree, is more strongly magnetic at about 
600 deg. than at room temperature. 

Specimen G (17-10 per cent. manganese) gave, 
as on heating, no indication of magnetism at any 
temperature on cooling. A noticeable feature in these 
magnetic determinations was the fact that this lower 
magnetic-change point was not fixed, but in all cases, 





on repetition, appeared at a rather lower temperature. 


alloys of higher manganese content, a corresponding 
evolution of heat appeared in the inverse-rate curves, 
diminishing in intensity with increase of manganese. 
For E/3 (14-30 per cent. manganese) this evolution 
was discernible, although, as previously mentioned, 
the magnetic change could not be detected. In the 
non-magnetic specimen G (17-10 per cent. manganese) 
the evolution of heat had also disappeared. Specimen I, 
83-50 per cent. manganese, underwent an evolution of 
heat at 710 deg., evidently corresponding with the 
absorption already noted in the case of the heating 
curve. 

In the present research, it seems clear that the 
magnetic strength of the alloys becomes progressively 
weaker with increase of manganese, and the final 





Fie. 8. Sprecmen B. C006; Mn 3°95 PER 
Crent. THE Micro-STRUCTURE OF THIS STEEL 
VARIES IN DIFFERENT AREAS. THIS PHOTO- 
GRAPH REPRESENTS THE PEARLITIO AREAS. 


Fie. 9. Specimen B. C 0:06; Mn 3°95 PER 
Cent. Tuts PHOTOGRAPH REPRESENTS THE 
Troosto-MARTENSITIC AREAS. 


Fia. 10. Sprctmmen G. C 0°15; Mn 17°10 Per 
Cent. Mixep AUSTENITIC AND MARTEN- 
sItic STRUCTURE. 





Fig. 11. Sprcmmen B. C 0:06; Mn 3°95 PER 
Crent. MARTENSITIC STRUCTURE. 


in some transformation occurring in the metal 
manganese itself on heating. 

On cooling, the first reappearance of magnetism 
again occurred at practically the same temperature 
(767 deg. to 776 deg.) for all the magnetic alloys, 
and very nearly the same as that at which magnetism 
disappeared on heating. In the alloys up to 3-95 per 
cent. manganese, the magnetism reached practically 
its full value after a further slight fall of temperature, 
and remained more or less constant down to room 
temperature. With 6-75 per cent. manganese and 
above, the magnetism, after reaching a maximum, 
fell off again with decreasing temperature until a 
second critical temperature was reached, at which 
there was a further recovery. This recovery was 
maintained and increased until, when room tem- 
perature was reached, the specimen had regained 
approximately its original magnetic value. The 
magnetic changes in these alloys are naturally smaller 
in magnitude generally than for the more magnetic 
alloys with less manganese, and diminish in strength 
as the manganese content increases. This second 
and lower critical magnetic change point appeared 
in alloy C/2 (6-75 per. cent. manganese) at 315 deg., and 
was progressively lowered with increase in manganese 











Fig. 12. Spectmen G. C 0:15; Mn 17:10 PER 
Cent. MrIxED MARTENSITIC AND AUS- 
TENITIC STRUCTURE. 


Thus in E (12-95 per cent. manganese), during the 
cooling following the seventh heating, it appeared 
at 150 deg. In the eighth cooling the temperature 
was 100 deg. Check tests on specimen D (9-45 per 
cent. manganese) with the hand magnet, gave 220 deg. 
and 205 deg. in the third and fourth coolings, 
respectively, while with C/2 (6-75 per cent. man- 
ganese) the temperatures were 300 deg. and 295 deg. 
in the fifth and sixth coolings. Whether such 
alteration is due to a physical change caused by 
repeated heating, or to a reduction, by oxidation, 
in the already small carbon content, has not yet 
been investigated. No such variation occurs in the 
position of the, upper magnetic transformation. 

As regards the cooling curves of the inverse-rate 
type, that for 1727D (0-06 per cent. manganese) 
displayed the three critical points Ar,, Ar, and Ar. 
1379A (1-68 per cent. manganese) only displayed 
one critical point, corresponding with the reappearance 
of magnetism. None of the curves for the remaining 
magnetic alloys, i.e, up to E/3 (14-30 per cent. 
manganese), gave any indication on the inverse-rate 
curve of this upper magnetic transformation. With 
the appearance of the lower magnetic change point in 
C/2 (6-75 per cent. manganese) and the magnetic 


Fig. 13. Spzomen H. C020; Mn 38-90 rer 


Crent. AUSTENITIC STRUCTURE. 


transformation, also as a consequence, diminishes in 
intensity, finally vanishing before 17-10 per cent. 
manganese is reached, and also before this trans- 
formation has reached ordinary temperature. 
Photomicrographs.—Micro examination of each of 
the alloys up to and including 38-9 per cent. manganese, 
was carried out on the forged material, in the conditions 
both ‘as forged’’ without further heat treatment, 
and also after quenching in water from 1,000 deg. C. 
The specimens were in the form of }-in. square bars, 
and micro examination was made of a transverse 
section. Representative microstructures are shown 
in Figs. 8, 9, 10, 11, 12 and 13 from micrographs 
taken at a magnification of 600 and reduced by 
one quarter in reproduction. Figs. 8 and 9 show 
the microstructure of a steel, containing 0-06 per 
cent. of carbon and 3-95 per cent. of manganese, 
in the as-forged condition. The structure varies in 
different areas, and Fig. 8 represents the pearlitic 
and Fig. 9 the troosto-martensitic areas. The material 
depicted in Fig. 10 contains 17-10 per cent. of 
manganese, and is also in the as-forged condition ; 
the specimen shows a mixed austenitic and martensitic 
structure. The martensitic structure of the 3-95 per 





cent. manganese material, when water quenched from 
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1,000 deg. C. is shown in Fig. 11, and Fig. 12 depicts 
the 17-10 per cent. alloy when given the same 
treatment ; both martensite and austenite are present. 
Fig. 13 represents an alloy containing 38-90 per cent. 
of manganese after quenching in water from 1,000 deg. C. 
The structure is austenitic. 

Corrodibility.—For the purpose of determining the 
characteristics of this series of alloys as regards their 
resistance to corrosion, tests were carried out by 
exposure to (a) Sheffield tap water; (b) artificial sea- 
water; (c) atmospheric corrosion. The author’s pre- 
vious experience, and the work of other investigators, 
had not made it appear likely that alloys of this 
character would exhibit any advantageous features as 
regards their resistance to corrosion, and, therefore, in 
this instance, it was not considered necessary to investi- 
gate the whole series. Alloys B, E3, G, and H were 
selected for the purpose, as covering the whole range in 
convenient stages. In order that the results should be 
strictly comparable one with another, it was decided to 
carry out these tests on the material quenched in water 
from 1,000 deg. C., rather than in the “as forged ”’ 
condition. 

The results obtained showed that no alloy of this 
series appeared to possess useful corrosion-resisting 
properties. At the same time, the alloys containing 
14 per cent. manganese, or over, only suffer in an 
industrial atmosphere about one-third of the corrosion 
sustained by ordinary mild carbon steel, or about 
three times that of rustless iron or steel of the simple 
high-chromium type, as determined in tests carried out 
under comparative conditions. 

Conclusion.—_In summing up the general results of 
the present research, and in comparing the physical 
properties of the materials described, one of the features 
of outstanding importance is undoubtedly that they 
bring out very clearly the literally marvellous influence 
of carbon. On consideration, it is not a little astonish- 
ing to find that the production of the yaluable material 
known as manganese steel, which the author discovered 
in 1882 and described before this Institute in 1888, 
would probably not have been possible had the ferro- 
manganese used in his researches contained a low 
percentage of carbon; 80 per cent. ferro-manganese 
ordinarily contains 6 to 7 per cent. carbon. The 
result of the present research clearly shows that alloys 
of manganese without carbon do not appear to be of 
commercial value. There may be applications here 
and there for some of the materials, but, as far as at 
present ascertained, characteristics or qualities which 
indicate value from the industrial point of view 
have not been found. 








THE HOTCHKISS INTERNAL-CONE 
PROPELLER. 


Tue navigation of very shallow waterways imposes 
certain problems on the ship designer, which cannot 
be overcome unless the ordinary methods of propul- 
sion are modified to a greater or less degree. Among 
the modifications to which attention may be called, 
are the installation of the propellers in tunnels, 
the vane-wheel system, in which there is only partial 
immersion of the revolving blades, and hydraulic 
propulsion, in which what is virtually a pump is used, 
This pump draws water in from the river and dis- 
charges it in jets in such directions as are necessary 
to give the required motion, ahead or astern, The 
particular advantage of the last arrangement, from the 
point of view of the navigation of shallow waters, is 
that the propelling equipment is carried practically 
entirely within the hull of the vessel, so that not only 
is the risk of damage avoided, but the draught may be 
reduced to a minimum, Ia the equipment about to be 
described, trouble from weeds is now claimed to be 
entirely overcome, the grids fitted to the internal 
propeller employed being self-clearing. On the other 
hand, stern paddle-wheel gear, which is often used in 
such circumstances, suffers in comparison from its 
weight, bulk and liability to damage. The speed of 
revolution of the paddle, moreover, is too low for it 
to be conveniently combined with a high-speed engine, 
while the employment of a low-speed engine means 
extra stern weight, and necessitates a boat with full 
lines aft. Again, the tunnel-screw arrangement is less 
efficient when the draught is small, and is not easy to 
use for astern running. In shallows, too, foreign bodies 
may be sucked into the tunnel and cause damage. 

Under such conditions as we are considering, 
therefore, the hydraulic propeller offers great advan- 
tages, consisting, as it does, simply of an impeller 
rotating in a casing. A further point in its favour 
is the absence of ‘‘ water noise,’’ which renders it 
immune from detection by a hydrophone. A worker 
who has contributed greatly to the development of this 
system is Mr. Donald V. Hotchkiss, of North Bridge, 
Wareham, Dorset, whose hydraulic propeller,* brought 





* See ENGINEERING, 1924, vol. cxvii, page 13. 
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out in 1919, has been applied successfully to a large 
number of vessels. Mr. Hotchkiss has now designed 
a new arrangement, which he calls an internal-cone 
propeller. The new propeller employs a different 
principle of flow, resulting, it is claimed, in consider- 
able reductions in weight, size, and cost, coupled with 
good propulsive efficiency. 

The principle of the new propeller may be explained 
by reference to Figs. 3 and 4. If a hollow cone with 
closed ends, and with one side partially cut away, as 
there shown, is held with its axis horizontal and with 
the cut edges below the surface of a moving fluid, the 
axis of the cone being at right angles to the direction 
of flow, an eddy forms, which causes the fluid to flow 
into the cone at the end nearer the apex and to be 
discharged at the end nearer the base. The direction 
of both the inlet and outlet are tangential to the 





direction of rotation of the fluid and in the same 
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direction. This movement, which may be termed an 
expanding helical flow, is capable of rotating an 
impeller arranged with its axis coincident with that of 
the cone. If the impeller is rotated mechanically, the 
same type of flow is set up, the direction depending 
on the direction of rotation. A powerful reaction is 
then obtained, which acts on the sides of the cone, so 
that there is a positive pressure on one side and a 
negative pressure on the other. A form of centrifugal 
pump is thereby produced, differing from the ordinary 
type in that it receives fluid at an initial velocity and 
imparts an additional velocity to a large mass of 
water with the minimum of frictional loss. All piping 
is eliminated and there is no diffuser, while the section 
of the discharge column acted upon per unit weight 
and size of apparatus is much greater than in ordinary 
low-head centrifugal pumps. 

As is clear from the illustration, Fig. 3, one side of 
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the cone is fitted with a flange for attachment to the | difficulty with the control and no sign of propeller 
hull, and this fits over a large opening of roughly | racing. 
triangular shape, which serves both as an inlet and an| The trial proper began at Poole and was at first 
outlet. Variations may be made in the opening, | specially directed to showing the capabilities of 
particularly at the smaller end, and the cone may be cut | the boat in shallow water. A voyage was made 
and flanged so as to give the curvature necessary to | to Sandbanks on easy throttle through the “ Diver” 
fit it to any type of hull. A ship may, therefore, be|and the boat was run into shallow water, 
fitted with internal propellers of this type, and these | shoaling to about 7 in., and finally beached on the 
would give an aggregate discharge at low relative | sand inside the harbour entrance. From Sandbanks a 
velocity, which would be equivalent to the quantity | course was set to Swanage via Old Harry Rocks, 
acted upon by screw propellers. It may be added| which were reached at the full speed of 10 knots. 
that the ultimate intention of the design is to} The throttle was then nearly closed and the remainder 
provide a number of these conical recesses in the|of the run to Swanage completed close in shore in 
vessel, each containing an impeller. about 2 ft. of water. During part of the run some 

In the present stage of the development of this | lobster pots were passed over to show that internal 
system it will, however, be sufficient to call attention | propellers are completely protected from fouling with 
to its employment on an 18-ft. launch, which we | ropes. The ease with which the boat can be manceuvred 
recently had an opportunity of inspecting under trial. | under all conditions was fully demonstrated, and both 
This boat is of full water lines an@§is practically flat- | engine and propellers ran throughout the 20 mile trial 
bottomed, as shown in the drawifgs reproduced in| without fault. 
Figs. 1 and 2 and in the half-tone engravings, 
Figs. 9 and 10. Its maximum draught is 6 in., 
its beam 4 ft. 6 in. and its depth 2 ft. 3 in. It is 
equipped with a four-cylinder 10 h.p. Brooke engine 
with a normal speed of 1,000 r.p.m. This engine drives 
the impellers at a maximum speed of 700 r.p.m. through 
gearing. The weight of the complete engine equipment, 
including the reverse gear, but without the impellers, 
18 460 lb. The internal-cone propellers, more detailed | Drop Forgings. —A catalogue of drop forgings received 
drawings of the construction and arrangement of which | from, Mossrs. J. H. Williams and Company, Buffalo, N.Y., 
are given in Figs, 5 to 8, have a diameter varying | U,S.A., illustrates an extensive range of finished spanners, 
from 15 in. at the large end to 6} in. at the small! pipe wrenches, tool holders, lathe carriers, clamps, vices, 
end and are fitted with four-bladed impellers of cast | and gauges, and also larger forgings such as crank shafts, 
gun-metal. The cones themselves are of galvanised | connecting rods, and special parts, 
welded steel, and the impeller shaft is of bronze, 1} in. Railway-Shop Plant.—Messrs, B. and 8, Massey, 
in diameter. The gearing is of the spiral crown and | Limited, Openshaw, Manchester, have sont us a catalogue 
inion type and was made by Messrs. David Brown | 0f machines for railway shops, including rolls and pneu- 
I , YI "ny ree oy . “ matic hammers for tyre fixing, steam and pneumatic 
and Sons. The pinion shaft is carried on ball bearings hammers for axle forging and other work, drop stamps, 
and the gear shaft on ball thrust bearings. There is | i) fired furnaces, trimming presses, &c. 
no thrust bearing on the impellers, as the entire RE ay . ; 
thrust is taken up by the sides of the cones, the Kleetric Welling.—A catalogue of plant for electric 
. fie 7m x welding with alternating current is to hand from the 
impellers merely sustaining a torque. The gear box | premier Electric Welding Company, Abbey Wood, 
is attached to the casing by means of gun-metal| London, S.E.2. A handbook for electric welders and a 
nuts which, when slacked, allow it to hinge in a} paper on the thermal disturbance in iron and steel during 
vertical plane. This permits the anglo of the shaft | welding by Dr. J. H. Patterson, issued by the company, are 
to be adjusted and the gear to be fitted close to | #lso to hand. 
the engine when desired. The weight of the impeller Dynamometer Car. —We have received from Messrs. 
unit complete is 72 lb. or 100 lb., including the water Alfred J, Amsler and Company, Schaffhouse, Switzerland, 
in suspension. This is stated to be roughly from one- | * ©at#logue of their dynamometer car for railway work, 

‘ ° : which measures the tractive force, buffer stresses, speed, 

quarter to one-third of the total weight of any previous | 4. done on the drawhar, wind pressure, brake forces, 
hydraulic propeller of equal capacity. |&c. It has been supplied for use on the railways of 

Special attention may be drawn to the galvanised | eleven different countries. 
steel grids, which are fitted over the intakes flush with | — /pctri¢ Motors.—The British Thomson-Houston Com- 
the hull. These grids are open at one end and, we | pany, Limited, Rugby, have issued a new catalogue of 
understand, never become chocked with weeds. A| their variable-speed commutator motors for polyphase 
further feature of this particular equipment is its direct | circuits. The motors are designed to maintain @ con- 
reversibility, thus distinguishing it from the earlier | stant speed irrespective of load variations, = are 
pattern, reference to which has already been made. | = for driving printing and peper-making mac hinery, 

A ‘ . -. | rubber calendering machines, large lathes, &c. 

There is no keel outside the boat, and steering is | 








CATALOGUES. 


Vacuum Cleaner.—-A vacuum cleaner for use in mills, 
factories, vehicles, &c,, and suitable both for ordinary 
cleaning and for the removal of dust produced by various 
machines, is dealt with in a catalogue received from the 
Sturtevant Engineering Company, Limited, 147, Queen 
Victoria-street, London, E.C.4, 


Fig. 10. 


Illustrations are included and all necessary particulars: 
are given. 

Furnaces.—The Incandescent Heat Company, Limited, 
Cornwall-road, Smethwick, Birmingham, have sent us a 
catalogue of heat-treatment furnaces, illustrating a 
number of large installations which they have supplied, 
in some cases with auxiliary plant for charging, quenching, 
cooling oil, gas production, &c, These plants are made 
to suit the fuel available and the class of work to he 
treated, such as tools, castings, forgings, motor-car and 
locomotive parts, &c. 

Screwing Taps.—A catalogue of 8.K.F. taps, with 
the threads finished by grinding after hardening, has 
been issued by Messrs. Alfred Herbert, Limited, Coventry. 
These include a full range of sizes in British and metric 
pitches, and in types for hand and machine use. Taps 
with Acme and other special threads are made to order, 
as also are long taps for screwing the holes for the firebox 
stays in boilers, Practical information about sharpening, 
| sizes of tapping holes, &c., is added. Prices are stated 
in nearly all cases, 

Oil Mill Plant.—A catalogue of machinery for oil 
mills, received from Messrs, Greenwood and Batley, 
Limited, Leeds, gives illustrations and descriptions of 
presses, rolls, heating kettles, moulding machines, paring 
machines, runner grinders, coke breakers and many 
types of filters, pumps, hydraulic accumulators and other 
equipment, These machines are used for the extraction 
of oil from seeds and the preparation of the residue 
as oil cake, ‘The machinery is classified broadly into 
equipment for seeds treated in one pressing, and those 
treated in two pressings; but there are considerable 
variations in each class, 


Heavy Machinery.-Mesars, Scott and Hodgson, 
Limited, Guide Bridge, near Manchester, have sent usa a 
now catalogue illustrating and briefly describing a number 
of their products, including a 12,000 i,h.p, horizontal 
steam engine supplied for a reversing-mill drive in a 
atee! works ; a number of other steam engines of various 
types from LOO h.p, to 3,000 hep. ; a rope pulley of 120 
tons weight, 32 ft. in diameter, grooved for twenty 2-in, 
ropes ; a toothed gear, 39 tons in weight, with cast-iron 
hub and arms and steel rim cut with teeth of 7-in, pitch 
and 30 in, wide ; heavy high-speed flywheels ; shears for 
cuts 12 ft. in length in cold steel; reduction-gear units 
of 160 tons weight ; @ colliery-winding drum and gear 
with 350 b.h.p. motor; and other heavy engineering 
plant. These examples serve to indicate the scale of 
work undertaken by the firm. 











IGNittoN OF ACCUMULATED METHANE BY A STONE- 
Dustina Macutne.—A coal-mine accident, discussed in a 
recent Investigation Report of the United States Bureau 
of Mines, Serial No. 2805, is ascribed to the disregard 
of the regulations and to the ignition of methane which 
had accumulated near a coal face by a spark from an 
insufficiently protected stone-dusting machine. Several 
hours after the particular place had been found free from 
gas, two men brought the machine up. The electric 
motor of the machine was encased, but the machine was 
| not of the safety type approved by the Bureau ; the self- 
| propelling machine collided with a door so that the venti- 
| lation was interfered with. One man walking in advance 
| found that gas had accumulated 18 in. below the roof ; 
| he waved his hands as a warning, and thereby probably 
produced an explosive gas-air mixture. An explosion 


effected by a small balanced rudder, which deflects | ber rr —— = J. and J. by rage eee | ee — the a — been oan — As 

. care | Stour bric e, Nave sen us a@ CO 0 le new eaition ymnere was ™o ioo0se coa ust about anc 1e ound was 
the discharge stream to port = starboard, thus Stving ® | of their jankes catalogue of firebrieks, fire-tiles, fire- | damp, the explosion did not spread, but ie tere men 
powerful turning effect in either direction. On the | lumps, ground fireclay, boiler-setting bricks, gas retorts | were burnt, one fatally. According to the rules of 
occasion of the trial, the boat made a direct run} and settings, lining bricks for water-gas plants and glass | the company, the self-propelling machine should not 
from Swanage to Bournemouth before a rising wind | works, grate and range bricks, blast-furnace and cupola | have been moved near the face before re-examination of 
and following sea, during which time there was no | linings, and other forms of firebricks for various purposes. | the atmosphere by safety lamps. 
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ALKALI WORKS IN 1926. 

One statement that had become almost stereotyped 
in the annual reports* presented under the amended 
Alkali Act, of 1906, to the Minister of Health and to 
the Scottish Board of Health by the chief inspectors, 
Dr. T. Lewis Bailey, of London, and Mr. J. W. Young, 
of Glasgow, seems likely to disappear from future editions. 
Every year inspectors had been requested to investi- 
gate complaints which they found to’ be due to pro- 
cesses not registrable under the Act. The Smoke Abate- 
ment Act, which came into force on July 1, 1927, 
empowers the Ministry of Health to extend the 
list of noxious and offensive gases and the list of 
works falling under the Act, and, further, to authorise 
inspectors to enter and inspect any works, likely to 
cause the evolution of offensive gases, even if not 
under the Act. The difficulty of tracing the source of 
noxious gases is well exemplified by a peculiar case 
reported from the River Forth. Fumes from certain 
chemical works were said to corrode the stone work and 
the window glass of buildings near by. The stone 
corrosion was irregular, and it was doubtful whether 
the chemical works, or merely the acid coal smoke 
and the damp sea winds were really responsible. 
The window glass was damaged by an iridescent surface 
bloom, which could not be removed by cleaning. The 
bloom appeared in bands, sometimes vertical in one 
window, and horizontal in the window next to it, and 
on inquiry a similar turbidity of window glass was 
observed in other parts of Scotland, far removed from 
any chemical works. 

The number of works registered in England, and of 
processes, decreased in 1926 by 25 and 61, respectively, 
to 1,152 and 1,867; the corresponding numbers for 
Scotland, viz., 154 and 292, were slightly higher than 
last year. The stoppage of the coal mines naturally 
affected the coke works and the production of am- 
monia and tar. In most of the other chemical works 
operations continued on a reduced scale, and the oppor- 
tunities for repairs were not neglected. The 43 cement 
works remained active as long as the coke supply 
lasted. More rotary kilns, 250 ft. in length, 
were brought into operation; hot-air blast is now 
utilised for conveying the coal dust from the drying and 
grinding plant to kilns, and the adoption of induced 
draught and of electrostatic dust precipitation is ex- 
tending. The trouble caused by acid gases from smelting 
works—now 51 against 62 and 67 in 1925 and 1924— 
is not quite overcome. The number of chlorine works 
has increased from 37 to 49 during the past year, owing 
to the extended use of liquid chlorine; the excess chlorine 
can be absorbed in towers fed with soda solution, but 
the processes require careful supervision in every detail. 
One complaint made in connection with muriatic 
acid works was really due to dust from carbonised 
rags. The sulphide works have been well conducted 
and carbon disulphide manufacture for artificial silk, 
which gave considerable trouble last year, is not 
mentioned. The number of chemical manure works 
has, in the last two years, decreased by 16 to 80 in 
England ; there are twenty works in Scotland. Most 
of these works make superphosphate, the production 
of which is still decreasing; the other plants supply 
fish manure and dissolve bones. In the 37 alkali 
works, the Leblanc process is holding its own for the 
manufacture of salt-cake and hydrochloric acid ; 
recent modifications of mechanical furnaces are still 
on trial. The nine wet-copper process works are 
operated only to a very limited extent. 

There have been decreases in the numbers of works 
engaged in the manufacture of sulphuric acid (class I, 
chamber process), of oleum (class II, contact process), 
and of ammonium sulphate, the numbers for 1926 
(and 1924) being in the three cases 102 (111), 74 (87), 
and 505 (564); the numbers of gas liquor and tar 
works, 79 and 378, remained unchanged. As regards 
ammonium sulphate, the decrease does not signify 
actual closing of plants; the plants still exist, 
but operations have been stopped owing to the high 
cost of the sulphate recovery. In 1924, the production 
of ammonium sulphate in England amounted to 362,180 
tons, of which 151,161 tons came from gas works, 
and 211,019 tons from coke ovens, iron works, producer 
gas and synthetic processes. In 1926, the total pro- 
duction was 264,692 tons, and the gas works and other 
works contributed almost equa! portions. 

It is not, however, the problem of sulphate re- 
covery, which, we believe, has become more acute in 
gas works, that is engaging the particular attention of 
some of the works managers and of Dr. Bailey’s 
assistant, Mr. E. Linder. The problems studied are 
old. They concern the chamber process, the exit gases 
from Guy Lussac towers and the phenols and tar acids 
in ammoniacal liquors. Dr. Frischler, in Poland, has 
found it advantageous to use acid sprays instead of 
water sprays in the chamber, with respect to both acid 





* Sixty-third Annual Report on Alkali, &c., Works, by 
the Chief Inspectors. Proceedings during the year 1926. 
H.M. Stationery Office. [Price le, net.] 





yield and nitre consumption. On the other hand, the 
percentage of sulphuric acid in the water, used for 
scrubbing the exit gases from Guy Lussac towers should 
be kept low. Messrs. Miller had successfully scrubbed 
with small amounts of water, and this was confirmed by 
Mr. McLaurin in Cleveland, Ohio, but the practice was 
abandoned again elsewhere as leading to a waste of 
nitre. The reactions are complex. It would appear, 
however, that the fixation of the nitre gases is decreased 
when the water is of an acid strength of more than 
the 8 deg. Twaddle recommended by Messrs. Miller. 
As regards the removal of phenols from spent liquor, 
the packed dephenolating towers have not given satis- 
faction with liquor from vertical retorts and have been 
replaced by troughs of U shape, 10 ft. long, placed in a 
waste-heat flue, in which the liquor is heated by coils to 
85 deg. C. The catechol and the polyhydric tar acids 
in these liquors—phenol is C;,H;OH and catechol C,H, 
(OH),—turn dark brown on exposure to air, owing to 
adsorption of oxygen; both the discoloration and the 
oxygen adsorption are objectionable when the effluent 
is to be discharged into rivers or even into sewers. Im- 
proved analytical methods were therefore desirable. 
Tar works themselves have not caused particular 
complaints, but the bitumen-mixing plants may give 
off bad fumes, especially when air-blowing is applied 
instead of mechanical mixing. The nuisance can, 
however, be stopped by the use of a fan and a condenser. 





CONCRETE WITH SPIRAL AND BAR 
IRON REINFORCEMENT. 


Tue Austrian Ferro-Concrete Committee has recently 
resumed the experiments on the strength of ferro- 
concrete, on whichit reported in 1912, with special refer- 
ence to the increase in strength obtainable by the aid of 
longitudinal rods and spiral wires embedded in the con- 
crete. Dr. Fritz Emperger’s new report* draws atten- 
tion to a point, the importance of which was recognised 
by German investigators about twelve years ago, but 
was little heeded, viz., that the undoubtedly high in- 
crease in strength which spiral reinforcement imparts 
to ferro-concrete, depends essentially upon the strength 
and cross section of the wire used, and not, as was 
generally assumed, merely upon the amount of wire 
employed, or to any marked degree upon the quality of 
the concrete. Dr. Emperger, however, is not yet in a 
position to establish his chief point by references to 
direct experiments with a great variety of wires. 
The experiments were conducted in the Jaboratory of 
the Technical High School of Vienna, with one quality 
of Portland cement in various mixtures, and with rods 
and cast-iron bars of various shapes, T and angle irons 
and rods of cruciform section, grouped in several ways. 
Only two kinds of wire were used, but they differed 
considerably in tensile strength, and the helical pitch 
was varied. The concrete was tested in cubes, cylin- 
ders and beams, and the reinforcement tests were 
made on nearly fifty specimens, including models and 
actual columns up to 1-5 ft. diameter and 8 ft. long. 
Another point which the report emphasises is that 
the care used in preparing and moulding the concrete 
may count more than the quality of the material. 

Of considerable practical importance is the con- 
clusion drawn that structures of several storeys need 
not be designed with thicker concrete columns for the 
lower than for the upper floors, Thus light, and 
air space will not be increasingly obstructed in the 
lower parts of a building, and material will be saved, 
the additional strength required in the lower parts of 
the structure being secured by increasing the rein- 
forcement. The experiments involved the determina- 
tion of the transverse expansion of the concrete, 
which was effected with the aid of simple instruments 
supplied by Messrs. Huggenberger, of Ziirich. As 
the load on the column is increased, the concrete and 
reinforcement are stressed more and more; the con- 
crete breaks down first, finally the wires and bars 
fail; the outer shell of concrete generally splits off. 
In the laboratory it was mostly the head of the column 
which gave way because the head suffered from the 
fluctuating stresses of the load applications to which 
a built-in column would not be exposed. This trouble 
was prevented by encasing the head in iron. Dr. 
Emperger found that with efficient spiral winding no 
cross-bracing of the longitudinal reinforcement was 
required, except with eccentric loading; the joints 
of the reinforcing bars should, however, be strength- 
ened by castings or hoops. He formerly recommended 
the embedding of iron lattice-structure in concrete with 
the spiral reinforcement, but now prefers other forms 
of columns with spiral reinforcement. In the one form, 





* Versuche mit Siulen aus umschnirtem Beton und aus 
umschniirtem Gusseisen. By Dr. F. Emperger. Setzprobe 


single rods temporarily braced are wound with wire 
and concreted. On the other, the Emperger-Bauer 
method, the rods are united to a hollow cylinder, 
which is provided with wide, longitudinal slots; the 
wire is coiled round this cylinder and welded to it at 
its a Such reinforcement can be supplied ready 
made. 

As regards the advisable amount of reinforcement, 
Dr. Emperger goes much farther than present practice, 
but his terms differ somewhat from those in common use, 
and his definitions are not easy to understand. His 

1 

= = atu where Kz is the strength 
of the concrete as such, K;} the greater strength of the 
reinforced material, ais a coefficient found to be approxi- 
mately equal to 2, Fy is the area of the reinforced 
column, and F,, the area of an iron cylinder which 
contains the same mass as the spiral reinforcement. One 
per cent. of spiral reinforcement would then correspond 


to the ratio Fu = 1 
Fx 


chief formula is : 


100° 
1 
F, = nd >. where Fe! is the cross section of the 


He also gives the equation : 


wire and g the pitch of the winding. He would increase 
the total reinforcement, which is limited by some 
regulations to 3 per cent., to 5 and even to 10 per cent. 
As regards the quality of the steel, he found that 
1-3 per cent. of spiral reinforcement with a hard- 
drawn steel (of 5,500 kg. per square centimetre tensile 
strength, or about 35 tons per square inch) gave the 
same effect as 4 per cent. of a soft steel wire with a 
strength of 2,200 kg. per square centimetre. 

In his paper on concrete testing, Dr. Rinagl draws 
attention to the desirability of approximate tests of 
the concrete used during the building operations. 
Such tests need not take more than 7 days, as compared 
with 28 or 42 days for a full test, a test cube, of the 
cross section of the beam in question, being moulded 
at the same time as the beam itself, in one with it, 
but partly separated from the beam by iron shims. 
This cube thus sets and hardens practically under the 
same conditions as the beam. 





THE BRITISH ASSOCIATION ; 
SECTION G. 


THE meeting of the British Association will be 
opened at Leeds on Wednesday, August 31, when the 
President, Sir Arthur Keith, will deliver his presidential 
address on “‘ Darwin’s Theory of the Descent of Man.”’ 
This will take place at 8.30 p.m., in the Majestic Cinema. 
The sectional transactions of Section G will be limited 
to the mornings of Thursday, Friday, Monday, Tuesday, 
and Wednesday of the week September 1 to 7; excur- 
sions have been a@pranged for the Saturday and the 
afternoons. The section will meet in the Emmanuel 
School under the presidency of Sir J. B. Henderson, 
who will deliver his address on “‘ Invention ” at 10 a.m. 
on Thursday, September 1. A discussion on ‘‘ Lubrica- 
tion,” by Dr. T. E, Stanton, Sir William B. Hardy and 
others, will follow ; and afterwards, a paper by Professor 
W.\Cramp on “A Hydraulic Model illustrating the 
Behaviour of the Arc.” At 2 p.m, a visit will be paid to 
the British Research Association for the Woollen and 
Worsted Industries. On the Friday a discussion on Coal 
will be opened at 10 a.m., and papers will be presented by 
Dr. C. H. Lander and Professor J. W. Cobb on “ Our 
Available Coal Supplies and their Utilisation,” and by 
Professor R. V. Wheeler on ‘“‘ The Chemistry of Coal.” 
Subsequently, Mr. J. L. Hodgson will read a paper on 
“The Utilisation of the Internal Heat of the Earth.’’ 
On Monday, September 5, papers will be read by Mr. P. 
Dunsheath on ‘ Super-tension Cables,’”? by Mr. H. W. 
Clothier on “Switchgear,” by Mr. 8. Murgatroyd on 
‘The Mechanical Strength of Metallic Filament Lamps,”’ 
by Dr. J. Hartmann on “‘ The Jet Wave Rectifier,” an 
Mr. F, C. Turner on “A Close Voltage Rectifier.” On 
the Tuesday the section will subdivide. In the section 
room, papers will be read by Professor W. T. David on 
‘“‘ Limits of Efficiency of Internal-Combustion Engines,” 
by Major J. H. W. Gill and Mr. H. R. Lupton on “ The 
Helivane Pump,” by Mr. R. Borlase Matthews on 
“Transport on the Farm,” and by Mr. H. W. Swift on 
“Transmission of Power by Belts.” In a simultaneous 
meeting, held in the meeting-room for textiles, of the 
University, Mr. T. A. Matthew will speak on ‘“‘ Extensi- 
bility of Flax Yarns,” and Dr. Ezer Griffiths on ‘“‘ Air- 
Conditioning.”” The papers set down for Wednesday, 
September 7, are: Mr, J. Gilchrist, on “‘ Shearing Strength 
of Concrete Beams”; Mr. H. H. Burness, on ‘‘ Large 
Low Head Conduits”; Mr. T. M. Naylor, on ‘ The 
Whirling of Shafts’; and Professor C. H. Bulleid, on 
“Repetition Stresses in Cast Iron.” Sectional com- 
mittee meetings at 9.15 will precede the discussions. 
Professor F. C. Lea, of the University, Sheffield, is 
Recorder of Section G. 





Fire-Ciay Deposit, British CoLtumBra.—One of the 
largest fireclay deposits on the British Columbian Coast, 
located near Hillbank, on the line of the Esquimalt and 
Nanaimo Railway, is now being developed. A clay- 





und Flussigkeitsgrad von Beton, Vergleich ver 
Proberkéerformen. By Dr. Franz Rrvact. Mitteilungen 
iiber Versuche ausgfeiihrt vom Oesterreichischen Eisen- 
beton-Ausschuss. No. II. Leipzig und Wien: Franz 
Deuticke. [Price 5 marks. ] 


handling plant has been installed, and the manufacture 
of pipes, tiles and bricks has been commenced. A clay 
specialist from Accrington, Lancashire, has been placed 
in charge of the manufacturing operation. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings ts stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Orytice, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given Fo! the abstract, unless the 

‘atent has been sealed, when the word “ Sealed”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 








5 with which the tubes 2 communicate and terminate 
in another chamber, from which a pipe 7 leads to a 
humidifying chamber 8. Water is sprayed into the 
chamber 8 from anozzle 9 arranged substantially coaxially 
with a pipe 10 leading to a distributor 11 in the producer. 
(Accepted May 4, 1927.) 


270,180. F. B. Brown, Chester. Internal-Com- 
bustion Engines. (1 Fig.) December 3, 1926.—The 
invention relates to internal-combustion engines having 
valves arranged so that they open downward; in oppo- 
sition to the action of springs, the valves being of the 
kind in which the valve stem reciprocates in a guide 
and is provided with a hood adapted to enclose the 
portion of the guide remote from the combustion chamber, 
so as to prevent oil from external sources gaining access 





Patent on any of the grounds mentioned in the Acts. 


| 
GAS ENGINES, PRODUCERS, HOLDERS, &c.| 


268,983. Triumph Cycle Company, Limited, | 
Coventry, and J. A. Phillip, Coventry. Combus- | 
tion Engines. (1 Vig.) May 13, 1926.—The invention | 
relates to overhead-valve mechanism for internal- | 
combustion engines employing a rocker and push rod} 
each enclosed in a casing, of which the push-rod casing | 
is in two telescopic parts. According to theinvention, the | 
rocker casing has a socket, the lower part of the rod casing 
is fixed, and the upper part is adapted to be clipped to | 
the socket. Each casing 2 enclosing the valve rocker 3 | 
is detachable, and mounted upon the cylinder-head (not | 
shown). Each has a depending socket 4 through which the 
tubular push rod 5 extends for operation by a cam (not 
shown). The tappet push rod 5 is adjustable as to its 
length. The tappet rod is enclosed in a two-part tubular 
casing 9, 10 which is flanged at the lower end, and the 








lower part 10 is held down on to the crank-case 12 
by means of the flange. The lower part 10 is 
enlarged in diameter at 14 to contain a compression 
spring 15, which acts to thrust the rod downwards 
towards the cam. The lower part 10 of the tubular 
casing, is of such length that the adjustment for 
the tappet rod is exposed above its upper end, and 
mounted to slide upon it so as to form a telescopic 
connection is the upper part 9, the upper end of which 
is adapted to engage the outside of the socket 4. When 
so engaged, the two tubular portions 9 and 10 overlap 
sufficiently to provide an effective protection for the 
tappet rod. The engagement of the tubular portion 9 
with the socket 4 is effected by splitting the end of the 
tube at one or more places around the socket and 
providing a clip 20, which surrounds the split portion and 
is drawn together by ascrew. (Sealed.) 


269,689. G. H. Bentley, Westminster, London, 
and E. Appleby, Westminster, London. Gas 
Producers. (4 Fizs.) January 26, 1926.—The inven- 
tion relates to an improved process for the production of 
an intimate mixture of air charged with water for use in 


(269.689) 





gas producers. According to the invention, the air is 
heated by being passed round the wall of the producer 
and thence led to a mixing chamber, where it is brought 
into contact with a water-spray, the resulting air charged 
with water being supplied to the producer. 1 is a shell 





to the stem which slides within the guide. According 








(270.180) 


to the invention, the partially closed end of the hood 
E is adapted to constitute a seating el, which is pressed 
on to a seating a! formed on the stem a, so that oil is 
prevented from passing between the stem a and the 
hood E, and consequently it is prevented from passing 
towards the valve-head A along the portion of the stem 
beneath the hood and eventually passing between the 
stem and its guide. The hood E is also arranged so 
that the valve stem a is prevented from falling into 
the engine cylinder in the event of breakage of the valve 
spring. (Accepted May 11, 1927.) 


HYDRAULIC MACHINERY. 


270,482. H. S. Hele-Shaw, Westminster, London, 
and T. E. Beacham, Westminster, London. Hyd- 
raulic Apparatus. (4 Figs.) April 26, 1926.—The 
invention has for its object the protection of hydraulic- 
ally-operated apparatus from damage by shock. The 
invention comprises a shock absorbing or controlling 
device for hydraulic ram apparatus adapted to move a 
load in either of two directions, and having safety 
valves to place the supply to either ram in communica- 
tion with that to the other when the pressure rises above 
a given amount, characterised in that cushioning or 
yielding means are provided for absorbing a given rise 
in pressure before the safety valves are opened. 1, 2 are 
valves which are in the form of rams operating in hyd- 
raulic cylinders 14, 13. The cylinder 14 has a port 46 
leading by a passage 5b and a hydraulic power supply 
pipe 11 to a port 13a in the cylinder 13, while the cylinder 
13 is provided with a port 4a leading by a passage 5a 





20° 


and a hydraulic power supply pipe 12 to a port 14a in 
the cylinder 14. The valves 1, 2 are both loaded with 
a common spring 3 contained between two plates. The 
valves 1, 2 are formed at the opposite ends of a common 
ram, transversely through the centre of which passes 
apin 15. The opposite ends of the pin 15 are connected 
to rods 9a, 9b which are provided with stops 20 adapted 
to engage the under side of one plate. The rods 9a, 
9b pass freely through the two plates, and at their upper 
ends are provided with nuts 20a and 20b for adjusting 
the initial compression or load on the spring 3. The 
stops 20 are so disposed that the two plates will hold the 
rams 1, 2 normally in mid-position between the cylinders 
14, 13, and so that the spring 3 will resist motion of the 
rams 1, 2 in either direction. Assuming the pipes 11, 12 
to be connected to a hydraulic power supply and also 
respectively to hydraulic apparatus adapted to move a 
load in opposite directions, if then a pressure beyond 
a predetermined shock load is reached, the spring 3 will 


189 








be compressed. When the pressure reaches a point 
beyond the maximum, the ram receiving such excess 
pressure, say, 1, uncovers the port 4b in the cylinder 14 
and by means of the passage 5b places the two ends of 
the double ram in communication with one another, the 
arrangement operating as a safety valve. Similarly, if 
excess of pressure is on the ram 2, it moves the same to 
uncover the port 4@ in the cylinder 13 and by means 
of the passage 5a places the two ends of the double ram 
in communication with one another.—({ Accepted May 18, 
1927.) 


MINING, METALLURGY AND METAL- 
WORKING. 

267,592. Richard Thomas & Company, Limited, 
London, and T. F. Davies, Abercarn. Tinplate 
and Sheet Mill Furnaces. (5 Figs.) December 16, 1925. 
—The invention consists of an improved tinplate and 
sheet mill furnace wherein the heating chamber 12 is 
divided from the furnace 11 by a bridge extension or 
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partition l4a, provided with apertures 14b which form 
a means of communication between the heating chamber 
12 and the flue space between the bridge extension or 
partition and the roof 15 of the furnace, the bed 16 of 
the heating chamber and the whole or part of the roof 
sloping downward: towards the outer end of the heating 
chamber. (Accepted March 30, 1927.) 


PRINTING AND ALLIED MACHINERY. 


268,405. R. W. Crabtree and Sons, Limited, 
Leeds, and G. Hawkins, Beeston, Leeds. Sheet- 
Feeding Apparatus. (1 Fiz.) November 25, 1925.— 
The invention relates to automatic, or semi-automatic, 
sheet-feeding apparatus for rotary printing machines, 
of the kind in which tripping mechanism is provided 
for throwing the printing cylinders out of contact, 
which mechanism is arranged to trip the gear for 
moving the front lays and for actuating the grippers 
of the feed cylinder, so that it is impossible to feed a 
sheet to the printing cylinders when the latter are 
tripped, and in which the sheets are moved forward 
to the front lays by means of rubber runners or the like. 
According to the invention, the elements which effect 
the tripping or check motion of the printing machine 
are so connected to the runners, or to the elements 
by which they are carried, that the runners are main- 
tained out of contact with the second or succeeding 
sheet, whereby the latter does not move forward or 
overrun the sheet already intercepted at the front lays. 
The sheet is moved along the surface of a feed board @ 


NW WY 





until its front edge comes into contact with the pre- 
liminary front lays 6 carried by the shaft c. The shaft 
c is coupled to the shaft d. On the shaft d are mounted 
the levers f, on which is mounted an adjusting screw with 
lock nut h}, 42. The adjusting screw A! is in contact with 
one of the levers 7, which is held in contact with the 
adjusting screw h) by the spring k. The levers 7 carry 
arubberrunner/, which makes contact with the upper sur- 
face of the sheet at the time when the preliminary front 
lays b are moved back by a cam motion (not shown) to 
the dotted position shown in the drawing. The contact 
of the rubber runners 7 and a gear roller m, suitably 
geared for moving the sheet after the preliminary front 
lays 6 have been moved to the dotted position, is used 
to move the sheet along the surface of the second feed 
board. The feed board n is fitted with the usual tapes 
and runners, by means of which the sheet may be moved 
forward to the front lays 0, which are inter-connected 
with the tripping mechanism of the printing machine, 
so that, when the machine is tripped. the front lays 
are not moved and so retain the sheet which has been 
previously fed to them. Before reaching the front 





lays o the sheet strikes the feelers p, which are lightly 









hinged to levers r and have a projecting part ¢ which 
locks them under the square bar u unless they are | 
struck by the sheet. The levers r are carried on the | 
shaft v and are operated by a cam motion when the | 
position of the feelers p is changed by the moved sheet | 
so that the projecting part ¢ is clear of the square bar | 
u. If asheet is not moved on the feed board n, and does | 
not engage with the feelers p so as to free the projecting | 
part t, the shaft v remains stationary and cannot move | 
the levers r upwards. The shaft v also carries a lever | 
w, the extremity of which is articulated to one end of a} 
rod «x, the other end of which is pivoted to one arm 
of a bell crank lever y. The other arm of this is pivoted | 
to the upper end of a slotted rod z carrying a runner | 
a) which is in contact with the cam 61. The cam tis so 
formed that when the runner a! is in its uppermost posi- 
tion, the projecting part ¢ of the feelers p is released 
slightly from the square bar u. The extension of the 
rod x operates, through a spring c!, the lever d!, which 
has its end formed as a catch to engage a pin carried 
by the lever g! on the shaft d. Thus, when the pro- 
jecting part ¢ of the feelers p is not released by the sheet 
from the square bar w. so that the slotted rod may fall 
under the control of the cam b!, the catch d! holds the 
lever g! and thus maintains the rubber runner / out of 
contact with the second or succeeding sheet laid upon 
the feed board a so that the sheet is not fed forward on 
to the second feed board n. (Accepted April 13, 1927.) 


PUMPS. 


269 ,984. Holden and Brooke, Limited, West 
Gorton, Manchester, and D. L. Hall, West Gorton, 
Manchester. Pump Arrangements. (1 Ftg.) 
January 29, 1926.—In hot-water heating circuits, for 
example, instead of relying upon a natural flow, due to 
heat, a pump is sometimes installed for the purpose of 
boosting or positively creating an active flow through the 
circuit. 1 represents the pipe bedplate, carrying both 
the pump 2 and prime mover 3. The bed proper for the 
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pump 2 isthe part numbered 4, formed with passages 
5 and 6, which constitute a by-pass through the pump 
to the supersensitive non-return valve 7, the normal 
position of which is open, thereby imposing little or no 
restriction upon the natural or gravitation flow through 
the main heating circuit when the pump is not is use. 
8 and 9 are isolating cocks in the passages 5 and 6. 
(Sealed.) 


RAILWAYS AND TRAMWAYS. 


266,600. The Hoffmann Manufacturing Company, | 


Limited, Chelmsford, and C. H. Smith, Chelmsford. 
Axle Boxes. (4 Figs.) July 21, 1926.—The invention 
relates to axle-boxes with anti-friction bearings. The 
axle-box or housing containing the anti-friction bearing 
is arranged to be slidable outwardly as a unit from the 
hornplate box H, this sliding movement being effected, 
or initiated, by means of a screw orscrews threaded into a 
part of the structure to be removed and screwed against 
a fixed abutment, which may be on the axle or on the 
hornplate casting. If the wheel axle A is tapered and 
fitted with a cylindrical sleeve B having a tapered bore 
upon which the inner roller races C are mounted, the 
sleeve B is removed together with the bearings and the 
remainder of the housing, viz., the outer sleeve D and 
the inner cap D! thereof, and the leverage for effecting, 
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or initiating, the removal is applied by means of a screwed 
member, or members, engaging a suitable part of the 
housing, such as one of the sleeves B, D, and abutting 
against a relatively fixed part, such as the axle or horn- 
plate box, the two sleeves being so correlated that when 
one is moved axially it engages and shifts the other in the 
same direction. In the embodiment of the invention , 
illustrated, the outer end of the internally tapered cylin- 
drical axle sleeve B has an internally threaded bore B! 
encirling the outer end of the tapered axle A. After | 
removing the cover E and unscrewing the retaining disc | 
or nut F from the screwed end of the axle A, an externally- | 
threaded hollow bolt or cylinder G, Fig. 2, is screwed into | 
the threaded cylindrical bore B! in the end of the tapered 
sleeve until it abuts against the end of the axle A, 
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to tighten the bolts 11 sufficiently to hold the abrasive 
ring sectors 8 in the operative position, for, in operation, 
centrifugal force acting on the taper key 9 will move it 
and the bolt 11 outwards for a slight distance, thus 


whereupon the continued screwing movement of the 
hollow bolt G will cause the hollow axle sleeve B to be 
drawn outwards and thereby loosened from the tapered 
axle. On continuing the movement still farther, a) 
flange B? on the inner end of the axle sleeve B, engages a | 
part of the outer sleeve D of the housing as, for example, | 
the inner cap D! thereof, and the whole housing, together | 
with the bearings, is consequently retracted as a unit 
axially outwards from the hornplate box H. (Sealed.) 


Fig.t 





SHIPS AND NAUTICAL APPLIANCES. 


| 
269,665. John I. Thornycroft and Company, 
Limited, Westminster, London, and V. G. Barford, | 
Basingstoke. Propeller Glands. (1 Fig.) January 21, | 
1926.—The invention relates to liquid-tight glands for use | 
with propeller-shafts of boats. In a liquid-tight gland, | 
according to the invention, the gland 3, in the form of a| 
hollow cylinder, is fixed to a diaphragm 10 and held | 
between, but at a short distance from, a sleeve 6 and | 
the cylindrical flange 7 of a ring 8, both fixed to a rotary 
shaft 1, the inner and outer surface of the gland 3 being | 
formed with spiral grooves and the inner end face of the | 
gland being pressed against the adjacent face of the 
ring 8 by the diaphragm 10 and formed with an annular 
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increasing the pressure and locking sectors 8, wedges 10, 
and key 9 securely in the pocket 5. To remove the 
sectors 8 it is only necessary to tap the bolts with a 
hammer, when they may be easily unscrewed to loosen 
the sectors. (Accepted May 11, 1927.) 


262,367. D. O. Bremner, Chelsea, London. 
Delivering Liquids in Measured Quantities. (5 Figs.) 
July 14, 1925.—The invention relates to apparatus 
for delivering liquids in measured quantities by volume 
such, for example, as motor spirit and liquids of low 
viscosity. According to the invention, apparatus for 
delivering liquids in measured quantities by volume 
comprises the combination with a stationary housing 
having an inlet for liquid and a measuring vessel rotatably 
mounted therein under the inlet, of means to hold the 
measuring vessel in the filling position, until filled, and 
means operated by the liquid itself to release the holding 
means when the vessel is filled. 35 is the housing within 
which the measuring vessel 2 is rotatably mounted on 
trunnions 36. The vessel is provided with an overflow 
lip 37 which delivers into a pocket 38 connected with 
the storage tank. A float chamber 39 is arranged between 
the vessel 2 and the overflow lip 37 so that liquid from 
the measuring vessel passes to the float chamber 39 and 
thence to the overflow lip. At its upper edge, and at one 











groove fitted with a packing ring 12, that bears against 
the face of the ring. The arrangement is such that when 
the shaft is rotating in a direction for forward running, 
dirt or water will be excluded from the gland and casing 
by the pumping action of the inner spiral groove of the 
gland, and at the same time the outer spiral groove of the 
gland will, by a pumping action, tend to retain oil within 
the casing. When the shaft is rotated in the reverse 
direction, the action of the grooves will also be reversed, 
the outer groove tending to pump oil out of the casing 
and the inner groove tending to retain the oil in the 
casing, but the packing between the adjacent faces of the 
gland and ring will prevent any flow of oil between 
these parts., (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


268,013. The United Kingdom Self-Adjusting 
Anti-Friction Metallic Packing Syndicate, Limited. 
Liverpool, and F. G. Brooks, Seaforth. Metallic 
| Packings. (5 Figs.) December 19, 1925.—The inven- 
| tion relates to metallic packings for stuffing boxes. and 
| the object is to provide a packing which is particularly 
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| suitable for use with piston-rods having swelled portions. 
According to the invention, the packing rings K are 
‘of cast iron and are divided into sections fitted with 
garter springs k, and carried with an interposed locating 
ring M in spring-pressed sleeve rings E. (Accepted April 


6, 1927). 
MISCELLANEOUS. 
270,054. Tasker’s ‘Engineering Company, 
Limited, Sheffield, and T. Hudson, Sheffield. 
Grinding or Abrading Wheels. (3 Figs.) March 20, 


1926.—The invention relates to grinding or abrading 
wheels of the type known as segmental-dise grinding 
wheels, in which a series of abrasive ring sectors 8 project 
axially from pockets 5 in the wheel frame 4 and are 
secured therein by taper keys 9 moved away from the 
wheel centre by means of bolts 11 engaging tapped holes 
in the keys 9 and bearing against the wheel frame. 
The bolts 11 engaging the tapped holes in the keys 9, 
are radially disposed and, according to the invention, 
“ad through smooth untapped holes in the outer cireum- 
erential walls 7 of the pockets 5 with their heads bearing 
In this manner, it is only necessary 





on such outer walls. 


side of the measuring vessel, is a projection 1 which is 
engaged by a tooth on an arm 8 pivoted at 4 on the 
housing. A rod 40 is rotatably mounted in the walls 
of the overflow lip and has three arms mounted thereon. 
One arm 41 is operated by a float 5in the float chamber 39. 
A second arm 42, which is arranged at one end of the rod 
40 outside the measuring vessel, operates on the end of 
the arm 3. The third arm 43 is at the opposite end of 
the rod 40, also outside the walls of the overflow lip. 


Fig.t 
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The arm 43 carries a roller 44, which engages under an 
overhanging member 45 which is mounted on, orforms part 
of, a first arm 30 carried on a second rotatably-mounted 
rod 26 at right angles to the rod 40 and within the 
measuring vessel 2. Thus, when the roller 44 moves 
away from the part 45, the rod 26 will rotate under the 
action of the weight of the part 45. The rod 26 carries 
a second arm 27 which, at its outer end, carries a conical 
roller 28 that engages with the tail or projection 25 
of a valve 24 adapted to close the inlet pipe 23. Assum- 
ing the measuring vessel 2 to be in the filling position, 
when the vessel is filled, excess liquid overflows into the 
chamber 39 and causes the float 5 to rise. The rod 40 
is thus rotated until the arm 42 causes the toothed arm 3 
to become disengaged from the projection 1 so that the 
measuring vessel can be rotated. The rotation of the 
rod 40 also causes the roller 44 to move away from the 
part 45, whereby the rod 26 is allowed to rotate and 
remove the conical roller 28 from engagement with the 
tail 25, whereby the valve 24 closes and prevents further 


liquid being delivered through the inlet 23. The toothed 


arm 3 is retained in engagement with the projection 1 
by gravity or by spring means. The measuring vessel 


is then rotated and emptied and returned to the filling 


position, when the float 5 falls thus allowing the rod 40 


to rotate and the arm 43 again to engage the part 45. 
The conical roller 28 is now in a position again to engage 
the tail 25 and open the valve 24. Thus, when the valve 


has been closed by the filling of the measuring vessel, 


it can only be reopened by emptying the measuring 
vessel. 


(Sealed.) 
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THE TESTS ON THE EXPERIMENTAL 
ARCH DAM ON STEVENSON CREEK, 
CALIFORNIA. 

By Frep A. Nortzui1, M.Am.Soc.C.E. 

Some results of the tests on the Stevenson Creek 
experimental arch dam in California have recently 
become available for publication, and will be given 
in this article. Theinvestigation is being continued, 
and all the results will later be published by the 
Engineering Foundation, the research organisation 
of the four American national engineering societies, 
under whose auspices the arch dam investigation is 
being carried out. 

The Stevenson Creek experimental arch dam was 
completed in June, 1925. It has already been 





Fig. 1. 


as much as 3 ft. The observation platforms were 
carried away, and the wiring of the electric tele- 
meters torn loose. Water ran over the top of the dam 
all the winter. The dam under these conditions is 
shown in Fig. 3. In spite of this crucial test, the 
dam itself has apparently not suffered any damage. 

The deflections of the dam were measured in seven 
vertical sections at points 5 ft. apart vertically by 
means of a clinometer. The accuracy of the deflec- 
tion measurements is approximately 0-001 in. 
Under full-water load, the dam deflected a maximum 
of 0-388 in. at a point of the arch crown approxi- 
mately 30 ft. below the crest. At the crest itself, 
the dam deflected downstream at the arch crown, 
and upstream between the quarter points and ends. 
The deflections are represented in Fig. 4. This 
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Fig.4. DEFLECTIONS OF DAM SHOWN ISOMETRICALLY ON DEVELOPED VERTICAL FACE 
(LOOKING UPSTREAM) 
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described in ENGINEERING,* while, in a later article 
particulars were also given of the installation of 
measuring and recording instruments in connec- 
tion with the investigations.+| The dam is 60 ft. 
high and has a length of 140 ft., measured along the 
crest. The up-stream radius of the arch is 100 ft., 
the thickness is 7-5 ft. at the base and 2-0: ft. at 
the crest. It is shown in section and elevation in 
Figs. 1 and 2. 

During construction, the dam as previously re- 
corded, was suitably equipped with instruments for 
measuring the deflections, strains and temperatures. 
Several complete series of readings of all instruments 
were made during the period of the curing and harden- 
ing of the concrete. Forty days after the dam was 
completed the first test was made with the water 
20 ft. deep in the reservoir. Subsequently, tests 
were made with the water 30, 40, and 50 ft. deep 
and with the reservoir filled to the crest. 

In November, 1926, a severe storm caused a 
flood which deposited so much rock debris in the 
reservoir that the under-sluice was choked and the 
reservoir filled with water. The depth of the 
debris at the up-stream face of the dam is about 
40 ft. At the height of the storm, the depth of the 
water pouring over the crest of the dam reached 





* See vol. cxx, page 343. 
t See vol. cxxii, page 562. 


Distance trom CentreLine of Dam -Feet 
Undeflected Dam 





116". 


r ] 













































































60 ar 
‘4 
fi 
50 
Test N14 
i mV, 
P Servet 
30 
= |} : / 
Ss zoly ‘320 
y | 3 
5 10 10 
0 oor” §=—-0-02" 0 001 §=6—00z" §=—0-03" 
(s0.c) Spreading WF. Spreading at Elev. SSFe. 


indicates the effect of vertical beam action, for 
which the reaction upon the uppermost arches 


than near the side abutments. The process of 
measuring the deflections by means of the clino- 
meter is illustrated in Fig. 6, page 192. 





When the water in the reservoir rose for the first 


apparently was greater near the centre of the dam | 


IgI 








time to a depth of 30 ft., a horizontal crack appeared 
approximately at the centre line of the dam between 
its bottom and the foundation at the upstream side. 
Under a head of 50 ft. a vertical crack appeared on 
the vertical centre line of the dam, extending for 
about 11 ft. from the top down. Another vertical 
crack appeared under a head of 60 ft. on the down- 
stream face of the dam on the vertical centre line 
extending from the foundation upward, a distance 
of approximately 11 ft. The location of these cracks 
is shown in Fig. 2. Fig. 7, page 192, shows an electric 
telemeter embedded partly in concrete and partly in 
rock. The failure of one of these instruments gave 
one of the first indications of a crack between the 
dam and its foundation. = 

Spreading of the Canyon Walls.— Although the bed- 











Fie. 3. Dam uNDER FLoop ConpDITIONS. 


rock at the dam site is solid granite, a slight spread- 
ing of the walls of the canyon of about 0-03 in. due 
to arch thrust was observed. The measurements 
were taken along the long chords at the 17-ft. and 
33-ft. elevations. An invar steel bar was attached 
tc a steel plug embedded in the bedrock at one end 
of the dam at each of these levels. Each bar ex- 
tended along the direction of the long chord up to 
the corresponding point at the other abutment, 
where the end of the bar bore against the plunger 
of the Ames gauge attached to another plug em- 
bedded in the bedrock. In this way the total change 
of distance between the ends of the chord was trans- 
mitted to the Ames gauge. The readings gave, 
therefore, the sum of the movements of both abut- 
ments of the dam. This total movement along 
the chord lengths is plotted in Fig. 5, for the different 
depths of water level in the reservoir. 

Strains, Moments, Shears and Loads—According 
to the ordinary laws of mechanics, there exists in 
an elastical body subjected to loads a definite 
relationship between deflections, strains and stresses. 
For arch dams, it is customary to divide the struc- 
ture into elementary vertical elements, sometimes 
called cantilevers, and into elementary horizontal 
arches. From the observed data of deflections and 
strains in the Stevenson Creek test dam, the 
moments and shears in the vertical and horizontal 
elements have been determined, and from this the 
probable division of the total water pressure between 
the vertical and horizontal elements has been 
deduced. As an example, Fig. 8, page 192, shows 
the vertical element on the centre line of the 
dam under the 60-ft. head. Fig. 8 also shows 
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the deflections, moments, shears, and loads on this 

vertical element as deduced from deflections 

measured with the clinometer. The moments, 
shears, and loads carried by the horizontal arch 
elements at elevations 10 ft. apart vertically, have 
been determined from the observed deflections and 
strains. 

By a double differentiation of the deflection line 
shown in Fig. 8 (b), the bending moments repre- 
sented by the curve of Fig. 8 (c) were obtained. 
The third differentiation led to the shear curve 
as shown in Fig. 8 (d) and the fourth differentiation 
furnished the load curve, BDC of the vertical 
elements, as given in Fig. 8 (e). 

The triangle ABC of Fig. 8 (e) represents the total 
water pressure acting upon the vertical element. 
The area between the line AB and the curve BDC 
represents the load carried by the vertical element 
as determined from the test data. 

The area between the line BDC and the line BEC 
represents the load carried by the horizontal arch 
elements. It is of interst to note that these partial 
loads were determined independently from each 
other from the deflections and strains in the vertical 
element on the one hand, and in the horizontal arch 
elements on the other hand. The sum of the loads 
carried by a vertical and a horizontal element must 
be equal to the total water pressure at the point. 
A test of the accuracy of the results is therefore 
afforded by a comparison of the sum of the loads 
carried by the vertical and horizontal elements 
with the total water pressure for the element under 
consideration, as represented by the triangle ABC. 

By way of comparison, there is shown in Fig. 8 (e) 
the curve BFC, which is the theoretical load division 
line for cantilever and arches, respectively, as deter- 
mined in the original design of the dam in January, 
1925. Apparently the test dam under full load 
carried slightly less water load by the vertical 
element than was estimated in the original design. 
One explanation of the discrepancy may be found 
in the fact that a horizontal crack developed on the 
up-stream side of the dam between the bedrock and 
the concrete. The dam could therefore not carry 
as nfuch load by vertical beam action as was 
assumed in the design for a cantilever fixed at the 
base, Nevertheless, the agreement is reasonably 
close. 

The line BEC of Fig. 8 (e) gives the summation of 
loads carried by the vertical element and the 
horizontal arches respectively. The agreement 
with the total water pressure triangle ABC is quite 
remarkable, and should give confidence in the 
accuracy of the field observations and of their 
theoretical interpretation. For the 5-ft. and 10 ft. 
elevations the loads deduced for the vertical 
elements are in doubt. The load at the bottom is 
shown as the total water pressure. 

As a check, the load curve BDC for the vertical 
element was integrated four times, and furnished a 
deflection line which coincided quite closely with the 
deflection line as actually measured on the dam 
and as shown in Fig. 8 (0). 

Strain Measurements.—In the interior of the dam 
the strains were measured by means of electric 
telestrain gauges, also called telemeters, embedded 
in the concrete. On the down-stream face of the 
dam the strains were measured by means of strain 
gauges operated by hand. At elevation 30 ft., that 
is, midway between crest and bottom, a horizontal 








row of steel plugs 10 in. apart was set in the} strains determined by three independent methods, 
concrete, forming a continuous line across the dam. | namely: (1) From the difference of strain on the 








of the design stress computations were published in| the temperatures of the concrete remained constant 
Engineering News Record, vol. xciv, May 14,| during any one test, which was very nearly the case. 
1925, page 815. For ready reference, the design} The determination of strains and stresses by the 
stresses of the arch at elevation 30 ft. have been | three methods shows a surprisingly close agreement, 
plotted in Fig. 9 (6). except perhaps for the measurements with the 

The stresses calculated by the cylinder formula | radius meter. The chain-dotted line in Fig. 9 (c) was 
for full water pressure at elevation 30 ft. are 650 Ib. | drawn to give the most probably value of the bend- 
per square inch uniform compression both at the| ing stresses as determined by the three methods. 
crown and at the abutments. The stresses on the| As was to be expected, there are some individual 
down-stream face of the dam at elevation 30 ft.| variations from point to point in the strains deter- 
as shown in Fig. 9 (5), are the total stresses, that is,| mined by any of the three methods. It is not 
they include the stresses from axial compression | certain how much of the irregularity is due to error 
as well as those from rib-shortening. in observation and how much to lack of homo- 
The three curves of Fig. 9 (c) are based upon | geneity of the concreteofthearchring. Itis believed 
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that an appreciable part is due to the latter cause, 
since irregularities frequently go in groups of three 





The strains on the down-stream face of the dam | upstream and down-stream faces as given by electric | or more points. 

between these plugs were measured from one abut- | tele-strain gauges. (2) By double differentiation! Since the curves of Fig. 9 (b) represent the sum 
ment of the arch to the other. The corresponding | of the deflections at this elevation found by the use| of bending and the direct stresses, and the curves 
arch stresses for full reservoi~ and based on a| of the clinometer. (3) From readings taken with| of Fig. 9 (c) represent only bending stresses, the 
modulus of elasticity of 3,600,000 lb. per square | the radius meter, by which instrument was measured | difference between the two curves is the stress due 
inch as determined by laboratory and field tests, | the change in mid-ordinate of a 40-in. arc of the| to direct axial compression in the arch ring. This 
are shown in Fig. 9 (b). From this figure it is seen| dam. This change in mid-ordinate is proportional | stress is plotted in Fig. 9 (b), from which it is seen 
that the stresses at the down-stream face of this | to the bending strain, and from the changes in mid-| that the direct compression was nearly uniform 
arch were approximately 260 lb. per square inch | ordinate the values of strain, shown in Fig. 9 (c), | throughout the length of the arch at this elevation, 
compression at the crown, and about 940 lb. per| have been determined. except in the immediate vicinity of the abutments. 


square inch compression at the abutments. It 


The strains per unit of length, multiplied by) In the analysis of arches, it is usually found 


may be of interest to compare these stresses with | the modulus of elasticity (for the test dam E =| convenient to consider separately the stresses 
the corresponding values of 207 and 879 lb. per | 3,600,000 lb. per square inch) give the stresses on| from the direct arch pressure and those which 
square inch at the crown and at the abutments /the concrete, and these have been plotted in Fig./ result from the shortening of the arch rib due to 


respectively, as calculated in the design of the dam | 8 


(c). In other words, the curves of Fig. 9 (c)/the direct arch pressure. The total arch 


prepared by the writer for the Committee on Arch | give the bending stresses in the arch rib at elevation | stresses are then obtained by adding algebraically 





Dam Investigation, in January, 1925. The results| 30, which are due to rib-shortening, assuming that| the rib-shortening stresses to the direct stresses. 
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It may be shown that the shortening of the arch 
rib due to the direct stresses produces a so-called 
rib-shortening pull and corresponding bending 
stresses in the arch rib. This rib-shortening pull, 
H,, may be assumed to act horizontally in the 
centre of gravity of the arch rib (see Fig. 9 (a) ), 


that is, at a distance of Yy = (1— ome 2) R from 


the centre of the arch crown.* The angle , is 
one-half of the central angle of the areh; R is 
the radius of the centre line. 

In the elementary arch of the Stevenson Creek 
dam at elevation 30 ft., the rib-shortening pull Hy, 
acts at a distance of 2-6 ft. from the centre of the 


according to the ordinary “cylinder formula.” 
A fairly definite amount of the water load is carried 
by the elementary vertical beams, and only the 
rest must be supported by arch action. The ben- 
ding stresses in the elementary horizontal arches 
are quite marked and cannot be neglected. The 
experiments on the Stevenson Creek dam have 
clearly indicated that the structure behaved more 
or less as a truly elastical body. 

Experiments on the full-sized test dam on 
Stevenson Creek have furnished such surprisingly 
accurate results that the Committee on Arch dam 
Investigation was induced to carry the investiga- 





tion one step further and undertake the testing 


Fig.9(a) ELEMENTARY HORIZONTAL ARCH AT ELEV. 30 FT. 
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arch crown. The pull Hy produces at any point | of small models of arch dams. Such tests of[small 


of the arch a bending moment Hyy where y is the 
distance of the point from the pull H,. At the 
two points of the arch where the rib-shortening 
pull H, intersects the arch axis, the bending moment 
is zero. These points are marked in Fig. 9 (c); 
and by way of comparison, the points of zero- 
moment according to theory and as obtained from 
the tests have been marked on this drawing. 
Without going into further details it is easily 
seen from the test results that the arch stresses 
in the Stevenson Creek dam were not uniformly 
distributed over the cross section of the elementary 
horizontal arches, as would be assumed in a design 





* A description of the method of determining the 
stresses from rib-shortening in both simple and 
multiple arch dams is given in the writer’s chapter on 
multiple arch dams in the new (8th) edition of Wegmann’s 

The and Construction of Dams, June, 1927, 
John Wiley & Sons, New York. 








models are being undertaken at Boulder, Colorado, 
by a Sub-committee with the co-operation of the 
U.S. Bureau of Reclamation and the University 
of Colorado. A small model of the Stevenson 
Creek test dam will first be tested, and if the 
results show a fair agreement with the data obtained 
on the full size dam, models of other types of arch 
dams will be tested similarly. An independent 
check on a model of the Stevenson Creek dam, 
built of celluloid, is being made at Princeton 
University with the co-operation of the Power}. 
Division of the American Society of Civil Engineers. 

There have been provided to date, for constructing 
and testing the Stevenson Creek test dam, cash, 
materials, and equipment totaling approximately 
120,000.00 ‘dols. The available balance of this fund 
will permit the completion of the reduction of the 
test data now on hand and the preparation of the 
report mentioned previously. 


It is proposed to raise the Stevenson Creek dam 
until it breaks under load. This would require an 
additional fund of approximately 50,000.00 dols., 
which it is hoped will be raised in due course 
by contributions from persons and organisations 
interested in economical dam construction. 

Professor H. M. Westergaard of the University 
of Illinois is now making an additional theoretical 
study of the arch dam problem, the results of which 
will be published in the report of the Engineering 
Foundation. 








THE FUEL RESEARCH BOARD. 


One effect of the coal strike, and of the Royal 
Commission which preceded it, has been undoubtedly 
to make the development of the coal industry a 
matter of greater concern than before, not only to 
the general public and its political leaders, but also 
to the industry itself. The effect of this heightened 
interest in fuel problems is seen in the annual report 
which has just been issued on behalf of the Fuel 
Research Board of the Department of Scientific and 
Industrial Research, together with the appended 
report of Dr. Lander, the Director of Fuel Research.* 
We drew attention recently to the important step 
which has been taken in arranging for a process 
of low-temperature carbonisation, developed as a 
full size unit at the Fuel Research Station, to be 
tried out under commercial conditions in a gas 
works, and expressed the hope that similar trials 
might he made, with the least possible delay, of 
other processes which similarly have been shown 
to be satisfactory when worked in a unit of com- 
mercial] size. Some of the other results recorded in 
the present report have been already published in 
special reports, and of them also accounts have 
already appeared in these columns. A summary 
is given below of the principal investigations not 
included in these reports or still in progress. 

Physical and Chemical Survey of the National 
Coal Resources.—An essential part of the Board’s 
work is to make a survey of the coal resources of the 
country, not only in their geographical and geological 
aspects, but coupled with an investigation of their 
physical properties and chemical constitution, 
supplemented, where desirable, by large-scale trials 
of the purposes for which the various seams are 
respectively suited. This work has proceeded 
satisfactorily in the Lancashire and Cheshire and the 
South Yorkshire areas. Arrangements have now 
been completed for similar investigations in the North 
Staffordshire, Scottish, Nottinghamshire and Derby- 
shire, and Durham and Northumberland areas, in 
which Survey Committees have been formed. 
Investigation is also being made, as opportunity 
occurs, into seams in areas for which no local com- 
mittee has yet been formed, as for example in 
Warwickshire. The microscopical examination of 
seams is likewise being continued, and may possibly 
be found to offer a means of correlating different 
sections of the same seam. Preliminary steps were 
taken early in the year under review for the study 
of existing methods and conditions of sampling at 
all ports of export. The state of the coal industry 
made it impossible to proceed with them at the 
time, but, with the return of normal conditions, the 
investigation of the matter will be pushed ahead as 
rapidly as possible. 

Work in Connection with the Gas Industry.—The 
coal stoppage interfered more with the large-scale 
work of carbonisation at high temperatures than 
with any other work at the Fuel Research Station. 
Some interesting trials, however, were made on the 
effect of increasing the throughput of vertical 
retorts from their normal figure of 24 tons a day 
per retort up to as much as 7 tons a day. At this 
figure, a fairly high proportion of the coal passed 
through without being carbonised completely. 
At 5 tons a day, on the other hand, the coke was 
found to be fairly satisfactory, and some interest- 
ing results were obtained. Comparing the figures 
of normal and double throughputs, which were 
obtained at the same’ mean carbonising temperature, 
(1, 260 deg. C.), the sum of the steam used in carbon- 
ising and the moisture in the coal as charged was 





* Report of the Fuel Research Board for the year 1926, 





with Report of the Director of Fuel Research. H.M. 
Stationery Office. [Price ls. 3d, net.] 
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about a third greater (27-5 per cent. of the coal 
charged) in the case of the double throughput, 
while the fuel gas used was only about 20 per cent. 
higher than the corresponding figures for the single 
throughput. The yields of products, however, were 
very different. Per ton of coal, the double through- 
put gave about 10 per cent. more coke, nearly 20 per 
cent. more tar, and about 15 per cent. more sulphate 
of ammonia, but a 40 per cent. smaller volume of 
gas, containing fewer therms by 30 per cent. In 
spite, however, of the much smaller yield of coal- 
gas therms and the considerable excess of steam, the 
cost of fuel gas per therm of coal gas made was 
about 10 per cent. less than with the single through- 
put. Another peculiarity of the increased through- 
put was that, although the larger coke (over {-in.) 
contained only 3 per cent. of volatiles, or about 
20 per cent. more than the normal coke, it could be 
ignited readily in an open grate, and indeed 
approached in that respect, a low-temperature coke. 
The smaller’ coke (through { in.), which was about 
25 per cent. of the weight of the larger, had 12-8 
per cent. of volatiles, while with the single through- 
put, in which it was about 10 per cent. of the 
larger coke, it had no volatiles at all. When 
account is taken of the usual prices of the products, 
the large reduction in therms of coal gas is thought 
likely, in all but exceptional cases, to offset the 
advantages of the double throughput, but the results 
seem to deserve further investigation. 

Low-Temperature Carbonisation.—The plant for 
low-temperature carbonisation to be tried for three 
years in a gas works is of the vertical-retort type 
described in our last volume (page 484), which expe- 
rience has tended to show can be operated with 
almost any kind of coal by adjusting the intervals 
between charging to suitit. In this, asin other plants, 
the best results, in respect both of tar and of through- 
put, can only be obtained from sized coal, but as the 
retort can deal satisfactorily with briquettes, the 
fines—say through a 3-in. screen—from a run-of- 
mine delivery can be briquetted with tar from the 
larger coal. Other binding materials are also being 
investigated. Experiments are also being made 
with various cast irons and a modified design of 
ribbing, with the object of avoiding the distortion 
to which the original retorts were subject at 650 
deg. C. 

Some work has been done, and will be continued, 
on the carbonisation of powdered coking coal in an 
inert atmosphere, with production of Sinnatt’s 
cenospheres—cellular particles with six to eight 
times the volume of the particles from which they 
are derived, according to the temperature at which 
they are formed. The carbonisation is made by 
convection, with or without radiation from the walls 
of the externally heated retort, and is being tried 
on a large scale in America in the McEwen-Runge 
process. The process is interesting, not only for its 
apparent prospects, but also because it seems to be 
a revival and development of a proposal of Cramp- 
ton’s in 1872, which even then he described as very 
old, and still more closely of Lewes’s process, 
described in 1913. The success of such a process, 
permitting as it does a large through-put to be 
obtained by a plant of simple design, would have 
an obvious bearing or the use of pulverised fuel 
in furnaces. 

Considerable attention has been given at the 
Research Station, and to some extent at the Depart- 
ment’s Chemical Research Laboratory at Tedding- 
ton, to the composition of low-temperature tar and 
spirit, and the best methods for their treatment. 
It is pointed out that, as has been shown in a recent 
report,* bituminous coal, heated in a current of 
inert gas, begins to give oft oil at from 210 deg. to 
250 deg. C., and the evolution continues even if the 
temperature is not raised higher. In practice, 
however, before such oil passes out of the retort, 
it has usually to come into contact with coal of 
very various temperatures, by which it may be 
either condensed or decomposed as the case may be, 
and seldom or never emerges in the condition in 
which it is actually given off from the coal. No very 
precise significance, therefore, can be given to the 
term ‘ primary tar ’’ as applied to the product of any 
works’ retort. Nevertheless, information is needed as 





* See page 64 ante. 





to the effect on the composition of tars of variables 
such, for instance, as the characteristics of the coal, 
the temperature at which the tar is evolved and pos- 
sibly the rate of heating, the temperatures to which 
it is subjected on its way out of the retorts and the 
periods of exposure, and the presence of any material 
occurring naturally in the coal, or added intention- 
ally, or forming part of the retort. A series of ex- 
periments has been made in small horizontal retorts 
to determine the effect of carbonisation on the yields 
of products. The coal used in these experiments, 
and all conditions except the temperature of the 
retort setting and the period of carbonisation, were 
kept as constant as possible. Among other results, 
it appeared that, for the coal in question, with the 
setting maintained at temperatures which varied 
from 400 deg. to 700 deg. C., the yield of gas 
increased without exception as the temperature 
rose, and the yield both of coke and of volatile matter 
in it decreased, but the yield of tar increased 
steadily up to about 550 deg. C., in the retort setting, 
and thereafter decreased. It was found also that 
the aqueous distillate (liquor) was acid if produced 
with the setting at temperatures up to 500 deg. C., 
and alkaline if it was at 600 deg. C. and over. 
Examinations of the tars and of the oils obtained 
from them seemed also to show that, in the conditions 
of experiment, 550 deg. C. in the setting was a critical 
temperature for the coal in question. Another 
result of importance was that solid paraffins, which 
seemed to make some coal oils unserviceable as 
fuel oils, by reason of their high point of solidifica- 
tion, were not found in oils produced with the 
setting above a temperature of 600 deg. C. 

Briquetting and Coal Purification.—Investigations 
made with a Yeadon press on pitch and other 
binders showed a maximum strength for a given 
percentage of binder, and investigations are being 
made with the object of defining the properties 
desirable in pitch as a binder, and the best method 
of obtaining them. The investigations will also 
include other binders, such as those of pulp. 

Oil from Coal without Carbonisation.—For the 
previous four years, experiments had been in pro- 
gress at the Station on the effect on British coals 
of the Bergius process of hydrogenation, and, by 
a suitable arrangement between the syndicate 
owning the British rights of this process and the 
Department of Scientific and Industrial Research, 
a more extended investigation is being made at 
the Station on an intermediate-scale continuous- 
working plant. In the process, powdered coal is 
submitted to the action of hydrogen at about 
450 deg. C. and 200 atmospheres ; some iron oxide 
is added to remove sulphur, and the mixture is 
then formed into a stiff paste with heavy oil or 
tar, and stirred during the reaction. So far, typical 
bituminous coals have yielded from 50 per cent. to 
60 per cent. of crude oil and spirit, as against 
some 10 per cent. or less of oil-producing tar 
obtained from similar coals by low-temperature 
carbonisation. About 20 per cent. of gas is also 
obtained, and 15 per cent. of partially-converted 
organic matter, the remainder being water and 
inorganic matter. These yields are calculated on 
the coal treated, excluding the considerable amount 
used in producing heat and hydrogen. The plant 
can treat about 1 ton of coal a day. It consists 
essentially of three reaction bombs in series, heated 
in a lead bath, the mixture being forced into the 
first by a hydraulic press, and thereafter passing 
successively through the other two. The pro- 
ducts pass through a condenser and separator, and 
the gas also passes through a second condenser 
and scrubber to the gas holder. Hydrogen is 
supplied to the bombs under suitable pressure. 
The engineering difficulties of working the inter- 
mediate-scale plant at these temperatures and 
pressures are said to have been surmounted. The 
hydrogen required amounts to about 6 per cent. 
by weight of coal, and possibly all, or most of it, 
may be obtained from the gaseous products of 
the coal. So far as British coals are concerned, 
the process is said to be approaching the end of 
its development in the intermediate-scale unit, 
though in its application to other raw materials 
it may have entered on its development in a 
full-scale unit. The economic possibilities of the 
process are as yet unknown, but the importance 





of full information on any process by which liquid 
fuels can be produced in quantity from home 
sources is obvious. 

The light spirit obtained by the hydrogenation 
of coal is being investigated by Dr. W. R. Ormandy, 
with assistance from the Department. Preliminary 
runs with this spirit on a Ricardo variable-com- 
pression engine have shown it to possess considerable 
anti-detonating properties. 

Preliminary investigations are being made at 
the Station on synthetic processes, by which 
alcohols and hydro-carbons are obtained from 
mixtures of carbon monoxide and hydrogen 
(e.g., water-gas) in the presence of catalysts. The 
subject is also being investigated at the Department’s 
Chemical Research Laboratory at Teddington, and 
at Sheffield and Birmingham Universities. A general 
investigation is also being conducted into the 
purification of water-gas, notably from sulphur 
compounds, which may be disadvantageous in the 
manufacture of hydrogen, and have a deleterious 
effect on the synthetic processes of obtaining 
liquid fuels. 

Metallurgical Coke.—The study of metallurgical 
coke is being pursued in active co-operation with 
the National Federation of Iron and Steel Manu- 
facturers. A special investigation is being made 
into the reactivity of coke to carbon dioxide, 
measured by the volume of carbon monoxide 
obtained by passing carbon dioxide at a slow 
standard rate over a standard volume of coke 
at 950 deg. C. The initial reactivity is always 
reduced by the continued passage of carbon dioxide, 
at first rapidly, but afterwards to a small but 
steady extent. Asimilar, but not so great, reduc- 
tion is obtaned by heating the coke in a stream 
of nitrogen. Generally speaking, the difference 
between the initial reactivity and that obtained 
by the passage of nitrogen for four or five hours, 
appears to be greater as the volatile part of the 
coke is higher. The best metallurgical cokes give 
low initial reactivities, which are reduced to a 
comparatively small extent by the passage of 
either carbon dioxide or nitrogen. At present, the 
values of the reactivities are stated to be purely 
empirical, and to exhibit irregularities requiring 
further investigation. Researches are also being 
made by various local committees, and the British 
Cast-Iron Research Association is likely to co-operate 
from the point of view of foundry coke. The best 
means of co-ordinating all these investigations 
with each other, and with the work of the Fuel 
Research Division, is under consideration. 

Internal-Combustion Engines.—Some disadvan- 
tages have been found in runnjng the works Diesel 
engine on tar obtained by carbonising peat. The 
maximum power was only 90 per cent. of the 
standard maximum obtained with normal fuel 
oil, and special precautions had to be taken in 
starting and fuelinjection. Up till now, the heavier 
fraction of the crude oil from low-temperature tar 
has been unsuccessful in the Diesel engine, mainly 
through detonation. The effect of modifications 
in the fuel-injection system is being observed. No 
difficulty is found when the low-temperature oil 
is mixed with a fourth of its weight—or it may be 
volume—of light American fuel oil. 

An experimental suction-gas producer, which 
worked satisfactorily when using charcoal, proved 
unsuitable for use with coke, and a new producer 
and gas-cleaning plant is being constructed on 
the basis of information obtained by experiment. 
The plant is worked with a standard Dorman 
four-cylinder motor-lorry engine. This engine runs 
well on spirit scrubbed from low-temperature gas, 
which, as compared with petrol, gives easier 
starting and greater flexibility, with marked anti- 
detonating properties. 

Some work has been done on a 350 c.c. sleeve- 
valve experimental Ricardo engine, the compression 
ratio of which can be varied from 5 to 10, while the 
areas of the inlet and exhaust ports can be given 
either of two values. Provision is made for measur- 
ing the temperature and weight of the cooling water, 
as well as the air and fuel supplied. The results 
of tests run under various conditions have thrown 
considerable light on the influence of compression 
ratio, port arrangement, and induction heating, 
upon engine output, and the highest useful 
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compression ratio of a number of fuels has also been 
determined. 

Domestic Heating.—The Building Research and 
Fuel Research Divisions of the Department are 
co-operating in investigating the effect of heating 
installations in relation to the construction of 
the building and to outside weather conditions. 
Tests are being made on a full-size structure resemb- 
ling an ordinary small house of the artisan class, 
and it is hoped to co-ordinate the results with 
laboratory coefficients. Generally, the enquiry 
includes the interchanges of heat which occur in 
houses built of different materials and heated by 
different methods, and their relation to meteoro- 
logical conditions ; but particular attention is being 
given to the relative efficiency of various flues and 
types of ventilation, and of heating installations, as 
well as the effects of solar radiation. 

A complete enquiry is also to be made at the 
Fuel Research Station into the relative merits of 
cokes of different types for use in sitting-room 
grates and in kitchen ranges, and into the designs of 
grates or ranges best suited for a flameless fuel, such 
as coke. 

Power Alcohol.—A process has been elaborated 
at the Royal Naval Cordite Factory, Holton Heath, 
for the acid hydrolysis and sterilisation of raw 
materials, such as grasses, straws, &c., without 
pressure, and their subsequent fermentation. In 
an intermediate-scale plant, it yields on the average 
about 20 gallons of a mixture of alcohol with 10 per 
cent. of acetone, per ton of dry material. Enquiries, 
however, have shown that large supplies of grasses 
or other waste materials are not found concentrated 
within relatively small areas at many places within 
the Empire, and that the collection and transport 
of the material would therefore be too high for 
economic treatment. It is concluded, therefore, 
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that any further development must be made in 
places where suitable raw material is available in 
bulk. 

There are some indications that, as the result of 
the work of the Fabrics Co-Ordinating Research 
Committee, some micro-organisms may be identified 
that attack the hemicelluloses and cellulose of 
vegetable matter with production of ethyl alcohol. 

Up tillnow, however, the work of the Fuel Research 
Division has given no indication that power alcohol 
can be made in this country from waste materials, at 
a price comparable with that of petrol, and, for the 
present, work on the subject at Holton Heath will 
be discontinued. Work has also been done on the 
preparation of a pulp binder for briquette-making, 
by a bacteriological process used on straw and other 
waste vegetable matter. 

Laboratory and Miscellaneous Work.—In addition 
to the considerable volume of analytical work 
involved in the large-scale work of the Station, a 
number of investigations are in progress into the 
Gray-King assay apparatus and the closer correlation 
of its results with those of practice, the softening 
point and other properties of coal ash and their 
effect on carbonisation, and the maturing of coal. 

Arrangements have now been made for liaison with 
the Australian and the New Zealand research 
authorities, and graduates from these Dominions 
have been attached to the Fuel Research Staff to 
study fuel problems. Some assistance is being 
given to the Canadian Government, especially in 
regard to utilising the Dominion’s large deposits of 
lignite, and work is in hand on Nigerian coal, to 
test its suitability for low-temperature carbonisation. 

By request of the Ministry of Health and of the 
Federation of British Industries, investigations into 
smoke production have been continued, and a 








report is being prepared, which will show certain 


relations between the opacity of the smoke, the 
weight of suspended matter it contains, the analyses 
of the flue gases, and the general conditions of 
firing. It relates to three series of tests, two of 
which were made with varying smoke density and 
at constant full load and half load, respectively, 
and one with constant smoke density and varying 
load. 

A series of important enquiries into furnace 
design is in progress, to some extent with the co- 
operation of the British Refractories and the British 
Non-Ferrous Metals Research Associations. The 
enquiries have included a survey and tests of the 
furnaces used in kiln firing and burning fireclay refrac- 
tories, and in annealing, in the latter of which some 
improvement is now being sought. A comprehensive 
enquiry into furnace action is also being arranged, 
particularly with regard to the mechanism by which 
heat is transferred in furnaces through radiation and 
convection or through radiation alone. 





THE ELECTRIFICATION OF THE 
SYDNEY METROPOLITAN RAILWAYS. 
(Continued from page 125.) 
PERMANENT WAY AND STRUCTURES. 


CoNTINUING our account of the work involved in 
the electrification of the Sydney Metropolitan 
Railways, we reproduce from our article of March 
last (ENGINEERING vol. cxxiii, p. 284), the map 
given as Fig. 1 herewith, showing the system 
involved. The former standard clearance between 
the rails and the lowest point of a structure over- 
head was 14 ft. 6 in. For electrification this had 
to be increased to 16 ft. 6 in. to accommodate the 
catenary and contact wires. For bridges much the 
cheapest way to obtain this extra clearance was to 
raise the overbridge, the alternative being to lower 
the rails when the other method was impracticable, 
as was often the case. In raising the overbridge, 
the approaches were first made up so as to leave a 
short steep drop to the bridge in its original position. 
The bridge was then raised as a whole by jacks, the 
small section between it and the approach being 
filled in as the bridge was lifted. In this way 
traffic could be continued over the bridge while the 
work was being carried out. 

The maintenance of the train service while these 
alterations were in progress, was particularly 
onerous on lines that, at rush periods of the day, 
carried trains every three minutes. A job in which 
this factor played a large part was the renewal of 
the ballast on old lines. This had to be done to a 
depth of at least 8 in. below sleepers, so as to 
minimise current leakage from the rail returns 
and probable electrolysis of adjacent material 
(e.g., steel buildings, pipes, &c.). The method used 
was to excavate the old ballast to a sleeper’s depth 
(in N.S.W. practice 43 in.) below the bottom of the 
sleepers, move the sleepers along the rails and lower 
the whole track by the same amount, and repeat 
the operation until the required depth was reached. 
The ballast cleared out was reconditioned, as far as 
possible, and used for lifting and packing the road, 
the necessary quantity of clean metal being added. 
The residue was either spread over the banks or 
removed in ballast trains. On the Illawarra and 
the Bankstown lines alone, 80,000, tons of metal 
were reconditioned and over 140,000 tons of new 
metal put down. That this should have been done 
without reducing the full train service, without any 
serious delay, and generally without interfering with 
the speed of the trains, is a remarkable evidence of 
efficient organisation. 

Many of the cuttings run through pipe clay, which, 
when moist, squeezes up under traffic and clogs 
the ballast, thus throwing the track out of level and 
increasing the current leakage. Proper drainage 
is therefore important. Where possible, it was put 
in before cleaning and renewing the ballast. With 
very flat grades, which are frequent, drain pipes 
with open joints are laid in the seven-foot, with 
large cleaning sumps every two chains, and a 
smaller drain sump half-way between these drains. 

In the original design for the cross suspension 
spans which carry the catenary, the necessary 
load imposed such a strain on the supporting 
masts as to necessitate costly foundations and 
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time, can supply present requirements. The com-)on the cooling of the air, and main reservoirs, with | supply has also been available for many years,’ but 
pressors are cut in and out on the pressure range of | isolating air valves, are provided at intervals along| has never been required. About half the stations 
65 Ib. to 75 lb. by a set of contactors mounted on|the main pipe to maintain a uniform pressure.| that are fitted with electro-pneumatic equipment 
the switchboard. The air is conveyed along the| Auxiliary air compressors are being installed at the| use direct current, in one instance at 110 volts and 
line in 2-in. galvanised steam pipes, and distributed | principal power interlocks outside the Sydney | in the others at 18 volts. 

through 4-in. branch pipes. Reservoirs, of 2 cub. ft. | area, to provide against failure and for future needs.| The signals and signal aspects have, for the :nost 
capacity, with blow-out valves, are provided at| These are arranged to cut in at 60 lb. and cut out | part, been selected or developed from the designs 
each working point to collect water condensed! at 75 lb. pressure. An emergency steam-driven| usual in modern practice. A detail in the type 
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2-8-2-TYPE SUPERHEATER LOCOMOTIVE FOR THE KENYA AND UGANDA RAILWAY. 


CONSTRUCTED BY MESSRS. ROBERT STEPHENSON AND COMPANY, LIMITED, ENGINEERS, DARLINGTON. 
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converted for coal burning. The firebox is provided 
with a combustion chamber extending forward into 
the barrel. The boiler centre is 7 ft. 10 in. above 
rail level. The length of the tubes is 16 ft. 9 in. 
between tube plates. The tubes consist of 32 steel 
tubes of 5} in. external diameter and 8 W.G., accom- 
modating the superheater elements, and 142 steel 
tubes 2} in. external diameter and 11 W.G. The 
heating surface is made up of 1,401 sq. ft. for the 
small tubes, 729 sq. ft. for the large tubes and 180 
sq. ft. for the firebox, the latter having a grate area 
of 40-5 sq. ft. The superheater provides 574 sq. ft. of 
surface. 

As stated, the engine has bar frames. At the 
trailing end, the bar section is replaced by slabs 
2} in. thick. The spring rigging is equalised. The 
springs are arranged above the frames, the leading 
truck being equalised with the first two driving 
axles; and each side of the trailing truck, of 
the Hodges type, being equalised with the two 
trailing coupled wheels. The leading bogie springs are 
of 12 plates, in. thick and 4in. wide. The springs for 
the coupled wheels are of 13 plates, 4 in. thick and 44 in. 
wide, while the trailing truck springs have 14 plates 
ig-in. thick by 4} in. wide. Auxiliary Spencer-Moulton 
rubber springs are fitted throughout. The total side play 
allowed to the front truck is 74 in., and to the rear 6} in. 
This large amount of lateral play necessitated the 
provision of special draught gear, which was supplied 
by the A.B.C. Coupler Company. 

Among the fittings are two 24 in. Ross muffled pop 
safety valves, Owen-type regulator, five-feed Eureka 
sight-feed lubricator for cylinders, Westinghouse 
brake pump, &c., Westinghouse brake, Pyle National 
18-in. incandescent headlight with turbo-generator, 
Lambert sanding gear, and Goodall drawbar between 
engine and tender. 

The tender is carried on two four-wheeled bogies. 
It is fitted with a removable oil-fuel tank, so that coal 
can be used if desired. 

Below we give some general particulars of the engine 
and tender :— 


Locomotive— 


Cylinders, diameter 21} in. 
‘a stroke ae 28 in. 
Wheels, leading, diameter 2 ft. 6 in. 


4 ft. 3 in, 
2 ft. 6 in. 
15 ft. 6 in. 


coupled, diameter 
= trailing, diameter 
Wheel base, rigid 


total . : 30 ft. 4 in, 

Heating surface, large tubes ... 729 sq. ft. 
» smalltubes ... 1,401 sq. ft. 

= firebox 180 sq. ft. 
Total 2,310 sq. ft. 


Superheating surface 
Grate area . 
Working pressure — 
Weight on leading wheels 

” coupled wheels 
trailing wheels 
Total 


574 sq. ft. 

40-5 sq. ft. 

180 lb, per sq. in, 
10 tons 2 ewt. 

69 tons 11 ewt. 
11 tons 1 ewt. 
90 tons 14 ewt. 


” 
Tender— 
Wheels, diameter 
Wheel base of bogies 
ss Total 
Water tank capacity 
Oil tank capacity 
Weight full = 
Locomotive and Tender—- 
Weight, total, in working order 
Wheel base, total 
Length overall ... 


2 ft. 9 in. 

4 ft. 9 in. 

19 ft. O in. 
5,000 galls. 
3,000 galls. 
65 tons 4 ewt. 


155 tons 18 ewt. 
61 ft. 
72 ft. 4} in. 





THE LATE MR. A. G. McK. JACK. 

THE death of Mr. Alexander George McKenzie Jack, 
which occurred in a nursing home on August 2 last, 
after a serious illness, removes a well-known figure 
from Sheffield engineering circles. Mr. Jack, who 
until a few years ago had been deputy-chairman of 
Messrs. Hadtields, Limited, was the son of the late 
Mr. Alexander Jack, of Avoch, Scotland, and was born 
in 1851. He received his early education at the 
Presbyterian Schools, Woolwich, and in 1863, at the 
age of 12, he entered upon a seven years’ apprenticeship 
in the Engineering Department of the Royal Arsenal, 
Woolwich. In 1873, he joined ‘he United States 
Navy as an engineer, but only remained in that service 
for a short time. At the age of 24, he proceeded to 
China to supervise the construction and subsequent 
operation of the Imperial Arsenal, Tientsin. He was 
appointed superintendent of the undertaking, a position 
which he retained for six years. While in China 
Mr. Jack gained an extensive knowledge of the Chinese 
language; he continued to study it as a hobby in 
after years, and was able to speak and write it with 
ease. His long association with Messrs. Hadfields 
began in 1888, and he remained with that firm until 
his retirement in 1921. He was, in turn, works manager, 
general manager, director, managing director, and, 
finally, deputy-chairman. He did much towards the 


establishment of the 48-hour week at Messrs. Hadfields, 





which at the time was considered a very revolutionary 
change in Sheffield. After his retirement, he con- 
tinued to serve the firm, with which he had been 
connected for 33 years, in a consulting and advisory 
capacity. For his services to the nation during the 
European War, Mr. Jack was appointed a Companion 
of the Order of the British Empire. He was a Justice 
of the Peace, and served for three years, from 1922 to 
1925, on the Sheffield City Council. He became a 
member of the Iron and Steel Institute in 1890, and 
was elected to full membership of the Institution of 
Civil Engineers on December 6, 1904. 





LETTER TO THE EDITOR. 


THE FUEL SERVICES. 
To THE EpiToR oF ENGINEERING. 


S1r,—With reference to the leading article in your 
issue of the 5th inst. you state ‘‘ When all allowance 
is made for the convenience and other intrinsic advan- 
tages of electricity, it can never be forgotten that, as 
compared with gas, it stands for most purposes at a 
thermal disadvantage, which for the time being is 
insuperable. To obtain a given amount of heat from 
fuel, three or four times as much has to be spent at a 
power station as ata gas works...” 

A similar loose and misleading statement has been 
frequently made by the gas industry, but, in common 
fairnessto the electrical industry, this statement requires 
some qualification. 

Few, if any, gas undertakings are producing heat 
in the form of gas and coke (tar is not included as it is 
rarely used as fuel) at a higher thermal efficiency than 
70 per cent. The average would probably be nearer 
50 per cent. 

The thermal productive efficiency of electricity is 
21-5 per cent. as the highest and 17 per cent. as the 
average for the larger stations (the smaller stations 
will soon be shut down and need not be included). 

So far, your statement is correct, but these efficiencies, 
be it noted, are merely the generating efficiencies. 

The utility efficiency, however, is the most important 
factor which must be taken into account to compare 
fairly the thermal efficiencies of gas and electricity. 
This efficiency, in the case of gas and coke, for heating 
purposes, is not higher than 60 per cent. and the average 
for domestic appliances probably does not exceed 40 
per cent. 

Hence the overall (productive-utility) efficiency is 
50 per cent. x 40 per cent. = 20 per cent. 

The corresponding overall efficiency of electricity 
is 17 per cent. x 100 per cent. = 17 per cent. ; 100 per 
cent. being the utility efficiency for heating. 

This comparison, therefore, puts a different com- 
plexion on your statement above, and shows that 
electricity is not far behind gas in respect of thermal 
efficiency and will soon overtake it. 

In terms of thermal efficiency plus ‘‘ the convenience 
and other intrinsic advantages” it is already vastly 
ahead of gas. 
It merely requires to be produced and distributed at 
a lower price to be universally used for all purposes, 
and this is the aim of the Government scheme. 

Yours faithfully, 
Ridgemount, B. W. GoTuarD. 
Farnborough, Hants. 

August 8, 1927. 


[Norr.—Our correspondent is incorrect in classing 
our statement with others which he considers loose 
and misleading. The figure given was expressly 
restricted to thermal expenditure at the generating 
works, and for this, as he admits in his letter, it is 
correct.—Ep.E.] 





AUTOMATIC TELEPHONES IN IRELAND.—The first 
automatic telephone exchange in Ireland was put into 
service on July 24 last, at Ship-street Exchange, Dublin. 
A further exchange, known as Merrion, will be opened in 
the autumn. The whole contract is in the hands of 
Messrs. Standard Telephones and Cables, Limited, Bush 
House, Aldwych, London, W.C.2, who are manufac- 
turing the apparatus in its entirety at their Hendon 
factory. 


THE NEwportT Bripce: ApDDENDUM.—An addition 
and qualification are necessary to the article on the recon- 
struction of the bridge at Newport (Mon.), which appeared 
on page 34 of our issue of July 8, last. When Messrs. 
Mott, Hay and Anderson were appointed consulting 
engineers in 1923, Mr. W. Lionel Jenkins was the borough 
engineer of Newport, and was associated with Mr. Mott 
on work connected with the preliminary surveys, with 
the preparation of the estimates and specifications, and 
with the early stages of the construction. In November 
1924, Mr. Jenkins left Newport to take up the duties of 
Borough Engineer of West Ham, and it was in the later 
stages that his successor, Major W. E. Lloyd, became 


FLOTATION OF OXIDISED ORES. 


OrE flotation, in connection with mining, first tried 
chiefly on sulphides, has, in the past decade, been more 
and more extended to oxidic ores. The development 
was a natural one, and there was reason for it in that 
most sulphides are, to some extent, mixed with the 
oxides of the respective metals, and that the oxides 
escaped the flotation recovery by the original methods. 
Weathering sulphides are oxidised into sulphates, which 
are further transformed into carbonates or oxides, and 
also into silicates, chlorides and other compounds. 
All these minerals may occur together. Whether or 
not their separation by flotation will be successful, 
depends upon all the constituents present, the intimacy 
of the mixture, and the nature and behaviour of the 
gangue. fFeldspars turning into slimes are very 
troublesome gangues. Even after circumspective 
experimenting, without which no flotation plant is, 
or should be, started, flotation practice remains a 
matter of trial rather than of theoretical considerations. 

The present treatment of oxidic ores aims at 
converting the oxides again into the more readily 
flotable sulphides. This sulphiding may be effected 
by the agencies of hydrogen sulphide, in the dry or 
wet, of the sulphides or sulpho-compounds of sodium 
and calcium, and of sulphur itself in the form of 
colloidal solutions, vapours or sulphuretted oils. In 
all cases, the ore has to be finely crushed to facilitate 
this conversion, which is frequently merely superficial. 
Most of the ores are ground so that 95 per cent. will 
pass through a 100-mesh, and 60 per cent. through a 200- 
mesh. Some ores, however, will not turn into sulphides, 
and the determination of the amount of copper, &c., 
present in the state of oxide, does not indicate the 
amount recoverable by flotation. Thus copper 
silicates cannot be converted ; neither can the jarosites, 
complex iron sulphates containing lead or silver 
oxide. Mr. Thomas Varley, in fact, states in the 
latest Investigation Repcrt on the Flotation of Oxidized 
Ores (Serial No. 2811), of the United States Bureau of 
Mines, that the growth during recent years is more in 
tonnage treated than in the percentage recovery, in 
spite of many new reagents tried. Fortunately, the 
ore silicates which cannot be concentrated by flotation 
are by no means useless. They are needed for fluxing 
the iron in the highly pyritiferous concentrates obtained 
by flotation. 

Oxidised lead ores are now treated in two mines 
at Parral-Chihuahua, Mexico, in the Eureka Holly Mill, 
Nevada, and in the Bisbee mines, Arizona, of the 
Shattuck-Denn Company, who first tried the method 
in 1918. At present, straight flotation, in the last- 
mentioned mine, is considered to give, on the whole, 
as good a recovery as selective flotation with sulphide. 
Lead carbonate is easily sulphided, while siliceous 
lead ore can also be treated with sodium sulphide 
in the absence of manganese; in the presence of iron 
a great deal of sulphide is required. Mechanical 
agitation has been found preferable to air agitation. 
At Broken Hill, Australia, lead-furnace products are 
floated with sulphur-eucalyptus oil. In the treatment 
of gold and silver ores, flotation is generally combined 
with gravity concentration or cyaniding. Freshly- 
precipitated silver chloride can be floated, but the 
minerals are difficult to deal with. As regards copper 
oxide and carbonate, the report gives particulars 
of the processes of the New Cornelia Copper Company, 
at Ajo, Arizona. Trouble was experienced there and 
elsewhere with the increase in the alkalinity of the 
pulp caused by the addition of sodium sulphide; 
yet the additional cost was more than covered by 
the improved yields of copper, gold and silver. Copper 
oxides are also floated in South Africa. 

Excessive alkalinity, due likewise to lime, is always to 
be avoided ; it is cured by the addition of ferrous 
sulphate. Of the sodium sulphide, from 1 to 5 lb. are 
used per ton of ore. The compound may be added to 
the ball mill, or in solution at different points of the 
flow line, and it should have a little time to act before 
it is passed into the flotation circuit. Calcium poly- 
sulphide has not given general satisfaction. The usual 
flotation agents are crude oils, tending to froth, and also 
xanthates ; reconstructed oils are chiefly applied for 
silver recovery. The special frothing agents in use 
are cresylic acid, hardwood creosote and pine oil, 
and also refined coal-tar products. Much useful work on 
these methods of flotation has been done in the experi- 
mental station of the Bureau of Mines at Salt Lake City. 








British Locomotives IN AMmERICA.—The powerful 
Great Western Railway express passenger locomotive 
King George V was shipped to the United States, from 
Cardiff, on August 3 last. With it was the old North 
Star, one of the long-obsolete type of broad-gauge 
locomotives. Both are destined for the railway exhibition 
to be held at Baltimore in September. The operation of 
shipping was carried out in three sections—namely, boiler, 
tender and under-carriage—by means of the 70-ton 
crane at Roath Dock. The weight of the King George V 








associated with the bridge. 


and its tender is about 135 tons, 
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LABOUR NOTES. 

On Friday of last week, the wages question was again 
discussed at conferences in London between the 
Shipbuilding Employers Federation, the Federation 
of Engineering and Shipbuilding Trades, and the 
executives of the six craft unions which are not affiliated 
to the latter organisation. The unions had applied 
for an increase of 10s. per week on time rates and the 
equivalent on piecework prices, and the employers 
had replied at an earlier meeting that the industry 
could not, in its depressed state, stand any addition 
at all to its labour costs. On Friday, Mr. John Barr, 
the president of the Employers Federation, informed 
the men’s representatives that that was still their 
opinion. 





According to an official statement circulated at the 
close of the conference, the employers explained that 
the position of the industry had not improved since the 
previous conference a month earlier, and that they 
could not grant any advance of wages. A suggestion 
of reference to arbitration was made by both groups of 
the unions, and the employers, in explaining why they 
found themselves unable to agree to refer the claim for 
an advance of wages to arbitration, stated that a mutual 
reference to arbitration implied that a difference ex- 
isted between the parties which both sides recognised 
as suitable for settlement by arbitration machinery. 
The present was not such a case. Work now in hand 
had been taken at prices which did not cover costs and 
charges, and it had been found impossible to obtain 
orders at prices which would have allowed for increased 
wages. Reports from all parts of the country indicated 
that the position had not improved, and the payment 
of increased wages while present prices ruled was an 
economic impossibility. Therefore the question was one 
of fact rather than of opinion, and there was no room 
for inviting the decision of an Arbitration Court. 





The employers proceeded to remind the unions that 
Part I of the recent report of the Joint Inquiry Com- 
mittee into Foreign Competition and Conditions in the 
Industry, provided many directions in which practical 
assistance could be given by the unions in the re- 
establishment and the restoration of the prosperity 
of the industry, and intimated that, if the position and 
prospects were such as to permit of any increase in 
wages later, the employers would be only too pleased to 
see such an improvement and allow their workmen to 
participate in it. They repeated the suggestion made 
on several previous occasions, that in their view the 
course which should be adopted was for both parties 
to sit down and discuss a definite index for the auto- 
matic regulation of wages in accordance with the ability 
of the industry to pay. The introduction of such a 
scheme, the employers said, would remove general 
wage fluctuations from the realms of controversy such 
as existed at the present time, and convert the question 
into one of simple ascertainment of actual facts for the 
industry as a whole, based on knowledge which would 
be made available to both parties. 





At the conclusion of the discussions on the general 
wages question, the Executive Committee of the Ship- 
building Employers Federation met the Executive 
Council of the Boilermakers’ Society in conference, and 
raised with it the serious position created by the recent 
irregular stoppages of riveters in the Clyde district, in 
connection with the introduction of the new piece-work 
price list, negotiated by committees representing the 
Clyde employers and the Clyde riveters’ Rates Com- 
mittee. It was ultimately arranged between the 
employers and the men’s executive, that a Central 
Conference should be held in London to-day, to deal 
with the Clyde riveters’ case, and also the general 
question of procedure and arrangements between the 
Shipbuilding Employers Federation and the Boiler- 
makers’ Society. 





In the report of the General Federation of Trade 
Unions for the June quarter—the first of the organisa- 
tion’s financial year—Mr. Appleton, the secretary, 
states that the accounts show a financial reserve of 
229,480]. 128. 3d. ‘Only once,” he proceeds, “in 
1919, have the funds of the Federation exceeded this 
amount. Owing to the necessary, but regrettable, 
application of Rule 4, clause 4, which deals with 
societies in arrears, the membership of the Federation 
shows a serious reduction, but some comfort may be 
deduced from the fact that even now, the membership 
in the Federation, when compared with the total 
number of trade unionists in 1921 and 1927, is pro- 
portionately equal.’’ The total number of affiliated 
societies is 107, 72 of which are on the higher scale, 
32 on the lower scale, and 3 on both scales; and the 
total number of members on which contributions are 





being paid is 593,801, of whom 363,671 are on the 
higher scale, 219,380 on the lower scale, and 10,750 
on both scales. 


The organisation’s old ideal of 1,000,000/. and 
1,000,000 members is still open (Mr. Appleton says), 
and still possible; for in spite of the propaganda in 
favour of the one big union, the federation of autono- 
mous trade unions—each having its own technically 
and practically-trained officials, its own funds and its 
own responsible and quick-acting officers—offers not 
only the most popular form of central organisation, but 
the best for all trade union purposes. Over-centralis- 
tion may be dangerous, especially so when it separates 
the member from occupational sympathy with his 
officials, and leaves the determination of his affairs in 
the hands of far-away executives, whose circumstances 
may compel them to sacrifice opportunities of securing 
sectional advances in wages or improvements in con- 
ditions. “The One Big Union idea has been tried, 
and it has failed,’’ Mr. Appleton says, ‘‘ both in Great 
Britain and in America. Men fear it,” he declares, 
‘“‘ because it may mean one big autocrat and involve 
one big strike.” 


The Ministry of Labour states that on August 1, 1927, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,119,800, 
of whom 899,900 were men, 36,100 boys, 153,200 women, 
and 30,600 girls. Of the total number, 662,200 were 
wholly unemployed, 396,100 temporarily stopped, and 
61,500 normally in casual employment. On July 25, 
1927, 658,162 were wholly unemployed, 309,073 
temporarily stopped, and 59,667 normally in casual 
employment. At the same date, the total number 
of unemployed persons was 1,026,902, of whom 816,031 
were men, 33,062 boys, 148,190 women, and 29,619 girls ; 
and on August 2, 1926, it was 1,618,744, of whom 
1,199,817 were men, 46,928 boys, 324,531 women, and 
47,468 girls. The figures for August 2, 1926, were 
affected by the dispute in the coal mining industry. 


Under the title ‘‘ Industrial Relations in the United 
States,’ the International Labour Office has published 
a report embodying the results of an investigation 
carried out by Mr. H. B. Butler, Deputy Director of 
the Office, in the United States, on the subject of 
industrial relations. In view of the remarkable pros- 
perity of the United States since the war a great deal 
of curiosity has been aroused in other countries (says 
Industrial and Labour Information), as to the conditions 
which produced it. In particular, attempts at co-opera- 
tion between employers and employed have evoked 
widespread interest. The report deals with this 
question in all its aspects. It explains why American 
conditions differ from those of other countries; it 
examines critically the economic conditions of the work- 
ing classes, analyses the aims of the American trade 
unions and the policies of American employers, and 
describes the various experiments which have been 
attempted for creating better relations between em- 
ployers and workpeople by means of works councils, 
stock holding, life insurance and systematic co-opera- 
tion with the trade unions. In conclusion, some sugges- 
tions are made as to the lessons which may be derived 
by other countries from the American experience. 


The International Labour Conference at its tenth 
session, held in May and June of this year, decided by a 
large majority, to place on the agenda for the 1928 
session the question of minimum wage-fixing machinery, 
and adopted a questionnaire on the subject to be 
addressed to Governments in preparation for the 
discussion. For the purpose of the initial discussion 
at the last session, the International Labour Office 
undertook a comparative study of the legislation and 
practice existing in different countries. This study 
was necessarily confined to those aspects of the problem 
which the Conference was called upon to consider— 
‘* Minimum wage-fixing machinery in trades in which 
organisation of employers and workers is defective and 
where wages are exceptionally low, with special reference 
to the home-working trades.”’ It consequently ignored 
certain questions which would appear in a general 
report on minimum wage legislation. In spite of that, 
however, the study has been deemed to be of sufficient 
importance to justify its inclusion in the series of 
‘* Studies and Reports ”’ issued by the Office, and it has, 
accordingly, been published under the title “‘ Minimum 
Wage-Fixing Machinery.” 





As a result of the obligations incurred by Italy’s 
ratification of the Convention adopted by the Seventh 
Session of the International Labour Conference (Geneva, 
1925) concerning workmen’s compensation for occupa- 
tional diseases, Mr. Ranelletti proposes the setting up 





in Rome of an Institute of Industrial Medicine and a 
permanent Exhibition of Industrial Hygiene and 
Sanitation and Social Welfare. It will be recalled 
that the first clinic for occupational diseases, which 
has been taken as a model in many countries, was 
founded at Milan in 1910, and was followed by a similar 
institute in Naples. In the majority of civilised 
countries, industrial physicians are now being trained, 
and similar institutes founded. The proposed institute 
would comprise advanced instruction for physicians 
in the problems of industrial medicine, popular educa- 
tion for employers and workers in the fundamental 
principles of industrial hygiene, vocational guidance, 
advice on the scientific organisation of labour, clinics 
for victims of industrial diseases and accidents, and 
a section devoted to occupational re-education. The 
permanent exhibition would include methods of 
propaganda for individual and industrial hygiene, the 
prevention of disease and accidents, and a complete 
documentation on the subject of social welfare. 





On Tuesday, at the Independent Labour Party’s 
summer school at Scorton, Mr. John Paton, the national 
secretary, said that the party proposed that all workers, 
irrespective of occupation, should be paid a living wage 
based on human needs. Under the plan, there would 
be a guaranteed wage for man and wife as the first 
charge on industry, augmented by family allowances 
paid by the State direct in respect of each child. The 
estimated cost of family allowances on the basis of 
5s. weekly for each child was 125,000,0001. a year. 
It was hoped that the reform would be included in the 
first Budget of the next Labour Government. An 
essential part of the scheme was, Mr. Paton went on 
to say, that key industries should be nationalised as a 
whole, including coal, power, chemicals and banking, 
and that the State should control prices by the bulk 
purchase of food imports and raw materials. 


An editorial note in Man and Metal, the journal of 
the Iron and Steel Trades Confederation, states that 
the British Iron, Steel and Kindred Trades Association 
has been engaged in altering its rules, and that the new 
rules are now in the hands of the printers. They are 
to come into force in October, the first contribution 
under them being payable on the first day of the month. 
There are, the writer says, many alterations which 
affect the members and the stability of the organisa- 
tion, and when the rules are issued members ought to 
take the earliest possible opportunity to read them 
through. ‘‘As our Central Association,” the note 
proceeds, “‘ will be among the first to register new 
rules since the introduction of the Trade Disputes 
and Trade Unions Bill, this action may be misin- 
terpreted by critics, and the association charged with 
having altered its rules because of the introduction of 
the above Bill. We, therefore, wish to put it on record 
that the revision of the rules was undertaken before it 
was known that this Bill was to be introduced, and it 
has not influenced the revision except in one particular. 
That is the collection of the political levy, and this is 
compulsory as the members desire to have a political 
fund and to take political action. Those unions 
which are advertising their intentions of resisting the 
Act by refusing to alter their rules will find themselves,” 
it is added, ‘ in needless difficulties.” 





At most of the meetings of sectional Internationals 
which have followed that of the International Federa- 
tion of Trade Unions in Paris, the question of the 
admission of Russian trade unions has been under 
discussion. Continental trade unionists do not 
object to the closer unity which the friends, outside 
of Soviet Russia, of the ‘‘ Red” International are 
presumed to desire. On the contrary, in common 
with the Amsterdam International, they have 
repeatedly stated that the Russian unions have only 
to accept the constitutions of the various international 
bodies affiliated to Amsterdam, in order to secure 
admission. What the ‘“‘ Red” International and its 
associated groups desire is, however, a re-constitution 
of the Amsterdam International and its affiliated 
bodies on bases laid down by Moscow. The net effect 
is, as many shrewd judges prophesied a long time ago, 
that instead of being more closely knit, the Interna- 
tional Labour Movement is now in greater danger of 
disintegration than it has been for a long time. 





At the conference of the National Minority Move- 
ment in London on August 27 and 28, a resolution is 
to be moved emphasising the “ patent failure of the 
Amsterdam International to, in the slightest degree, 
realise the aspirations indicated in its name,”’ and call- 
ing for “ steps to secure an unconditional world confer- 
ence of trade unions inclusive of the ‘Red’ Interna- 
tional Labour Unions, the International Federation of 
Trade Unions and organisations standing outside both.” 
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THE MOVING OF AN EIGHT-STOREY 
BUILDING. 


In our issue of December 23, 1921, page 842, 
we referred to several exceptionally interesting cases 
of the moving of brick structures, describing in 
particular the case of a church, and of a tall store 
building. In the accompanying Fig. 1, and in Figs. 
2 to 4, on page 206, we give illustrations of another 
move of this type, the distance from the old to the 
new site being about 500 ft., and the route traversed 
being over very treacherous ground ; in fact, under 
the surface were several quick-sand veins, as well as 
basements of old buildings which had been pulled 
down. 

The work was accomplished in Albany, the capital 
city of the State of New York. The Government 
having acquired, by Act of the Legislature, a site 
for a State office building, facing Swan, Washington 
and State streets, close to the Capitol building, the 
ground had to be cleared of existing buildings. 
These were mostly of old type, except the eight- 
storey apartment building, known as the Fort 
Frederick Building, shown in Fig. 1. This was 
only built about ten years ago and was a modern 
structure in every sense. After consultation with 
engineers, private parties secured the building and 
a contract to move it to a site adjoining State and 
Swan streets was let to Messrs. John Eichleay, 
Jnr. & Company, of Pittsburgh, Pa. 

The building has, as stated, eight storeys. It is 
45 ft. by 85 ft. in plan, contructed of steel framing, 
with walls of brick, granite and terra cotta. The 
interior party walls and floors are of fireproof 
construction. The whole is supported on 25 
columns of 10-in. H-section. The first job was to 
lay bare these columns in the basement about 3 ft. 
below the underside of the main floor. Pieces of 
24-in. steel joist 2 ft. long were then riveted by 
the webs to the flanges of the columns, and to the 
flanges of these 2-ft. lengths were bolted, at right 
angles, other 6-ft. lengths of 24-in. steel joists. 
To the latter again were bolted, also at right angles, 
longitudinal running beams, consisting of 28 in. by 
165 lb. rolled-steel sections. Light joists were in- 
serted under the brickwork of the walls. There 
were eight lines of running beams placed longitudin- 
ally under the building. They were braced together 
transversely, by deep struts of joist section and 
tie rods, to secure as great rigidity as possible. 
Fig. 3, page 206, shows the arrangement of the 
supporting joists and running beams. Under the 
running beams, altogether, a thousand 20-ton screw 
jacks were arranged at 9-in. centres. These were 
set on cribbing consisting of 8 in. by 8 in. timbers 
and 6-in. by 8-in. cribbing blocks arranged on a 
3-in. plank floor. 

After the strain had been taken by the jacks, 
the ends of the columns were sawn off immediately 
below the temporary brackets and joists. The 
whole building was then raised 2 ft., in order to 
allow of it being taken across State-street. Three 
lines of 90-Ib. rails were then arranged on each of 
the eight lines of cribbing, and on these, and under- 
neath the running beams, were arranged 1,200 steel 
rollers 3 in. in diameter, at 9-in. centres. The 
jacks were then lowered out and the load trans- 
ferred to the rollers. The building was then ready 
to move, as shown in Fig. 2. Fig. 1 shows the 
building actually in course of being moved. 

The move accomplished consisted of 370 ft. 
in one direction, followed by 60 ft. sideways. 
As there were several runs of quicksand to be 
traversed, every precaution was necessary. A careful 
soil test was made, and the cribbing over which 
the building had to be taken was prepared by 
being levelled up on a bed of sand, in order to 
secure uniform bracing. Three-inch planking was 
laid on the sand, and on this 12 in. by 12 in. timbers 
were placed transversely at 4 ft. centres. On the top 
of this, was another lot of 12 in. by 12 in. timbers 
at right angles, again at 4 ft. centres. This carried 
the 6 in. by 8 in. cribbing and the 90 Ib. rails. The 
whole formed a mat which distributed the 4,000 ton 
load on an area 55 ft. by 90 ft., so that there was 
less than 1 ton per square foot on the ground 
throughout the work. 

The change of direction was effected by laying 
down a secondary moving frame, upon which the 
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load of the building was taken at the end of the 
longitudinal move. The move was accomplished 
by means of two sets of six-sheave blocks, with 
g-in. steel cable, and hand-operated capstans. The 
tackle was anchored by heavy cables wrapped 
round beams set across the ends of the running 
lines, as will be seen from Fig. 4, the ends of the 
cables being fixed to deadmen sunk into the ground. 
While the building was in transit, a level was in 
constant use to enable any settlement to be detected, 
but, at the end of the 430 ft. move, nothing beyond 
a negligible amount had been found. 

On arrival at its new site the building was 
lowered 4 ft. 6 in. This was accomplished by 
transferring the load again from the rollers to 
jacks, 40 men each working 25 jacks and giving 
them a quarter turn according to signal. 

The building was lowered out on to a new 
foundation prepared in advance, and consisting 
of a reinforced-concrete mat 2 ft. 3 in. thick. 
This covered the entire area, being adopted on 
account of the variable condition of the soil. It 
also materially simplified the final part of the 
moving operation. The column ends which had 
been sawn off were reclaimed from the old site 
and set up on the new in the correct relative 
positions. They were joined up with the columns 
by means of cover plates fitted to the webs and 
flanges and riveted, after which the columns were 
grouted. After allowing time for setting, the jacks 
were lowered out, and the load transferred to the 
column bases. The temporary joists and girders 
were then removed. In addition to the jacks and 
rollers, the work required the use of some 200 tons 
of steel joists, rails, and so on. No damage of 
any kind was done to the building or to the streets, 
conduits, sewers, &c. 
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DYNAMIC BALANCING MACHINE 
FOR SMALL ARMATURES. 


Tue balancing of the armatures of small electric 
motors, and of other similar bodies which are produced 
in large numbers and are required to run at high speeds, 
is a tedious and comparatively expensive operation, 
although it is generally necessary if smooth running is 
required and vibration is to be avoided. The work 
can, however, be greatly facilitated by the use of the 
small balancing machine which we illustrate on the oppo- 
site page. The advantages claimed for this machine, 
which is constructed on the Lawaczeck-Heymann 
system by Messrs. Carl Schenck, of Darmstadt, and is 
sold in this country by Messrs. C. F. R. Giesler, Limited, 
58c, Gray’s Inn-road, London, W.C.1, are that the parts 
require no static balancing, and the operations can be 
carried out by female, or other unskilled, labour with a 
high degree of accuracy and without involving any 
calculations. 

Fig. 1 shows the complete equipment, including the 
electric driving motor, and the balancing machine 
itself is illustrated separately by the drawings repro- 
duced in Figs. 2, 3 and 4. The machine consists 
essentially of a light tubular frame with two transverse 
members, in each of which are mounted two ball- 
bearing rollers, as is most clearly shown in Fig. 4. 
One end of the frame is carried by flat steel spring 
plates, mounted in a bearing, which is adjustable in a 
longitudinal direction to suit the length of the armature, 
or other part, to be balanced; the other end of the 
frame is supported on vertical helical springs, as will 
be clear from Fig. 2. The arrangements are such that 
the frame is free to oscillate in a vertical plane by 
turning about the spring-plate bearing and under the 
control, mainly, of the helical springs. To the spring- 
controlled end of the frame is attached a lever, shown 
near the top right-hand corner of Fig. 3, and a point 
on the outer end of this lever bears on another lever, 
which operates a tilting mirror enclosed in a metal 
casing on the bedplate of the machine. In this casing 
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is a small electric lamp, the light from which is reflected 
by the mirror on to a translucent scale, shown in Figs. 
1, 2 and 3, and in this way an indication is obtained 
of the vibrational movement of the swinging frame. 
The armature to be balanced is placed in the frame 
with its shaft resting on the ball-bearing rollers, 
conical stops, shown in Fig. 2, and also in Figs. 6 and 7, 
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being brought up against the ends of 
the shaft to prevent longitudinal move- 
ment. Latches, pivoted to the trans- 
verse members of the frame, as is most 
clearly shown in Fig. 4, are also closed 
over the ends of the shaft to keep the 
armature in place. The helical springs 
are then adjusted, by means of the 
knurled knobs shown in Figs. 2 and 4, 
to bring the shaft into the horizontal 
position,which is reached when the spot 
of light from the mirror, above referred 
to, is at the zero of the scale. When 
this has been done, the frame is clamped 
in position, and the armature is run up 
to a speed of about 1,000 r.p.m. by 
applying, to some convenient part of 
its surface, a friction wheel mounted on 
a swinging arm, and driven by belt from a small 
electric motor, as will be clear from Figs. 1 and 5. 
Either direction of rotation can be obtained at will by 
turning the friction disc so that the belt is either 
crossed or open; the motor can thus be left running in 
one direction continuously throughout a whole series 
of tests. When the above-mentioned speed has been 
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reached, the friction disc is released, and allowed to rise 
clear of the armature by the action of the balance 
weight shown in Fig. 5, and the swinging frame carrying 
the armature is then unclamped. As the speed of 
rotation of the armature diminishes, a critical speed 
will be reached at which the vibrations produced by any 
want of balance in the armature will be a maximum, 
and these being communicated to the frame will be 
indicated by the movement of the spot of light over 
the scale. The amplitude of the movement is, of 
course, a measure of the magnitude of the out-of- 
balance forces; and the actual value can be determined 
by applying known weights to a perfectly-balanced 
armature of the type under test, and noting the 
vibration amplitudes obtained. A diagram can then 
be plotted from which the weight required to correct a 
vibration of any given amplitude can be read off. 

To indicate the radial plane in which the out-of- 
balance forces act, a pointer fitted with a parallel- 
motion gear, and carried by a pedestal on the bedplate 
of the machine, is employed ; the pointer is visible in 
Fig. 1, but is more clearly shown in Fig. 2. Before 
making a test, some convenient part of the armature- 
shaft is coated with a ring of quick-drying paint, 
composed of chalk and spirit, and the pointer, which 
can be moved longitudinally along the bedplate, is 
placed so that it just touches the painted ring when 
the shaft and swinging frame are vibrating under the 
influence of the out-of-balance forces. The mark 
thus produced on the painted ring will indicate the 
radial direction in which these forces act. 

The operations above described are carried out with 
the armature rotating in both directions successively, 
and the mean of the two readings obtained is used to 
fix the position and magnitude of one of the balance- 
weights required to correct the original want of balance. 
The armature is then taken out, reversed end to end, 
and again run up in both directions of rotation, note 
being taken of the amplitude of the vibrations and 
of the direction of the out-of-balance forces as before. 
Figs. 6 and 7 indicate an armature in the two end-to- 
end positions, and it should be noted that the transverse 
axis, about which the swinging frame vibrates, should 
coincide with the planes in which the correcting balance- 
weights will be fixed. Provision for attaching these 
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balance-weights may easily be made in the original 
design of the armature, or, in other cases, metal can 
be removed as required by drilling. In any case, the 
rotating body can be exactly balanced by adding or 
removing weight in two planes normal to the axis, 
the actual weights, and their angular positions, being 
determined by the operations above described. 

As already mentioned, the machine is particularly 
suitable for balancing large numbers of similar bodies, 
and in this class of work, the operator proceeds to 
balance a batch first in one end position, marking on 
each the position and magnitude of the first balancing 
weight. He then sets the machine for the second end 
position, and deals with the whole batch in a similar 
manner for the determination of the position and 
magnitude of the second balancing weight. Separate 
machines and operators can, of course, be employed 
for the two processes, if the number of parts to be 
dealt with is sufficiently great. The weights, as deter- 
mined in this way, are then fixed in position by another 
worker, who merely follows the indications marked 
on the parts by the operator of the balancing machine. 

The machine illustrated is the smallest size made, 
and is suitable for balancing armatures, and other 
similar bodies, up to 2} lb. in weight, up to 60 mm. in 
diameter, and up to 190 mm. in length between the 
bearings; the ball-bearing rollers in this machine 
are suitable for shafts ranging from 3 mm. to 10 mm. 
in diameter. Another small machine made, of the 
same type, will take bodies up to 11 Ib. in weight, 
120 mm. in diameter, 335 mm. between bearings, and 
25 mm. shaft diameter, but larger machines, operating 
on the same principle, can be supplied for balancing 
rotors up to 80 tons in weight. 








DUST IN COLLIERY WORKINGS. 


TuHE importance of dust as a factor in mining opera- 
tions is now so well recognised that any investigations 
that are made in connection with it are likely to be 
of interest and value to those associated with the 
mining industry. As is well known, the dust produced 
by drilling in rocks containing quartz is exceedingly 
detrimental to the health of the workers. On the 
other hand, whilst coal dust is not apparently injurious 
to health in this manner, it presents an even greater 
danger to the workers by causing explosions. More- 
over, excessive dust causes discomfort and impedes the 
vision of the workers, thereby conducing to inefficiency 
and even to accidents. 

An investigation was recently carried out in the 
United States to determine how much dust was raised 
in the principal operations of mining, such as machine 
undercutting, hand loading, and transporting of coal 
from the working face to the surface. In the course of 
this investigation, 15 re presentative coal mines, situated 
in six different States, were covered, and a large number 
of samples of mine air were taken.* The coal seams 
in these mines are all bituminous, are worked by pillar 
and stall, and vary in thickness from 30 in. to 120 in. 
The production varies between 700 and 1,500 tons 
per day, and the number of men employed from 150 
to 450. With one exception, where mining was done 
by pick, all the collieries employed short-wall mining 
machines. 

Electric drills were largely used, both for roof brush- 
ing and for breaking coal, but some roof work was 
done with jack-hammers and occasionally augers were 
used for both purposes. Haulage was by motor, mule 
or rope power, in end-gate cars with capacities from 
1,800 to 3,600 lb. In only exceptional cases was water 
employed to lay the dust during any of the operations. 
Undercutting was found to raise the most dust, and 
the condition of the atmosphere during this operation 
is described as varying from light to densely clouded, 
seriously affecting visibility. 

In loading, quite light to comparatively dense clouds 
were raised, whilst, during transportation, the air was 
in all cases sufficiently clear not to impede visibility. 
Of the various operations investigated, drilling in the 
roof with the jack hammer gave by far the highest 
proportion of dust in the air samples taken; the 
average count of six samples, from drilling at an angle 
of 10 deg. to 15 deg. up, was 132,020 million dust par- 
ticles per cubic metre of air. Electric drilling came 
next, four samples from drilling at the same angle 
in the roof as above gave 15,665 million dust particles 
per cub. m. of air. Dry undercutting in coal averaged 
9,810 million particles, 11 of the samples being from 
workings under 12 ft. wide and 31 samples from work- 
ings over 12 ft. wide. The fourth operation, in order of 
dust production, was drilling with hand augers, which 
showed 1,984 million particles. In loading at the face, 
40 samples gave an average of 1,541 million particles 
per cub. m. of air. When water was used on the 
cutter bar in undercutting coal, an average, for three 


* Sources of Dust in Coal Mines. By J. J. Forbes and 
Alden H. Emery. Serial No. 2793. Published by Bureau 
of Mines, Washington, D.C., U.S.A. 
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samples, showed 1,402 million particles. Pick mining 
and loading together produced 657 million particles, 
whilst rock loading averaged 297 million for two 
samples. Transportation of coal from working face 
to tipple showed the least amount of dust of any of 
the operations, except pick mining. Haulage by mule, 
or by motor on a rope, averaged 616,207, and 153 
million particles, respectively, with 252 million for the 
operation as a whole. Pick mining at the face averaged 
only 168 million, which is the lowest for any of the 
regular mining processes. On the surface, 1,177 million 
particles were recorded near the tipple. 

The use of water on the cutter bar greatly reduces 
the amount of dust raised; actually to one-seventh of 
that raised by dry cutting. Water, at the rate of 30 to 
50 gallons per 100 sq. ft. of undercutting, was applied 
under pressure through }-in. to }-in. pipes, either on 
the ingoing bits near the machine or sprayed over the 
cutter bar near the machine on the ingoing side, or 
at the far end of the cutter bar. 

To prevent, or at least to minimise, dust, it is recom- 
mended that the coal should be watered both before 
and after loading, also that ingoing empty cars should 
be sprayed and especially that water should be applied 
to cutter-bars of machines whilst undercutting coal. 

Sufficient ventilation and air movement to carry off 
the suspended dust is also advocated. Rock dust is 
largely used to prevent coal-dust explosions, but it is 
pointed out that if the amount of coal dust raised is 
reduced, the period of efficiency of an application of 
rock dust will be greatly increased. Hence, it is not 
suggested that the use of rock-dusting should be 
replaced by watering, but rather that the latter be used 
in addition to it, and, at the same time, by decreasing 
the amount of coal dust in the air, the explosion hazard 
would be reduced. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Association of Supervising Electrical Engineers.—The 
arrangements for the third annual competition under the 
Economic Premiums Scheme of the Association of 
Supervising Electrical Engineers have now been 
completed. The competition is open to all members 
and associates of the Association, and four cash prizes, 
aggregating 22/. 10s., will be awarded for the four best 
papers dealing with economic problems. The papers 
may be of any length, not exceeding 2,000 words, and 
it is desirable that they should deal with some specific 
work rather than with the general subject of economics. 
Papers should be addressed to the secretary, A.S.E.E., 
Chalmers House, 43, Russell-square, London, W.C.1, 
to reach him by noon on November 14, next. 

The Institution of Chemical Engineers.—We received 
recently from the Institution of Chemical Engineers, 
Abbey House, Westminster, London, 8.W.1, a copy 
of the papers set at the associate-membership examina- 
tion of the Institution held in June last. The papers 
are divided into six sections, the first two of which are 
worked at home by the candidates. The other four 
are three-hour papers, each containing 10 questions, 
four only of which may be attempted. All the papers 
deal with chemical engineering in a general way, ?.e., 
each of the six sections is not devoted to a separate 
subject or phase of chemical engineering. Candidates 
are asked to recommend plants for certain operations 
and processes, to calculate outputs, profits, and costs 
in various given instances, to give their opinion on 
various methods and processes, and to suggest metals 
and materials for various large-scale chemical opera- 
tions. The first paper, which is worked at home, 
involves the design of a given plant. Taken as a whole, 
the papers cover a very wide field and are very searching. 

City and Guilds of London Institute-—The recently 
issued report of the Council of the City and Guilds of 
London Institute shows that 504 students attended 
courses at the City and Guilds (Engineering) College 
during the session 1925-26. The diploma of A.C.G.I. 
was awarded to-93 students, and 71 students passed the 
final B.Sc. (Engineering) degree examination of the 
University of London. A matter of interest is the 
large number of scholarship holders included in the 
students of the College. The total sum awarded in 
scholarships, by external authorities, to students, 
during the session under review, was 15,6121. 

The Institution of Electrical Engineers.—The next 
examination for associate membership of the Institution 
of Electrical Engineers will be held from October 26 
to 28 next. Candidates must be either students or 
graduates of the Institution, or have lodged with the 
secretary a duly completed form ‘‘ E”’ for election as 
associate-member. Entry forms for the examination, 
which must be completed and returned by September 1 
next, and particulars regarding election to membership 
of the Institution, may be obtained on application to 
the Secretary, The Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, London, W.C.2. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—News that the Spanish Government 
has issued a new decree tightening up the regulations 
for the importation of foreign coal is viewed with serious 
concern in South Wales, from which district nearly 
70 per cent. of the coal exported from the United 
Kingdom to Spain is despatched. It will be recalled 
that, in the early months of the year, regulations were 
brought into operation compelling the use of a certain 
quantity of native coal in Spain, the effect of which was 
to reduce imports of foreign coal. Now it is under- 
stood that a central committee is being formed to which 
application must be made for imports also that inspectors 
are to be appointed at the various Spanish ports to super- 
vise importations. How the regulations have already 
affected exports will be gathered from the fact that 
only 99,089 tons of coal were shipped to Spain from the 
Bristol Channel in June compared with 208,443 tons in 
January. Representations are being made to the Govern- 
ment on the matter. In the meantime, the demand for 
large coal remains insufficient to absorb available supplies, 
but prices show no change as salesmen prefer to stop their 
pits rather than reduce values. Inquiries, however, are 
on the more active scale, but it is not expected that any 
appreciable improvement is to be expected until tho 
beginning of next month. Small coals are rather scarce 
and firm on the basis of 13s. 6d. to 14s. for the best 
bunker descriptions. 





INSTITUTION OF PuBLIC LIGHTING ENGINEERS-——The 
Institution of Public Lighting Engineers has organised 
a fourth Annual Meeting and Conference, to be held at 
Brighton from September 12 to 14, next. The pro- 
gramme includes the opening of the exhibition of public 
lighting appliances in the Corn Exchange, and reception 
by the Mayor, on Monday, the 12th, a visit to the works 
of the Brighton and Hove Gas Company, and to the 
Brighton Corporation Electricity Power Station, &c. 
The Institution Dinner will be held on Tuesday, the 13th, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Another Cleveland pig-iron 
furnace has ceased to operate at the Tees Ironworks of 
Messrs. Pease and Partners, but, while the further 
restriction of output has checked to a certain extent accu- 
mulation of stock, manufacture is still rather more than 
ample, and ironmasters experience difficulty in disposing 
of supplies available for the open market after they have 
made provision for their own consuming plant. Local 
founders are buying a little more freely, but demand 
from other quarters continues trifling. The fixed 
quotations that have ruled for some weeks past arc 
maintained, No. 1 grade being 72s. 6d.; No. 3 g.m.b., 

70s.; No. 4 foundry, 69s.; and No. 4 forge, 68s. 6d. 


Hematite-—At the Tees Ironworks a hematite furnace 
has also ceased to function. The small make of East 
coast brands now barely exceeds current moderate 
demand, but stocks are rather heavy. Several home 
and export sales are reported. For Nos. 1, 2 and 3 
makers name 75s. 6d., and they put No. 1 grade at a 
premium of 6d. 


Foreign Ore.—Users of foreign ore are well bought, 
and are off the market. Nominally, quotations are based 
on 21s, ¢.i.f. Tees for best rubio. 


Blast-furnace Coke-—Some makers of Durham blast- 
furnace coke are inclined to take a rather firmer stand, 
but local consumers claim they can still readily satisfy 
their requirements at 19s. for good average qualities 
delivered. 


Manufactured Iron and Steel.—Sales of finished iron 
and steel are slow and altogether insufficient to maintain 
present activity at works, as contracts, fast approaching 
completion, expire. Prices are not quotably altered. 
Common iron bars are Ill. 5s.; best bars, 11l. 15s. ; 
best best bars, 121. 5s. ; iron rivets, 111. 15s. ; steel rivets, 
12/.; packing (parallel), 8/.; packing (tapered), LIU. ; 
steel billets (soft), 7/7. 12s. 6d.; steel billets (medium), 
81. 2s. 6d.; steel billets (hard), 8/. 12s. 6d.; steel ship 
plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d.; steel joists, 
7l. 12s. 6d.; heavy sections of steel rails, 8/7. 10s.; and 
galvanised corrugated sheets (No. 24 gauge, in bundles), 


Imports of Iron and Steel.—Imports of iron and steel 
to the River Tees, for the nine months ending July 31 
last, reached no less than 306,418 tons—more than double 
the unloadings for the same months a year ago, and six 
times the imports for the corresponding pre-war nine 
months ending July 31, 1914. In the pre-war period 
only 312 tons of foreign pig-iron arrived here, but last 
year the figure was 40,074 tons, and, during the nine 
months just ended, the unloadings amounted to no less 
than 94,977 tons. Thus Tees-side is accepting 300 times 
as much pig-iron as was imported immediately prior to 
the war. 





ELectTrIc TELPHERS.—We have received an interesting 
catalogue from Messrs. Herbert Morris, Limited, Lough- 
borough, dealing with the electric telphers of their 
manufacture. In addition to the usual information, 
illustrations and particulars are given of a wide variety of 
applications of the telpher, and these serve to bring out 
the very diverse circumstances in which this appliance 
can be employed to advantage. Apart from its value in 
handling goods within a works or warehouse, no difficulty 
exists in extending the overhead track over a quay or 
railway wharf, so that goods can be loaded or unloaded 
direct from the barge or truck into the factory, or vice- 
versa. We described the Morris trolley hoist, which forms 
an essential part of the telpher system, on page 573 of our 
issue for May 13 last. The catalogue is handsomely got 
up, many of the full-page illustrations being in colour. 





Contracts.—Among recent orders received by the 
crane department at Parkhead, Glasgow, of Messrs. Sir 
William Arrol and Company, Limited, are two 120-ton, 
four 100-ton, and two 50-ton overhead electric travelling 
cranes for India, New Zealand, and Perak, respectively ; 
two Temperley electric travelling tower transporters, 
to handie a gross load of 6 tons each, for Canada; two 
portable Temperley transporter beams for Germany ; 
and one 5-ton overhead electric traveller for British 
Columbia. The company has also secured the order 
for the dock gates at Calcutta, which will be manu- 
factured at their Dalmarnock Ironworks, Glasgow.— 
Messrs. Ransomes and Rapier, Limited, Waterside Iron 
Works, Ipswich, have recently received orders for several 
Ransome-Rapier-Marion excavators. These include a 
steam dragline machine for a Swansea firm, electric 
shovels for Sydney, Australia, and for Katanga, Belgian 
Congo, and a steam shovel for Melbourne, Australia.— 
The contract for the fireproof curtain, firemains, sprinkler 
installation, hand fire extinguishers, &c., for the new 
theatre to be erected in Denman-street, W.1, has been 
placed with Messrs. Merryweather and Sons, Limited, 
Greenwich-road, London, S.E.10.—Messrs. The English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, have secured the contract for the com- 
plete electrification of the railway line from Christchurch 
to Lyttleton, New Zealand. The order comprises the 
overhead-line equipment, which amounts to 45,000 yards 
of overhead-line material, and six ‘ English Electric ”’ 
1,500-volt locomotives of the four-axle type, 3 ft. 6 in. 
gauge, each equipped with four D.K.86 motors and 
standard camshaft control. The order also includes the 
necessary sub-station plant. Two rotaries will be 
supplied, these being completely automatic in operation, 
and of the single-commutator, 1,500-volt type. The value 
of the contract is in the neighbourhood of 100,000/. 


SHEFFIELD, Wednesday. 

Iron and Steel_—The majority of works have resumed 
normal working following the holiday stoppage. In the 
crude and semi-finished steel trade, the flow of orders is 
not very strong. Considering that prices for crude mate- 
rials are the lowest that have been experienced for a con- 
siderable time, this is surprising. The belief, however, is 
generally held that the present slump in buying will be 
only of temporary duration, and that a forward move- 
ment will develop in the near future. The demand for 
railway steel and furnishings, while below the average, 
is considered satisfactory. Prospects in this section are 
brighter than for some time past. Development schemes 
abroad are likely to result in contracts being placed 
locally, and there is a probability that home railways will 
shortly replenish supplies. The recent welcome signs 
of a revival in shipbuilding steel and marine forgings 
and castings finds support in the number of orders and 
inquiries now in circulation. Users in the Midlands 
maintain their big purchases of automobile steel and 
fittings. 'The increased use made of stainless steel is 
resulting in. electric furnaces being responsible for an 
ever-increasing output. The present state of trade and 
the inability of manufacturers to extend and renew plant 
is having a bad effect on makers of works machinery 
and equipment. Electrical, along with agricultural and 
various other descriptions of machinery are, however, 
in a better position. Mining gear and equipment is 
retarded owing to colliery proprietors, who are experi- 
encing difficult trading conditions, finding it inconvenient 
to buy new plant. The lighter branches are doing better. 
The colonies, though not taking big supplies of tools, 
maintain an average demand. Agricultural and garden 
tools are good lines, while orders for builders’ iron work 
and light castings provide light foundries with plenty of 
work. 

South Yorkshire Coal Trade.—The market generally is 
unaltered, the demand for most classes of fuel being 
unequal to the supply. In industrial fuels business is at. 
a low ebb, users being content to buy on a hand-to-mouth 
basis, though, in isolated instances, forward buying has 
been entered into. House-coal has improved slightly, 
but the demand is well below the seasonal average. Large 
steams are going away better on export account, while 
the improved tone in blast furnace coke has been main- 
tained. Foundry and furnace coke continues to improve, 
especially on foreign account. Gas coal is a depressed 
section, and there is little hope of an improvement for 
some time. Quotations :—Best branch handpicked, 
27s. 6d. to 28s. 6d; best house coal, 21s. to 22s. 6d. ; 
screened house coal, 19s. to 2ls.; screened house nuts, 
16s. to 17s. 6d.; Yorkshire hards, 16s. to 17s.; Derby- 
shire hards, 16s. to 17s. ; rough slacks, 10s. 6d. to lls. 6d.; 
nutty slacks, 8s. to 9s.; smalls, 3s. to 5s. 6d. 





Notes on Dritiinec.—There is often a tendency 
amongst practical men to look upon the information 
issued by machine-tool makers and others as disguised 
propaganda and therefore, likely to be biassed, if not 
indeed valueless, for general information. This is often 
a mistaken view, at least, in so far as it concerns reput- 
able firms. A case in point is a brochure, entitled 
Notes on Drilling, which bears the name of Messrs. 
William Asquith (1920), Limited, Halifax. Its 24 pages 
contain a lucid and very clearly illustrated treatment 
of the basic principles underlying the correct use of 
high-speed twist drills. After a series of definitions 
of the parts of a drill, the proper amount and angle of 
lip clearance is emphasised by an explanation of the 
results of faulty lip angles. Then the length of the 
lips and the location of the point are discussed. A chart 
of drilling speeds and feeds for drills from } in. to 4 in. 
in diameter, when working on eight different metals, 
follows. Hints on thinning the drill point and the use 
of sockets complete the notes. The whole is excellently 
illustrated by figures which show clearly the effects 
of right and incorrect treatment of drills, and three 
illustrations of the Asquith ball-bearing twist-drill 
grinder with point thinning attachment conclude, in a 
thoroughly allowable manner, the general informative 
character of the booklet. 





PERSONAL.—Messrs. Ransomes and Rapier, Limited, 
Waterside Iron Works, Ipswich, who have been the sole 
manufacturers of the Ransome concrete mixers since 
1907, have recently acquired the selling rights, patents, 
and goodwill of Messrs. The Ransome Machinery Com- 
pany (1920), Limited.—Mr. H. N. Baker, late district 
engineer in charge of erection, Metropolitan-Vickers 
Electrical Company, Limited, London office, has now 
been transferred to the commercial organisation of the 
company in London. Mr. G. M. S. Sichel, assistant 
superintendent of erection at Trafford Park, Manchester, 
has succeeded Mr. Baker as district engineer in London. 
—Mr. I. S. Osborn, the elder son of Mr. F. M. Osborn, 
has joined the board of directors of Messrs. Samuel 
Osborn and Company, Limited, Clyde Steel Works, 
Sheffield.—The London address of Messrs. L. Weekes 
(Luten), Limited, is now 109, Kingsway, London, 
W.C.2, their London agents, Messrs. Dryden, Osborne 
and Company, having removed from Craven House, 
Kingsway, to larger offices.—Large new premises for the 
National Radiator Company, Limited, 439, Oxford- 
street, London, W.1, are being built at the corner of 
Great Marlborough-street, Argyll-street, W.1, by Messrs. 
Perry and Company (Bow), Limited, 56, Victoria-street, 
London, 8.W.1.—The London address of Messrs. Joseph 
Evans and Sons (Wolverhampton), Limited, Culwell 
Works, Wolverhampton, is now 109, Kingsway, London, 
W.C.2, their London agents, Messrs. Dryden, Osborne and 
Company, having removed from Craven House, Kings- 








way, to larger premises as already stated above. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 

‘Scottish Steel Trade.—The steel works in this district 
opened very quietly after the holidays, and the accumula- 
tion of specifications was not such as to give much hope 
for the autumn months. Only a portion of the regular 
plant is in operation yet, and little more will be put into 
commission unless there is a decided increase in business. 
In the latter connection bookings have lately been 
very poor, and inquiries do not amount to a heavy 
tonnage. There are hopes that more orders for plates 
and sections will be forthcoming from the shipyards 
soon, as it is understood that all requirements against 
recent contracts have not yet been covered. With the 
riveters’ strike now out of the way, steady employment 
in the shipbuilding industry should be general. Black 
sheet makers, on the whole, have not very heavy order 
books at the moment, but new business from the Far 
East should be coming along soon, this being the season 
for that, and during the next few months plant ought 
to be well employed. The prospects for galvanised sheets 
are already better, and forward booking is improving 
steadily. Prices have all a firmer tendency, and the 
following are the current quotations :—Boiler plates, 
11l. per ton; ship plates, 8/. 2s. 6d. per ton; sections, 
7l. 12s, 6d. per ton; and sheets, under ¥ in. to } in., 
101. to 111. per ton, delivered Glasgow stations. 


Malleable-Iron Trade.—There has been little change 
in the state of the malleable-iron trade of the West of 
Scotland over the week. Arrears of work have been 
fairly well cleared off, and buyers are not coming forward 
with many new specifications to relieve the situation. For 
re-rolled steel bars the demand is also very poor. Prices 
are without change, and “‘ crown ” bars are called for at 
102. 15s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A quiet tone still prevails 
in the Scottish pig-iron trade, and stocks are still ample 
for the current demand. Part of the depression at 
present is undoubtedly due to the low-priced foundry 
iron now coming in from the Continent, as well as from 
India. Inquiries are not very numerous either for local 
requirements or for export. The following are the 
current market quotations, which are considerably 
higher than Continental sellers are naming :—Hematite, 
78s. to 79s. per ton, delivered at the steel works ; foundry 
iron, No. 1, 79s. 6d. to 82s. per ton, and No. 3, 76s. 6d. 
per ton, both on trucks at makers’ yards. 





HAND RE-FACING TOOL For VALVE SEATS. ERRATUM.— 
We regret that the maker of the Hall valve seat 
re-facing tool should have been given on page 134 of 
our issue of July 29 last as Mr. E. J. Smyth. It is 
actually manufactured only by Mr. J. Hall, 13, Bur- 
lington-gardens, W.3, for whom Mr. Smyth acts as agent. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen Street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Empire and in foreign countries. Further details 
and information relating to these can be obtained on 
application to the Department at the above address, the 
reference number given below being quoted in each case. 
The Egyptian Ministry of Public Works is inviting tenders, 
to be presented by October 12, 1927, for the supply at 
the site of the Atf power station, of four Diesel-alternator 
groups and accessories, including alternators, switch- 
board, transformers, power-station auxiliaries, hand- 
operated travelling crane, workshop equipment (including 
machine tools, lathes, drills, &c.), mechanical and electrical 
testing instruments, and lighting plant. Local repre- 
sentation is essential. (Ref. No. A.X. 5028.)—The Port 
Equipment Department of Antwerp is calling for tenders 
for the supply of a floating grain elevator, operated by 
Diesel motors, and having a capacity of 200 metric tons 
per hour. Tenders will be received at Antwerp until 
December 1, 1927; local representation is essential. 
(A.X. 5037.) 





VACANCIES FOR AIRCRAFT APPRENTICES.—The Air 
Ministry announced recently that 600 aircraft appren- 
tices, between the ages of 15 and 17, are required by the 
Royal Air Force for entry into the schools of technical 
training at Halton, Bucks, and at Flowerdown, near 
Winchester. They will be enlisted as the result of an 
open competition, and of a limited competition, held by 
the Civil Service Commissioners and the Air Ministry, 
respectively. Successful candidates will be required to 
complete a period of 12 years’ regular Air Force service 
from the age of 18, in addition to the training period. 
At the age of 30 they may return to civil life or may be 
rmitted to re-engage to complete time for pension. 
ull information regarding the aircraft apprentice scheme 
may be obtained on application to the Royal Air Force, 
Gwydyr House, Whitehall, London, 8.W.1. The open 
competition, for which a fee of 5s. is charged, is open 
os to boys, within the prescribed age limits, who 
orward completed application forms to the Secretary, 
Civil Service Commission, Burlington Gardens, London, 
W.1, not later than September 1 next. All candidates 
for the limited competition must receive a nomination 
before they can attend the examination. These nomina- 
tions must be received by the Air Ministry, from the 
nominating authorities, not later than October 4. Nomina- 
tions may be obtained from the local education authorities 
either through a headmaster of a school, or through the 
local Advisory Committee for Juvenile Employment. A 
few apprentices of special promise proceed to the R.A.F. 
Cadet College for training with a view to becoming 
commissioned officers. For the remainder, opportunities 
arise later to volunteer to qualify in flying and become 





airmen-pilots. 
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THE MOVING OF AN EIGHT-STOREY BUILDING AT ALBANY, N.Y., U.S.A. 


(For Description, see Page 202.) 
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Fia. 2. Tue Burtpina READY FOR THE First Move. Fic. 3. THe FRAMEWORK UNDER CoLUMNS, ON ROLLERS. 
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Fie. 4. Szconpary FRAME, SHOWING THE TRACKS, ROLLERS AND CRIB WoRK ON WHICH THE BuILDING was MoveED. 
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PLATE XIV. 





VE FOR THE KENYA AND UGANDA RAILWAY. 
SPHENSON AND COMPANY, LIMITED, ENGINEERS, DARLINGTON. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
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THE GENEVA CONFERENCE AND 
BRITISH NAVAL POLICY. 


Ir would be tedious and unprofitable to examine 
plans of naval limitation which have been rejected, 
or to discuss figures of total cruiser tonnage which 
nohody have accepted, and ratios of relative strength 
which have never been more than bare proposals ; 
but because the concrete projects laid before the 
recent Conference have been abandoned, it does not 
follow that the discussions which those projects 
provoked are devoid of interest. It is, indeed, our 
present purpose to endeavour to make the British 
case at Geneva as clear as we may, and to illustrate 
it by explanations of the concrete problems of 
British maritime strategy. 

In our last article upon the Geneva conference, we 
analysed and discussed the proposals which the 


n| British, Japanese and United States delegates had 


made. We came to the conclusion that the Japanese 
and British plans were sufficiently similar in aim and 
substance to be welded into an agreement, but that 
the United States’ project had been drafted with little 
regard to defence problems, and the military security 
of Great Britain and Japan, so that it could hardly be 
treated as a serious contribution to the cause of 
naval disarmament. Subsequent events have shown 
that our conclusions were sound. The British and 
Japanese experts have twice drawn up the plans of a 
scheme satisfactory to both parties ; the Americans 
have twice rejected them and have refused to modify 
their original draft sufficiently to make it acceptable 
either to ourselves, or, presumably to the Japanese. 
This refusal has been an impassable obstacle to 
successful negotiation. 

But although the discussions at the conference 
gave no practical result, they provoked several very 
important statements upon British naval policy. 
The British Government, speaking through its 
delegates, have made a concession to the United 
States which will probably be a very important 
mark in British naval history. The long discussions 
which arose on the tonnage of ocean cruisers, and the 
calibres of guns in cruisers, revolved round certain 





"| cardinal points in our system of trade defence ; and 


in this connection it was found, unfortunately, 
impossible to discuss matters without contrasting 
and comparing the naval strength of the United 
States and Great Britain. The responsibility of 
ventilating so delicate a subject does not, however, 
rest with our delegates; they were compelled to do 
this from the moment that the United States’ repre- 
sentatives placed their demand for parity before the 
conference, without justifying it by any strategical 
arguments. Since such a demand brings, at once, 
into the range of vision the possibility, however 
remote, of the two Powers being adversaries, the 
British delegates were driven to show how it might 
effect this country’s security. As our defence policy 
had rarely been discussed with such freedom, it is 
well worth while to relate the statements made to the 
concrete problems of British naval strategy. 

First as to the concession made by the British 
Government. The British delegates stated that 
Great Britain would not object to the creation of an 
American cruiser fleet equal in numbers and tonnage 
to the British. Before the conference assembled, 
we examined the strategical implications of this 
concession if ever it were made; and there is no 
need to repeat what we then said. But as naval 
programmes, problems of naval security and trade 
defence are only aspects of national policy, it is 
necessary to explain the extraordinary significance of 
the step which the British Government have taken. 
In a previous article we proved, that, if the United 
States ever create a cruiser fleet numerically 


8 equal to the British, they will reach a position of 


strategical superiority to us, in that they will be 
able to concentrate forces superior to our own at 
points of their own choosing; and those points 
might be upon the vital arteries of our system of 
trade circulation. In other words, we shall, from 
then onwards, depend upon good diplomacy, alone, 
for a certain proportion of our daily necessities. 
There have been periods in English history when 
distant possessions have been left uncovered, and 
there have been moments when our dispositions have 
been inadequate and faulty ; but never since Charles 
II laid up the Fleet prematurely, and exposed us to 
the stroke against the Medway, has the British 
Government been willing to take the risk of leaving 
a vital point covered by nothing but a prospect of 
good relations with a possible adversary. This, 
moreover, is only one aspect of the concession that ‘ 
we are prepared to make. The British maritime 
frontiers—this is the term we have always used 
when writing of our vital arteries of commerce—will 
not, we believe, be exposed to attack by a State with 
which Great Britain has so long maintained unclouded 
relations. We have ever believed, and the reasons 
for our belief are as strong to-day as they were 
before the conference assembled, that public opinion 
in the United States will not allow friction and 
disagreement between the two countries to develop 
into a serious quarrel. None the less, the political 
forces which have created this demand for naval 
equality with Great Britain derive a great deal of their 
strength from the unfriendliness of a section of the 
American public towards the British nation. It would 
be as foolish to dwell unnecessarily upon these unpala- 
table facts as it would be to ignore them altogether. 

A reticent, but highly significant, explanation 
of British naval policy was, however, added to the 
concessions made to the American delegation. 
Mr. Bridgeman and Lord Jellicoe showed that the 
British plans for the defence of the trade routes 
had been drawn up on a calculation of the total 
number of cruisers which would be required ; and 
that it was this number of cruiser units, not their 
total aggregate tonnage, which was our principal 
concern. The figure given by us was 70; and 
Lord Jellicoe added, during the discussion, that 
of these 70 ships, 30 would always be allotted 
to the battle fleet. This means, that even when 
our cruiser fleet is expanded to 70 units, only 
40 cruisers will be available for the defence of 
the trade routes. The figure is extremely low ; 
with such a force, it would be almost impossible 
to put our Atlantic trade under convoy, and we 
may, therefore, take it for certain that our plans 
for defending the Atlantic trade routes are sub- 
stantially the same as they were in 1914. If a 
political crisis arose, cruisers would evidently be 
allotted to the focal and terminal points of the 
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Atlantic trade routes ; and merchant traffic would 
proceed freely, without covering escort. 

The British delegates also made it clear, that, in 
their opinion, this system of trade defence could 
give our maritime communications the degree of 
security necessary for maintaining the flow of sea- 
borne trade, even though the United States Govern- 
ment created a cruiser fleet of equal tonnage to our 
own ; but they were quite emphatic that they could 
only agree to this numerical equality between our 
own and the American fleet, subject to certain limita- 
tions. An explanatory digression is here absolutely 
necessary, if the real meaning and significance of 
these limiting conditions, which were the central 
points of all the British contentions, are to be 
understood. 

Although the United States, with a cruiser fleet 
equal in numbers to ours, would always be able to 
concentrate a force greater than our own at points 
of their own choosing, this strategical inferiority 
of the British fleet might be mitigated by special 
arrangements. It is not absolutely impossible to 
maintain a flow of trade along distant communica- 
tions in the face of superior forces. In the French 
wars of the eighteenth century, the French naval 
authorities, though their squadrons were generally 
outnumbered, managed to get the bulk of their 
colonial trade past our watching cordons, and their 
foreign commerce was only effectively stopped when 
their colonies were captured. Machine-propelled 
ships have an even greater power of evasion than 
their wind-driven predecessors ; the flow of modern 
commerce is continuous, instead of being spasmodic 
and interrupted, as it was 150 years ago; and 
cargoes are carried in ships which sail independently, 
instead of in groups. Moreover, modern ships may 
be diverted from their ordinary courses and routes 
by wireless telegraphy. All this makes seaborne 
commerce difficult to arrest, and it may, in certain 
circumstances, be maintained even though a power- 
ful adversary attempt to stop it. There are two 
conditions under which commerce may be thus 
maintained. The routes along which that commerce 
flows must be so far from the enemy’s operating 
bases that his ships are only able to operate against 
it spasmodically ; and the striking force that he 
assembles for operations against the trade route 
must not be overwhelmingly large. Let us, then, 
apply these abstract principles to a concrete problem 
of trade defence. 

It so happens that the South American route, 
which leads to one of our great sources of food sup- 
plies. and to an alternative market for grain, if our 
Canadian and United States sources should ever 
be closed, is a route which might be protected by a 
strict control of the merchant traffic that uses it. 
The West Indies trade, whose starting points 
are nearer to the American bases, would not be so 
easy to defend by measures of diversion and control ; 
but if any one of the three great Atlantic trade 
routes could be made relatively safe with a small 
naval covering, there would obviously be more 
ships for the protection of the remaining two. 
The basic condition for this kind of security is, as 
we have said, that no possible adversary shall 
be able to assemble an overwhelming force for an 
attack upon the trade. The British delegates have 
negotiated for this condition with tireless persistency. 
It was this preoccupation which compelled them to 
protest against the proposed creation of an American 
fleet of twenty-five 10,000-ton cruisers, for this 
would be a striking force of the first order of magni- 
tude; it also animated the British proposals 
for restricting 8-in. gun armaments to their 
lowest possible limits, and inspired Mr. Austen 
Chamberlain’s statement of British policy in the 
House of Commons. 

As no Power attending the conference has agreed 
to alter or limit its existing programme, but as 
the delegates have been quite emphatic that the 
position will be reconsidered in 1931, it follows that 
the only way of assessing Great Britain’s position 
at sea, is to relate existing programmes to the state- 
ments of British policy which have been so frequent- 
ly and emphatically made. Does the breakdown 
of the conference affect our security at sea, either 
actually or potentially ? Are the conditions which 
we added to our concession of naval parity with 
the United States, endangered by that country’s 
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freedom from the obligations of a formal diplomatic 
agreement ? There is only one way of examining 
this question. It is to analyse the actual composi- 
tion of the American cruiser fleet, to calculate its 
prospective strength four years from now, and 
to juxtapose the results of the analysis to the 
cardinal problem of our naval security. Does the 
existing American problem tend to create a large 
Atlantic striking force, available for continuous 
operations against distant routes, and does it, on 
that account, endanger the condition that the 
British delegates have striven so hard to secure ? 

As the British Government agreed to an Anglo- 
Japanese ratio of naval strength, which, if adopted, 
would give the Japanese a larger cruiser fleet 
than she actually possesses or proposes to build, 
only the American fleet and the American building 
programme need be examined. 

At the present moment, the American cruiser 
fleet is composed of : 

(i) Three cruisers of a 14,500-ton type, 
with 10-in. and 6-in. guns. 

(ii) Five cruisers of a 13,680-ton type, 
with 8-in. and 6-in. guns. 

(iii) Two cruisers of a 9,700-ton type, 
with 6-in. guns. 

(iv) One cruiser of a 8,150-ton type, 
with 8-in. guns. 

(v) Ten cruisers of a 7,500-ton type, 
with 6-in. guns. 

(vi) One cruiser of a 5,865 ton type, 
with 5-in. guns. 

(vii) Three cruisers of a 3,750-ton type, armed 
with 5-in. guns. 

(viii) Two cruisers of a 3,430-ton type, 
with 5-in. guns. 

(ix) Five cruisers of a 3,200-ton type, armed 
with 5-in. guns. 

In addition two 10,000-ton cruisers have been 
laid down and six more have been authorised. 
American yards can build a large cruiser in about 
four years, so that in 1931 American naval strength 
will be increased by at least eight new cruisers of 
the newest type. Let us, therefore, examine the 
probable duties of this mass of ships as closely as 
possible. 

Of the nine classes of American cruisers, class (v) 
will certainly be required for fleet work, and 
would not be available for war upon commerce. 
Also, class (ix) would hardly be used for this. 
Two questions, therefore, remain to be solved : 
Whether the new 10,000 cruisers would be avail- 
able for an attack upon trade; and whether the 
cruisers not suitable for fleet reconnaissance work 
could be used for commerce warfare ? With regard 
to the first question, there can be little doubt that, 
although highly unsuitable for the purpose, the 
new American cruisers could be used as a striking 
squadron for operations against trade ; and that they 
need not necessarily be allocated to the reconnais- 
sance forces of the American battle fleet. Admiral 
Scheer’s North Sea operations showed that fleet recon- 
naissance forces can be husbanded and cut down 
by a bold use of the fleet air arm; the Americans 
could do as he did, and could also use their immense 
surplus of destroyer tonnage for fleet reconnaissance 
over short distances. They might, therefore, use 
their eight 10,000-ton cruisers for operations against 
trade in the south Atlantic if they were prepared 
to allocate an immense amount of collier tonnage 
to them. Eight vessels of this class would not, 
however, constitute an overwhelming striking force. 
They would only be able to operate together, in full 
force, in spasmodic operations, and spasmodic 
operations against trade—which flows continuously 
—will never do more than dislocate it for a certain 
time. If the American cruisers were used continu- 
ously, not more than five would ever be available 
at any particular moment. Five heavy cruisers 
operating against a distant though highly important 
route is a danger of manageable proportions. 

It is not so easy to answer the second question : 
whether American cruisers in classes (i) to (iv) and 
(vi) to (viii) of our enumeration could be used for 
sustained operations against trade. They are 
mostly old very heavily gunned cruisers of slow 
speed ; and could certainly not be used for fleet 
reconnaissance. Cruisers of this class will always 
be admirable escorts for merchant convoys; but 
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it is doubtful whether they would be as useful for 
attacking as for defending trade. We have no 
concrete cases from which to draw conclusions. 
This much, however, is a matter of fact. During 
the war, the Admiralty maintained a continuous 
cruiser patrol in the Rocas-Fernando Noronha 
and the Canaries-Madeira, zones, and the patrol was 
carried out by old, heavilv-armed, cruisers of the 
type we are discussing. Cruisers of this kind can, 
therefore, be maintained upon distant stations, at 
great distances from their repair bases for long 
periods of time. What the British Admiralty could 
do with such ships as the Essex, the King Alfred, 
the Donegal, and the Highflyer, the American Navy 
Department could do with such ships as the Seattle, 
the St. Louis, and the Huron. As practically no 
American cruiser tonnage would be required for pro- 
tecting trade, it therefore seems fairly safe to say 
that the Americans are able at the present moment 
to set up permanent cruiser patrols for intercepting 
commerce near the western terminals of our Atlantic 
trade, and that they will be equally able to do so in 
1931. They have between 14 and 15 vessels avail- 
able for the purpose. This, it must be admitted, is 
not a serious matter to us. The lighter, 6-in. gun, 
cruisers that we should allocate to the defence of 
trade, would not be able to fight these heavy 
American cruisers in a prolonged duel ; but recent 
experiments in the practical problems of trade 
defence have shown that this is not necessary. 
If these vessels operated, in concentrated squadrons, 
against local and terminal points of trade, which 
were being patrolled by our lighter 6-in. gun 
cruisers, they could certainly not destroy vessels 
so much faster than themselves; and so long as 
these slow attacking squadrons could be located 
and shadowed, the amount of commerce destruction 
they could do would be extremely small. These 
old ships would, possibly, be more useful for 
attacking convoys ; but convoys can, in some cases, 
be protected by vessels of very much lower fighting 
power than the attacking force. All that the 
defending vessels have to do is to fight a delaying 
action until the convoy has dispersed and scattered. 
Many naval officers believe that ocean-going sub- 
marines of the 1,600-ton type could be used most 
effectively for escorting merchant traffic, so long 
as not less than three or four submarines were 
allotted to each convoy, and that the merchantmen 
were provided with good wireless and had an efficient 
signalling staff. We can safely conclude, there- 
fore, that if in 1931 we have some thirty cruisers 
available for trade defence, they will be sufficient 
to protect our trade against attack from the 
strongest possible adversary. We can, on this 
account, view the breakdown of the conference 
without apprehension. The failure to reach agree- 
ment creates no new danger, and increases no 
existing one. Indeed, as the discussions show 
that the British delegates had set a limit to the 
concessions that they were prepared to make, 
and were never tempted to extend those limits for 
political expediency, the negotiations can be said 
to have ended in a British success. 








POWER PLANT FAILURES. 


Macav.ay, in a passage quoted in an address 
by Rankine, commented on the notable fact 
that painted barbarians who had never heard 
of the parallelogram of forces, yet knew enough 
to pile up Stonehenge, of which, it may be added, 
the inner stones appear to have been brought from 
Pembrokeshire, whilst others, though local stones, 
are about 30 ft. long and weigh 30 tons each. 
Whether Macaulay was correct or not in his 
premises, the ability of these early engineers may 
well excite wonder, and a not dissimilar emotion 
is aroused by a study of the pioneering works of 
the mechanical engineers of the past century. 
These knew nothing of micrography, little of 
segregation, and their knowledge of mathematics 
seems seldom to have extended much beyond the 
rule of three. Moreover, very few of the materials 
they employed were subjected to mechanical 
tests, yet they constructed engines and machines, 
many of which are still working quite effec- 
tively, though, no doubt, with a somewhat low 
efficiency as reckoned by modern standards. The 
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excellence of their work receives yearly a testi- 
monial, implied rather than expressed, in the 
reports on power-plant failures, issued by the 
British Engine Boiler and Electrical Insurance 
Company, Limited. In this year’s report, two 
engines, dating from 1860, make their appearance 
in the casualty list. In the one case, a cast-iron 
crank, which was both shrunk and keyed on its 
shaft, broke through the boss. Sulphur prints 
taken after the accident showed that the metal 
was porous in the neighbourhood of the fracture, 
but as the crank had made some 500 million revolu- 
tions in the course of its 66 years’ life, the accident 
reflects little discredit on the engine builders. 
The consequential damages resulting from the 
failure, were somewhat serious, the bed plate being 
broken and the L.P. cylinder cracked. In spite of 
the age of the engine, it was decided to make 
repairs, a new L.P. cylinder being fitted and both 
cranks replaced by others of steel. 

It was a second-motion shaft which failed in 
the case of the other old engine, which was of the 
McNaughted beam type. The fracture occurred 
in a journal 9 in. in diameter and 13 in. long, and 
subsequent examination showed that the crack had 
started at the fillet. Sulphur prints showed certain 
defects in the metal, which was iron, but the shaft 
had nevertheless made 400 million revolutions before 
it gave way. The new shaft is of steel, and the 
journal diameter has been increased to 10 in. 

Another second-motion shaft which failed was of 
steel. In this case, the useful life was 786 million 
revolutions. As inthe previous instance, the failure 
was in the journal. The metal in this case gave 
satisfactory sulphur prints, but micrographic exam- 
ination showed that the steel had been kept at a 
high temperature for an unnecessarily long period, 
with the result that the grain size was excessive. 
In spite of this, however, the failure developed 
gradually, and final rupture did not occur until the 
crack had exended over more than three-fourths of 
the cross-section. 

Practically every one of these annual reports 
provides an instance of a crank-pin failure, due to 
indifferent design. Builders still persist in making 
crankpins of the same diameter where shrunk in 
to the crank web, as at the bearing. A collar is 
provided, which is intended to bed hard against the 
web, but often fails to do so. In the case discussed 
in the present report, the pin was of steel, and was 
3} in. in diameter at the point of failure. It had 
made 318 million revolutions before it gave way, 
the calculated stress being 5-45 tons per square 
inch. The steel was of a very mild quality, and 
micrographic examination indicated that it had 
received injudicious heat treatment with a con- 
sequent loss of ductility and of resistance to shock. 

Two piston failures are attributed to errors in 
design. In the one case the piston of a uniflow 
engine was built up of two flat-ended cylinders 
or bells joined edge to edge. The piston rod passed 
through bosses in the flat ends and some abrupt 
changes of section were embodied in the design. 
The piston broke during normal service, and on 
examination showed that the crack had started 
near the central boss and had spread gradually. 
Tests made after the accident showed that the 
metal was of an unsatisfactory character, but the 
failure is attributed in the main to defective design. 
This was also mainly responsible for the second 
piston failure recorded, which broke when the engine 
was running at about half load. 

Several failures due to the presence of water are 
recorded. For one of these a defective vacuum 
breaker was responsible. The engine in question 
was built in 1925, and has twice been badly damaged 
by the admission of water to the cylinder. On the 
first occasion, the float operating the vacuum 
breaking valve failed to act, with the result that 
water entered the cylinder, causing the piston to 
break into several pieces and the cylinder head to 
crack. An examination by the insurance company 
after the first accident, showed several faulty 
features in the vacuum-breaking arrangements, 
but their recommendations were unattended to, 
with the result that there was a second smash two 
months after the engine was again got to work. 
Defective drainage arrangements which allowed 
water to collect in steam valves and pipes were 





ENGINEERING. 


responsible for wrecking two other engines, and the 
report also includes a description of the accident at 
Barking where the main stop valve of a 32,000-kw. 
turbine had its cover torn off by water hammer. 
This cover measured 3 ft. in diameter, and had a 
3}-in. flange. It was secured by 24 1}-in. steel 
studs, the whole of which were broken off when the 
cover was carried away. In making the repair alloy 
steel has been used for the new studs. 

Several cases are reported of damage due to the 
failure of cast iron when exposed to superheated 
steam. In one zase, an unusual noise was heard in 
a cylinder, and on opening it up fragments of 
cast iron were found inside, the origin of which was 
not discovered till some months later, after additional 
trouble and damage on two occasions. Ultimately, 
it was found that the fragments responsible had 
come from a cast-iron disc valve in the superheater. 
These valves had been examined on the occasion of 
the first accident, but superficially, being merely 
felt by hand instead of being opened up. In 
another case, during the periodical examination of 
a 1,500-kw. impulse steam turbine, the cast-iron 
casing was found to be seriously cracked. In this 
instance, the steam temperature occasionally rose 
to 600 deg., though the designed limit was 550 deg. 
The crack started at a groove, machined for regis- 
tration purposes in the head of the casing, and went 
through to the steam belt. 

Several cases are recorded of blade strips. In 
some instances the damage was discovered only on 
opening up the turbine for its periodical examination, 
the station staff having had no suspicion that 
anything was wrong. In another instance the sole 
indication observed was that the gauge between 
the third and fourth groups of some reaction blading 
was showing a higher pressure than the normal. 
On opening out this turbine, three blades were found 
broken out of the eighth group, and the stator 
blading of the ninth group was damaged. No trace 
of the broken blades could be found, a condition 
which it may be said is by no means unprecedented 
when reaction blading strips; the broken blades 
are then often rolled and beaten up into small 
fragments, which find their way into the condenser. 
As it was not convenient to replace the broken 
blading immediately, the damaged ring was merely 
cut out and the turbine set to work again pending a 
more convenient season. 

Two instances are reported in which blading had 
been injured in riveting up the shrouding into place. 
The blades were of bronze, and had their ends 
tanged to receive the shrouding which was secured 
by riveting down the tangs. The metal had in 
this instance been so damaged by this operation 
that the tangs parted and the shrouding came off. 
In another case, blades broke owing to the fact that 
during erection, they had not been properly tightened 
into the slot machined in the wheel to receive them. 
Some builders it may be stated, will not permit 
work of this kind to be done by piece. 

One interesting case of excessive wear is reported, 
the inlet edges of the blades of a two-row velocity 
compounded wheel being worn down by no less 
than } in. 

That speeds are still tending to increase is 
indicated by the fact that one of the failures con- 
cerned a turbine of 850 h.p. rating, which ran at 
5,000 r.p.m., and another 500-b.h.p. machine had 
a running speed of 6,000 r.p.m. The highest speed 
recorded in the report relates, however, to a small 
simple impulse machine designed to develop 
20 b.h.p. at a speed of 19,200 r.p.m. This was 
coupled through 10 to 1 gearing to a fan which had to 
be kept running day and night for months on end 
and under abruptly changing loads. Under these 
trying conditions it had been found necessary to 
reline the bearings four times during the year, and 
ultimately there was a breakage both of buckets 
and gear teeth. It may be noted that a very 
similar trouble with a de Laval turbine of 450 b.h.p. 
was described a few years since in the Bulletin de 
la Société de V Industrie Minerale. In this case the 
turbine ran at 7,500 r.p.m. and drove an air com- 
pressor at 750 r.p.m. With the types of compressor 
originally adopted there were constant breakdowns, 
the wheel and gears having to be replaced five times 
in six years. An examination of the wheel teeth 
led to the conclusion that they had been subjected 
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to cold hammering, and a study of the compressor 
then made, showed that under certain conditions 
there were great cyclical variations in the load. The 
compressor was accordingly replaced by another 
make, free from this defect and there was no further 
trouble. 

Failures of connecting rod bolts due to inadequate 
fillets or to the omission of stretching pieces invari- 
ably figure in these reports. The fault is specially 
marked in the case of gas and oil engines which are 
generally subjected to heavier shocks than the corres- 
ponding elements in a steam engine. The crank- 
shafts of these engines seem also somewhat prone to 
breakage. The internal combustion engine has now 
been so long in use that builders might reasonably 
have been expected to have reached the same stand- 
ard of reliability as has been attained in the case of 
the steam engine, but apparently this desideratum 
has not yet been fully achieved. One case discussed 
is of special interest in view of the research on the 
weakening effect of oil holes which was described 
in last year’s report. The engine in question had 
six cranks and the shaft was supported on seven 
bearings. The running speed was 450 r.p.m. The 
oil supply was distributed to both crank pins and 
journals by holes bored in the shaft. A crack 
started at the oil hole in bearing No. 5 but was 
fortunately discovered before the fracture was 
complete. Using conventional methods of calcu- 
lation, the maximum stress on the crank pins is 
estimated at 21,000 lb. per square inch, and at 
10,000 Ib. per square inch at the sections where the 
main bearing necks adjoin the crank webs. These 
figures are stated to be about twice as high as are 
allowed in similar engines of the best design. 

Several cases are recorded in the report, of the fail- 
ure of owners to carry out the proverbial stitch in 
time, although warned by the insurance company 
of the inevitable results of such negligence. 
Perhaps the most serious of those noted is that of a 
boiler of unknown age which was proposed for 
insurance. The survey then made, showed that 
the shell crown was so wasted that it could have 
been penetrated by a hammer blow, and that the 
side plates were in places only one-half their original 
thickness whilst the fire hole seam was cracked in 
the lap. The owner was consequently warned of its 
dangerous condition, but in vain, and the menace 
to the neighbourhood is apparently still unabated. 

Purchasers of secondhand boilers are particu- 
larly apt to be imposed on by ignorant or un- 
scrupulous vendors. In one case reported, the 
prospective purchaser, before parting with his 
cheque, had a proper examination made of a boiler 
which he intended to work at 60 lb. pressure. It 
turned out to be so badly corroded that the plate 
failed at the waterline when sounded with a 
hammer. The vendor had declared that the boiler 
was fit for a pressure of 80 Ib. per square inch, 
and asserted that he could get it certified for this 
pressure elsewhere if the insurance company would 
not accept it. 

Every year there are a number of failures of 
baker’s ovens. These are heated by high-pressure 
boilers consisting of closed tubes which are at the 
outset filled with a “special liquid” which at a 
temperature of 212 degrees F. occupies about one- 
third the total volume. The “special liquid” in 
question it is of interest to note, is generally water 
from the ordinary tap, though occasionally distilled 
water is used. These tubes are highly heated, and 
are subject to very high pressures. Fortunately the 
water contents are small, and failure has seldom 
any very serious consequences. 

As is common knowledge one method of preparing 
hydrogen is to pass steam over red-hot iron. The 
oxygen unites with the iron and the hydrogen 
passes over and can be collected. A reaction of 
the same kind is apt to occur in the case of these 
baker’s oven tubes, but by well-known laws the 
reaction is limited by the pressure, the decomposi- 
tion diminishing as the pressure increases. 

Calculations given in the report show, however, 
that even if the whole of the water were decomposed, 
the consequent oxidation of the tube would not 
be serious unless it were somewhat strictly localised. 
In another part of the report, Mr. L. W. Schuster 
gives a very complete discussion of the strength 
of crane hooks, as calculated by the mathematical 
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theory of elasticity. As is now well known, the 
Andrews-Pearson formula suffers from three defects. 
In the first place it is inconsistent with the known 
result that Poisson’s ratio does not appear in dis- 
cussions of plane stress, unless the form studied be 
‘multiply connected”; in the second place the 
formula is very complicated, and finally it provides 
no indication of the existence of radial stresses. 
Correct solutions of the problem of the crane hook 
were, it appears, worked out on the Continent 
nearly twenty years ago, and the same solution was 
arrived at independently in our issue of Septem- 
ber 5, 1913, page 307. A very complete and general 
discussion of this and allied problems was given by 
Professor Inglis in a paper read before the Institute 
of Naval Architects in 1922, and it is this treat- 
ment which has been adopted by Mr. Schuster. 
It is, however, perhaps open to question whether 
the ordinary elastic theory suffices to fix the 
strength of hooks. All solid sections subject to 
bending prove stronger than indicated by this 
theory. In other cases, however, such as punching 
or slotting machine frames, which are often of box 
or I-beam section, the radial stresses may, aS was 
pointed out in ENGINEERING (loc. cif supra), be more 
important than the tangential. Quite recently, 
again, Professor W. Hovgaard has shown that it is 
the existence of these radial stresses which renders 
pipe bends much more flexible than the ordinary 
theory would indicate. 





WELDED STRUCTURAL STEELWORK. 
By W. H. Tuorrr, Assoc.M.Inst.C.E. 

CONSIDERABLE progress has lately been made in 
the application of electric welding to steelwork, 
whether for machine parts or for structural service. 
There is already much detailed matter available 
in the technical Press, and it may be of interest 
to note what has been done in the way of testing 
this system, and, recently, in its application 
to practical cases. There are, as is now well 
known, two methods of welding in common use. 
Each has its advantages. 

With resistance welding, the make-up may be 
much the same as with riveted work, spot welds 
being substituted for rivets. The make-up may 
also be similar when arc welding is used, but 
sometimes is not the same, angles being discarded 
and fillet welding in the corners relied upon—that 
is, the deposition of weld metal, as fillets, in the 
angles formed by the junction of parts. The im- 
pression given by comparing built-up girder sections 
of the old type, riveted construction, having angle 
and tee connecting members, with sections built 
up from plates and flats alone, with no other 
connection at re-entrant angles than a small 
fillet of weld metal, is not at sight favourable, 
but perhaps gives a less satisfying impression, 
largely because the older method has established 
by use a standard of fitness which seems to be 
lacking in the later fillet-welded forms. Such 
forms look weak, but are they so? This is the 
question which will in course of time, and with 
adequate experience, find its own solution; in 
the meantime one can only bring reason to bear 
upon the matter—reasoning aided by experimental 
work. Commonly the designer, though he be a 
competent computer and of good experience, 
hesitates to put into use forms and details which 
do not look right. In this he will generally be 
wise. There are subtleties in design which can 
hardly be reduced to definite formulz, and neglect 
of an impression of weakness conveyed by any 
particular proposal may be occasion for regret. 
This does not imply that one should design “ by eye,” 
as does the architect, but simply urges the desira- 
bility of more closely examining any suggestion 
which offends the sense of fitness. Pursuing this 
aspect of the question, it may reasonably be con- 
sidered that any innovation in construction is 
liable to criticism, based on unfamiliarity of 
appearance. It is probable that when timber- 


framed construction for roofs and bridges was in 
the act of being displaced by metallic forms, 
similar misgivings were entertained by construction 
engineers of that time. 
to be too conservative. 

A building has recently been erected in the 


It is no doubt possible 





United States for the Sharon Works of the Westing- 
house Electric and Manufacturing Company, and 
was described by Mr. Jas. H. Edwards in a paper 
read recently before the American Iron and Steel 
Institute. This structure is perhaps the latest example 
of structural steelwork, arc-welded instead of being 
riveted. The building is 220 ft. long by 70 ft. wide, 
and has five storeys. The live load on the floor 
was taken at 300 lb. per square foot. The maximum 
unit stress is 18,000 lb. per square inch. Columns 
and main beams divide the floor area into bays 
of 22 ft. 2 in. by 20 ft. At the second floor there 
are, to give an open space below, twin girders 
spanning about 45 ft., carrying at the centre 
heavily-loaded columns, and also certain floor joists. 
From end to end of the building on all floors the 
floor joists are made continuous over eleven spans, 
as also are the 20-in. bearer beams across the building, 
the end connections being designed for this, and 
arc-welded. The structural steel sections are 
fillet and butt welded, as distinct from spot welding, 
and are reinforced in places by supplementary 
pieces. There are few angles, or other shapes, plates, 
flats and joists being chiefly used. Other features 
are of interest, but it is proposed to confine attention 
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inch in the end panel, }{ inch thick, is at the rate of 
about 6,800 Ib. per square inch. This stress 
appears to be moderate, and does indeed satisfy the 
Cooper formula for webs, but it is to be observed 
that the at tachmentat the top and bottom edges 
and at the stiffeners is by small fillets of weld metal 
only, and any diagonal compressive strip considered, 
is not in same condition with respect to stiffness as 
it would be if secured between angle bars, as in 
ordinary practice to which the Cooper formula 
applies. 

A girder, 2 ft. deep, and of the same general 
construction, having the same web thickness ratio 
had previously been tested at the Bureau of 
Standards, and buckled in the web at 16,700 lb. per 
square inch shear. In the girders illustrated, there 
appears, indeed, so little to ensure true-form, so little 
to secure squareness of part to part, that if the 
girder once began to deform there is but little to 
prevent further deformation. These considerations 
can hardly be reduced to figures, but arefyet of 
sufficient importance to call for caution. It is to be 
hoped that the study of this particular case of 
welding up structural members will not be under- 
stood as of destructive tendency, and that the 
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to the girders of about 45-ft. span already mentioned, 
as illustrative of the general method of construction. 
There are 10 pairs of these girders, of which some 
particulars will be given, relating to those at each 
end of the building, the remaining eight pairs 
being less heavily loaded and somewhat lighter. 
One of the heavier girders is shown in Fig. 1; 
it is 45 ft. 6{ in. span, and 3 ft. 34 in. deep overall. 
There are no angle bars connecting webs to the 
flanges, or gusset plates. Edges of plates are 
brought into contact with other plate members, 
and fillet welds are relied upon to make the 
connections, these fillets not being, it is to be 
observed, always continuous, but more or less 
approaching continuity in the welding according 
to the requirements of stress (see Fig. 2). The 
section of the girder (Fig. 3) is to a sufficiently 
large scale to convey a correct impression. The 
flange plates are secured to the web plates by 
#,-in. fillet welds as shown, and the gusset plates 
(about 3 ft. 10 in. apart) are secured to the flanges 
and to the web in a similar manner. 

The impression conveyed is not convincing. It 
might be supposed that the extreme edge of the 
single-flange plate (near the ends) of the top boom 
would be inclined to cripple, being but little re- 
strained by the web connection, and sensibly free- 
ended with respect to length between gussets ; com- 
putation does not confirm this doubt. Stresses at 
the welds at per square inch of weld surface were in 
design limited to 8,000 lb. per square inch generally, 
but it is to be remarked that with 4 fillet-welds, 
this corresponds to 11,200 lb. per square inch of 
fillet section on a diagonal line (Fig. 3). 








Considering web behaviour, the shear per square 
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designers of the building will not take amiss such 
frank criticism as is offered. The effort made in 
this case shows considerable courage, and it may be 
hoped will, in the main, be justified by results. 

In any case, we may learn much from it. The 
weight of steelwork in the Sharon building was 
11 per cent. less than for a riveted structure. 
Templating, shearing, marking-off, &c., cost less ; 
assembling was more costly. Welding in the shops 
was four times the cost of riveting, but on the site 
was no greater. These figures do not cover 
electrical equipment, which was furnished by the 
Westinghouse Company. The ultimate result was 
a building of enhanced cost. 

Further details relating to the testing of various 
forms of connection, fillet-welded, are to be found 
in a paper recently read before the Western Society 
of Engineers, by Mr. Gilbert O. Fish, who was 
engaged upon the Sharon building. These tests 
show the extraordinary resistance developed by 
fillet-welding, and tend to justify the expectations of 
its adherents, even after allowing for such differences 
as there undoubtedly are between the work of 
individual welders, differences, reasonably enough, 
compared with such as may be found in riveted 
work. One advantage incidental to welded work is 
claimed to be the freedom from the noise which 
accompanies riveting. This is of particular import- 
ance in connection with work carried out in cities. 

With respect to the general question of arc- 
welding by added metal, it may be said that weld 
metal, though of much the same elastic properties 
as the solid section up to the elastic limit, is of much 
inferior ductility beyond that point, and though, 
as a council of perfection, we know that limit 
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should never be exceeded, or even approached, yet 
this reserve of ductility in ordinary steel is probably 
the salvation of many structures, and is, it may be, 
the one truly dependable margin of safety. 





THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 147.) 

Pure Metals. Alloys. Physical Properties and Struc- 
ture.—After succeeding in removing all the oxygen 
from iron by means of dry hydrogen, and thus pro- 
ducing small quantities of a pure metal of high 
permeability and low hysteresis, the Department 
found that phosphorus was a source of contamination 
in some iron ingots. Recourse was, therefore, once 
more had to electrolysis for the production of pure 
iron and chromium. The impurity to be feared 
in FeCr alloys is nitrogen, which is taken up 
from inert nitrogen atmospheres. This gas affects 
the microstructure of these alloys, and though its 
action on carbon steels does not appear to be 
appreciable, it is uncertain, and studies in vacuo 
can alone be regarded as safe. Iron-manganese 
alloys cool very rapidly, so that they must be heated 
considerably above their melting points in hydrogen 
atmospheres before the thermocouples are inserted. 
Carbon furnaces cannot be used with these man- 
ganese alloys, and nitrogen atmospheres cannot 
be used in the glazed muffles. Iron-phosphorus 
alloys, containing up to 30 per cent. of phos- 
phorus, have been prepared by dropping briquettes 
of phosphorus into the molten iron in the 
induction furnace, and up to about 22 per cent. 
phosphorus (the compound Fe,P) the results 
confirm the work of Kurnakoff. Beyond this 
percentage, the liquidus falls again and forms 
a eutectic with some unknown compound. This 
eutectic melts at 1,260 deg. C. and contains 
about 27 per cent. of phosphorus. The alloys 
containing Fe,P can be crumbled between the 
fingers, and alloys containing Fe,P are subject to 
marked undercooling. The addition of phosphorus 
to iron affects the A; and A, poinis, although the 
rate of phosphorus diffusion is very slow. 

The Silit furnace mentioned is also being used for the 
study of nickel-chromium alloys at high temperatures. 
These can be forged and rolled, when they contain 
40 per cent. of chromium. The creep stress at 
800 deg. increases with an increasing percentage of 
chromium. We have already referred to this work, 
and to the researches on nickel-chromium steels, to 
which other metals have been added, as well as to 
the researches on fatigue and on chains and hooks. 

Dental Alloys.—The X-ray examination of dental 
alloys, such as Ag,Sn, Ag,Zn,, AuSn and Au,Sn, 
does not explain why these four compounds differ 
in regard to ageing and ductility. They are all 
brittle, but the first two show some internal 
ductility (within the crystal), while AgSn and 
AuSn absorb much more mercury when freshly 
filed than when aged. Mercury-tin amalgams 
generally behave peculiarly with regard to etching. 
Even when treated at the temperature of liquid 
air, the electrolytic etching of the polished specimen 
with hydrochloric acid does not show a crystalline 
structure. The method of overcoming the experi- 
mental difficulties of the microscopic study of this 
low-temperature etching was explained in our notes 
on the Royal Society Conversazione of May last.* 
Whether the binary compounds just referred to can 
really be regarded as chemical compounds is un- 
certain. It appears rather that they are solid 
solutions stabilised by the presence of other atoms. 
X-ray examination does not reveal any difference 
between the atomic structures of the pure silicon 
with a diamond lattice, which is derived from an 
unmodified aluminium-silicon alloy, and that of 
the alloy after modification, i.e., after mechanical 
improvement by means of a flux containing 
metallic sodium, which gives a finer grain. In 
the case of iron-manganese, however, the gradual 
addition of manganese to the iron causes a change 
in the lattice; first the body-centred lattice of 
« iron opens out, and then the face-centred cubic 
lattice of y iron appears. 

Magnetism. Single Crystals. Strain.—The iron 
of these FeMn alloys is free from carbon, and the 





alloys are, therefore, not manganese steels. The 
apparatus for the study of the fundamental 
phenomena of magnetism, and the relationship 
between elastic and magnetic extension under 
load for various cycles of loading, was explained 
by Mr. V. H. Stott. A bar of the metal, 40 in. 
long, which was severely cold drawn to render it 
uniform, was suspended inside a vertical cylinder. 
This cylinder was wound so that a field of 1,000 
gauss was produced for 44 in. in the middle of its 
length. The bar was prevented from becoming 
heated by water-cooling. The effects of strain and 
heat deformation, due to plastic deformation, have, 
so far, been studied mainly with copper, which 
was cooled down to the temperature of liquid air. 
It was found that the lead azide, which was 
employed to produce plastic deformation by its 
explosion, could be cooled to this temperature 
without any risk of premature explosion, and 
that the mode of deformation of the copper under 
such conditions was not essentially different from 
that at ordinary temperatures. Single crystals 
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are made by cooling the metal very slowly in long 
tubes, at the rate of one degree in every three hours ; 
the cooling period was, therefore, several days. 
Freshly-fractured aluminium rods prepared in this 
way had the same bluish tint as glacier ice. 

Light Alloys. Beryllium. Cadmium. Glass.— 
The work on light alloys and on die-casting has 
been recently noticed by us in connection with 
papers by Messrs. 8. L. Archbutt and J. W. Jenkins, 
and Miss K.E. Bingham.+ Of the minor metals, much 
attention is still being given to beryllium, which 
has not yet been obtained in the purest condition. 
With this end in view, and in order to ascertain 
whether the want of ductility observed in the 
purest beryllium and other metals is really due to 
the presence of nitrogen and other impurities, 
Mr. A. C. Vivian, whose fused electrolysis we 
illustrated on page 673 of our issue of November 26, 
1926, has, in conjunction with Mr. H. A. Sloman, 
devised another method for the preparation of the 
metals by the thermal dissociation of its halides 
in vacuo. A piece of beryllium is suspended by 
a tungsten wire in a wide glass cylinder so that 
it does not touch the latter. It is heated by 
contact with a tungsten-rod electrode, and in a 
tray below there are some iodine crystals. The 
iodine volatilises at 350 deg. C., and the vapour 
of beryllium iodide, which is formed, begins to 
dissociate at about 700 deg., thus depositing 
a coating of metallic beryllium on the colder wire. 





* See ENGINEERING, 1927, vol. cxxiii, page 616. 





+ See ENGINEERING, 1926, vol. cxxii, pages 345, 605, 614. 





This deposit is some 20 times as thick as the wire. 
The solubility of beryllium in aluminium appears 
to be very small. Metallic cadmium forms with 
zinc a eutectic, which is of considerable interest 
as a medium-hard solder. These solders behave 
better than ordinary solders under conditions of 
continuously applied stress and at temperatures 
slightly above that of the atmosphere. 

The researches on glass, which were recently 
conducted by Messrs. Stott and D. Turner, have 
unfortunately had to be discontinued. It was 
found that, between 1,200 deg. C. and 1,500 deg. C., 
the viscosity of a particular glass was a function 
of the temperature, and that this function remained 
unchanged when the glass was cooled to room 
temperature and reheated, provided the cooling 
was rapid within a critical range lying below 
1,200 deg. At temperatures below 1,200 deg., 
measurements of the viscosity indicated the 
existence of at least two states in the glass. This 
was the first quantitative confirmation of a 
variation in the constitution of glass at high 
temperatures as a result of thermal treatment ; 
such a variation had already been suspected by 
practical glass founders. 

Physics Department. Heat. Standards. Ther- 
mometers.—Of the two melting points adopted as 
fixed points for the international pyrometer scale, 
the value, 1,755 deg. C., is generally accepted for 
platinum, but that of palladium, about 1,550 deg., 
is tobe determined exactly by black-body observa- 
tions on about 1 kg. of the fusing and freezing 
metal, the intensity of the radiation being compared 
to that of platinum or gold by the use of a rotating 
sector. The crucible used by Mr. F. H. Schofield 
is of aluminium silicate (Marquardt mass), and the 
preliminary experiments are made on _ nickel, 
because palladium begins to volatilise above 735 deg. 
The induction furnace of Mr. Eric Bell comprises 
two silica valves, each giving 10 kv.-a. at a frequency 
of 1,000,000 cycles per second, a transformer, two 
zinc-plate condensers, 2 ft. square, each of 0-001 
microfarad, and several pumps in series. The 
old standard thermocouples of the Laboratory, 
containing 13 per cent. of rhodium in the platinum 
alloy, are being replaced by an alloy with 10 per 
cent. of rhodium, as used in America and Germany ; 
two couples from the Reichsanstalt are being com- 
pared in Berlin and at Teddington at the melting 
points of gold, silver, antimony and zinc. The 
F. E. Smith bridge serves as standard for the 
resistance thermometers. For the testing of 
thermometers, Mr. W. F. Higgins has constructed 
the oil bath illustrated in Fig. 16. The two con- 
centric cylinders shown are open at the top and 
closed at the bottom, where they communicate with 
one another through the rotary gear pump, which 
delivers the oil from the annular space into the 
inner, slightly lower, cylinder. This space is not 
quite full at the maximum oil temperature of about 
200 deg. C. ; the cylinders are made of copper sheet, 
3 in. thick. The thermometer glass is tested by 
X-rays. The number of clinical thermometers 
submitted for test is still decreasing’; it was 
553,453 last year, as compared with 585,149 in 
1925. 

Flame Temperatures. Latent Heat. Thermal 
Conductivity—One of two methods devised by 
Dr. E. Griffiths and Mr. J. H. Awbery for estimating 
flame temperatures, was mentioned in our issue of 
May 20 last, on page 616, as demonstrated at the 
Royal Society Conversazione. In this spectro- 
scopic method, light from a Pointolite lamp passes 
through the flame in question, to which some sodium 
is added, on to the slit of the spectroscope, and the 
lamp current is so adjusted that the sodium lines 
just appear or disappear against the background 
illumination. The other method is based upon a 
new principle. A wire of a refractory metal is 
first heated in a vacuum, and the relation between 
current and temperature is determined with the 
aid of an optical pyrometer. The determination is 
then repeated while the wire is heated by the flame. 
The intersection of the two curves obtained will 
mark the point at which the heat supply balances 
the radiation loss, because the flame does not then 
convey heat to or from the wire. For a thin plati- 
num wire, this intersection point was found to corre- 
spond to 1,765 deg. C. The melting point of 
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platinum is 1,755 deg. C., and it is known that very 
fine platinum wires can be melted in a Bunsen flame. 
The melting points and latent heats of fusion of some 
metals, the latent heats being determined by the 
method of mixture using 2 kg. of metal in a water 
calorimeter, were found to be : aluminium, 657 deg. 
C., 92-4 calories per gramme ; antimony 630, 24-3 ; 
bismuth 269, 13-0; lead 327, 6-26; magnesium 
644, 46-5; tin 232, 14-6; and zinc 420, 26-67. 
Some of these data had not been determined before, 
while others were very uncertain. The determina- 
tion of the latent heat of evaporation of sulphur 
(79 +.0-6 calories) caused considerable trouble, 
which Dr. Griffiths and Mr. Awbery dealt with in 
a paper before the Physical Society this summer. 
In another recent paper they described their method 
of gas analysis (eg., CO, determination), based 
upon the determination of the velocity of sound 
in the respective gas mixture by means of the 
piezo-electric vibration of a quartz crystal. 

In the determination of the thermal conductivity 
of quartz (crystal or fused), Dr. G. W. C. Kaye, 
Mr. Higgins and Dr. J. K. Roberts place a slab 
of the material horizontally between an upper 
cylinder of aluminium, heated by electricity, and 
a lower cold cylinder. At 100 deg. C., the crystal 
was found to have a conductivity of 0-019 c.g.s. 
unit parallel to the optical axis and of 0-012 
c.g.s. unit perpendicular to this axis, whilst 
fused silica gave the value 0-003. In the case 
of the crystal, the conductivity decreased as the 
temperature was raised, the coefficients being 

0-0001 and — 0-000037 (parallel and perpen- 
dicular to the axis, respectively) per deg. C., within 
the range 75 deg. to 105 deg. C., whilst fused 
silica had, within the range 50 deg. to 250 deg. C., 
a positive coefficient of + 0-0000018 per deg. C. 
The chief difficulty of the determination was the 
temperature drop at the contacts between the 
specimen and the metal bars, which would depend 
upon the gas films adhering to the optically-polished 
surfaces. Experiments with air films of 0-10 em., 
0-15 em. and 0-20 em., and a glycerin film 0-15 em. 
in thickness, however, gave sufficiently concordant 
results. The same method is being applied to the 
determination of the conductivity of liquids. As 
regards sulphur crystals, Grebe observed a large 
increase (16-fold) in the electric conductivity 
after exposure to X-rays. There should be a 
corresponding increase in the thermal conductivity, 
but no such increase was observed at Teddington. 
‘or metals, Mr. Schofield has studied these relations 
at temperatures up to 700 deg. C., and the work 
has been extended to bronzes and a large number 
of aluminium alloys. While the thermal con- 
ductivities, K, of these alloys ranged between 
0-32 and 0-52, the value of the constant Kp/T, 
where p is the electric resistivity and T the absolute 
temperature, varied between 5-1 and 5-8 x 10-%, 
so that the electric conductivity could be predicted 
within 7 per cent. from thermal measurements. 

Heat Flow. Refrigeration. Humidity. Flow 
Meters.—The question of the latent heat of liquid 
sulphur dioxide has come up in connection with 
the refrigeration work of Dr. Griffiths and Mr. 
Awbery. The commercial sulphur dioxide, obtain- 
able in steel cylinders, is not pure and gave discordant 
results, due mainly to the presence of water. As 
the latent heats of water and sulphur are about 
600 and 80, respectively, the 4 per cent. of water 
not infrequently found in sulphur dioxide would 
make a considerable difference. Most of the 
samples submitted for thermal-conductivity tests 
were materials for cold-storage insulation. Humidity 
measurements are very essential for cold-storage 
research, and the difficulty is to obtain a stream 
of constant humidity and of sufficient velocity ; 
it is done by mixing definite volumes of super- 
heated steam with pre-heated air. One of these 
investigations involved the determination of the 
increase in weight due to the adsorption of 
moisture by artificial cellulose sheeting, known 
as Cellophane. A large sheet, about 0-02 mm. 
in thickness, was found to adsorb half its own 
weight of moisture in half an hour. 

The effect of humidity on the mobility of ions 
has also been studied by Dr. Griffiths. A stream 
of air of definite humidity is pumped through a 
metal tube, which is closed by a piece of earthed 





gauze. A hole in the centre-of this gauze is closed 
by another piece of gauze, insulated from the rest 
and connected to an electrometer. Polonium, 
spread on gauze and charged to different potentials, 
is brought up, and the relation between the applied 
volts and the current is plotted for different 
humidities and different air velocities, measured 
by the flow meter which will be referred to below. 
The observations show a very concordant decrease 
in the ionic mobility with increasing humidity, 
in spite of the great insulation difficulties in the 
moist air currents. 

The robust form of flow meter of Sir Alfred 
Ewing consists of a glass tube, vertical or inclined, 
in which a sphere of steel or glass (solid or hollow), 
is carried upward by the liquid entering at the bottom 
of the tube. The flow past the ball is stream line, 
but turbulence is observed higher up. The meter 
has been tested with water, oil and other liquids, 
as well as with gases and ammonia vapour, in con- 
tinuous or pulsating flow. 

As regards the general two-dimensional heat 
flow problem, the isothermals and flow lines in a 
plane should intersect at right angles, and, two 
isothermals being given for such a case, it should 
be possible to draw a series of intervening flow 
lines and isothermals. Mr. Schofield applied this 
method to ascertain the increase in heat leakage 
through a 12-in. thickness of insulation against the 
side of a ship, due to a series of ribs spaced 27 in. 
apart and projecting 8 in. into the insulation. 
He regarded the metal rib and the external surface 
of the ship as one isothermal, and the inside surface 
of the insulation as the other. The curves thus 
found were confirmed by making use of an electric 
condenser with or without ribs, and also by experi- 
ments with a model in Mr. Relf’s electric tank for 
the determination of equipotential lines, 

High Vacua.—There has been considerable demand 
for tests of the working speeds and efficiencies of 
high-vacuum pumps, of the types developed in the 
Laboratory and elsewhere, by the apparatus and 
methods described by Dr. Kaye in his Cantor 
lectures (see ENGINEERING, 1926, vol. cxxi, page 
240 et sez.). 

Radiology. X-Ray Protection and Dosage. Spec- 
trometry.—Nearly 100 X-ray installations in hospi- 
tals have been examined by Dr. Kaye since 1921, 
with respect to the protection of the workers, 
and a general improvement can be recorded, although 
deplorable conditions are still found occasionally. 
The X-ray dosimetry is not yet in a satisfactory 
state; there is no reliable absolute standard of 
intensity. The ionisation chamber is the best 
instrument for the purpose, when combined with 
a robust galvanometer, and the currents can be 
magnified by valves, but valves are not constant. 
The multi-plate ionisation chambers do not yet 
give currents within the range of pivot micro- 
ammeters. In these experiments, many aluminium 
plates, 1 mm. apart, each sputtered over with a 
heavy metal, are placed in an ionisation chamber. 
For the study of the absorption of homogeneous 
X-rays by thin sheets of different materials, a hot- 
cathode tube is used and connected through an 
ice trap with a mercury-vapour pump; _ the 
spectrometer comprises two ionisation chambers, 
two crystal-holders, and a calcite crystal, instead 
of the crystal of tartaric acid first employed for the 
purpose, The absorption coefficient of aluminium 
(expressed in mm. thickness) rises from about 
6:4 to 25 and 104, as the wave-length rises from 
0-49 to 0-83 and 1-42 A.U. The K radiation from 
copper used in these researches required excitation 
by a minimum tube potential of 8-86 kv. At 
higher voltages, the intensity of the K radiation 
becomes proportional to the difference between the 
square of the critical voltage and the voltage 
actually applied; but when the double critical 
value of 17-72 volts is exceeded, half the wave- 
length is excited and reflected at the same angle. 
No evidence was found of the so-called J radiation 
of Barkla in this investigation. As regards the 
atomic structure of the alloy AgMg, Dr. E. A. 
Owen and Mr. G. D. Preston found that the etching 
of the alloy seemed to dissolve the magnesium, 
and to cause the silver to crystallise in a face- 
centred lattice, and not in the original body-centred 
lattice. In these researches, use was made of a 





Shearer gas-filled X-ray tube made of porcelain, 
the parts of which are joined by rubber washers, 
instead of by sealing wax. 

Dr. G. Shearer has carried on research on soft 
and hard steels and on tungsten steels. When 
these steels are submitted to heat treatment, X-ray 
lines appear and disappear at certain temperatures. 
These lines are apparently due to the carbides of 
iron and of tungsten which may exist in separate 
crystals, which the X-ray examination would 
reveal, or the carbides may exist in solid solution. 
The breadth of the lines changes with the crystal 
size, and the definition of the lines becomes sharper 
in steels which have lost their magnetism and 
which can have this property restored by heating 
up to 1,250 deg. C. 


(To be continued.) 
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Mechanics Applied to Engineering. Two volumes. By 
JoHN GoopMAN, Wh.Sch., M.Inst.C.E. Ninth Edition. 
London: Longmans, Green and Company, Limited. 

Price, vol. I, 14s. 6d. net ; vol. II, 16s. net. 

THERE are few engineering textbooks which have 
stood so well up to the test of time as Professor 
Goodman’s well-known treatise. First published 
over thirty years ago, it has continued to be very 
much in demand all these years, culminating in the 
issue of this ninth edition of two volumes. The 
new volumes bid fair to continue in favour for 
many more years to come, notwithstanding the 
rapid advances taking place in our knowledge of 
the subject. As proof of the sound character of its 
substance, it may be said that little of the original 
subject matter in the book has been expunged. 
Naturally, additions have been made from time to 
time to keep the book in accordance with modern 
requirements, until in fact, the first volume has 
now reached such large dimensions that further 
extension is almost out of the question. Even as 
it is, some sections are rather superficially treated, 
but for these there are now in existence numerous 
excellent works devoted wholly to one section of 
the subject ; indeed the author actually refers to 
some of them. 

Much of the merit and attractiveness of the book 
is undoubtedly due to the simple and practical 
manner in which the problems have been tackled. 
There has been no attempt to introduce mathe- 
matics of a standard beyond the capacity of the 
average engineer, and easy graphical methods are 
given prominence. 

The pages are packed with information indis- 
pensable to earnest engineers, and this is greatly 
enhanced in value by reason of the author’s original 
work in many departments of the subject, particu- 
larly in the sections dealing with friction, lubrication, 
ball or roller bearings, beams and hydraulics. 

Great care has been taken to bring the work 
thoroughly into line with recent developments, 
necessitating much rearrangement of the text, 
and the praiseworthy efforts of the author in this 
direction have been attended with such a degree 
of success that, excepting in a few cases of minor 
importance, there is not much to cavil at. Oppor- 
tunity might have been taken, however, to remove 
the false impression created by the retention of 
statements formulated long ago characterising 
certain methods or investigations as being new 
or of recent origin, for these can hardly be said 
to come under that category now. It is noted 
also that a few of the matters which could not 
be treated with any degree of certainty in the 
early issues do not appear to have been re-examined 
in the light of progress which has surely been made 
in the interval, leaving one to conclude that these 
are still in an unsatisfactory state—for example, 
the question of the disposition of web stiffeners 
on girders. 

Many old references are still retained, and it 
ought to be possible to substitute for a number 
of these, more recent ones which will be easily 
accessible to the present-day reader. 

The section on hydraulics would be of increased 
utility if information were added to enable the 
various formule to be applied to liquids other than 
water—oil, for example. Problems associated with 
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the extraordinary developments which have taken 
place during the last twenty years or more in 
internal-combustion engines are not specifically 
mentioned, and in view of the greatly increased 
importance of this branch of engineering, the 
omission is unfortunate. 

A new feature is the insertion of a comprehensive 
list of differentials and integrals likely to be of 
service in the mathematics of the subject. This is 
a commendable idea, as in books on the calculus 
these are usually scattered about ina manner which 
renders them difficult to locate. 

Vol. II is entirely new and contains about 700 
fully worked out examples relevant to the matters 
covered in the first volume. They are fairly 
representative of everyday problems arising in 
mechanical, civil and marine engineering, and 
almost without exception are of a practical nature, 
the data not being unduly exaggerated. Inter- 
spersed throughout the text are short notes or 
articles amplifying the earlier work, discussing 
the results, and drawing attention to recent 
investigations of interest, space being devoted 
to the consideration of rolling resistance, Clapeyron’s 
theorem, deflection of framed structures, capillarity, 
variation of discharge coefficient in hydraulics, 
and numerous other items. 

In presenting the solutions to the problems, the 
formule have generally been written down before 
inserting the figures, this, of course, being the 
correct procedure; some, however, fall short in 
this respect. A few of the examples at the end 
of Vol. I are also included in Vol. II, without 
mention of the fact, and as, in one case, different 
answers are given, this repetition seems to have 
escaped notice. 

A table of fractional powers of numbers is given 
at the end of the book to facilitate calculations 
involving fractional indices, the plotting of curves, 
and the reduction of experimental results. Although 
some knowledge of the index laws and graphical 
interpolation may be necessary for values not 
obtainable direct from the tables, these will no 
doubt find favour with many. Those who have 
thoroughly mastered the use of logarithms, the slide 
rule (especially with a log log scale), and logarithmic 
graph paper, and who find difficulty in keeping 
bulky reference books always at hand, will not 
be converted to this system. A table of logarithms 
and trigonometrical ratios would, perhaps, be a 
useful addition. 

In Vol. I there are many references to parts of 
Vol. II, and these could be turned up more quickly 
if page numbers were quoted, as there are no 
chapter numbers at the head of each page, and 
the numbering of problems is recommenced at 
each chapter. 

The books contain over 900 excellent diagrams 
or illustrations, and, as they stand, are undoubtedly 
an exceptionally good investment, particularly 
for engineering students, teachers and draughtsmen. 
Those already in possession of an old edition are 
advised to acquire both of the new volumes. 

Many successful engineers of to-day can contem- 
plate with satisfaction the benefit they have derived 
from their study of this work in the past, and the 
author is to be complimented for his further efforts 
to ensure the continuance of this service to the 
profession. 


The War and the Shipping Industry. By C. ERNEST 

Faye. London: Humphrey Milford. [Price 17s. net.] 
Any review of this book had better begin with a 
frank admission of the reviewer’s insufficiency ; an 
expert economist might discuss the contents of 
certain paragraphs with a knowledge equal to the 
author’s ; persons closely associated with shipping 
might examine certain chapters or sections, with 
equal qualifications ; but it is quite inconceivable 
that any person living should be as well equipped 
with the facts of this vast and complicated subject 
as Mr. Fayle. 

The author’s latest book deals with a new aspect 
of his special subject. As the official historian of 
sea-borne trade, Mr. Fayle was concerned with the 
passage and circulation of supplies to Great Britain 
and the Allies, during the war ; in his present volume 
he deals with the fortunes of the industry that was 


mainly responsible for carrying the supplies upon 
which the Allies depended. 

The story he tells is of quite exceptional interest. 
In August, 1914, British shipping enjoyed a position 
of absolute pre-eminence over that of any other 
country in the world, and it had gained this position 
by free economic development. Since the seventeenth 
century, the State had given shipping no assistance, 
either by subsidies, or discriminating legislation ; 
British shipping had, none the less, outstripped 
every rival, and was responsible for ‘“‘ maintaining 
the broad stream of British commerce, and in. 
building up, in every sea, the international trade of 
the world.” A week after war began, it became 
evident that a large proportion of the British 
merchant service would have to be diverted from 
its ordinary economic uses. Mr. Fayle’s book is, in 
fact, a detailed history of how the State was driven, 
by military and political necessity, to interfere 
with the ordinary operations of the law of supply 
and demand, until, in 1918, the whole of British 
shipping was working under State control. 

The requisitioning of ships required for the passage 
of the Expeditionary Force was the first intervention 
of the State in the ordinary processes of shipping. 
The terms on which the ships were chartered to the 
State were settled by an agreement concluded at 
the end of 1914. The earning power of shipping 
was made the basis of the agreement; and, as 
freight rates were then nearly normal, the bargain 
was accepted as a fair one by all parties concerned. 
No sooner had the bargain been struck, however, 
than a sudden rise in freights created an extra- 
ordinary contrast between the earning power of 
vessels requisitioned by the State and that of 
vessels in ordinary commercial employment. In 
order to distribute the burden of requisitioned 
service more equally, the shipping authorities 
elaborated a plan of proportionate requisitioning, 
and thus largely rectified the injustice of which the 
leading shipowners complained. Shortly after the 
system of state requisitioning had been adjusted 
by a revision of the original rates, and by a redistri- 
bution of the burden, events again forced the 
Government’s hand; and obliged them to extend 
the scope of the system on a scale that they had 
never contemplated. 

In January, 1915, the Government were con- 
fronted with the prospect of a serious shortage in 
sugar. The war had closed all sources of supply of 
beet sugar; and cane sugar had to be brought in, 
to make good the deficit, from the relatively distant 
markets of Cuba and Java. The Government, which 
had already been embarassed by crude and ill- 
informed attacks upon the shipping industry, took 
the serious step of lifting the sugar cargoes with 
requisitioned tonnage, chartered at fixed rates. 
Mr. Fayle lays due emphasis upon the novelty and 
importance of this step. ‘‘ It amounted,” he says, 
“to acceptance of the proposition, that the State 
was entitled to deprive the shipowner of his right 
to market freights, on any cargo bought for Govern- 
ment account, and with no other object than to keep 
down prices in the United Kingdom.” 

This first step towards using requisitioned tonnage 
for ordinary commercial service, was followed by 
others : nitrates, then ore, were lifted by requisitioned 
ships. Next, tonnage chartered by the State was used 
for carrying French coal, and supplies asked for by 
the Allies ; and, finally, a system of universal requisi- 
tion was imposed to maintain the flow of supplies 
to the United Kingdom. Requisitioning, used at 








first as a means for keeping down the prices of 
essential foodstuffs, became, in the end, part of the 
Allies’ major strategy. 

Ordinary commercial trading was further inter- 
fered with by withdrawing British vessels from 
trade between foreign ports, or rather, by only 
allowing them to engage in that trade under licence. 
As a result of these improvisations and special 
measures, an immense complex of governmental 
bodies and special committees was created, and no 
real unity was brought into the system of State 
control until a shipping controller was appointed 
with executive powers (December, 1916). Mean- 
while, however, a serious deterioration in the 
tonnage position was giving warning that a crisis was 
not far distant. The withdrawal of tonnage from 
ordinary commercial use during 1914 and 1915 





had been made good by the special measures of the 
shipping authorities, and during the first quarter 
of 1916 the tonnage position sensibly improved. 
During the autumn of the year, however, a steady 
intensification of the submarine campaign caused 
shipping losses which could not be made good, and 
British carrying power showed symptoms of being 
unequal to its tasks. The growing shortage accen- 
tuated still further the difference between the 
earning power of free and requisitioned tonnage ; 
and the Shipping Controller was soon confronted 
with a crisis of the first order. The measures 
taken were all in the nature of a further develop- 
ment of the existing system. Requisitioning was 
made universal; neutral, as well as British ships, 
were requisitioned by a drastic exercise of belli- 
gerent rights, imports were curtailed, and the 
Government assumed responsibility for shipbuild- 
ing. With this measure, the shipping industry 
became a State service ; its last vestige of economic 
freedom disappeared. Mr. Fayle’s concluding 
chapters are concerned with the return to ordinary 
economic conditions ; the boom of 1919 and 1920, 
and the slump that followed it. This summary, 
however, hardly does justice to the contents of the 
book. We have dealt with his principal subject : 
State control of shipping. It must be remembered 
that Mr. Fayle has examined all the subsidiary 
aspects of his subject, financial, social, legal, and 
administrative, with the care and knowledge that 
he has lavished upon his main theme. 

The history of the State control of an industry 
connects itself, naturally, with modern social con- 
troversies, and social philosophers will certainly 
quote Mr. Fayle to support their own contentions, 
or to attack the theories of their adversaries. The 
author has, we hope, avoided being personally in- 
volved, by adopting the methods of a scientific 
historian, but the facts he has collected will pro- 
bably serve as ammunition to many a controversial 
bombardment. 

The book before us might, indeed, be used to sup- 
port an argument of the following kind. State 
control of shipping successfully combated the worst 
consequences of the law of supply and demand. 
Social distress of the most acute kind would have 
resulted if the shipping industry had been allowed 
to react automatically to the economic situation 
created by the war. Could not control of the same 
kind be exercised, with equal success, to prevent the 
disturbances which arise during the ordinary evolu- 
tion and development of an industrial civilisation ? 

Against this it might be argued from Mr. Fayle’s 
facts, that State control was exercised during the 
war to meet an economic emergency of a kind that 
the natural development of an industry would 
never reproduce ; and that it would surely be waste- 
ful and futile to set up the machinery of State 
control to meet a crisis which, if it ever occurred, 
would not be serious enough to make so drastic a 
remedy necessary. Also, nobody who reads this 
book can doubt that the nationalisation of a 
single industry, dependant for its efficient work- 
ing upon other kindred industries, would not, in 
itself, suffice to avert an economic crisis. If the 
nationalisation remedy is to be effective, the whole 
machinery for carrying, receiving and distributing 
supplies must pass under State control; and it is 
quite impossible to argue that this could be effec- 
tively done from the results of a brief experiment 
carried out at an exceptional time, in wholly 
abnormal conditions. 

The conclusions that may justly and safely be 
drawn from Mr. Fayle’s volume are thus of a more 
practical kind. The facts that he has assembled 
prove overwhelmingly that the danger which 
threatened the country in 1917 was due, in the 
first place, to the calls of our continental allies for 
tonnage, and in the second, to the neglect of two 
successive Governments. Of the two causes which 
created the crisis, the first was unavoidable, and is 
likely to operate with equal strength in any war 
which Great Britain may subsequently undertake. 
For purely military reasons it would be desirable 
that Great Britain should detach herself completely 
from Continental policies, and only wage war as an 
unattached maritime State. Two centuries of 
European history prove that this is practically 





impossible. The British-speaking peoples must 
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accept the fact, however unpalatable, that conti- 
nental commitments, with theat tendant obligations, 
which drain our maritime resources so severely, are 
ap inevitable accompaniment of war. There is no 
need for us to regard the second set of operating 
causes in the same light. Mr. Fayle has shown that, 
whilst our Continental allies were reducing our 
carrying power by their incessant demands for 
tonnage, the British Government permitted the 
mercantile marine to be diverted from its proper 
uses by allowing the naval and military authorities 


to requisition tonnage as recklessly and as waste- |, 


fully as they pleased, by making no effort to check 
port congestion until it became so acute that it 
could no longer be ignored, by giving their sanction 
to a recruiting system which absorbed shipbuilding 
labour into the fighting services, and by diverting 
supplies of shipbuilding material to other uses. In 
addition to all this, the Government refused to 
adopt expert recommendations which would have 
released a mass of tonnage before the crisis became 
acute, and the Naval Authorities blandly and 
obstinately refused to adopt an effective scheme of 
trade defence. This record of mismanagement need 
not be repeated, and responsible authorities will 
be much to blame if they neglect to study the facts 
that Mr. Fayle has collected for them, or to act 
upon their obvious implications. 





Handbuch fiir LEisenbetonbau. Edited by Dr. F. 
Empercer. Third rewritten edition. Volume IV. 
Wasserbau und Verwandte Anwendungen. Berlin: 


Wilhelm Ernst and Sohn. [Price 36 marks.] 

THE second edition of this handbook on ferro- 
concrete construction, which was completed a few 
years before the war, had been out of print for 
several years before the publishers made arrange- 
ments for a new edition, in spite of the distinct 
popularity of the books. The length of the interval 
is not to be regretted. For the workers on the 
Continent, in particular, it is still difficult to study 
foreign literature, although the reader of this 
volume would not receive this impression. The war 
period has set aside some practices and introduced, 
or reintroduced, some methods which have hardly 
survived the period} but opinions have had time 
to clear in the meantime. The new edition of this 
handbook, in which a new grouping has been 
adopted, does not, for example, give undue promi- 
nence to ferro-concrete ships, for which it does not 
predict a future, although it illustrates and describes 
characteristic river and seacraft, lighters, floating 
docks, &c., made of this material. The complete 
third edition will consist of 14 volumes, most of 
which have appeared since 1921 ; only three more 
volumes are in course of preparation. 

The fourth volume discusses hydraulic construc- 
tion in six chapters on retaining walls and quays, 
locks and docks, weirs, dams, lighthouses and 
wharves, and ships and floating structures. This 
last chapter has been contributed by Professor O. 
Lienau, of the Technical High School at Danzig. 
Professor E. Marquardt, of Munich, deals with 
dams, while the other chapters have been prepared 
by Professor F. W. Otto Schulze and Mr. B. 
Kressner, also of Danzig. The volume practically 
covers the same ground as in the previous edition, 
but the number of pages (now 889) and illustrations 
has been greatly increased. Both text and illus- 
trations, as well as the general arrangement, deserve 
commendation, and the index, compiled for this 
volume as for the others, by Mr. A. Larkin, of Berlin, 
is very good ; it is, in fact, more complete than the 
title, subject-matter index, suggests, as the names of 
designers, firms and localities are entered. Special 
mention should be made of the treatment of syphon 
spillways for dams, and of the summary given 
of the characteristic features of a large number of 
dams with literature references. We notice also 
that attention is drawn to the work of the Dutch 
engineer, R. de Muralt, who first floated aprons of 
ferro-concrete, made up of square slabs, into posi- 
tion for securing embankments. Reference is also 
made to the peculiar difficulties of lighthouse con- 
struction which the depth of the sea,.the moist 
tropical climate, and the frequent earthquakes 


cause in the Philippines ; the American engineers 
found ferro-concrete, massive in the lower parts 
and light in the upper portions, to be the most 
suitable material for these structures. 
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THE CASCADE TUNNEL, 
WASHINGTON, UNITED STATES. 
In the early days of railway construction, the 

piercing of a tunnel through a mountain range 
was considered a formidable undertaking, and, 
in the majority of cases, several years elapsed 
before the work was completed. The Mont 
Cenis tunnel, for instance, which is 74 miles 
in length, was commenced in 1857 and was not 
opened to traffic until 1871; the average progress 
was 2-57 lineal yards a day. The St. Gotthard 
tunnel was commenced in 1872 and, nine years later, 
the first locomotive ran through it; the length of 
this tunnel is 94 miles, and the average progress 
was 6-01 yards a day. As is almost invariably 
the case with engineering work, the acquisition of 
experience led to great advances in speed and in 
economy of working. The Arlberg tunnel, for 
instance, which is well over 6 miles in length, was 
begun in 1880 and was completed in just over 
three years. Again, the cost per lineal yard of 
the Mont Cenis tunnel was 226]. whereas the corre- 
sponding figure for the Arlberg tunnel was 108/. 
Of more recent construction, the Simplon and Loet- 
schberg tunnels, the former upwards of 12 miles, 
and the latter 9 miles in length, were notable 
achievements accomplished in the face of great 
and unforeseen difficulties. The experience gained 
in earlier works was undoubtedly largely responsible 
for the successful manner in which these under- 
takings were completed. 

A tunnel, at present under construction, which 
presents many features of interest, is the new Cascade 
tunnel of the Great Northern Railway Company of 
America. This tunnel, 7-78 miles in length, will be 
driven under the Cascade Mountains, in the State of 
Washington, between Scenic, which is some 97 miles 
east of Seattle, and Berne, a town 51 miles west 
of Wenatchee. When finished, it will be the longest 
tunnel in the American Continent, and it is claimed 
that the work will only occupy three years to 
complete. 

The contractors are Messrs. A. Guthrie and 
Company, Inc., and the cost of the undertaking 
will be in the neighbourhood of 10 million dollars. 
The new tunnel will shorten the present line between 
Scenic and Berne by 7-68 miles, and the stretch 
of track, which will thus be eliminated, is very 
expensive to maintain and operate. The curves and 
gradients are excessive, and, moreover, much of the 
road has to be protected by snow sheds. Incidentally, 
the new tunnel will entail the abandonment of the 
present Cascade tunnel, which is 2-63 miles in length. 
The Great Northern Railway Company is also 
electrifying that portion of its system which passes 
through the Cascade Range. Eventually, a stretch 
of line, 80 miles in length, between Wenatchee in 
the east and Skykomish in the west, will be operated 
electrically. 
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THE MACLEOD QUICK-ACTION 
PETROL NOZZLE. 


THE MacLeod discharge nozzle for petrol-measuring 
pumps, illustrated in Figs. 1 and 2 on this page, 
appears to fulfil the requirements of the owners of 
filling stations in a satisfactory manner. The nozzle is 
being manufactured by the Auto Welding and Engi- 
neering Company, Limited, 1, Hanover Yard, Hanover- 
street, Islington, N.1, and, as will be clear from the 
illustrations, is of the shut-off type. It is claimed 
to be definitely and permanently drip-proof, and is 
exceedingly easy to manipulate, the valve being 
operated by means of a lever just above, and roughly 
parallel with, the body. As can be seen in both the 
figures, the front end of the lever is bent approximately 
to a right angle, and is pivoted on a pin located imme- 
diately below the gland through which the valve stem 
projects. Just above the fulcrum-pin there is a 
friction roller in line with the centre of the valve stem, 
and when the operating lever is depressed, this roller 
presses on the end of the stem and forces the valve 
openagainstaspring. There isa trigger-catch mounted 
on the back of the lever, and one end of this catch 
engages with a notch cut in the guide bracket for the 
operating lever. When the latter is depressed, the 
valve is opened as explained, and the end of the trigger 
registers with the notch, as shown in full lines in Fig. 2. 
The valve is thus held open until it is necessary to 
shut off the flow of fuel, when a slight pressure of the 
thumb releases the catch, permitting the lever to 
spring back into the dotted position, the valve then 
being closed. The action of closing is practically 
instantaneous, so that waste of fuel is entirely elimi- 
nated. 

As shown in Fig. 2, the valve is of the dise type, and 
is faced with a petrol- and acid-proof washer, which is 
slightly compressible to ensure a good seating. It will 
be noticed that there is no gland external to the valve 
through which fuel can pass, and that so long as the 
valve is tight, leakage, with consequent drip, is 
definitely eliminated. The large flange shown in the 
figures forms a convenient support for the nozzle on 
the edge of the tank-filling orifice. It is protected by 
a petrol-proof shield of leather or rubber to avoid 
any possibility of damage to the paintwork of the 
car of which the tank is being filled. 








Royat AERonavutTicaL Society Awarps.—The R38 
Memorial Prize, of 25 guineas, is offered annually for 
the best paper received by the Royal Aeronautical 
Society on some subject of a technical nature in the science 
of aeronautics, preference being given to papers which 
relate to airships. Entries must be received by Decem- 
ber 31, 1927, and the closing date for the receipt of 
papers is March 31, 1928. The Edward Busk Memorial 
Prize is offered annually for the best paper received by 
the Society on some subject of a technical nature in 
connection with aeroplanes (including seaplanes). Its 
value is 20 guineas. Entries should reach the secretary 
of the Society not later than September 30, 1927, and 
the closing date for the receipt of papers is December 31, 
1927. The silver medal of the society is awarded annually 
for the best paper published in the Journal of the 
Society during the year under review. Further particulars 
regarding any of the above prizes and awards may be 
obtained from the secretary, the Royal Aeronautical 





Society, 7, Albemarle-street, Piccadilly, London, W.1. 
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THE STRENGTH OF CAST-IN JOINTS. 
By H. W. Swrrrt. 


THE casting-in of mild steel into cast iron has 
numerous applications in foundry work in connection 
with the manufacture of certain types of wheels, pulleys, 
and water-turbine runners, as well as the use of chaplets 
in general foundry practice. There is some diversity 
of opinion as to the most satisfactory method of treat- 
ment of the steel before setting in the mould, and a 
certain amount of secrecy and misinformation appears 
to exist. With a view to obtaining information of a 
comparative nature between various methods of treat- 
ment which have been used and recommended, a 
number of tests on such joints have recently been 
made at the Bradford Technical College by Mr. R. 
Walker and the present writer. 

In order that the results might be strictly com- 
parable, the joints were, in general, of similar form; 
they were all cast in the same foundry and with similar 
metal, as far as possible. The form of joint shown in 


Fig.1. 
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given depth of joint, varied over a wide range. The 
fractured joints, illustrated in Fig. 24, showed clearly 
that this was due partly to the effects of chilling and 
partly to the fact that the cast metal in contact with 
the steel was spongy, thereby reducing the actual area 
of bond. 

It was thought that sponginess in this region might 
conceivably be due to the method of casting, and, in 
order to eliminate this possibility, the next and all 
subsequent sets were cast vertically, with the joint at 
the bottom, under a head of about 12 in. 

In the first of these sets, the steel was again un- 
treated, and the test results were in no way different 


Fig. 4. 
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vented any real union. The local nature of this bond 
accounted, no doubt, for the irregular results. 

The joints for which the steel had been previously 
cleaned and tinned gave remarkably better results. 
Their strengths were not only distinctly higher, but 
were reasonably consistent and showed a systematic 
variation with increasing depth of joint. These 
results are plotted in Fig. 4, and show that there is no 
marked increase in strength beyond a depth of about 
? in. with this particular thickness (} in.) of plate. 
The broken joints, illustrated in Fig. 5, showed very 
little sign of chilling, even when the depth of casting 
in was 1-7 in., and the bond between the iron and steel 
seemed to be distributed over the whole surface. 
This is due, no doubt, to the low melting point of the 
tin, which enables it to melt in spite of the chilling 
effect on the cast metal and to form, in its molten 
state, a bond between the solid steel and the chilled 
iron. The completeness of this bond explains at once 
the increased strength and the consistency of the 
results. 

When the steel was cleaned and treated with red lead, 
the joints formed were very weak, much weaker even 
than with untreated steel. An inspection of the sur- 
face (Fig. 6) showed no signs of a metallic bond; it 
was clear that the red lead had become reduced on the 
surface of the cast iron to the metallic state, and as 
such seemed to have acted rather as a lubricant than 
a bond. 
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Fig. 1 was chosen for convenience of handling and ease | 
of subsequent inspection and calculation. It has also 
the merit that it reproduces fairly closely the con- | 
ditions of general practice. The steel plates used | 
were 3 in. wide by } in. thick, and cast into bars 3 in. | 
wide by 1} in. thick. The overall length of a complete | 
joint was about 15 in. The steel plate used had a| 
yield point of 13-2 tons per sq. in. and an ultimate | 
strength of about 20 tons per sq. in. 
In the first instance, tests were made to determine the | 
effects of various treatments of the surface of the steel ; | 
later tests were made to find the value of certain modi- | 
fications in its shape. 
Treatment of the Surface.—For these tests the steel 
was used :— 
(a) Untreated, as received from the stock holder. 
(6) Filed clean. | 
(c) Cleaned and tinned. 
(d) Cleaned and treated with red lead. 
(e) Cleaned and treated with aluminium paint. 
(f) Cleaned and treated with creosote. 
The first set of test pieces, untreated, were cast | 














Fig. 6. 


Fig. 7. 


The joints formed with steel which had been cleaned 


| but showed some slight improvement over the un- 


from those already described. The broken joint | hs 
again showed the local spongy texture of the cast iron, | and treated with aluminium paint were no stronger 
and the chilling effect was also similar, except that it | than those treated with red lead. After pulling out, 
was symmetrical across the surface of the joint, as can | the aluminium was found to be present at the interface 
be seen in Fig. 28, instead of inclining to one side as| in a loose finely-powdered form in a matrix of (appar- 
shown in Fig. 2a. ently) reduced carbon. The known difficulty of weld- 
The joints formed with steel which had been filed|ing and soldering aluminium is reflected in these 
clean gave test results which were again very variable, | results. 
Steel, cleaned and treated with creosote, gave results 
treated set. The fractures showed the chilling effect | which, in view of the earlier tests were not unexpected. 
very clearly (see Figs. 34 and 38), but the spongy | The action of the molten metal on the creosote produced 
texture was no longer apparent. This sponginess| gases which were unable to get away owing to the 
could, therefore, be definitely ascribed to the formation | chilling action, and a spongy joint (Fig. 7) was the 
of CO, from the oxygen of the rust on the steel surface | result. On this account, the bond was partial and 
and the carbon from the cast iron. This gas was pre-| irregular, and the strength of the joint varied greatly 
vented from rising by the chilling effect at the joint | between different specimens. } 
and became occluded there. The chilling effect, as| Form and Method of Failure.—In a cast-in joint of 
might be expected, was greater with joints of greater | the form used, failure is likely to occur in the following 
depth (compare Figs. 3a and 3B) but not proportionately | way :— 
so. Normally, one face of the joint will be stronger than 
Over the unchilled surface, the bond still appeared | the other. As soon as the weaker side of the joint 
to be only local, and, in most parts of even the deep | (say, AA1 in Fig. 8) reaches its ultimate strength, the 








horizontally on edge, and gave results which, for a | joints, (1} in.,) a partial chilling seemed to have pre-| whole of the load is thrown on to the other side, leaving 





ENGINEERING. 





[AUG. 12, 1927. 








what is virtually a cranked specimen, with maximum 
tensile and bending stresses at the section CB in the 
cast iron and greatly increased load on the stronger 
surface of the joint, BB. If we neglect the tensile 
strength of the joint at the end of the plate, AB, 
which appeared, in general, to be small, the maximum 
fibre stress in the cast iron suddenly became over 10 
times as great, and, if the load is over about 3} tons, 
fracture will occur at CB. At the same time, the load 
on the joint surface BB! has been roughly doubled, 
and this also is likely to fail. In the tests described 
above, it was found that, when a joint failed at 3 tons or 
less, the plate simply drew out. When failure occurred 
at higher loads, the cast iron always fractured across 
one side,CB. On the surface BB, in some cases, failure 
occurred; in some it was imminent (as shown by 
inspection), and in others the bond was apparently 
intact. In two cases out of a total of over a hundred, 
fracture occurred on both faces of the joint and across 
both sections CB and C1A of the cast iron. These were 
both deep joints of considerable strength (over 17 tons), 
and the shock of fracture may have caused the double 
failure. 

It is of interest to note, in connection with these 
tests, that the portions of steel plate which were 
imbedded in the joints, when tested separately, showed 
reduced tensile strength, with very little elongation 
and a crystalline fracture, and were brittle in bending. 
These evidences of overheating were, however, confined 
to the metal below the surface of the cast iron. 

Analysis of Results—An analysis of the results 
obtained with the various types of joint described above 
gave the figures shown in the accompanying Table. As 
an outcome of these tests, it is apparent that the most 


Table giving Tensile Strength of Cast-in Joints. 


Joints 3 inches long, } inch deep. Steel } inch thick. 
Cast Bar 1} inches thick. 














Treatment of Steel. Strength. 
Surface. Form. Minimum. Mean. 
Untreated .. .-| Plain 8-0 10°8 
Filed cleaned - am oe os 9-4 11-9 
Tinned ae wis ia es +> 15-5 16-8 
Red lead .. ei ee 0:5 1-5 
Aluminium paint a 1-0 1°6 
Creosote > - * a 0-5 9-0 
Cleaned -»| Serrated .. be 5-1 6-0 
°° s% ..| Drilled twice } in. 12-5 15-6 
# » in. 2-4 14-2 
Tinned » » 922. 16-2 16:7 
» is -.| Splayed - 17:3 17:4 
Cleaned... ce = 17-8 18-2 











satisfactory treatment of the surface of steel for a cast- 
in joint is one which will enable a bond to form in 
spite of the chilling tendency, and, at the same time, 
give rise to no local generation of gases which would 
become occluded and render the strength uncertain. 
It is not easy to suggest any method simpler or cheaper 
than tinning, which is likely to achieve this end. The 
considerations which follow are therefore applied to the 
case of tinned joints. 

We have definite evidence as to the depth to which 
joints of a }-in. plate should be cast in. In applying 
this, it is necessary to consider the progress of failure 
in any such joint which carries a load above the yield 
point of the steel. In the tests described above, this 
yield point occurred at about 13 tons load. At higher 
loads, a contraction in the width of the plate develops 
gradually, being at any load most marked at the outer 
edge A'B! (Fig. 8), and vanishing towards the root of 
the joint, AB. The joint, therefore, has partly failed, 
and the area of the part which carries the load is 
consequently reduced. If, therefore, the steel plate did 
not yield, the strength of the joint would be increased 
above the test figures. In practice, of course, this 
yield is not allowed to occur, and the joint therefore will 
itself operate under more favourable conditions, so 
that, if the same factor of safety can be allowed for the 
joint as for the plate, the resuts of these tests will afford 
a conservative figure on which the design can be based. 
These considerations suggest that a depth of about 
} in., with this thickness of plate, would probably be 
sufficient, and that a depth of 1 i1. should be ample 
to remove any fear of premature failure. 

This figure cannot, of course, be applied indis- 
criminately to plates of other thicknesses. The strength 
of the plate itself will be proportional to its thickness, 
while the strength of the joint will not, so that the 
efficiency for any depth of joint is definitely dependent 
on the thickness of plate. If, however, the depth of 
joint be made proportional to the thickness of plate, 
the areas of bond, both at the faces and the end, are 
increased in the same proportion as the strength of the 
plate, and the efficiency might be expected to remain 
unchanged. To examine this conclusion, two sets of 


tinned joints were tested with }-in. steel plate cast 
1} in. and 2 in., respectively, into a bar 2} in. thick. 











The results showed that the average strength of the 
joints 14 in. deep was 27-1 tons, while those 2 in. deep 
broke at loads from 11-6 to 20-8 tons. There were 
signs of chilling in each case, especially with the 
deeper joints. The curious weakness shown by the 
deeper joints was again revealed in two further test 
pieces prepared with special care, which broke at 
14-3 and 11-9 tons, respectively. It would appear 
that the mass of the mild steel has an important 
influence on the chilling effect, and that it is therefore 
unwise to generalise from results obtained with plates 
of a single thickness. A systematic investigation of 
this question may well form the subject of a further 
series of tests. 

With round steel rods, the mass effect is not likely 
to operate so soon as in flat plates, and the results 
may be applied with more confidence. Let the 
diameter of rod be d and the depth of joint h. If the 
tangential resistance or adhesion of the joint be s, and 
the tensile resistance or cohesion ¢ per unit area, the 
tensile stress p in the steel will be such that 


WT ox Tv 
— @ dh —d? t, 
1 p= r+ s 


and if h=2d, p=8s+t. 
For a flat-steel plate of section b x d, the relation is, 
bdp=2bhs+bdt, 





and if h = 4d, 
again, p=8s+t 
Hence, irrespective of the values of s and ¢, a round | 


bar cast in to a depth equal to twice its diameter should 
have the same efficiency as a flat bar cast in to a 
depth of four times its thickness. Until the mass- 
chilling effect occurs, it would appear that this ratio 
should form a safe basis for the design of cast-in 
joints for round-steel bars. Assuming that this 
chilling effect depends upon the mean hydraulic 
radius, it would not be expected to affect the results 
up to 3 in. diameter in any case. Tests made with 
rods }-in. and } in. in diameter, tinned and cast in 
to depths of } in. and 1 in., respectively, confirmed these 
conclusions, the steel rod breaking and leaving the 
joint intact in each case. 

Modification in Shape of Plate.—It is possible to 
increase the strength of a cast-in joint, in some cases, 
by modifying the shape of the steel. In the case of | 
steel plate, the simplest methods which suggest | 
themselves are : 

(a) Serrations cut in the plate parallel to the length 
of the joint. 

(6) Holes drilled in the plate, giving in effect a 
series of dowels in the joint. 

(c) Tongues formed in the plate by sawing perpen- 
dicular to the cast-in edge and splayed outwards in 
alternate directions. In the case of a round bar, the 
end could be serrated, jumped up, or bent over to 
give greater strength. 

In the present series of experiments, attention was 
confined to the flat-plate joints, and the three methods 
outlined above were tested. In each case, the depth 
of joint was ?-in. 

(a) Serrations.—Six triangular grooves, -in. 
deep across the face of the clean steel, were found to 
be of no value. The chilling effect appeared, owing 
perhaps to the increased surface presented to the 
molten iron, to have increased, and no bond was 
formed in the grooves. The joints failed at loads 
between 5 tons and 7 tons. 

(6) Drilling.—Two holes }-in. in diameter, at 1}-in. 
centres, were found to increase considerably the 
strength of the joints made of clean steel, giving 
strengths from 12-5 tons to 17-8 tons, with an average 
of 15-6 tons. Two holes 3-in. diameter gave strengths 
from 12-4 tons to 15-7 tons, with an average of 14-2 
tons, for cleaned steel. When the steel was tinned after 
drilling, the strength of the joint was about 16-7 tons 
with the two §-in. holes. 

(c) Splaying.—For these tests, sawcuts }-in. deep 
were made at }-in. intervals, and the tongues splayed 
alternately to give an overall width of $-in. The joints 
gave average figures under test of 17-4 tons for tinned 
plates and 18-2 tons for cleaned plates. The fractures, 
in all cases, seemed to have been caused by wedge 
action on the cast iron round the joint, which may 
account for the lack of superiority of the tinned 
joint in this instance. 

As an outcome of these experiments, it would appear 
that either drilling, or more especially splaying, has a 
beneficial effect on joints made with steel which has 
been cleaned but not tinned, but there is no evidence 
that either method improves materially the static 
strength of a tinned joint. Whether such treatment 
improves the strength of the joint under the con- 
ditions of repeated stress and vibration, such as are 
liable to occur for example in water, turbine operation, 
remains to be determined. 





EMBRITTLEMENT OF BOILER 
PLATE.* 
By Professor S. W. Parr and Freperick G. Straus. 


Ir is agreed by all that there is a particular type of 
boiler distress which is characterised by intercrystalline 
failure in the riveted areas. Neither is it questioned 
that similar cracking is encountered in the strained 
areas of steel containers brought in contact with caustic. 
A slight complication of the issue is brought about by 
the use of the term “ embrittlement ” to mean the loss 
of ductility, irrespective of the type of cracking, and 
the production of intercrystalline cracking in the 
absence of caustic. The general contention of the 
present investigation has been that strain and chemical 
action produce this type of cracking in a normal 
plate. The chemical action in boilers is brought about 
by the presence of sodium hydroxide, since no boiler 
operating with low sodium hydroxide and high sulphate 
has ever encountered this difficulty. The efforts of 
the authors have been directed toward the explanation 
of this cracking in boilers alone; they have not tried 
to explain all cases of intercrystalline cracking. With 
this idea foremost, it has been thought advisable to 
continue the use of the term “ embrittlement of boiler 
plate.” For the purpose of confining the issue to the 
definite problem at hand, “ embrittlement” as dis- 
cussed here is limited to that condition which is char- 
acterised by the intercrystalline cracking of normal 
boiler plate in the riveted areas. It is realised that 
brittleness of boiler metal can be brought about by 
various means and the same metal can be made to 


| crack under various methods of treatment, but the 


final test when comparison is made with this type of 
boiler distress should be, are the cracks intercrystalline 
or not ? 

Laboratory Results—The results previously pub- 
lished} showed that, for steam pressures up to 150 lb., 
normal boiler plate would crack when stressed above 
the yield point in the presence of a sodium hydroxide 
solution of 350 grammes per litre or approximately 
20,000 grains per gallon. Solutions of other salts 
encountered in the boiler had no effect on the steel 
under similar conditions. The presence of sufficient 
sodium sulphate with the sodium hydroxide stopped 
the cracking. In order to obtain results which might 
be correlated with operating conditions of boilers 
using higher steam pressures, apparatus was designed 
which would allow tests to be conducted at pressures 
up to 1,500 lb. The general idea of spring load used 
in the previous tests was continued. The only change 
was in the design of the container so as to withstand 
the higher pressures. These new containers were 
furnished through the courtesy of the Babcock and 
Wilcox Company. The size and shape of the test 
specimens were kept the same as in the previous tests. 

Series of tests were conducted toward answering the 
following questions in regard to the embrittling action : 
(1) Can a time factor be established which will serve 
to indicate the possibility of cracking at lower concen- 
trations over prolonged periods? (2) Is the rate of 
cracking dependent on the stress; and is it possible 
to predict whether cracking will take place over a 
long period of time at a stress below the yield point ? 
(3) What is the effect of changing the chemical com- 
position of the steel? (4) Can a retarding influence 
be produced by heat treatment of boiler plate? (5) 
What influence does increased steam pressure have 
upon the rate of cracking ? (6) What influence does 
the addition of sodium chloride have upon the time 
of cracking ? The tests that were conducted to answer 
the questions enumerated were run with special pre- 
cautions to guard against results which might not 
be representative. The total number of specimens 
tested amounts to around 300. Duplicate tests were 
made wherever the results were such that definite 
conclusions were to be drawn. Specimens which did 
not crack were later cracked with standard solutions 
and stresses, which showed that they were not resistant 
to the general attack. The tests were normally con- 
ducted on specimens made from standard boiler plate. 
Special tests were run on steels of various chemical 
compositions. 

Relation of Time of Cracking to Concentration of 
Solution.—Tests were run at 100-lb. and 500-lb. steam 
pressure. The results of these tests are shown in the 
diagram on page 217. These results indicate that the 
time of cracking increases with decrease of concen- 
tration and decreases with increase in temperature. 
The curve at 500-lb. pressure shows that, over a pro- 
longed period, it is not unreasonable to assume that 
cracking could take place at a concentration as low 
as 80 grammes per litre, approximately 5,000 grains 





* Paper presented at the annual meeting of the American 
Society for Testing Materials, French Lick, Ind., U.S.A., 
June 20-24, 1927. Abridged. . 

+See Proceedings of the American Society for Testing 
Materials, (1926), vol. xxvi, Part II, page 52, and 
ENGINEERING, 1927, vol. cxxiii, page 675. 
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per gallon. This concentration is only twenty times 
greater than that encountered in the body of the boiler. 
Effect of Total Stress on Time Rate of Cracking.—If 
it is assumed that the final rupture is purely a static 
failure, produced when the intercrystalline cracking 
has weakened the metal until the stress produced by 
the spring is sufficient to cause failure, then the rate 
of penetration of the intercrystalline cracking can 
be be calculated. In order to determine this rate 
the following calculations were used : 
L 
igor 


T = he 





t 


where T = time rate of cracking in square inches per 

hour ; 

a = area of specimen in square inches ; 

L = total load on plunger in pounds (spring 
plus steam) ; 

uw = ultimate tensile strength of specimen in 
pounds per square inch ; 

t = time of cracking in hours. 


The results of tests run at 500-lb. pressure and at 
the optimum concentration, 300 grammes per litre, 
with varying intensities of stress are tabulated 
herewith. These results indicate that, for the steels 

Table Showing Effect of Total Load on Time Rate of 

Cracking. 
Pressure 500 Ib. Solution 300 g. NaOH per litre. 





Total Load. Time of Cracking. Time Rate of Cracking. 
Ib. | hours sq. in. per hour. 
54,000 | 12 0°0004 
54,000 12 0-0004 
44,000 24 0-0005 
35,500 36 0-0005 
33,000 No crack at 35 days 0-0000 





tested, the time rate of cracking is independent of the 
total stress once the stress passes the region of the 
yield point. Below the yield point, no cracking occurs. 
This shows that, apparently, no cracking can be pre- 
dicted even over long periods of time when the localised 
stress is below the region of the yield point of the 
boiler plate. 

Effect of Composition of Steel—Specimens of all 
the steels employed were tested and their corres- 
ponding time rate of cracking determined. The 
results showed that all the steels tested cracked within 
a reasonable time. The acid, German, silicon (Si, 0-29 
per cent.) and manganese (Mn, 2-13 per cent.) steels 
cracked at an appreciably faster rate than the normal 
boiler plate. The other steels, including that from 
an embrittled boiler, all had about the same time 
rate of cracking. Of particular interest was a high 
phosphorus (0-086 per cent.) and high sulphur (0-156 
per cent.) steel, which had a time rate much lower 
than those of pure iron and boiler plate. This indi- 
cates that even the high sulphur and phosphorus 
content does not make the steel more susceptible to 
cracking of this nature. 

Effect of Previous Heat Treatment.—The suggestion 
has been made that a heat treatment which will make 
the grain boundaries very rough or indistinct, such 
as exists in the sorbitic and spheroidized condition, 
might have a retarding influence on the cracking.* 
Tests were accordingly run on samples of flange steel 
previously heat-treated to bring about these types of 
structures. The presence of the sorbitic or spheroid 
condition does not retard the cracking of the boiler 
plate. One point of particular interest is that making 
the steel sorbitic raises the yield point. The cracking 
still takes place below this point, but above the yield 
point of the untreated metal. This shows that the 
cracking is not a real function of the yield point, but 
happens to require an initial stress which is in the 
region of the yield point. The results obtained from 
testing cold-rolled specimens previously reported,} 
showed that raising the yield point by cold work also 
raised the stress necessary for embrittlement, but not 
in proportion to the rise in yield point produced by 
the cold work. 

Effect of Higher Steam Pressures on Rate of Cracking.— 
The curves in the diagram show that the rate of crack- 
ing is much faster at 500-lb. pressure than at 100-lb., 
and that another factor is introduced in that the 
concentration of solution is entirely different for the 
optimum cracking time. If the high concentrated 
solutions necessary for the lower pressures are used 
at the higher pressures, the solutions attack the steel 
with evolution of hydrogen and necessitate the stop- 
ping of the test. When the lower concentrations 
are used, the time rate at the lower pressures becomes 
too low for testing. In general, it can be stated 
that, at higher steam pressures, the cracking takes 





* W. Rosenhain, private communication. 

+ S. W. Parr and F. G. Straub, ‘‘ The Cause and Pre- 
vention of Embrittlement of Boiler Plate,” Pro, Am. Soc. 
Testing Materials (1926), vol. xxvi, Part II, page 52. 





place with a marked increase of rate, even with a 
much more dilute solution of sodium hydroxide. 

Effect of Adding Sodiwm Chloride to the Hydroxide. 
—Tests conducted with varying amounts of sodium 
chloride added to the sodium hydroxide at 500-lb. 
pressure and 300 grammes of sodium hydroxide per 
litre, gave results which showed that sodium chloride, 
added in small amounts, accelerated the cracking under 
the conditions tested, while larger amounts tended to 
reduce this accelerating effect. When 150 grammes of 
sodium chloride per litre were added a rapid generation 
of pressure occurred as soon as 500-lb. pressure was 
reached. The removal from the source of heat caused 
this pressure to drop back, and when reheated it re- 
turned. Pure sodium chloride solution did likewise. 
No residual gas remained on cooling. This eliminated 
the possibility of hydrogen being generated. 

Laboratory Results on Inhibition of Cracking.—The 
previous work on the inhibiting effect showed that, to 
produce this effect, the solution must be brought around 
the specimen in such a manner that any salt precipitat- 
ing out will form on the test specimen. To do this, 
the specimen was entirely surrounded by steel, allow- 
ing but 4 in. of space between the specimen and the 
surrounding steel. A dilute solution of the salts was 
started with, and this was slowly concentrated by the 
removal of steam. When the proper caustic concen- 
tration was reached, the test was started. To adapt 
this to the higher pressure, tests were conducted using 
the lowest caustic concentration which would produce 
cracking. 

This was done so that, if it is a solubility effect, the 
lower the sodium hydroxide content the higher will be 
the solubility of the sulphate. In this manner, the 
most protecting ratio can be obtained. If sodium 
chloride is also introduced, then the best conditions for 
cracking are obtained, and if the sulphate can stop this 
ideal condition, the conclusion can be drawn that the 
ratios obtained are protective. 


RELATION OF TIME OF CRACKING TO CONCEN- 
TRATION OF SOLUTION AT 100 & 500 LB. PRESSURE. 
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When a solution of 125 grammes of sodium hydroxide 
per litre and 25 grammes of sodium chloride per litre was 
used, the time of cracking was about 1} days at 500-lb. 
pressure. The introduction of the NaCl had decreased 
the cracking time from 14} days to this short period. 
This solution was adopted as the standard to be main- 
tained for the sulphate tests at 500-lb. pressure. The 
solution to be used was made up dilute and was then 
concentrated under pressure by the removal of steam. 

The results obtained showed that, with a ratio of 
sodium sulphate to hydroxide up to 4-0, or to alka- 
linity as carbonate of 2-8, little inhibiting effect is 
produced at 500 lb. When this ratio is passed, the 
inhibiting action is noticed. The question of the 
inhibiting effect of the sulphate would seem to be that 
of solubility in the hydroxide. At lower pressures, 
where higher concentration of hydroxide prevails, the 
solubility of the sulphate is lower, and less is required 
to inhibit the cracking. At higher pressures, with lower 
concentration of caustic and higher temperatures, 
the solubility of the sulphate is higher, thus requiring 
more to be present before precipitation takes place. 
The solubility effect, however, may not be the ultimate 
dominating factor, and electrolytic potential may have 
equal or greater importance. In the latter case, other 
inhibiting conditions may be found effective, and active 
study of this phase of the question is being prosecuted. 

Mechanism of Embrittlement.—The results obtained 
are in accord with the ideas as set forth in the publica- 
tion of the authors’ previous results.* The steel has 
a definite electromotive force in respect of the sodium 
hydroxide. If this electromotive force is sufficient, the 
iron is attacked with the evolution of hydrogen and 
the formation of a coating of Fe,0,, magnetic oxide, 
on the steel. The electromotive force of the steel 
coated with this oxide is low in respect to the caustic 
solution, but the fresh metal under this coat has a 
high electromotive force towards the solution, which 
favours penetration. The steel under strain has the 
grain boundaries under high stress, which adds to the 
already more chemically active property and accele- 
rates penetration at these points. 


That the cracking is the result of an electromotive- 
force between the steel and the solution is borne out 
by the results of various tests conducted. Firstly, an 
increase in temperature causes an increase in the electro- 
motive force of the metal to the solution, and conse- 
quently lowers the concentration necessary. Secondly, 
any salt which will destroy this electromotive 
force, such as chromate, when introduced, stops the: 
cracking. Thirdly, if the concentration is raised, hy- 
drogen is generated freely and the cracking is stopped, 
since the action is no longer selective due to too high 
an electromotive force, which favours general attack. 
Fourthly, the time rate can be varied by using a con- 
tainer which has had the oxide coating removed, thus 
changing the electromotive force of the specimen in 
respect to the container. 

From all the data available, the following very brief, 
and partially incomplete, explanation is made at this 
time to account for this particular cracking. The 
main essential is a solution which has an electro- 
motive force in respect to steel just sufficient to 
favour the reaction : 

3 Fe+40H = Feg 04+4H 

It must not be any higher than necessary to start 
this reaction at the temperature involved. When the 
metal is in an unstrained condition, a thin compact coat 
of oxide is formed, which is slowly penetrated with the 
formation of a heavier coat, and eventually the entire 
metal will be changed to the oxide. The attack is 
fairly even and penetrates the metal at an even rate 
at all points. If the metal is subjected to sufficient 
stress under these conditions, the grain boundaries 
become active, firstly, from the increased chemical 
activity brought about through the energy stored up 
there by the stress, and secondly, by an increased elec- 
tromotive force produced at these points of high stress. 
If the electromotive force is just sufficient to favour the 
action on the metal, this slight increase at the grain 
boundaries becomes sufficient to favour a much more 
rapid penetration at this point. The products of the 
action, Fe,0, and H,, both tend to favour the further 
penetration. As already pointed out by Williams and 
Homerberg,* the cathodic hydrogen will penetrate into 
the fine capillaries at the grain boundaries and reduce 
any oxides with the formation of water and an increase 
in volume, thus increasing the stresses present atthe 
boundaries. This product of chemical action does not 
plug the crevices and stop further chemical action, but, 
owing to its electromotive force relation to the 
solution and the fresh metal inside, acts as a stimulating 
agent and increases the action at these points. 

If the electromotive force is high, such as is 
produced by the action of an acid on a metal, the 
generation of H, is general, and any slight difference in 
activity between the grains and the boundaries becomes 
negligible in the excess of electromotive force 
produced by the acid. When too concentrated a 
solution of caustic is used at high temperatures, the 
test specimen is corroded generally, and, even when 
under strain, does not crack. Thus, the attack has 
also been so general and vigorous that the influence of 
the small grain boundary effect is lost. The retarding 
influence of sodium sulphate is easily explainable on 
this basis. The salt crystallising out on the surface 
of the metal lowers the electromotive force of the 
metal and stops the action. It is not the plugging 
effect, as some have suggested, thus keeping the solution 
away, but, instead, the salt plays the role of an insula- 
tor, breaking the electromotive force. If oxygen is 
present, the effect is also destroyed, owing to the fact 
that the oxygen tends to oxidise the ferrous salts in 
solution, which destroys the electromotive force in 
respect to the steel. 

Cause of Embrittlement in Steam Boilers.—The results 
of the experimental work show that the boiler plate, 
tested when stressed below the region of the yield point, 
will not crack when subjected to caustic attack. To 
think of stresses in boilers in the range of the yield point 
of boiler plate should not necessarily conflict with our 
ideas in regard to the construction of boilers. It has 
been common knowledge for years that there are high 
concentrated stresses in the riveted areas of boilers. 
Thousands of boilers have operated with these stresses 
present until discarded. This is due to the fact that 
a ductile metal like boiler plate can endure localised 
stresses of this magnitude indefinitely. Naturally, it 
is well for the boiler manufacturer to reduce these 
stresses to as low a figure as possible in the future, but 
for the boilers already installed one can do little more 
than keep them at work. 

Concentration curves show that cracking can take 
place at much lower concentrations than heretofore 
predicted, and over a period of long duration one might 
expect to encounter cracking if the caustic concentration 
reaches approximately 4,000 grains per gallon. This 
is but twenty times the actual concentration which 
may be reached in the boiler. Seams with small 
crevices between the plates, under the high temperature 





* Loc. cit. 





* Transactions, Am. Soc. Steel Treating, April, 1924. 














and pressure incident to boiler operation, and with 
small incipient leaks which act as reducing valves and 
allow the liquid to flash out as steam, leaving the salts 
behind, must cause the solution to concentrate. Thiel 
has shown that these concentrations may reach as 
high as 75 per cent. NaOH in the seam of a boiler. 
Tests conducted in the authors’ laboratory have shown 
the possibility of a solution of 200 grains of caustic per 
gallon being concentrated, in a space between two 
cylinders, to 7,000 grains, and still being in contact, by 
means of a leak between the inside and outside, with the 
original solution of 200 grains. 

Prevention of Embrittlement.—The actual ratios of 
salts for the prevention of embrittlement have not 
been determined to the point where minimum limits 
can be set. The results indicate that, for normal 
pressures, the A.S.M.E. recommendations are safe 
and should be adhered to. Methods of treatment for 
various types of waters and conditions of boiler 
operation are being investigated by the authors, having 
special reference to the development of further inhibitive 
conditions or reagents, with the prospect of avoiding 
some of the present difficulties attending the main- 
tenance of the sulphate ratio and also greatly simpli- 
fying the procedure for the prevention of this very 
serious menace. 








CRUDE OILS OF THE SPINDLETOP | 
FIELD, TEXAS, AND OF VENEZUELA. | 


Tue oil from the Spindletop Field, in Texas, supplies 
an interesting example of changes in the properties of 
the petroleum with increasing depth. The field was dis- 
covered in 1901, when the pay-sand was found at a depth 
of 800 ft. The yield was poor, but all attempts to 
reach more productive layers at greater depth failed 
until 1925, when the daily output rose to 93,000 barrels ; 
the present daily production is estimated at 66,000 
barreis. According to a report of the investigation of 
the Bureau of Mines, Serial No. 2808, the oils are all 
of naphthene (wax free) base, but three types may be 
clearly distinguished. The oil from the old, shallow 
well is heavy and highly viscous; it contains 2-3 per cent. 
of sulphur, and is deficient in gasoline, naphtha and 
kerosene. The oil from a depth of about 3,000 ft. 
is lighter and of relatively low viscosity ; it contains 
considerable percentages of gasoline and naphtha, but 
no kerosene. The oil from greater depths, 4,000 
and 5,000 ft., is still lighter and less viscous; the 
sulphur contents fall to 0-2 per cent., and the 
gasolene percentage rises to I7. The differences 
between the oil from the upper layer (800 ft.) and 
the deeper layers are striking, and they suggest that 
the shallow oil is much richer in asphalt than the 
oil at greater depth, and that the latter would better 
repay treatment for valuable products, including 
lubricants. 

Imports into the United States of crude oils from 
other parts of America being on the increase, another 
report by the Bureau of Mines, Serial No, 2807, deals 
with the composition of Venezuelan oils, by comparison 
with the heavy oils, particularly of California and 
Texas. The Venezuelan petroleum comes largely 
from the basin near Lake Maracaibo, a large bay of 
the Caribbean Sea, scarcely accessible to deep-draught 
ships, so that the large tankers call for the Venezuelan 
oil at the port of the Dutch island of Curagao, 40 
miles to the north of the coast. The wells of the 
Maracaibo field at La Rosa, Mene Grande, Lag- 
unillas, etc., produced, in December, 1926, about 
132,000 barrels of oil, some rich in sulphur and heavy, 
others of high-grade and containing 47-4 per cent. of 
gasoline and naphtha. 














6}-IN. CENTRE FRICTION-GEARED 
TURRET LATHE. 


A USEFUL lathe very suitable for repetition work, 
particularly in brass, is being introduced by Messrs. 
Pollock and Macnab (1919), Limited, Bredbury, Stock- 
port. From the first two of the various figures we 
give on this and subsequent pages, it will be seen that 
the machine has a hollow spindle, though this does not 
imply that it is intended for bar work only. In Fig. 1 
the machine is shown fitted with a spring collet chuck 
which will take bars up to 14 in. in diameter, while in 
Fig. 2 it is fitted an automatic collet chuck handling 
bars up to 2in. indiameter. Further, the hole through 
the spindle is 2} in. in diameter. The spring collet 
chuck may be dismounted and an ordinary chuck can 
be mounted on the spindle-nose in lieu of it. A wide 
variety of chucking work can be undertaken. The 
height of the centres is 6} in., and the maximum 
swing over the cross-slide is 7 in. 

The bed is 5 ft. long. It is carried on a single cabinet 
leg with a large lubricant tray extending for the full 
length, cast onto it. Bolted to this is the bed proper, 


which is of the double-cantilever type machined for the 
whole of its length. 


The fast headstock is bolted to 
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CONSTRUCTED BY MESSRS. POLLOCK AND MACNAB (1919), LIMITED, STOCKPORT. 
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the bed, and the feed box is placed just below the 
headstock. The chasing saddle carries a cross-slide 
with a square tool-post at the front, and an open-side 
tool-post at the back. 

The turret slide has a working stroke of 7} in., 
and the turret revolves automatically on its return 
stroke. The general construction will be clear from 
Fig. 1, in which figure the weight feed with collet slide 
and a support, both for use in bar work, are shown. 
In Fig. 2 the main features can again be made out, 
while the countershaft is shown above. The latter 
is arranged to provide two speeds in the forward 
direction and one in the reverse, and this, with the 
cone pulley and back gear on the headstock, gives a 





range of 12 spindle speeds in forward gear, viz., from 
20 r.p.m. to 450 r.p.m., and 6 in reverse gear. 
Turning now to detail, the headstock is outlined in 
Figs. 5 to 7, page 219, Figs. 3 and 4 showing the friction 
clutch. This is situated inside the spindle spur wheel, 
and consists of an expanding ring attached by three studs 
to a disc forming part of the pulleysystem. Thesliding 
part of the clutch is provided with a lug, which, lying in 
the gap of the expanding ring, is connected with the ring 
by two short toggle bars having spherical ends. When 
the clutch is moved horizontally, the expanding ring is 
forced out against the inside of the spur-wheel rim, by 
the toggles, and a high speed is imparted to the spindle 
by this direct connection with the driving pulley. 
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shown in Figs. 8 and 9. The lead screw is socketed 
into the short portion carrying the spur wheels, at 
a point outside the feed box so that it can be readily 
changed for one with another pitch. 

The chasing saddle and apron are shown in Figs. 
15 to 19. The feed shaft is situated below the lead 
screw, and is carried through the apron to that of the 
capstan rest. The automatic feeds, as stated above, 
are obtained from the feed box below the headstock, 
and are three in number, giving 20, 40 and 80 cuts per 
inch, respectively. They are interlocked with the lead 
screw nut. Four trip rods and dead stops are provided 
for the longitudinal travel to be seen in Figs. 15 and 
18. A handwheel is provided for hand operation. The 
cross slide is hand operated, and a graduated index 
is provided for cross traverse. The position of the 
tool posts is indicated by the T slots shown in Figs. 16 
and 19, two being arranged for the back post. Stops 
are fitted for movement in either forward or backward 
direction. The sliding surfaces for both the saddle 
and cross slide are ample. 

The general arrangement of the turret slide is best 
seen in Fig. 2, while details of the apron may he 
studied in Figs. 11 to 14. The three automatic feeds 
transmitted from the feed box are geared to give 
40, 80 or 160 cuts per inch of traverse. The turret 
has six faces each 4§ in. by 4 in., with a central tool 
hole in each, 1} in. in diameter. The distance between 
the centre of the tool and the top of the slide is 
2} in. The maximum distance from the turret face 
to the face of the automatic chuck is 18 in. The 
capstan slide can be operated either automatically 
from the feed shaft or by hand as desired, and can 
be clamped in any position. The turret is automati- 
cally rotated on the return stroke. There are six 
trip rods and dead stops, one for each turret face. 
These are fitted at the end of the slide as shown 
in Fig. 2. 

The automatic bar feed with spring collet chuck 
for bars up to 1} in. in diameter is seen in Fig. 1. 
It is of the weight type, and is provided with a bar 
supporting bush. The operating lever is seen to the 
left of the headstock in the figure. It works through 
a toggle arrangement. The machine is supplied with 


the usual lubricant pump and piping, and the necessary 
spanners, &c., are provided. 


CONSTRUCTED BY MESSRS. POLLOCK AND MACNAB (1919), 
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CATALOGUES. 


Motor Cycles.—The N.S.U. Company, Neckarsulm, 
Germany, have sent us a folder illustrating various types 
of motor cycles, with single-cylinder and twin-cylinder 
engines, 

Printing and Bookbinding Machinery.—Messrs. A. 
Foucher and Co., 62, Boulevard Jourdain, Paris, have 
sent us a list of some forty small machines for type- 
casting, stereotyping, paper trimming, bookbinding, etc. 

Screw Driver.—A circular showing a screwdriver which 
is operated with the pressure handle stationary and 
turned by an adjustable knurled grip, is to hand from 


Mr. E. E. Coy, 6, Cambridge-road, Great Crosby, near Pl 


Liverpool. 

Pressure Recorder.—A leaf catalogue of instruments 
for recording pressure and vacuum, with clock mechanism 
for }, 1 or 7 days, is to hand from The Drayton Regulator 
and Instrument Company, Limited, West Drayton, 
Middlesex. 


Jointing Compound.—Messrs. Joseph Stephenson and 
Company, 838, Queen Victoria-street, London, E.C. 4, 
have sent us a circular giving prices of a jointing com- 
pound suitable for high temperatures, and not affected 
by oil, petrol, alcohol, &c. 


Surveying Instruments.—Messrs. Cooke, Troughton 
and Simms, Limited, Broadway-court, Westminster, 
London, 8.W.1, have issued a short catalogue of plane- 
table surveying instruments, with lists of capacities and 
prices. Complete outfits and separate instruments are 
shown, 


Electric Motors.—Messrs. Brook Motors, Limited, 
Huddersfield, have sent us a catalogue of loom motors 
from } h.p. to 3} h.p., with specification and prices, re- 
vised priced lists of squirrel cage and slip-ring motors, 
and hire-purchase terms for motors ranging from } h.p. 
to 50 h.p. 


Electrical Machinery.—Messrs. Oerlikon, Limited, 
Switzerland, have sent us, through their London office, 
at 28, Essex-street, Strand, W.C.2, copies of the four 
latest issues of their monthly bulletin containing interest- 
ing accounts of their work on steam turbines, electric 
generators, motors, switchgear, and electric railways. 


Electric Locomotives.—Messrs. Brown-Boveri, Limited, 
Trafalgar House, Waterloo-place, London, S.W.1, have 
sent us the three latest issues of a bulletin describing 
their products, including heavy passenger and goods 
locomotives for the Paris-Lyons-Mediterranean Railway, 
similar engines for the Swiss Federal Railways, and 
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super-charging blowers for increasing the output of 
marine Diesel engines. 


Accumulators.—A description of their accumulators 
for motor-cars is given in a folder catalogue received from 
the Tungstone Accumulator Company, Limited, St. 
Bride’s-house, Salisbury-square, London, E.C.4. The 
efficiencies claimed for these accumulators, from official 
tests, are given as 96 per cent. on an ampere-hour basis 


and 88 per cent. on a watt-hour basis. Prices are 
stated. 
Metal-Faced Plywood.—Messrs. Venesta, Limited, 


1, Great Tower-street, London, E.C.3, have issued a 
descriptive list of their metal-faced plywood, named 
ymax, giving particulars of sizes, strength, weight, 
formation of joints, &c. The material is made with 
metal facing on one side, or on both sides, and in a range 
of strengths to suit the general requirements of con- 
structional work. 


Hydro-Electric Power Plants.—The Siemens-Schuckert- 
werke Company, Berlin, have issued several bulletins 
illustrating and describing the progress of their large 
contract on the River Shannon, Limerick, with accounts 
of the machinery and methods employed. They are 
printed in English. We have also received a bulletin 
referring to works of a similar kind at Dantzig, printed 
in German. 


Wireless-Telegraphic Apparatus—The Radio Com- 
munication Company, Limited, 35, Norfolk-street, 
Strand, London, W.C.2, have issued a catalogue describ- 
ing wireless transmitting and receiving apparatus suit- 
able for intermediate passenger vessels and ocean cargo 
ships, giving a reliable service over a range of 500 nautical 
miles. It is a half-kilowatt quenched-spark set, and 
conforms with the Post Office and international regu- 
lations. The equipment includes an emergency motor- 
alternator, supplied from an 18-volt battery. 


Oil Engines.—Catalogues to hand of the Clayton-Bab- 
cock oil engines made by Messrs. Clayton and Shuttleworth, 
Limited, Lincoln, give full general particulars, of these 
engines, with illustrations of details of the main working 
parts and tables of standard sizes. Horizontal heavy-oil 
two-stroke cycle engines are listed in horse-powers of 
30, 40, 50, 75, 100, 150, the two largest sizes having 
two cylinders. Another range of two-stroke engines in 
eleven sizes, from 6 brake horse-power to 150 brake horse- 
power, @ series of similar engines in five sizes from 
10 brake horse-power to 35 brake horse-power but 
mounted on four-wheel trucks, and a vertical crude-oil 
engine of 8 h.p. are also dealt with. All are made for 
belt-driving or for direct coupling to an electric generator. 
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‘* ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
tllustrated. 

Where inventions are communicated from abroad, the Names, §c., 
of the communicators are given in italics. 

be of _ ee may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
ecification is, in each case, given after the abstract, unless the 
tent has been sealed, when the word “ Sealed ”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


270,879. G. S. Marston, Westminster, London. 
Switches. (5 Figs.) April 12, 1926.—The invention 
has relation to electric circuit breakers or switches. An 
electric circuit breaker, in accordance with the invention, 
comprises a pair of arms 13, pivoted about a common pivot 
14, and each having at one end a contact making and 
breaking member 17, toggle mechanism 15 and spring 


























(270,879) 


means 16 connecting the other ends of the arms, fixed 
contacts 18 to co-operate with the contact making and 
breaking members 17, and means to make or break the 
toggle and to move the arms to close or open the circuits 
comprising a push-pull rod 22 having a pair of hook- 
ended arms mounted thereon on a common pivot to 
engage the knuckle pin of the toggle, and an endwise 
movable sleeve mounted on the rod 22 to cause the opera- 
tion of the hook-ended arms. (Accepted May 25, 1927.) 


GAS ENGINES, PRODUCERS, HOLDERS, Kc. 


271,997. Morris Engines (Coventry), Limited, 
Coventry, and A. G. Pendrell, Coventry, and 
F. G. Woollard, Coventry. Internal-Combustion 
Engines. (7 Figs.) April 16, 1926.—The invention 
has for its object to enable a plurality of different compo- 
nents, such as the valve camshaft and the pump, 
magneto, dynamo and other shafts, to be actuated from 
the crankshaft by means of a chain in a more satis- 
factory manner than heretofore. In an internal-combus- 
tion engine in which the valve camshaft is mounted on 
the cylinder-head, a chain a is arranged to connect a 
sprocket wheel b on the crankshaft with a sprocket wheel c 
on another shaft, such as the pump, magneto, or dynamo 
shaft. An adjustable jockey wheel d serves to effect the 











pI 


required tensioning of the chain. 
a sprocket wheel e, to which is secured a spur pinion f. 
These are mounted in a separate bearing frame g. The 
frame is carried in such a manner that the spur pinion f 
can mesh correctly with a spur wheel h on the valve 


The chain also drives 


camshaft 7 on the cylinder headj. The frame is located 
by dowel pegs k on the main part of the engine, and is 
secured by bolts 1 passing through the cylinder-head. 
Before removing the head, the bolts are released, allowing 
the frame to drop to a convenient extent along the pegs. 
On replacing the head, the bolts draw the frame into 
position for correct meshing of the chain-driven spur 
pinion f with the spur wheel 4 on the valve cam-shaft i. 
(Accepted June 15, 1927.) 


LIFTING AND HAULING APPLIANCES, 


270,856. T. Souness, Finchley, London. Luffing 
Cranes. (3 Figs.) March 11, 1926.—The invention 
relates to —_ cranes of the type in which the jib is 
bifurcated and balanced by weights carried on the two 
branches which move on each side of the revolving 





structure or machinery house, and in which the hoist rope 
passes down the jib from the head to the fulcrum, so that 
the lengths of the ropes between jib head sheaves and 
the jib fulcrum are unaffected by luffing. 1 is a jib 
fulerummed at 2 to a frame 3. The jib is preferably 
fulcrummed on its longitudinal centre line, and is so 
weighted that the jib is balanced about its fulerum 2 
in all positions. 4 is a hoist rope which passes from a 
winding drum 5 over a conveyance sheave 6 at the ful- 
crum 2 to a sheave 7 carried on a jib head pin 8, then over 
a compensating sheave 9 to a second sheave on the jib 
head pin 8, and thence to a hook 10. The compensating 


ai 
\ 
,\ 


\ 





sheave 9 is connected by a pair of ropes or chains 11, 
each of which passes to a cam 12 carried by a shaft 13 on 
the outside of each branch of the bifurcated jib, the shaft 
13 being fast with a pinion 14 in mesh with a rack 15 
secured to the frame 3. The pitch-circle diameter of 
the pinion 14 is such that the pinion, and therefore the 
cam 12, makes one complete revolution when the jib is 
luffed in or out between its limiting positions, whereby 
the amount of rope or chain 11 necessary to enable the 
hook 10 to move in a horizontal, or substantially hori- 
zontal, path is wound or unwound from the cam 12. 
(Accepted May 25, 1927.) 


MACHINERY AND OTHER TOOLS, 
SHAFTING, &c. 


272,049. Wellman Seaver Rolling Mill Company, 
Limited, Westminster, London, and F. A. Daniels, 
Westminster, London. Metal-Tube Blank Presses. 
(5 Figs.) June 25, 1926.—This invention relates to 
vertical presses for making metal-tube blanks, of the 
kind in which a billet is placed within a container and a 
mandrel is forced down into the billet piercing a hole 
therein and forming the billet into a tube blank. The 
part 1, constituting the press head of the mandrel 2, is 
mounted in the usual way. Rods 3 depend from the 
press head 1 and support a beam 4. Gripper arms 6 





Fig.t 
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are pivoted to the beam 4, links connecting the lower ends 
of the rods 3 with the gripper arms. The beam 4 has a 
guide hole 8 for the mandrel 2. The container 9 for the 
billet, has lugs 10 adapted to be engaged by the gripper 
arms 6. The container is mounted on a bed 11. Two 
rods 12 depend from the press head 1, and, at their lower 
ends, they are rigidly connected to a cross bar 13. An 
extractor bar 16 is connected to the cross bar 13. In 
operation, the press head 1 is raised so that the parts are 
in the position shown. A billet is then inserted in the 
die in the container 9, and the press head 1 is lowered, 
the beam 4 coming down on to the top of the container 





with the guide hole 8 therein central with respect to 
the billet. On further downward movement of the 
— head 1, the mandrel passes through the guide 

ole 8 and pierces the billet, the rods 3 and 12 then re- 
maining stationary and passing through the holes in 
the press head 1. As the beam 4 reaches its lowermost 
position, the gripper arms 6 move over and engage the 
lugs 10. On the upward movement of the press head 
1 the mandrel 2 is withdrawn from the billet, but the 
beam 4 is prevented from rising on account of the lugs 10 
holding down the gripper arm 6 and the beam thereby 
acts to strip the billet off the mandrel. When the press 
head 1 has risen sufficiently for the mandrel to clear 
the billet, the press head comes up against stops on the 
ends of the rods 3. On continued upward movement 
of the press head 1, the rods 3 are lifted and the conse- 
quent pull causes the grippers 6 to open and to disengage 
the lugs 10. The lower ends of the rods 3 then abut 
against the underside of the beam 4, upward movement 
of the rods 3 then causing the beam 4 to be lifted. On 
the upward movement of the press head 1, and before the 
rods 3 are lifted, the press head comes up against stops 
on the upper ends of the rods 12 and lifts the cross head 
13 and extractor bar 16. After the mandrel has been 
extracted from the billet. the latter is immediately 
pushed out of the container. (Accepted June 15, 1927.) 


MINING, METALLURGY, AND METAL 
WORKING. 


270,077. E. Penberthy, Redruth, and the Climax 
Rock-Drill and Engineering Works, Limited, Red- 
ruth. Percussive Rock Drills. (4 Figs.) April 21, 1926. 
—tThe invention relates to percussive rock drills having 
a valve member 1 provided with two spaced heads or 
shoulders 3, 4 and adapted to be moved into positions 
so as to allow live air to pon alternately to —— 
ends of the cylinder 10 of the hammer piston 11 by the 
flow of air through passages 14, 15 arranged cross- 
wise and controlled by the movement of the hammer 
piston. According to the invention, the crossed passages 





14, 15 communicate with the exhaust ports 9, 8 of the 
hammer cylinder, and are controlled in such a manner 
than when air passes through one of the passages it 
moves the valve 1 to its mid-position, so as to enable 
live air to act on the end thereof and cause the valve 
to complete its movement in order to connect the exhaust 
port of the cylinder to a main exhaust port in the valve 
chamber. In their end positions, the ends of the valve 
are seated in valve bushings 20, 21 provided with seats 
25, 26 circumferentially engaging with the circular 
portion of the valve body. (Accepted May 11, 1927.) 


MOTOR ROAD VEHICLES. 


270,383. C. K. Edwards, Chingford, London, and 
the Associated Equipment Company, Limited, 
Westminster, London. Braking Systems. (4 Figs.) 
February 4, 1926.—The invention relates to steerable 
road vehicles and has for one of its objects to provide 
a construction in which adequate braking power is avail- 
able, and in which also the steering qualities of the 
vehicle are retained. According to the invention, a 
road vehicle is provided with brake-releasing devices, 
one for each wheel, so controlled by the position of the 
steerable road wheels that the operation of the brake is 
interrupted in respect of that steerable road wheel which 








is the outer wheel in the turning movement of the 
vehicle. The front axle is indicated at 10 and the left- 
hand and right-hand wheels at 11 and 12, respectively. 
The wheel 11 is mounted on the stub axle 13 and can 
be turned, for steering purposes, about a stationary 
vertical pivot 14 by means of the usual connections from 
the steering wheel 15. Integral with the vertical pivot 14 
is a circular cam 16 for operating valves. This cam com- 

rises a low-level portion 17 and a high-level portion 18. 

ecured to the stub axle 13 is a bracket 19 (Fig. 2) which 
carries a casing 20 in which operating valves are mounted. 
The casing 20 is connected, at its upper end, to a source 
of compressed air by a pipe 21, and a pipe 22 leads to 
the brake for the tethhaind wheel. Mounted so as to slide 
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in{the lower end of the casing 20 is a hollow plunger 23, 
which constitutes a bearing for the lower end of a valve 
spindle 24. On the upper end of the spindle 24 is a 
valve 25, which is normally maintained open by 4 
spring 26. A second valve 27 is loosely mounted on the 
spindle 24, and this valve is normally held against its 
seating in the casing 20 by a shoulder 28 on the valve 
spindle. Interposed between the lower end of the valve 
spindle 24 and the bottom of the hollow plunger 23 is a 
a 29, which spring is stronger than the spring 26. 

hen the brakes are to be applied, compressed air is 
admitted to the pipe 21 and flows past the valve 25 
through the pipe 22 and actuates the brake on the 
wheel 11. In a similar manner, the brake on the wheel 
12 is actuated as long as the vehicle is being steered 
straight-ahead. Assume now that the vehicle is being 
steered to the left as shown by the arrows in Fig. 3. 
The casing 20 of the brake-releasing device for the 
wheel 12, which is now the inner wheel, will move over 
the low-level portion 17 of the cam 16 away from the 
high-level portion 18, and consequently the valves 25 
and 27 will be maintained in the position shown in Fig. 1 
and the brake will remain in operation on the wheel 12. 
The turning of the wheel 11 to the left, however, will 
cause the lower end of the plunger 23 of the brake- 
releasing device for said wheel to rise up the incline 
from the low-level portion 17 of the cam 16 on to the 
high-level portion 18. As the spring 29 is stronger than 
the spring 26, the plunger 23 and valve spindle 24 will 
be moved upwards together until the valve 25 is closed 
against its seating, thus isolating the brake of the wheel 
11 (the outer wheel) from the remainder of the braking 
system. Subsequent movement upwards of the plunger 
23, due to further turning of the wheel 11 to the left, 
will, cause the action of the spring 29 to be overcome 
and the plunger 23 to slide upwards on the spindle 24 
until it bears against and opens the valve 27. The com- 
pressed air in the pipe 22 can then escape past the valve 
27 into-the atmosphere through an opening 30 in the 
valve casing, thus entirely withdrawing the braking 
pressure from the brake on the wheel 11. (Accepted 
May 18, 1927.) 

270,427. Sir H. Austin, Bromsgrove. Steering 
Gear. (3 Figs.) February 11, 1926.—The invention 
relates to worm and worm-wheel transmission as applied 
to motor road vehicle steering gear. A is the steering 
tube, on the lower end of which is keyed a worm B, the 
peripheral surface of the thread of which forms part 
of an imaginary cylinder. C is a bracket mounted to 
turn upon a pair of trunnions D, D!, of which the 
trunnion D! has rigidly secured upon its end the 
steering arm E coupled to the stub axles in the usual 
way. The trunnions D, D! are mounted in bearings 
in the steering gear casing K. F is a roller provided with 
a set of ring teeth f,and mounted to turn within the 
bracket C upon roller bearings carried by a pin g secured 





in the bracket C. The axis of the pin g is placed at 
such an angle that the ring teeth f, where they engage 
with the worm, are parallel to the thread of the worm. 
The middle ring tooth is of the maximum diameter and 
the other ring teeth are of successively decreasing dia- 
meters outwards; also the longitudinal curve which 
passes through the peripheries of the teeth is struck 
from the axis of the trunnions D, D! while the axis 
of the teeth is radial to the centre of the curve. When 
the tube A is turned to rotate the worm B, the thread 
thereof, by engaging with the ring teeth f, turns the 
bracket C about the trunnions D, D!, thus operating 
the steering arm FE, and, owing to the fact that the peri- 
pheries of the teeth are in a curve struck from the axis 
of the trunnions D, D', two at least of the ring teeth 


are in perfect engagement with the worm. (Accepted 
May 18, 1927.) 

270,519. P. Riley Hill, Wooton, Warwick. 
Engine and Gear Box Suspensions. (1 fq.) 


June 28, 1926.—The invention relates to engine and | 


gear-box suspensions of the kind in which a trunnion 

















mounting is used with a resilient sleeve between the 
trunnion and its bearings. According to the invention, 
there is employed a cross-bar 6 connecting together the 


side members 4 of the frame, and upon the engine 7, 

















at each side, is a cup 13 through which the cross-bar 6 
passes. The bar carries a cone 16, and between the cone 
16 and the cup 13 is a conical resilient sleeve 17. 
(Accepted May 18, 1927.) 


271,123. E. H. J. C. Gillett, Willesden Green, 
London. Axle Structures. (2 Figs.) November 21, 
1925.—The invention relates to the driving axles and 
associated parts of motor vehicles. The driving axle 
comprises a straight through shaft or member A, which 
may be tubular, and carries a driving wheel at each 
end. The axle is driven from the engine by means 


of bevel-pinion gearing J, K, contained within a 
The casing 


casing L. is formed in two parts, or 




















halves, bolted together and fitted about the gearing, 
and also, preferably, about part of the propeller or 
eardan shaft H. Adjacent the casing L, the axle A 
is provided with a brake drum O. The drum O is 
provided with two braking surfaces O', 02, to co-operate 
with external bands. The bands are so supported from, 
or mounted on, or associated with, the gear casing L 
that the reaction of braking effort is taken by the casing, 
which is held rigid about the axle by a torque member R 
connected to some fixed part of the chassis. (Accepted 
June 1, 1927.) 


271,926. J. Dixon, Coventry, and The Daimler 
Company, Limited, Coventry. Brake Mechanism. 
(2 Figs.) January 29, 1926.—The invention relates to 
brake mechanism and consists in brake-actuating mecha- 
nism wherein wear in the braking mechanism is automati- 
cally taken up, including an operating pedal c carrying 
a pawl e engaging a toothed member a, which is pivoted 
about the same axis as the pedal c, and which is connected 
to the brake rodding d, and an auxiliary member f, pivoted 
about the same axis, movable between predetermined 
limits, and carrying a further pawl g engaging the toothed 
member a and positively actuated thereby. An extension 
of the auxiliary member carries an adjustable screw h, 
which, by coming into contact with a fixed part j, serves 
to limit angular movement of the auxiliary member f 
in a clockwise direction. Movement of the auxiliary 
member in the opposite direction is limited by an exten- 
sion / thereof, coming into contact with a fixed part m. 
A — n is provided urging the brake pedal into its 
“off” position. In operation, the brake pedal c is 
depressed, carrying with it the toothed quadrant a, and 
thus applies tractive force to the brake rodding d and 
applies the brakes. In addition, the auxiliary lever f 





(271,326) 





| rocks between the two members of the toothed quadrant 


through an angle corresponding to that traced by the 
brake pedal and toothed quadrant. Assuming now 
that the brake linings or brake drums have become some- 
what worn, the brake pedal, obviously, must be moved 


| through a greater angle than previously, and by means 
| of the mechanism described, when this angle exceeds a 


certain predetermined limit, the auxiliary member 
extension k comes into contact with the part m, thus 
arresting further movement of the auxiliary member 
although the brake pedal and toothed quadrant are not 
thus restricted. As a result, the toothed quadrant a 
moves in relation to the auxiliary member but cannot 
move back relatively thereto, on account of the spring- 
pressed pawl g. Upon the brake pedal c being released, 
it moves back into its “‘ off position, together with the 
toothed quadrant a and auxiliary member f, but the 
latter is arrested by the adjustable screw h coming into 
contact with the fixed part 7, and with it the toothed 
quadrant a also is arrested. As a result, the brake pedal 








c moves angularly in relation to the toothed quadrant a, 
being retained in its new relative position by the spring- 
urged pawls e. This action, in effect, is equivalent to 
shortening the connection between the brake pedal and 
the brake mechanism proper. The brakes are thus 
automatically taken up. (Accepted June 15, 1927.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


267,343. G. H. Collins, Brentford. Fire Bars. 
(4 Figs.) April 16, 1926.—The invention relates to fire 
bars for boiler furnaces of the kind having a centra! body 


| part, or bar proper, with vertical ribs on each side. 


According to the invention, the vertical ribs are tapered 
from back to front and extend for a portion or the whole 
depth of the bar, the tapering commencing at a point 
below the upper surface of the bar and extending to the 
lower ends of the ribs. The centre body part 1 has a 
plurality of vertical evenly-spaced ribs 2 on each side, 
extending outwardly therefrom and from the top to the 
bottom of the bar, those on one side being staggered in 
relation to those on the other side. The sides 3 of the 
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ribs are inclined so that the spaces 4 between adjacent 
ribs are of gradually increasing cross sectional area from 
the top to the bottom. The slots 4 at the top face of 
the bar are narrower than the ribs 2, so that each slot is 
sealed and isolated from the other slots by a rib on an 
adjacent bar. Each of the ribs 2 is tapered from the 
top towards the bottom, as shown at 5, the tapering 
commencing at the top face or a short distance below 
it, as shown, so that short vertical sides 6 are provided. 
From a point below the top face of the bar, the ribs are 
further tapered from the back adjacent the central 
body part 1 to the front,as shown at 7, 7, the tapering 
extending to the lower ends of the ribs. (Sealed.) 


MISCELLANEOUS. 


272,044. F.W. Mead, Solihull, near Birmingham 
Lubrication of Machinery. (1 Fig.) June 19, 1926.— 
The invention relates to the lubrication of machinery 
by means of a pump constituted by a member which 
closely fits and rotates within a housing which has two 
helical grooves in its co-acting surface, extending one 
from each of its ends to a delivery passage in the housing, 
the grooves being of opposite inclination. Their outer 
ends are submerged in the lubricant which, during 
rotation of the member, is discharged through the delivery 
passage. A plain circular revolving shaft portion 2 
is supported in a bush 3 mounted in a housing 4. In 
this bush, a groove 5is turned in the interior, perpendi- 
cular to the axis. In the housing 4 is formed a passage 
6 which, through a hole 7, communicates with the 
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groove 5, and to the end of a short conduit 8 extending 
from the passage 6 is connected the oil delivery pipe 9. 
On each side of the groove 5 is a helical groove 10 and 11 
which communicates with the groove and also extends 
out to the extreme end of the bush. These two grooves 
are of opposite sense, so set that, as the shaft revolves, 
the oil adhering to it is forced along the bush to the 
central groove 5. The oil is thus delivered to the central 
groove and, provided that the shaft and bush are kept 
submerged in oil, the del‘ very will be continuous. yy e 
shaft and bush, with its housing, are enclosed in a casing 
12, into which oil enters at 13 and flows through the 
channel 14 to reach both sides of the bush 3. The oil is 
maintained in the casing 12 at a level such that the 
bush 3 is always submerged. (Accepted June 15, 1927.) 
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AN AEROPLANE STATION IN / mountains, with deep valleys between them, rising 
MID-ATLANTIC |from the surrounding ocean bed, which is some 
. | 10,000 ft. to 12,000 ft. below sea level. Two other 
By Witt1am Hoveaarp. | soundings showed depths of 4,380 ft. and 6,000 ft. 
THE successes recently attained in ocean flying |The extent of the bank is about 40 miles in an 
have stirred the imagination of the public to the | east-westerly direction. The bottom is coral mud. 
possibilities of future development in this direction. | A more complete survey can now readily be made 
It is realised that the presence of relay stations on | by means of the modern sonic depth finder and 
the route across the Atlantic would greatly facilitate | may reveal places of even smaller depths of water. 
the establishment of a permanent service, and | For the present we shall assume that an anchorage 
various schemes, some of them rather fantastic, | can be found with a depth of 4,000 ft. 
have been advanced with this end in view. It is| No other suitable anchorage is known to exist on 
the object of the present article to show that it is|this route. To the west, about 325 miles east of 
quite unnecessary for this purpose to deviate in| the coast of Newfoundland, is found Flemish Cap 
any essential feature from ordinary practises and | with a minimum depth of 58 fathoms, but this bank 
experiences of naval architects and aviators. It can | does not afford a safe anchorage as it lies within 
be shown that a workable solution is obtainable | the limit of the arctic drift ice. To the east, it 
on the basis of the technical means now at our | appears that no low soundings have been so far 
disposal without borrowing from the possibilities obtained outside the continental shelf, that is, 
of future development. | beyond two hundred miles from the coast of 
The distance along a compass line from St. John’s, | Ireland. A more complete survey may, however, 
Newfoundland, to Cape Clear in Ireland, is about | reveal the existence of other banks suitable for this 
1,800 miles, which, at the present state of develop- | purpose. 
ment, makes it necessary for aeroplanes to carry so| It is here assumed that only one floating station 
much fuel that very little weight can be spared for | is established, consisting of a ship anchored on the 
freight. If this distance can be divided into two or| Faraday Bank. This ship may be referred to as 
more parts, the freight-carrying capacity can be| the “station” or simply the “ship.” The general 
increased in the same measure as the weight of fuel | route is indicated in Fig. 1. 























the landing and taking off of the aeroplanes. It is 
estimated that these requirements can be fairly 
satisfied by a ship of the principal dimensions given 
in the foregoing table. 

A more complete study of the problem may, 
perhaps, show that the draft and therewith the 
displacement, can be somewhat reduced. 

Fig. 2 indicates diagrammatically the general 
outline of the ship. It does not, however repre- 
sent a design, but must be regarded merely as a 
preliminary sketch. A ship of these dimensions 
could be docked in the Southampton floating dock, 
in the new dry dock in Havre, and, perhaps with a 
small reduction in beam, also in several other docks 
on both sides of the Atlantic. As here represented, it 
is practically of the same displacement and length 
as the Leviathan, but broader and of shallower 
draft. Its upper (flying) deck is at the same height 
above the water as the bridge deck in that vessel. 
The bow and buttock lines should curve up rather 
sharply forward and aft, so as to present an easy 
entrance and run in vertical planes, whereby it is 
intended to avoid the sharp blows of the waves 
which are liable otherwise to occur with shallow 
flat-bottomed vessels. The general shape of the 
immersed portion of the hull may be characterised 
as resembling that of a waterfowl. 

In the sketch -is indicated the central docking 
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a OTs. keel, which increases in height towards the stern. 
iD-4000 Ft. It will serve not only as a docking keel, but also as 
a m wen Hgttomn a very effective bilge keel. The structural arrange- 
por Chdan en ics wits ments need not differ from ordinary shipbuilding 
practice, except in so far as they may be simpler, 
can be reduced and at the same time the reliability | Table of Dimensions of Proposed Station Ship. since the form of the hull may be composed of sur- 
of the service can be immensely improved. | / Ft. faces which are either plane or can be developed with 
A conservative solution of this problem is here Length on watertine ww. s+ | O80 a slight curvature. The only special feature is the 
Length over the flying deck ... + 1,050 t lv broad and hangi : . 

suggested. It may seem very commonplace as Breadth on water-line not to exceed ... 120 ee nen eee fly —_ deck, which 

compared with certain other proposals, but it has the Breadth of flying deck... ... -.» _ 160 _| i8 similar to that of all aeroplane carriers. 
advantage of being feasible and simple, and in that Mean draft of the hull proper, —— y He wits ‘ The ship so designed will possess great stability ; 
@ maximum of 30 ft. near the bow and a reduced | judging from the experiences with the Russian 





draft aft. A central docking keel may be fitted, 
increasing the draft to about 30 ft. throughout. 
Height of fl, ‘ng deck above water, 50 ft. The 
form of the water-line and the flying deck to be 
practically rectangular, perhaps with a slight 
taper towards the ends. 
Displacement in full-load condition, about 55,000 


the risks and expenses can be fairly well estimated 
beforehand. Briefly, it consists in anchoring a 
ship, in the form of a large barge provided with a 
flying deck, about midway between the coasts of 
Newfoundland and the British Isles. The principal | 
features of such a station or “‘seadrome’”’ will be | 


discussed in some detail. | tons. 
Location of the Station.—It has been proposed to} The Ship.—The ship must fulfil certain require- 


use the Azores as an intermediate station, and this | ments, the consideration of which leads logically 
solution is indeed very attractive for navigation to | to the principal features of the design. It should 


Southern Europe. About midway between the/be as large as possible, but yet not larger than 
allowed by the available docking facilities, so that 





Azores and Newfoundland is found Milne Bank 
with a depth of less than 100 fathoms of water, | it can be inspected, cleaned, painted and repaired 


where a relay station might be established, but for|as necessary for proper maintenance. It should 


navigation to Northern Europe, which it is here | preferably possess some means of propulsion, say, 


proposed more particularly to consider, the Azores | two propellers driven by Diesel engines of a few 
route is rather long, being about 50 per cent. longer | thousand: horse-power each, capable of driving it 
than the direct route. | at slow speed. Means should be provided for inde- 
It may not be generally known that nature has | pendent handling of the ground tackle. 
provided an anchorage with a relatively moderate} The ship should carry a perfectly unobstructed 
depth of water and in a very convenient location | flying deck, on which aeroplanes suitable for the 
for a more northern route. On latitude 49 deg. to | service here contemplated could land, and from which 
50 deg. N. and longitude 29 deg. to 30 deg. W. | they could take off. This deck must be at such a 
about 760 nautical miles from Cape Clear and 1,050 | height above the water that waves or spray would 
miles from St. John’s, is found a bank called Faraday | not interfere with the operations of the machines, 
Hills, on which a sounding as low-as 625 fathoms, | and it must afford a fairly steady platform under 
or 3,750 ft.,.has been made. Faraday Hills, dis- | all conditions of weather. ‘It should curve well down 
covered in 1882, is really a group of submerged | both aft and forward, so as to facilitate respectively 


Imperial Yacht Livadia, which was of similar type ; 
it will be almost perfectly steady transversely, 
and the rolling motion will be very small. It is 
to be borne in mind that the ship is ordinarily head 
on to the waves. Since the length of Atlantic 
storm waves will rarely exceed one-half of the 
length of the ship, the vertical or heaving motion 
of the whole ship is likely to be small. For 
the same reason, the longitudinal or pitching 
oscillations will not acquire any great angular magni- 
tude, and will probably seldom be more than two 
degrees, but, on account of the great length of the 
ship, they will cause an appreciable rise and fall 
of the ends depending on the height of the waves. 
The largest Atlantic storm waves observed by 
Dr. Scoresby had lengths of about 500 ft. to 600 ft., 
but such long waves rarely exceed 30 ft. in height 
from hollow to crest, and it may be expected that 
the total vertical swing of the ends of the flying 
deck will not be in excess of that figure. Such 
conditions, however, will not arise, except under 
long-continued severe gales, in which case flying 
would not be attempted, at least not for some time 
to come. It is to be borne in mind also that a 
ship lying at anchor is not exposed to the violent 
tossing movements experienced when it is driven 
up against the sea at high speed ; conditions will be 
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intermediate between those when she is going in 
directions against and with the wave motion. 

The Anchor Gear.—The depth of water (D) is 
assumed as 4,000 ft., or 670 fathoms, which is 
about ten times as much as ordinarily contem- 
plated for the largest class of vessels. Evidently, 
when depth is increased, a point is reached where 
the strength of the chain is taken up wholly in 
carrying its own weight, and no strength is left 
for holding the ship. Now, a heavy iron chain 
cable can carry its own weight in water only up to 
a length of about 6,000 ft. Thus a 4-in. chain 
woula weigh about 125 Ib. per foot run in water, 
and its breaking strength would be about 335 tons. 


: 335 x 2,240 
Length carried = —— 125 


Modern steel chains can probably be made to 
carry a length of at least 50 per cent. more, but yet, 
on account of the great angle which heavy chains 
form with the horizon at the hawse pipe on such 
depths the horizontal component of the tension 
will be relatively small, and it is the horizontal 
component which constitutes the holding power of 
the chain. 

We are therefore led to employ a relatively 
stronger and lighter material for the cable, and 
flexible steel wire hawsers seem to offer the best 
solution. On great depths of water, steel wire 
hawsers have the advantage that while they may be 
made sufficiently heavy to hold the ship with their 
lower part resting flat on the bottom, exerting a hori- 
zontal pull on the anchor, they still form a relatively 
small angle with the horizon at the hawse-pipe, 
so that the holding power is much greater than in 
the case of the heavier, chain cables. A wire hawser 
of high-strength strands will carry its own weight 
up to a length of about 40,000 ft., leaving an ample 
margin of strength on the depth of water here 
considered. 

In order to determine the size of wire hawser 
appropriate to the present case, the holding strength 
of the chain cable with which a ship of the same size 
would ordinarily be provided may be used as a 
standard of comparison. Evidently the horizontal 
pull exerted by the ship on the anchor cable is 
independent of the depth of water and of the nature 
of the cable, and an examination of what this pull 
would be at the breaking strain of ordinary iron 
chains if the same ship were anchored at a depth of 
say 60 fathoms, may, therefore, first be made. 

It is assumed that, in accordance with usual 
practice, a ship of this size would be given two bower 
anchors of say 30,000 lb. weight, with 4-in. iron chain 
cables, and as an extreme case, it is supposed that 
both chains are acting parallel with each other 
holding the ship with 240 fathoms of chain on each 
anchor. 

Let T be the tension in each chain at the hawse- 
pipe, and suppose as the worst case that the chains 
are taut from the ship to the anchors, forming an 
angle @ with the horizon, such that 
60 
540 7 9°25 

Actually, of course, sin ¢ will always be greater. 

hen the horizontal pull exerted by the ship on the 
chains is : 





= 6,000 ft. 


sin @ = 


H = 2T cos ¢. 


The breaking strength of a 4-in. iron chain cable 
being estimated at 335 tons and cos @ = 0-97, the 
pt Lexerted by the ship when both chains break is : 

H = 2 x 335 x 0-97 = 650 tons. 
‘nis is an outside value. Based on usual figures in 
celeulating wind pressures on the ship, a maximum 
v lue for H is obtained of only 150 to 200 tons, 
waich may be somewhat augmented by dynamic 
action. 

It is necessary then to determine the size and 
. th of the wire hawser which will hold a ship 
auchored at a depth of 4,000 ft. while under such a 
tension that the horizontal component is 650 tons. 

The hawser will place itself in a catenary and 
it may be taken to be of such length that the part 
nearest the anchor will rest on the bottom, which is 
.ssumed to be level. Thus, as indicated on Fig. 3, 
she bottom line runs tangent to the catenary at its 
lowest point B. The vertical component V of the 
tension at the hawse-pipe is equal to the weight of 
the length of chain L from the hawse-pipe S to the 





point B. The tension at B is equal to H, the hori- 
zontal component of T at the hawse-pipe. The 
vertical component is then given by 
V=wL=Tsing, H = T cos ¢, T = /W? + H? 
where w is the weight of the hawser in pounds per 
foot run. 
From the properties of the catenary : 


a 2 2 
i=, /?2E +o en?T=«wx t™ 


2D 
It is found that a hawser of 5 in. diameter or 
15? in. circumference fulfils the requirements. 
The weight of such a hawser in water is 34-5 lb. 
per foot and its breaking strength is estimated at 

















750 tons. Substituting in the formule given 
above : 
L= 2% 4,000 x 650 x 2,240 16. 106 
34-5 = 18,800 ft. 
34°5 18,8002 + 4,000? 
7“ “ia 
34-5 x 18,800 
V= S45 : = 290 tons 
Vv 8 
sing = = a = 0:408 or ¢ = about 24°. 


which is the angle that the hawser forms with the 
horizon at the hawse-pipe when the tension is 
711 tons. 

It is seen that the hawser has an excess strength 
of at least 5} per cent. over and above that required 
to break two 4-in. iron chain cables. This may 
appear excessive, but allowance should be made 
for weakening by corrosion, wear, and straining 
of the hawser by kinks. 

It is proposed to have one anchor of 30,000 Ib., 
and in order to ensure that the anchor shall not 
readily drag where the bottom is sloping, it is 
proposed to provide a ground chain of 50 fathoms 
to 100 fathoms of 4-in. size. Making the wire 
hawser 20,000 ft. long gives a total length equal 
to about 20,500 ft. This is five times the contem- 
plated depth of water, and should be sufficient, 
in view of the fact that, before the chain begins 
to be lifted clear of the ground, the hawser will 
break. 

It is believed that the simple arrangement here 
proposed is to be preferred to mooring with two 
anchors. Mooring involves several complications 
without any assured gain in holding power over 
that obtained with one anchor. Its principal 
object is to restrict the circle in which the ship 
swings, but in the present case a change in position 
of a few miles will be of small consequence, since 
locating the ship from airplanes must depend 
ultimately on sight or sound. 

The handling of a wire hawser of such size and 
stiffness as here contemplated is a problem which 
requires considerable and careful study. The 
hoisting drum or drums, as well as the hawse-pipe 
or groove through which the hawser enters the 
ship, should be of so great a radius of curvature 
that no sensible bending strains will occur in the 
wires, and it may prove necessary to distribute 
the hoisting power on several drums working in 
tandem. Special provision must be made for 
working the ground chain, perhaps by placing 
the anchor engine so far aft that the chain does 
not come on the drums. 

The tendency of a hawser to form kinks com- 
plicates the handling of it and endangers its 
strength, but this difficulty can probably be met 
by providing swivels of special design having 
small frictional resistance, and by laying the strands 
of the hawser in such a way as to neutralise the 
tendency to kink formation. Some research and 
development work may be required to clear up 
this matter. 

Miscellaneous Outfit—The problem of arresting 
zroplanes when they land on the flying deck is 
the same as in eroplane carriers, and can be solved 
by the same methods. Some 300 ft. to 500 ft. 
length of the after deck must be allowed for this 
purpose. The entire forward part of the flying 
deck, of at least 500 ft. length, is available for 
taking off. If found necessary, a catapult 
mechanism can be provided without obstructing 
the deck. In any case, the flying deck should be 
entirely clear. A hangar space should be provided 
occupying part of the length below the strength 








deck, and should have a height of about 20 ft. 
A large hatch amidships will permit transport of 
machines between the flying deck and the hangar 
deck. 

The ship should at the same time fulfil the functions 
of a light-vessel and a wrodrome. It should also 
act as a supply and repair ship for the machines, 
being provided with fuel and all necessary stores, 
reserve machines, reserve engines and spare parts, 
workshops, testing laboratories, hospital facilities, 
&c. The large displacement and the small weight 
of the propelling machinery will allow ample 
space and weight for all these services. 

Practicability of the Project.—It will probably be 
granted by naval architects and nautical men in 
general that a ship such as is here suggested, can be 
constructed without difficulty and securely anchored. 
Yet it may be questioned whether, from the 
aviator’s and business man’s point of view, such 
a station will be of sufficient value to justify the 
great first cost and the current expenses. Some will 
argue that it is better to wait until a machine 
has been developed capable of non-stop flight 
across the Atlantic with a reasonable paying load, 
but it appears that we are yet far from that goal. 
Others—as, for instance, Bellanca—are in favour 
of the Azores route, where the longest non-stop 
flight is 1,400 miles, if no intermediate station is 
established ; but this eminent designer admits 
that the machine which is to accomplish this result 
as a paying proposition has yet to be developed, 
and will be dependent upon the highest refine- 
ments. Clearly, for traffic to Northern Europe, the 
existence of a station farther north, reducing the 
longest non-stop flight to 1,050 miles, increases 
the paying-load ina given machine very considerably. 
It shortens the total length of the voyage, and 
adds materially to the reliability and safety of 
the service. In order to form an opinion of the 
possibilities of this route, consider for instance, 
machines such as Commander Byrd’s America. 
In that example, the store of fuel and oil could be 
reduced to less than one-half of the amount, 
provided for the flight from New York to Paris 
and thus at least 4,000 lb. could be saved, and 
would be largely available for paying load. 
Actually, if the route were established a special 
type of zroplanes would be designed and developed 
for this service. 

The most serious difficulty to be encountered seems 
to be that of finding the ship in foggy and thick 
weather and of landing on the flying deck under such 
conditions, but recent inventions have added 
materially to the accuracy of aerial navigation, 
and the very complete outfit which can be given 
to such a station will facilitate the landing operation 
considerably. The existence of the station will, 
moreover, ensure a much improved meteorological 
service. 

It appears that directive radio beacons can now 
be made of sufficient power to guide the machines over 
some 500 miles or more. Such beacons would be 
installed on the shore stations at each end of the 
route and can also be installed on board the ship, 
but as the ship is liable to swing, it appears that the 
coil antennae must here be mounted on a gyroscopic 
device in order to keep it always on the desired 
azimuth. If non-directional transmitters are fitted 
on board the ship, the zroplane can determine the 
course by direction finders. Such instruments, 
whether with wing coils or fuselage coils, should in 
any case be fitted. Another valuable invention, 
which tends to facilitate navigation, is the earth 
inductor compass, so successfully used by Captain 
Lindbergh in his transatlantic flight. 

It will be known in the ship when the xroplanes start 
from shore, and when they can be expected to arrive, 
and the machines may be in radio communication 
with the ship all the time. 

Imagine a machine to start from Newfoundland in 
the morning, say, at two o’clock. It may be foggy 
weather, but a directive beacon at St. John’s would 
serve to guide it in its course over the Bank and 
perhaps as far as some 600 miles from shore. Then 
the waves from the transmitting station on the ship 
would be picked up and whether directional or not 
would enable it to steer straight for the ship, 
which, under favourable circumstances, should be 
reached about noon time. The mail and passengers 
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DOUBLE TRACK RAILWAY BRIDGE OVER THE ELBE AT HAMERTEN. 


CONSTRUCTED BY THE AKTIENGESELLSCHAFT FRIED. KRUPP, ENGINEERS, RHEINHAUSEN. 
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would be transferred to another machine, which 
would take off soon after and might reach the land- 
ing field in Ireland about eight or nine o’clock in the 
evening. Such a schedule would permit almost the 
entire flight to take place in daylight during summer, 
but in other seasons a different schedule might be 
found more suitable. 

In finally locating the, ship before landing in 
foggy weather the aeroplane may be aided by sound 
signals such as firing of guns and blowing of sirens. 
During night-time, searchlights, floodlights, flares 
and rockets would be used. If conditions did not 
permit landing on the deck, the machines could 
alight on the water aft of the ship and be picked 
up by cranes. For this purpose as well as for 
general safety the machines should carry not only 
the ordinary wheeled landing gear but should also 
be so constructed that they can float on the sea, 
without however requiring that they should be 
capable of taking off from the water. The design 
of such a machine will require some development 
work, the discussion of which lies outside the scope 
of this article, but it is believed that by making 
the fuselage watertight considerable weight can be 
saved as compared with the ordinary amphibian 
machine, where the propellers must be given a high 
position, and where the structure of the floats or 
boat body must be stronger. 

The route here proposed would lie very close to 
the steamship lanes, permitting opportunities for 
assistance in case of emergency. At first, the service 
would perhaps have to be confined to the summer 
months, but gradually as experience was gained, it 
might be extended to other seasons. 

The results attained in recent pioneer flights 
across the Atlantic, indicate what may be regarded 
as maximum performance on the present standpoint 
of aviation. For the route here proposed, with a 
mid-Atlantic station, conditions will be radically 
different. The distance from New York to Paris, for 
instance, may be divided into at least four sections 
by three or more relay stations where a change of 
aeroplanes and pilots can take place. Each section 
can be served by machines specially designed for it, 
and operated by crews experienced in the conditions 
peculiar to the region. The difficulties of fatigue 
and insufficient fuel supply will be practically 
eliminated. 

The station would be immediately useful for mail 
service and for limited passenger transport; it 
would be invaluable for meteorological service and 
for various scientific researches, notably in the fields 
of oceanography and marine biology. Economically, 
the project seems promising, but as the financial 
aspect of the problem has not been studied, it is 
impossible to express a definite opinion on this 
point. Itis believed that such an undertaking would 
thrive best if started and developed by private 
enterprise and based on private capital, but it 
may be reasonably expected that the governments 
interested in the meteorological and mail services 
would render financial and other assistance. 








THE ELECTRONIC VALVE AND POWER TRANSMISSION.— 
In the course of an address before the Engineering Section 
of the National Electric Light Association, Mr. L. M. 
Hawkins said that the electronic valve was now being 
increasingly used in the power field for rectification 
and control purposes. These valves were also steadily 
growing in size and capacity and had been built to pass 
600 amperes and to operate at 500,000 volts. If it were 
possible to combine both capacities in one valve its 
rating would be 300,000 kva. When such a stage was 
reached the logical function of the valve in power trans- 
mission would seem to be that of a transformer, so that 
direct current transmission with alternating current 
generation and distribution could be used. 
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RAILWAY BRIDGE OVER THE 
ELBE AT HAMERTEN. 


On this and on pages 226, 227 and 238, and on our 
two-page Plate XV, Figs. 1 to 35, we illustrate a new 
steel two-track railway bridge recently erected across 
the Elbe at Himerten by the Friedrich-Alfred Works 
at Rheinhausen of Messrs. Krupp. Although the 
bridge is not remarkable either for width of span 
or for any exceptional difficulty overcome in 
securing sound foundations, much interest attachies 
to certain of its constructional details, and also 
to the unusual facilities provided for the inspec- 
tion and maintenance of the superstructure. The 
general diagrammatic view reproduced in Fig. 1 is 
calculated to convey the impression that spans 
Nos. 1, 2 and 3, and Nos. 7, 8 and 9 form a con- 
tinuous girder. As a matter of fact, the whole 
structure is statically determinate and the advan- 
tage which the continuous girder has in facilitating 
the central loading of the piers has been secured by 
supporting one end of each truss on a rocker carried 
by the steel work of the succeeding span. There is 
thus but one pedestal or bearer for each truss, and 
this is fixed centrally on the corresponding pier. 
The main span, which has a width of 348 ft. between 
centres of pedestals, forms with the adjacent 67-m. 
(220 ft.) spans a cantilever system, the central truss 
being extended beyond each of its piers, so as to 
form brackets or cantilevers 13-96 m. (45-8 ft.) 
long, which support, by rockers, the corresponding 
ends of the adjacent 67-m. spans. 

The other novelty consists of two petrol-driven 
inspection cars arranged to run on rails provided 
for the purpose on each side of the bridge. These 
cars carry a framework which can be swung 
under the bridge, providing thus the means for easy 
inspection and for the renewal of the paint-work. 
When not in use these cars are housed in chambers 
located in the masonry of the eastern abutment. 
The views of the bridge given in Figs. 34 and 35, 
page 238, shows these inspection cars in use. 

The new bridge has been built to replace one built 
at Himerten, in 1868-70, to carry across the Elbe 
the metals of the Spandau-Gardelegen branch of the 
Berlin-Lehter Railway. This was a _ two-track 
structure designed to take a rolling load of 3-7 
tons per meter of track. It comprised 18 spans 
with an aggregate length of 808 m. (2,650 ft.). 
One of the openings was freed by a swing bridge, 
included to meet the navigational needs of the day. 
This was, however, abolished in 1894 owing to the 
steady growth of the rail traffic and to an equally 
pronounced diminution in the number of sailing 
craft passing the bridge. Extensive strengthening 
works were undertaken in 1895-96, which were 
intended to provide for rolling loads consisting of 
a locomotive weighing 7 tons per metre of track 
followed by a train weighing 34 tons per meter run. 
These works cost about 20,0007. and were supple- 
mented during succeeding years by additional rein- 
forcements. The weights to be carried continued, 
however, to increase, so that, in 1912, the railway 
authorities decided that it would be necessary 
either to rebuild the existing superstructure in its 
entirety or to provide a successor to it. A rebuild- 
ing operation would have proved very costly owing 
to the necessity of maintaining train services during 
the progress of the works. Moreover, there was 
some doubt as to whether the old piers could safely 
support the additional loads. The second alterna- 
tive was accordingly adopted, but the projected 
works were held up by the world war and it was not 
till 1923 that a definite start could be made. The 
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new bridge, as indicated in Fig. 2, lies 21-15 m. 
(693 ft.) up stream of its predecessor. Like the 
latter, it has a total length of 808 m. and it is 
divided into two distinct sections, a “flood ” bridge 
and a river bridge, which were the subject of 
separate contracts. The flood bridge extends over 
the western foreshore and consists of nine deck 
trusses each with a span of 34-30 m. (107-7 ft.) 
between centres of bearings. This portion of the 
bridge was completed in the spring of 1924 by 
Messrs. Louis Eilers, of Hannover-Herrenhausen. 

In the summer of the same year the railway 
authorities invited, from ten leading structural 
engineering firms, proposals for the river bridge. 
The project submitted by the Friedrich-Alfred 
Works of Messrs. Krupp was that which was ac- 
cepted. This provided, as already noted, for a 
main span of 106-08 m., flanked on each side by 
a 67-m. span, one end of each of these side spans 
being supported on a cantilever extension of the 
central truss, as above mentioned. Each of the 
67-m. spans was followed by a viaduct of three 
shorter spans, those on the west side having a span 
of 45-12 m. (148 ft.) whilst the span of the other 
three was 133 ft. The whole series were through 
trusses, the three central spans being provided 
with overhead bracing. The steel work was propor- 
tioned for rolling loads consisting of a locomo- 
tive weighing 13-67 tons per meter run, followed by 
a train weighing 8 tons per metre run. The floor 
was moreover, proportioned for a maximum axle 
load of 25 tons. A medium steel has been used for 
all main members. It was specified to have an ulti- 
mate strength of 48 kg. to 58 kg. per square milli- 
metre (303 tons to 36-82 tons per square inch), and a 
yield point of 29 kg. per square millimetre (18-41 
tons per square inch) with an elongation of 18 per 
cent. on 200 mm. A further requirement was that 
bars, from 30-50 mm. wide, should stand bending 
through 180 deg. round a mandrel having a diameter 
equal to twice the thickness of the plate. A some- 
what softer steel was used for most of the rivets, 
and also for certain subsidiary parts. 

An excellent foundation was obtained for the 
whole of the piers on a bed of stiff blue clay which 
underlay a thick layer of ballast. The piers were 
proportioned so as to reduce the load on the clay 
to 44 tons per square foot. 

The piers for the approach viaduct were con- 
structed in open trench, the site being protected 
by sheet piling. They consist wholly of concrete 
reinforced under the truss-bearers, and faced above 
the ground level, either with préd-cast blocks of a 
granolithic mixture or with granite masonry, 
where there was greater liability to damage from 
flood and ice. The mixture used below ground level 
consisted of 20 parts of ballast to two of cement and 
one of trass ; above ground level; the proportion of 
ballast was reduced to 16 parts. Special care was 
needed in the case of the piers 0: the eastern fore- 
shore, where it was necessary _ cut through a 
dyke, and here the excavation had to be executed 
piecemeal, and the concrete depo. ited in each open- 
ing as soon as the required level was attained. 

The river piers were sunk with the aid of com- 
pressed air. The caissons wre of reinforced 
concrete. Save in the case c_ the central pier, 
where the water was deepest, an artificial island 
was formed with the aid of sheet piling, at the 
desired site. On these islands the steel skeletons 
of the caissons were erected and concreted, and 
they were sunk step by step ‘hrough the made 
ground of the island till the desired depth was 
reached. 
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During the descent the walls were built up pari 
passu, and the whole was finally concreted in the 
usual way. In the case of the central pier the 
sinking was effected from an iron staging instead of 
from an island. All the river piers have reinforced- 
concrete heads and are faced throughout with 
granite ashlar. The concrete under the pedestals 
which carry the trusses is also strongly reinforced. 

As already stated, the main span has a length of 
348 ft. between centres of bearings. The width 
between truss centres is 9 m. (295 ft.), and the 
effective depth is 15 m. (49-1 ft.). Typical con- 
structional details of the main span are illustrated 
in Figs. 3 to 14, Plate XV. The key plans annexed 
indicate what portions of the truss are represented 
in the adjoining main engravings. As indicated 
in these key plans, the main span is divided into 
eight principal panels, whicl. are divided up into 
sub-panels as indicated. The vertical posts are 
accordingly alternately one-half the full height of 
the truss and the full height. Representative 
drawings of each are reproduced in Figs. 8 and 9, 
whilst an additional view of the cross-girders is 
represented in Fig. 10. The lower main members 
in the central section of the truss are illustrated in 
Figs. 11 and 12, whilst Figs. 13 and 14 show other 
details for top chord for the panels near the piers. 
The cantilever extension is represented in Fig. 4, 
which shows also, on the left, the rocker, on which 
the end of the adjoining side span is supported. 
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Typical examples of the steelwork of these side 
spans are illustrated in Figs. 15 to 20, Plate XV. 
As in the case of the central span, these trusses 
are spaced at 9-m. centres, but, in view of the 
shorter span, the effective height has been reduced 
to 9 m. The rocker supporting the end of the 
adjoining shore span is clearly shown in Fig. 15. 
The rails shown at the lower right-hand corner of 
Fig. 18 are provided for the inspection cars, of which | 





| The junction between adjacent trusses is clearly 

shown in Fig. 28, whilst the arrangement of the 
| lower wind bracing is illustrated in Fig. 31. At 
the piers the wind stresses are transferred from the 
rocker-supported truss to the middle of the end 
cross girder of the succeeding span, the connection 
being a flexible one as indicated in Fig. 33. Very 
special attention has, in fact, been given to the 
lateral bracing of all the spans, and additional 
provision has_been made, as indicated in Fig. 25, 
for transferring to the main trusses, and thence to 
the piers, the axial thrust resulting from a sudden 
application of the brakes. The late Sir Benjamin 
Baker called attention many years ago to the large 
forces which might be developed this way since 
the general introduction of continuous brakes, and 
noted that the old Tay Bridge, of unhappy memory, 
appeared to him to have been deficient in this 
respect. In the case of the Haimerten bridge, ten 
of these special brake-load bracings are provided, 
two of which are situated in the main span. 

The roadway is interrupted at each of the piers, 
| at the two cantilever joints, and also at the middle 
|of the main span. These junctions are illustrated 
| in Figs. 26 and 27. 


(To be continued.) 





| 
| 








ATLANTIC TRAFFIC AND THE Port oF LONDON.— 
Probably the earliest of London’s docks was the How- 
'land Great Wet Dock at Rotherhithe, which was of 
considerable size, and was opened about the year 1700. 
There is good reason for thinking that this pioneer dock 
of the Port of London was also the first of its kind in the 
world. Its area was probably about 10 acres, and it 
now forms part of the network of the Surrey Commercial 
Docks. A first West India Dock was opened in 1802, 





mention has already been made. }and an East India Dock some years subsequently. A 


me mee | decade or two later, St. Katherine’s Dock came into 
Both the cars are shown in the photographs repro- | ,eing and, in 1850, the Royal Victoria Docks were 


duced in Figs. 34 and 35, on page 238. As stated | built. These were followed by Millwall Docks (1864), 
above, they are housed in a ferro-concrete chamber | Royal Albert Docks (1875), and Tilbury Docks (1882). 





formed in the eastern abutment of the river bridge, 
and can run from one end of it to the other. The 
platforms shown in the illustrations can be swung 
under the bridge floor when desired, giving thus 
easy access to the paint-work. A footpath is also 
provided from end to end of the bridge, and on 
the main span is carried up to the upper chord. 
The ladder providing access to this from the top 
chord of the side span is shown in Fig. 4. 

Typical sections through the three pony-truss | 
spans are represented in Figs. 21 to 24, above, | 
and further details are illustrated in Figs. 28 to 32, | 
opposite. The effective height of these trusses is | 
54 m., and the spans are 45 m.‘on the western side | 
and 40 m. over the eastern foreshore. Cross | 
girders of the type shown in Fig. 23 were used at | 
piers Nos. 1 and 2. 





| The story of which the foregoing facts form the skeleton 


is well told in “* The Atlantic Liner and the Port of London,” 
by Mr. G. Gibbard Jackson, and issued by Messrs. Ed. 
J. Burrow and Company, Limited, 109, Kingsway, 
London, W.C.2. The book deals mainly with the origin, 
rise, and past and present services of the Atlantic 
Transport Line, which undertaking has always been 
intimately connected with London. It will, no doubt, 
be remembered that the whole of the first line of the 
Atlantic Transport Company was wiped out during the 
late war. These vessels, the Minneapolis, Minnewaska, 


| Minnehaha, and Minnetonka, were all mined or torpedoed 


in the Mediterranean Sea while on Government service. 
The present Minnewaska, built in 1923, and the Minne- 
tonka, built in 1924, are, however, two of the largest 
and finest liners afloat. Their gross tonnage is over 
20,000. The book gives a detailed description of these 
two vessels, of the Minnehaha and Minnesota, and of 
the various other units of the Atlantic Transport Com- 
pany’s fleet. The author’s style is pleasant, and the 
book well printed and furnished with excellent illustra- 
tions, a number of which form fine plates. 
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RAILWAY COMPANIES AND 
PASSENGERS’ LUGGAGE. 

A’ casE which illustrates one of the difficulties 
which confront an English railway company in 
the conduct of their business was recently decided 
in the High Court. A railway company is a 
“common carrier’? of passengers’ luggage, and a 
common carrier is an insurer of any article he carries. 
This means that he is, and has always been, liable 
for the loss of or any injury to the article carried, 
unless such loss or injury is due to the Act of God, or 
of the King’s enemies, or to inherent vice in the thing 
carried. Another exception to his liability has 
gradually come to be recognised in the Courts, 
namely, that where the loss or injury is attri- 
butable to the carelessness of the consignor, or 
(in the case of a railway company) to the negli- 
gence of the passenger travelling with the luggage, 
the carrier is not liable. The question whether 
a loss was due to the negligence of the passenger 
is, of course, a matter of fact to be decided in 
each case. 

The facts in the case under notice (Vosper v. G.W. 
Railway) are thus stated in the Solicitors’ Journal 
for July 23. At 9.45 on a Monday morning, the 
plaintiff gave his suitcase to a porter, at Exeter 
station, for him to put it in the cloakroom, and 
then to have it ready for him for the 1.45 p.m. train. 
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There was some dispute as to what happened when 
he arrived at the station at 1.30 p.m., but the County 
Court Judge held that the plaintiff had agreed with 
the porter that the latter should place the suitcase 
in a first-class compartment, and that was done, 
when the train arrived. The plaintiff, who had a 
third-class ticket, found some friends on it, and 
joined them, subsequently going to the restaurant 
car withthem. The suitcase was lost. The County 
Court Judge held that the company were liable, 
saying that the onus was upon them to show that 
the plaintiff had not taken reasonable care of his hand 
luggage. A Divisional Court, consisting of two 
Lords Justices, dismissed an appeal. In effect, they 
ruled that it was not the passenger’s duty, even having 
assumed control of his hand luggage, to continue to 
guard it during the whole journey, having regard 
to the fact that railway companies now invite 
passengers to change their carriages and to go to 
another part of the train for meals. In the 
result, the railway company will have to pay for 
the suitcase. 

It is difficult, having regard to certain previous 
decisions in similar cases, to understand how this 
ruling can really be justified. In a well-known legal 
text-book, it is stated that: ‘“‘ If the passenger takes 
his luggage in the compartment with him, he relieves 
the company of a large part of their responsibility ; 
and if, while under his own control, the luggage is 
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lost or damaged, without any negligence on the part 
of the company, the company as a rule are not 
liable.” So it was held so long ago as 1870, in 
Talley v. Great Western Railway Company. In that 
case, a passenger todk his bag into the carriage 
with him. At Swindon, he left the train to get tea. 
He was away for 10 minutes, during which the train 
had been moved to another platform. Not being 
able to find his own, Mr. Talley got into another 
carriage. The bag was found in the carriage when 
the train reached London, but it had been cut open 
and some of its contents stolen. A jury found that 
the company had been guilty of no negligence, and 
that the plaintiff, having assumed control of his own 
luggage, was bound to take such care of it as might 
be expected from an ordinary prudent man, and 
the loss would not have happened but for his failure 
to take such care. 

Although it is true, as Lord Justice Atkin 
pointed out, that times have changed, and that 
the corridor train and dining car have now come 
into general use, it is difficult in' the more recent 
case to see how the loss can be attributed to 
anything but Mr. Vosper’s own act. Did he 
take such care as might be expected from an 
ordinary prudent man? As regards the suggestion 
that, when passengers leave a compartment and 
go to a restaurant car for a meal, the company 





assumes responsibility for luggage left behind, 
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passengers by train travel with full knowledge of all 
the modern conditions. 

Possibly, this decision was arrived at owing to 
a finding of fact by the learned County Court which 
the Court of Appeal had no power to disturb. If 
so, its effect will not be far-reaching, for another 
County Court Judge may come to a different 
conclusion ; but if not, two judges of the King’s 
Bench appear to have laid it down, as a general 
principle, that a railway company are liable for the 
loss of luggage wherever it is left in a corridor train. 
That, at any rate, is a proposition which this case 
might be said to support. It may be said, of course, 
and it can be said with truth, that the railway com- 
pany are not bound to be a common carrier of pas- 
sengers’ luggage. Conditions relieving the company 
of some of their liability may be imposed. Never- 
theless, a railway company must carry passengers’ 
luggage at reasonable rates, and none of our railway 
companies could afford to impose special conditions 
at the present day. 





THE WALCHENSEE HYDRO-ELECTRIC 
STATION. 


(Continued from page 164.) 


Startine at Krunn, where the Isar is first im- 
pounded, a weir is erected across the river, so that 
the level of the latter is raised by about 4m. This 
weir consists of a permanent sill 43 m. long, the 
main portion being of rendered concrete. It is built 
of tongued and grooved iron piling, which is borne 
partly on solid gravel and partly on piling. The 
spillway, which is inclined slightly upwards, is pro- 
vided with a wooden cover to protect the concrete 
against the pressure of the roller, which rests upon 
its upper surface. Alongside this fixed portion are 
two openings which are provided with gates. 

The flood gate, which also serves as a timber pass, 
is 10 m. wide and is closed by a rolling weir. 
The adjacent outlet lock is 4 m. wide and is closed 
by sluice gates. These gates are operated electri- 
cally, the current being supplied at 6,000 volts from 
a power station near by. The winding gear, 
which can also be worked by hand, is so arranged 
that when released, or when the electrical equip- 
ment fails, the gate will remain in position. The 
actual position of the gates is indicated by 
a tell-tale. The operating motor is switched 
out automatically when the uppermost position 
is reached. When electrical operation is used, the 
gates can be raised in about 20 minutes. Manual 
operation takes four men about three hours. The 
height of the dam is such that, even should the 
water rise to the highest level yet known, it would 
not flow over the crest when the gates were open. 

The main dam on the right bank of river is 
built on gravel and is enclosed by a retaining wall. 
The iron piling is driven about 6 m. deep into the 
bed of the Isar and extends 3 m. above the river bed 
into the body of the dam. The intake works on 
the right bank form the entrance to the main 
conduit. This entrance, which was illustrated in 
Fig. 2 on page 162 anie, is enclosed by a wall the 
crest of which is about 2 m. above the foot of the 
weir, in order, as far as possible, to prevent silt, 
of which there is a great deal in the mountain 
streams, from entering the conduit. A gate 
allows the conduit to be entirely shut off from 
the river. 

A regulating weir is provided at the entrance 
to the intake conduit. The conduit itself runs 
along the slopes above Krunn as far as Wallgau. 
It has a total length of 3,000 m. At Wallgau 
it crosses under the Finzhach, which at this 
place runs through a rocky channel, and the 
main road. The position of the conduit on the 
slopes near Krunn, partly in cuttings, partly on an 
embankment of chalky gravel which softens when 
it becomes wet, gave rise to considerable appre- 
hension among the local inhabitants, and it was 
suggested that the conduit should be either sup- 
ported on piers or made of reinforced concrete. 
On the upper sections, as far as Wallgau, the 
bed is 2:3 m. wide and the slope of the side walls 
is 4:5. These side walls are covered with a layer 
of concrete 20 cm. thick, which reaches to a height 

50 cm. above the highest water level. They were 





THE WALCHENSEE HYDRO-ELECTRIC SCHEME. 
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manufactured in panels about 6 m. wide on the 
site. This covering of concrete serves both for 
sealing purposes and for reducing the friction. The 
slope of the bed is 0-3 per thousand, while the 
water is 3-15 m. deep. 

Between the Isar and Obernach watersheds, the 
water is transmitted through a tunnel about 1,500 m. 
long. The arch of this tunnel is of parabolic 
section and it is 3-8 m. high by 4m. wide. The 
slope is 0-9 per thousand, and a cross-section of 
11-5 sq. m. is employed for carrying a water flow 
of 25 cub. m. per second. 

The intake tunnel through the Kesselberg 
mountains is narrowed down from the lake onwards 
in a funnel-shaped formation, beginning with a 
bed width of 21-2 m., with sloping sides, and 
passing by a streamline transition to vertical 
sides and a width of 12-4 m. At the entrance 
of the tunnel is a double sluicegate, consisting of 
roller gates fixed in two separate frames. These 
gates are operated through gearing from a building 
on the ground level, and can be raised above the level 
of the lake. The normal cross-section of the tunnel 
begins after the second gate. The works are carried 
on stone foundations, and consist of concrete and 








brick entirely enclosed in the dolomite. The height 





Fie. 7. INTERIOR OF FOREBAY. 


of the tunnel is 4-8 m. and the width 4-6 m. The 
crest is placed at such a depth that it remains 
covered with water when the lake is reduced to 
its lowest level. It has a circular section, 4-8 m. 
in diameter, its gradient is 0-3 per cent., and 
it is designed to carry 64 cub. m. of water per 
second at a velocity of 3-5 m. per second. This 
tunnel leads into the forebay on the northern 
slope of the Kesselberg. 

The forebay is illustrated in Figs. 6 and 7. It 
is a rectangular building about 450 sq. m. in area 
and of 36 m. total height. Its capacity is 10,000 
cub. m. It has been found that this quantity of 
water is required in order to deal! with the altera- 
tions in load at the power station, so that the 
corresponding water velocity in the tunnels may 
be adjusted to the new load conditions. 

A spillway is provided in the forebay, over which 
any water which may accumulate during abnormal 
operation is led into overflow pipes. This spill- 
way is, however, intended mainly for emptying the 
forebay through a drainage conduit, which is 
connected to the lowest part of the forebay. It is 
3 sq. m. in section and 180 m. long, and runs in a 





south-westerly direction, finally discharging into a 
stream. 
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Fig. 8. Prenstock VALVE OPERATING Room. 


The front wali of the forebay consists of a re- 
taining wall, which is 24-5 m. high, 16 m. wide at the 
foundations on the valley side, and 5 m. wide at the 
crest. Through it run six pipes, each of which has 
an internal diameter of 2,250 mm. These first pass 
through the valve house, the interior of which 
is illustrated in Fig. 8. In this valve house 
is fixed the equipment for controlling the pipe 
line. This control apparatus consists of two cast- 
steel stop valves per pipe, which are connected in 
series, the one nearest the wall being operated by 
hand and the other by a servo-motor, which can 
either be remotely controlled from the power station 
or operated by hand from the valve house itself. 
These valves close automatically when the speed of 
the water in the pipes exceeds 20 per cent. of 
the normal. . 

The equipment for generating oil under pressure 
for the servo motors isin duplicate. Each group con- 
sists of two high-pressure geared pumps, one driven 
‘electrically and the other by means of a belt from a 
turbine. These pumps supply oil at a pressure of 
20 atm. to an air vessel with a capacity of 700 litres, 
which is such that the six stop valves can be 
operated from it without refilling being necessary. 
This can be done without the pressure in the vessel 
falling below 10-5atm. Under ordinary conditions, 
the valves are operated by an electric motor, the 
second pump of each group acting as a reserve. In 
order to ensure that the plant will operate should 
the electricity supply fail, two of the pumps can be 
driven from a 6 h.p. Pelton turbine, which draws 
its water supply from the forebay through a special 
pipe. All the pumps are arranged so that when the 
oil pressure falls below 15 atm., the electrically- 
driven pump starts up, and if this fails, then the 
turbine-driven pump follows. Each pump is also 
arranged for auxiliary hand operation. In the 
normal way, the pressure of 20 atm. can be obtained 
in about 6 min. « 

To prevent a vacuum occurring, an air-inlet 








valve of 750 mm. diameter is provided in each pipe. 
This valve comes into action when a vacuum of 
0-1 atm. occurs in the pipeline. A further increase 
in the vacuum causes the valve to open to its full 
extent very quickly. The time taken to close 
the valve is increased by the use of a glycerine 
dashpot, so that water hammer is prevented. In 
addition to the inlet valve, an air-escape valve is 
provided. The main pipe is filled by a 500 mm. 
pipe, which by-passes the automatically-operated 
valve. The speed at which filling takes place 
can be regulated by a stop valve fixed in the latter 
pipe. All the stop valves are provided with indicating 
gear, which shows the actual position in the valve 
house. A distant indicator allows the position of 
these valves to be ascertained in the power station. 

The valve house also contains the electrically- 
operated winding gear for the rope railway, which 
runs alongside the pipe line as shown in Fig. 9, on 
page 230, which is a general view of the pipe line 
and generating station. The railway is provided 
with a double track. It was primarily used for 
constructional purposes, but is now employed for 
conveying personnel. To reduce the power con- 
sumption, balanced operation with two cars is 
employed, one car ascending while the other 
descends. In order to ensure the proper running 
of the cars at the crossing, the outer wheels are 
provided with double flanges. The gauge is 1 m. 
and the steepest gradient is 41 deg. The railway 
is operated by a 33 h.p. three-phase motor, the 
speed of passenger traffic being 1°2 m. per sec. 
For reasons of safety, two brakes are provided 
on the gear shaft of the motor, one of which is 
worked by hand and the other comes automatically 
into operation when the speed increases by 20 per 
cent. If the current is cut off, an electro-magnetic 
brake brings the driving gear to rest. As a further 
precaution, a safety rope is employed, to which the 
car is clamped should the driving rope break. This 
safety rope is endless, and several turns are 


taken round a drum at the top of the railway. At 
the lower end it runs round a tension screw, which 
is kept under tension by a pulley. The rope also 
passes over rollers beneath both cars and through 
the open brake blocks of the automatic and 
hand-brakes of the car without, however, being 
into contact with them. The rack grips prevent 
the car from slipping. The cars are of the ordinary 
two-axle type. 

Six pipe lines, as shown in Fig. 9, lead the water 
from the valve house to the turbine room 180m. below. 
These pipes are laid on a pipe track in the usual way 
and are anchored at six points in the course of the 
descent. Alterations in length of the pipes, due to 
temperature variations, are taken up by expansion 
joints. These are placed directly below each anchor, 
their action being such that when an alteration in the 
length occurs, there is no additional tension on the 
pipes or excessive thrust on the anchors. The internal 
diameter of the pipes is reduced to 1,850 mm. before 
they enter the power-house, and they are designed 
for an excess pressure of at least 40 per cent. They 
are made of Siemens-Martin steel plate, and have 
only one longitudinal seam. The thickness of the 
pipes increases from 10 mm. at the forebay to 
27 mm. at the power-house. A channel is arranged 
alongside the pipes, in order to lead away the water 
between the point affected and the automatic valve, 
in case of pipe breakage. This channel leads into 
a duct at the end of the power-house and thence 
into the tail race. 

In order that all hydraulic conditions affecting 
the generation of power may be known, the water 
consumption is constantly measured. To do this, 
a propeller-type flow meter, supplied by the firm of 
Ott, of Kempten, is fixed in each pipe where the line 
becomes horizontal. The meter, which is illus- 
trated in Figs. 10 and 11, is carried on a trian- 
gular frame, so that the individual vanes lie 
along the pipe axis. Small variations in the pipe 
diameter are compensated for by the use of elastic 
packing pieces. All the meters are lubricated from 
a central position. The rotation of the propellers is 
transmitted electrically to measuring instruments 
in the power-house, an electrical contact being 
made each time a propeller completes 20 revolutions. 

Besides this permanent apparatus for ascertaining 
the amount of water flowing, a further means of 
measuring was provided when the pipe lines were 
being assembled. This allows accurate measure- 
ments to be,made for calibrating the propeller meters 
and for special investigations in which great pre- 
cision is required. This is effected, in accordance 
with German rules for testing water-power installa- 
tions, by building a measurement section 60 m. 
below the forebay bend. This is accessible through 
two manholes in the pipes. The average diameter 
of these measurement sections is 2,254 mm. 

To determine the water velocity and amount of 
water during the turbine acceptance tests, which 
were recently carried out, two simultaneously- 
adjustable Woltmann meters were fixed on a slide 
rail and were calibrated before and after the tests. 
The distance of these metersapart was approximately 
equal to half the pipe diameter, so that wher one 
meter was as near as possible to the side of the pipe 
the second was at its centre. The meters can be 
moved simultaneously by means of a rod. During 
the tests the device was placed at various places 
down the pipe at two positions at right angles to one 
another across a diameter, in order to determine any 
lack of symmetry in the flow. 

As a result, it was found that the flow in the 
pipes was not absolutely symmetrical. This may 
be ascribed partly to the stop valves and partly to 
the fact that gratings are used to cover the lower 
portion of the pipe inlets in the forebay, in order 
to prevent stones and other foreign bodies, which 
might damage the turbine, from being drawn into 
the pipe line. 

To conclude our description of the purely hydraulic, 
portions of the station, we may add that the water, 
after flowing through the turbine, passes into the 
draught-tube channels, which are arranged length- 
wise to the turbine rooms, and thence via a tail race 
400 m. long, with a width at the base of 6 m., into 
the Kochelsee. This tail race has a maximum width 
of 50 m. at the top and a maximum depth of 14 m. 





In order that the additional water which flows 
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into the Kochelsee and the Loisach, owing to the 
operation of the Walchensee station, might be dealt 
with, the latter was dredged. From Beuerberg 
onwards, the additional flow is led into the Isar 
through a special channel. This was designed for 
a flow of 40 cub. m. per second, having regard 
to the fact that it will later on be used for carrying 
the water of the Loisach. In order to lead the flood 
water away more efficiently, the existing loch at 
Beuerberg was widened and re-constructed. It now 
has two lock gates, each 4 m. wide, a fish pass, 
and a timber chute 7 m. wide. 


(To be continued.) 
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REGISTRATION OF ENGINEERS.—The Legislature of the 
State of Pennsylvania, following many other com- 
ponent territories of the United States of America, 
has recently passed an Act for the registration of pro- 
fessional engineers. Those who are entitled to regis- 
tration must have ten years of active practice in engineer- 
ing work or be graduates of a recognised school or 
college of engineering, having taken a four years’ course, 
with two years of active practice afterwards. 


InDEX OF REFRACTION AND DIELECTRIC CONSTANT 
or Water Vapour.—In a paper published in the Journal 
of the Franklin Institute for May, 1927, Dr. Arthur 
Bramley gives the results of a study of the variation of 
the refractive index of water vapour, which should depend 





on the temperature and field strength in an analogous 
manner to that of the dielectric constant The effect 
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observed, which was proportional to the square of the 
electric intensity, agreed well with the predicted effect, but 
could not be accounted for by the change in density due to 
the electrostriction effect. The same method was used to 
measure the change in the refractive index of air at 
atmospheric pressure and mercury vapour at a pressure 
corresponding to room temperature, but no effect was 
observed with fields up to 50,000 volts per cm. While, 
according to the author, it is not possible to verify the 
theory in this prediction by actual observable phenomena, 
the theory presented does make it possible to account 
quantitatively for a variation in the index of refraction of 
the water vapour with the applied electric field, for which 
the electrostriction effect is an insufficient explanation, as 
it considers only the changes in density and not the equally 
important change in the probability of transition which 
appears in the Lorentz-Kramier dispersion formula. 
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THE ELECTRIFICATION OF THE 
SYDNEY METROPOLITAN RAILWAYS. 


(Concluded from page 198.) 


Ro.uina-Stock, SHoPs AND DEpotTs. 





OF the 881 cars in use on the steam services, 101, 
which were completed in 1921, had been designed 
so that they were suitable for conversion to electric 
motor-cars. The remainder are of various dates from 
1877 to 1916, and none of them have underframes 
strong or large enough to carry the electrical equip- 
ment. Part, however, were suitable for conversion 
to trailer cars; the remainder were either too old 
to justify any substantial expense, or will be 
required for many years to come on the steam 
services beyond the electrified zone. It is estimated 
that 674 new cars (449 motor-cars and 225 trailers) 
will be needed on the electric lines completed 
or in progress, making 1,100 cars in all, and 
practically the whole of the existing stock will be 
retained in service either on the electric or the steam 
lines. The bogies and all the interior fittings are 
being made and assembled locally. By reason of their 
lesser fire-risk, greater resistance to telescoping in 
collision, lower maintenance costs, and correspond- 
ingly less time wasted in the workshops, all-steel cars 
were decided on for the new stock. Of these, the 
first 50 bodies were ordered from the Leeds Forge 


STANDARD 42" DIA. DRIVING WHEEL FOR ELEC. MOTOR BOGIE. 





Company, such bodies not having been made pre- 
viously in Australia, and the remainder are being, 
or will be, made locally. The standard design pro- 
vides for 79 passengers with driver’s cabin, or for 81 
without. The tare is 49 tons, including the complete 
electrical equipment. 

The underframes are designed to use Australian 
standard rolled-steel sections for all the longitudinal 
members, and steel pressings for the cross-transoms. 
The centre longitudinals have to be shaped to pro- 
vide the necessary clearances over the motors. 
For this purpose, the requisite section is cut from 
the web of the 1l-in. by 34-in. channels with oxy- 
acetylene, and the flanges and remaining sections are 
pressed hot in hydraulic presses over blocks, the 
adjoining edges being arc-welded. This method has 
been used in the Department for some years with 
satisfactory results. 

M.C.B. type 300-lb. automatic car couplings, 
with spring gangway plank and tensioning gear, 
are provided, side buffers thus being unnecessary. 
An alternative proposal to fit combined automatic 
car air and electric couplers was ultimately rejected, 
the saving in time and labour on the estimated 
number of times the couplers would be used not 
covering more than a fraction of the interest on first 
cost, without counting the expense of maintenance. 

The body framing is built up of steel pressings 
and sheets from 3% in. (roofs) to } in. thick, the 
external sheathing being lead covered, and lined 
internally with asbestos insulation % in. thick. 
The interior lining is of ¥ in. steel sheets, the 
hidden surface of which is covered with fire and 
vermin-proofed baize cemented on. As a further 
protection against corrosion, the roof cowls that 
ventilate the car also circulate air between the 
inside and outside sheathing, and keep the space 
dry. The pressings are thoroughly cleaned under 
sand-blast, and immediately before assembly are 
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coating of red lead and oil is applied to the whole 
interior structure, and the asbestos insulation 
assembled while the paint is still soft. The body 
joints are made with canvas strips thoroughly 
coated with red lead and oil, and all rivets are 
closed cold to avoid burning the paint between 
adjoining surfaces. All cutting, shaping, drilling 
and assembly are done to jigs, the parts being 
strictly interchangeable, not only among their 
individual elements but in whole sections of sides, 
roofs, &c. i 

Side and partition doors are of the sliding type, 
made of one-piece aluminium castings, glazed in 
the upper part with }-in. plate glass. They slide 
into glazed pockets formed flush with the car side 
and hinged on one side to allow the inside to be 
cleaned. The end doors are of the double-leaf swing 
type, and are similar in construction to the side 
doors, except that they are glazed with clear wired 
lass. 
4 The seats are made in pressed steel, finished 
in baked enamel, with wood-finished arm rests. 
First-class as well as second-class carriages are 
provided. These are, respectively, upholstered in 
buffalo hide and covered with rattan. The lamps for 
lighting are arranged in longitudinal trough-shape 
pressings built into the contour of the roof. Some of 
these troughings are fitted with opal glass, which 
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thickly coated with red lead and oil. A further 


forms an unbroken surface to the roof contour, from 





behind which the lamps give semi-direct lighting. 
The trailers are identical with the motor-cars in 
general outline and body construction, but the 
underframes are somewhat lighter. With the guard’s 
compartment, the new trailers seat 79, and without 
it83. Anempty fully-equipped eight-car train of the 
new stock, half motor-cars and half trailers, weighs 
328 tons and measures about 505 ft. overall. Each 
coach carries two 360-h.p. motors. These are 
mounted on one bogie, which has a wheelbase 
of 9 ft., with 3 ft. 6 in. wheels. The design is 
directed particularly to using commercial sections 
without forgings or smith’s work, and to resisting 
permanently the torsional stresses developed in 
the side frames. The top and bottom members 
of the side frames are 6 in. by 3 in. channels, 
which are riveted to cast-steel axle-box pedals 
formed with extended brackets to carry the end 
frames, to which they are attached by gusset 
plates. The side frames are trussed with 3 in. by $ in. 
flat bars, electrically welded to the main members. 
The main transoms are 15 in. by 4 in. channels, 
attached to the side frames by large 3-in. gusset 
plates. The swing bolster is made from two 
12 in. by 3} in. channels, coupled by top and bottom 
gusset plates, and the centre casting and side- 
bearing castings. Ample provision is made for 
the thrust arising from the operation of the motors, 
and the wearing plates are accessible and adjustable. 
The main springs are of the triple-elliptical type, 
3 ft. long, and are carried in the usual way. 

The axle journal has no end collar, the end thrust 
being taken by a circular thrust plate mounted on 
an adjustable screw in the axle-box cover, which is 
fitted with a positive lock washer. , A totalend play 
of } in. is allowed on the axles, which by this arrange- 
ment (now introduced on these railways for the first 
time) can be adjusted from time to time within any 
desired limits. The end wear of the journal collars 


As compared with the sunk-journal arrangement, 
which distributes the end thrust equally between 
the two axle boxes, this construction puts twice the 
stress on the side frame, but the design takes account 
of this. The spring pad used for lubricating the 
axle bearing brass and slipper can be withdrawn for 
examination or replacement through the plug hole 
in the end of the axle box. The laminated spring, 
which is 22 in. long and underslung, is so connected 
to the helical-spring posts and to the axle box, that 
the axle box can adapt itself readily to the bearing 
surfaces of the horn cheeks, and is thus expected 
to reduce their wear. 

The tyre and cast-steel wheel centre are connected 
by a double-lip arrangement, and are riveted 
together by eight }-in. rivets, as shown in Figs. 13 
to 15. This fastening, which was developed in the 
Department in 1924, makes it unlikely that, even 
with a double fracture of the tyre, the broken 
section would be shed before the accident had been 
discovered. The gear wheels are pressed on to an 
extension of the boss of the main wheel centre. The 
arrangement used is said to have eliminated the 
breakages of electric driving axles, which usually 
occur between the seats of the gear and driving 
wheels. The driving wheels are pressed on to the 
axles with a pressure of about 70 tons, the in- 


terference being about os in. and the bore being 
relieved for a part of its length as shown in Fig. 14. 
An interference of 11 to 15 thousandths is allowed 
in gear-wheel bosses, the gear wheels being heated 
in boiling water before being pressed on to the 
extended hub of the driving bosses. 

The maximum speed calculated is 50 m.p.h. 
outside the city, and 35 m.p.h. on the city lines. 
The guaranteed acceleration is 1-25 m.p.h. per sec., 
which, however, is exceeded in practice, and 
the deceleration provided by the brakes is 2 m.p.h. 
per sec. This is effected by an electro-pneumatic 
equipment, by which the brakes on all cars can be 
applied simultaneously, and the air pressure in the 
cylinders increased or decreased to any desired 
extent within the maximum limit of pressure. The 
equipment consists essentially of the standard 
automatic air brake, with the addition of electrically- 
operated “ application ” and “ holding ’’ valves, so 
connected and controlled that, on the failure of a 
holding valve or a part of the circuit anywhere in 
the train, the brakes are automatically applied. On 
the failure of the auxiliary current supply, or of the 
electrical apparatus, the brake can be operated as a 
standard automaticapparatus. The operating pres- 
sure is 50 lb. per sq. inch, supplied from a main 
reservoir pressure of about 95 lb. per sq. inch, and if 
the pressure in the air-brake system falls below 
50 lb. per sq. inch, the current is cut off from the 
motors. The brakes are also applied automatically 
if the train runs past a signal at danger, by a train 
stop on the track. 

Besides the report of Dr. Bradfield, to which re- 
ference was made in a previous article, the 
electrification of the Sydney suburban railways 
has been the subject of four papers presented 
to the Institution of Engineers, Australia, by 
Mr. James Fraser, C.M.G., the Chief Commis- 
sioner of the N.S.W. Government Railways and 
Tramways, Mr. R. L. Ranken, the Engineer-in-Chief 
for Existing Lines of the N.S.W. Government 
Railways, Mr. C. B. Byles, the Signal Engineer of 
the N.S.W. Government Railways and Tramways, 
and Mr. E. E. Lucy, the Chief Mechanical Engineer 
of the N.S.W. Government Railways. We are 
indebted to these communications for much of the 
information in this article. 





SENTINEL Locomotives.—We have received an 
interesting booklet from the Sentinel Waggon Works, 
Limited, Shrewsbury, giving particulars of the various 
locomotives and steam rail coaches which they manu- 
facture. Numerous sectional views are given, from 
which the construction can readily be followed in 
detail, and the accompanying description leaves little 
to be desired from the point of view of clarity. Tables 
are included giving the leading dimensions and other 
detailed particulars of the various sizes of locomotive 
made, and it is pointed out that two machines of 
standard type may readily be articulated when axle 
loads have to be kept down to a low figure. Special 
types of locomotive are manufactured for general 
industrial work, for shunting, and for goods and passenger 
working on light railways, and the booklet, which is 
excellently printed on art paper, concludes with a 





and its effect on the life of axles is thus avoided. 


number of illustrations showing actual applications. 
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MACARTHUR COMPRESSED- 
CONCRETE PILES. 


Wirn steadily-increasing competition, and efforts 
to effect economies that are consistent with safety, 
more attention is being devoted in the United States 
to the use of concrete piles for heavy foundation work, 
and especially to that type known as moulded-in- 
place piles. This type hasmany advantages over the 
pre-cast pile, some of them obvious and some which 
are not generally recognized. The pre-cast pile must 
be reinforced not only to enable it to be handled 
without breakage, but also to enable it to withstand 
the heavy shocks entailed by driving. The moulded- 
in-place pile has not to withstand handling before 
driving and, as it is formed in a mould which has taken 
the punishment incidental to placing, does not require 
reinforcement, unless the pile is to be subjected to 
lateral stress, in which case only the minimum necessary 
to withstand such stresses need be placed. Owing to 
almost inevitable soil irregularities, pre cast piles must 
usually be of the maximum length that may be needed. 
This often results in considerable wastage of material 
and labour, whereas the moulded-in-place type are 
made the length required. 

Concrete, having little tensile strength, is not adapted 
to withstand any other than a compressive load. If 
all piles were driven vertically, no harm would result, 
but the term “ plumb pile” is a relative one. No pile 
is ever mathematically plumb, with the result that a 
considerable percentage of pre-cast piles are fractured 
in driving. This condition is often undetected until the 
corrosion of the reinforcement, following dampness 
penetrating the fracture, causes the failure of the pile. 
The moulded-in-place pile is obviously free from such 
objections. Unless one of the special quick-setting 
cements is employed in their construction, pre-cast 
piles must be cured some thirty days before driving, 
so that the element of time is frequently a deciding 
factor in favour of the moulded-in-place pile. If the 
cost of transportation is to be avoided, sufficient space 
adjacent to the site of the work must be provided to 
cast and cure piles. Frequently, such space not being 
available makes the cost of pre-cast piles prohibitive. 

From the foregoing, it will be seen that moulded-in- 
place piles have a very great economic, as well as prac- 
tical, advantages over pre-cast piles, so that this method 
is now widely adopted in the form of various special 
systems. The MacArthur Concrete Pile and Foundation 
Company, Inc., of New York, and the Canadian Mac- 
Arthur Concrete Pile Company, Limited, of Montreal, 
have devised and developed a system of moulded-in- 
place concrete piling that meets all conditions from the 
shortest piles to those upwards of 100 ft. in length, 
without change of rigging and consequent loss of time. 
This system has been, and is being, used to provide the 
foundations for a considerable number of the most 
important structures in the United States and Canada. 
There are undeniable advantages in the use of an un- 
cased pile over one with semi-permanent form. Both, 
in driving, have a smooth surface opposed to the soil 
through which they drive. The skin friction so re- 
sulting is increased in the case of the pile in which 
the form is withdrawn while the unset concrete is under 
pressure. The cost of the lightest sheet-metal casing 
is a considerable item, and in some cases, is a positive 
disadvantage. 

However, in the early investigations and experiments 
of the above-mentioned company, it was found that 
piles formed of the usual wet mix of concrete were 
liable to deformation by the driving of adjacent piles. 
To overcome this, a dry mixture, with only sufficient 
water to bond it, was resorted to. This semi-dry con- 
crete was placed under high compression and the result 
was a compacted mass that was not distorted by the 
driving of adjacent piles, even when driven touching 
each other. Furthermore, tests proved that the 
concrete obtained under compression was considerably 
heavier and stronger than concrete placed by the usual 
methods. 

The desirable feature of covering practically all 
length conditions without change of rigging and con- 
sequent delays, is obtained by using three different 
types of pile. In the first of these, illustrated in 
Fig. 1, the core and casing are driven into the ground, 
the core then being removed and the casing filled with 
concrete. The core is then replaced to compress the 
concrete, and the casing withdrawn, the core and 
hammer, weighing 7 tons or 8 tons, remaining on the 
concrete and forcing it into the space occupied by the 
casing and into any voids in the ground. Finally, a 
solid homogeneous mass of concrete is left in position 
in the ground. 

The second type of pile employed is known as the 
compressed-concrete pedestal pile, and the method 
of placing piles of this type is illustrated in Fig. 2. 
The core and casing are driven into the ground as 
shown on the left of Fig. 1, and, after removing the 
core, a charge of concrete is deposited in the bottom 
of, the casing. After replacing the core, with the 
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hammer above it, on the concrete, the casing is 
withdrawn a distance of 18 in. to 3 ft., and the charge 
offconcrete is rammed out into the ground as shown 
in Fig.§2. The core is then again removed, and the 
casing filled up with concrete, the casing being com- 
pletely withdrawn as before with the core and hammer 
in position on the concrete. In this way a pile with 
an enlarged base is left in position as shown on the 
right of Fig. 2. 

Frequently conditions occur where a fair stratum, 
insufficient to support an ordinary pile, lies between 
poor upper and lower strata. Where such conditions 
are found, the compressed-concrete pedestal pile is 
used, but, under these conditions, one or more piles 
should be load-tested to determine their carrying 
capacity. The piles, in such cases, are arbitrarily 
stopped in the fair stratum and the pedestal formed 
in the upper portion. 

An interesting example of the resultant economy 
occurred some years ago in the foundations of a 
gasholder for the Beverley Gas and Electric Company, 
at Beverley, Massachusetts. The ground consisted of 
14 ft. of cinder fill and 5 ft. of fairly stiff clay, above 
approximately 35 ft. of soft clay, which, while not 
soft enough to flow, had not sufficient stiffness to 
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provide material skin friction. At approximately 
64 ft., excellent gravel and sand hardpan existed. It 
was demonstrated that a cylindrical pile, 16 in. in 
diameter, stopped in the stratum of clay found 14 ft. 
below the surface, could not safely support more 
than 15 tons and that, in order to support 30 tons 
per pile, a length of 64 ft. would be required. To 
avoid this expense, five pedestal piles were driven, 
one in the centre of the proposed gasholder and four 
at equi-distant points on its circumference. These 
were subjected to a test load of 45 tons per pile, under 
which no settlement occurred. The piles were arbi- 
trarily stopped after penetrating approximately 
1 ft. into the better clay stratum underlying the cinder 
fill. The foundation was completed with 15 ft. piles 
instead of the 64 ft. piles originally contemplated. 
Another condition in which the pedestal proves 
valuable, is when the pile comes on to hard rock of 
a shelving formation. In such cases, the pedestal 
gives a full cross section bearing on the rock, and 
also provides a very efficient means of eliminating 
any danger of side slip. A further important field 
for the pedestal pile exists where it is necessary to 
hold down as wellasto hold upa structure. It is always 
possible to do this by the deadweight of the foundations, 
but, apart from the expense of concrete or other 


material involved, there is the added weight that has 








to be held up. The matter of holding down is of 
importance in the case of high, but comparatively 
light, structures, where wind pressure increases the load 
to be carried on one side while tending to lift the 
other. The introduction of the waterless gasholder, 
with its great saving in weight on the foundations, 
has also brought the question of holding down much 
to the fore. A great number of such gasholders rest 
on pedestal piles, reinforced with a single 1}-in. square 
rod, extending for the full length of the pile. The 
pedestal naturally gives greatly increased resistance 
to lifting, and it has been found, by numerous lifting 
tests, that the rod invariably ruptures without any 
movement of the pile. The maximum size of either 
the waterless or water-type gasholder installed up to 
the present, is 15,000,000 cub. ft., and the maximum 
lifting force per pile, with a 100-mile per hour wind, 
would be about 16 tons, on the present standard 
waterless 15,000,000 cub. ft. gasholder, using a normal 
working load of 35 short tons per pile. 

A third-class of pile, of the composite compressed- 
concrete and timber type, is used for lengths exceeding 
40 ft., and the method of placing these piles is illustrated 
in Fig. 3. As before, the core and, casing are first 
driven into the ground, and after withdrawing the 
core, a 10-in. square timber pile is placed in the casing. 
This pile is then driven to the required depth, the 
casing acting as a guide. When this has been done, 
the core is again withdrawn, and a batch of concrete 
is deposited in the casing, which is then withdrawn 
a certain distance after the core has been replaced on 
the concrete. The latter is then rammed so as to 
form a pedestal joint around the top of the timber 
pile as shown in the figure, and the pile is completed 
in a similar manner to that described above. 

Serious trouble has developed with composite piles 
in the past, owing to lack of alignment between the 
sections. The method of installation has been to 
drive an ordinary timber pile first, using either a pre- 
cast section or a form, ultimately filled with concrete, 
as a follower. Obviously, if while the follower is 
being driven the first section meets a boulder or other 
obstruction, it may be deflected while the follower 
remains vertical, thereby making an angle at the 
joint and rendering the complete pile of little value. 
In the MacArthur composite pile, the upper concrete 
section is extended below the ground water level, and 
perfect alignment between it and the timber section 
is assured, as the casing for the concrete section is 
driven first and the timber section is driven through it. 
Furthermore, double driving is obtained. The core 
and casing are driven as one unit to the desired depth 
and the final penetration checked. When the timber 
section is inserted in the casing, it is driven inde- 
pendently of the casing and its penetration begins 
where the penetration obtained by the core and casing 
ceased. When the timber section is driven to the 
required final depth, the sum of the final resistance 
of the core and casing and that of the timber will 
indicate the safe carrying capacity of the finished pile. 

It is true that part of the resistance to driving the 
core and casing will be due to end bearing, which is 
destroyed when the timber section is driven, but this 
is later replaced by the pedestal which is formed round 
the top of the timber section, and it is conservative to 
assume that this addition equals the value of the 
initial end bearing of the core and casing. The com- 
pleted pile can be depended on safely to carry the 
maximum load of a standard straight shaft or pedestal 
pile, namely, 30 to 35 short tons. The three types of 
piles described, we understand, have been used for 
the foundatious of over 500 important structures in 
the United States and Canada. 








Tue STRENGTH or CastT-IN Joints: ERRatumM.—We 
regret to have to point out that in the article appearing 
on page 215 of our last issue, owing to our printers by 
mistake inverting a block, certain illustrations are 
incorrectly numbered. We refer to Figs. 24 and 2b, 
3a and 3B. With the block as printed, the right figure 
of all four should be Fig. 24, with the others in sequence, 
reading from right to left, with Fig. 3B on the left hand. 





COMPRESSED-AIR CHISELS FOR CLEANING GLass FuR- 
naces.—In the glass-making industry it is necessary 
at times to remove the thick deposit of glass accumulating 
in the bottoms of the furnaces. Usually this is done by 
manual labour, a laborious, tedious and costly procedure. 
Information is now available, through the medium of 
“The Compressed Air Magazine,” published in New 
York, of the experiences at the Tygard Valley Glass 
Company’s works, at Washington, with ordinary road- 
breaking equipment. Tests were conducted on a furnace 
bottom, 214 ft. by 100 ft., which had a deposit 5 ft. thick. 
The size of breaker found successful was an 80-lb. machine, 
and the cost of the work was reduced from 31s. 9d. to 
10s. 5d. per cubic yard. It was found that the equipment 
and power were paid for by the saving in removing 
86 cubic yards of glass residue, about 24 per cent. of that 
removed in the initial tests on a single furnace. The 
best results are obtained with a blunter tool than is 
usual in road-breaking, and the tool should be brought to 
straw-yellow for a half inch at the point in tempering. 
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LABOUR NOTES. 


The August issue of the Amalgamated Engineering 
Union’s Monthly Journal contains an interesting note 
by Mr. Brownlie on the position of dockyard members 
under clause 5 of the Trade Unions and Trade Disputes 
Act. According to Mr. Brownlie, the Trade Union side 
of the Shipbuilding Trade Joint Council has been 
informed by the Treasury that members who are at 
present established are not affected by the Act in any 
way. They can retain full membership rights and 
accept or continue to hold branch or district office or 
serve at conferences or on deputations. As a result of 
trade union representations, hired men serving in dock- 
yards and other naval establishments are placed in the 
same category as established workmen, so far as the 
operation of the Act is concerned, provided they were 
members of the union upon the date specified in the 
Act. New entrants who are trade unionists are under 
no obligation to surrender their membership upon 
entry. ‘‘It must be clearly understood,” the state- 
ment concludes, ‘“‘that all trade unionists are in 
precisely the same position as before the introduction of 
the Bill with regard to their rights and privileges in 
so far as branch and district offices, delegations and 
representation on deputations are concerned.” 





In July, the home branch membership of the Amal- 
gamated Engineering Union decreased from 193,443 to 
192,348, and the colonial branch membership increased 
from 27,425 to 27,618. The number of members in 
receipt of sick benefit declined from 5,121 to 5,114. 
The number in receipt of superannuation benefit 
increased from 9,627 to 9,656, and the number in 
receipt of donation benefit from 5,477 to 5,682. The 
total number of unemployed members fell from 14,099 
to 13,780, making the percentage 6-64. 





At its recent meeting, the National Committee of the 
Amalgamated Engineering Union passed a resolution 
instructing the Executive Council ‘‘ to approach the 
Miners’ Federation of Great Britain with a view to 
amending the 1921 agreement.” “ Failing agreement,” 
the resolution proceeded, ‘‘ with the Miners’ Federation 
to secure amendment, this National Committee instructs 
the E.C. to terminate the agreement of 1921.” Acting 
on these instructions, the Executive Council of the 
Amalgamated Engineering Union met the Executive 
Committee of the Miners’ Federation in conference in 
London. Mr. Brownlie explained at length what the 
resolution involved, and eventually directed the atten- 
tion of the miners’ representatives to a proposal sub- 
mitted by the engineers’ representatives at a meeting 
of the parties on January 18, 1924. The resolution— 
to which, Mr. Brownlie said, no reply had been received 
—was as follows :—‘‘ That the agreement be amended 
so as to ensure that a representative of the A.E.U. 
may also attend in an advisory capacity a meeting with 
the Coalowners’ Association in the event of a question 
affecting a member or members of the A.E.U. not being 
settled with the management.”’ In the August issue 
of the A.L.U. Monthly Journal, Mr. Brownlie reports 
that after a general discussion it was “agreed that 
the miners’ executive take into consideration the 
representations made . . . with a view to amending 
the agreement referred to, and that a further meeting 
of the parties be held at an early date to consider same.” 





The Amalgamated Engineering Union has received 
a communication from the National Union of Railway- 
men intimating that the latter has now decided to 
accept the proposed negotiating machinery for railway 
shopmen. “ We welcome this decision,” the official 
organ of the A.E.U. says, “as it will enable all those 
unions” which are parties to the provisional agreement 
“to meet the Railway Staff Conference at an early 
date in order to discuss the details, and endeavour 
to have the machinery put in operation as soon as 
possible in the interests of all railway shopmen.” 





The Railway Review states that,*at a meeting 
between representatives of the shopmen’s trade 
unions and representatives of the London and North 
Eastern Railway, the railway company’s repre- 
sentatives intimated their willingness to apply the 
advance of 2s. per week recently conceded to plain 
time workers in the general engineering trades to 
plain time workers on the Great Central section. 
The men covered by the operations of the Cheshire 
Lines Committee are to be dealt with similarly. ‘“ It 
is understood,” the Railway Review adds, “ that this 
arrangement is not to be regarded as in any way 
compromising or prejudicing the efforts of the union 
for the application of Award No. 728 to the men 
concerned.” 





Two conferences took place in London on Friday 
of last week, between the Shipbuilding Employers’ 
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Federation and the Boilermakers’ Society. At one, 
the general question of procedure to be followed in 
the adjustment of differences was discussed by the 
executive council of the society and the executive 
committee of the employers’ organisation. At this 
it was eventually decided to hold another meeting 
on a day to be arranged. The other conference was 
in connection with the trouble on the Clyde over 
the new list of riveting piecework prices, recently 
negotiated by committees representing the Boiler- 
makers’ Society and the Clyde Shipbuilders’ Asso- 
ciation. In this case a settlement was reached, 
and a joint committee, composed of representatives 
of the executive of the Employers’ Federation and 
the Clyde Shipbuilders’ Association on the one side 
and the executive council of the Boilermakers’ Society 
on the other, was set up to deai with the details. 





The latest official publication of the United Pattern 
Makers’ Association states that the membership of 
the organisation is 11,118. The total number “on 
the books”? at the end of July was 626. 





The Ministry of Labour states that on August 8, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,024,700, of whom 805,500 were men, 34,500 boys, 
153,000 women, and 31,700 girls. Of the total number, 
669,600 were wholly unemployed, 294,000 temporarily 
stopped, and 61,100 normally in casual employment. On 
August 1, 1927, the number of unemployed persons was 
1,119,828, of whom 662,191 were wholly unemployed, 
396,074 temporarily stopped, and 61,563 normally in 
casual employment; 899,908 were men, 36,135 boys, 
153,192 women, and 30,593 girls. On August 9, 
1926, the number of unemployed persons was 1,594,169, 
of whom 1,193,767 were men, 46,854 boys, 307,339 
women, and 46,209 girls. The figures for August 9, 
1926, were affected by the dispute in the coal-mining 
industry. 





According to The Ministry of Labour Gazette, employ- 
ment during July showed on the whole a slight decline 
as compared with June. The decline occurred mainly 
in certain of the industries with a high rate of unemploy- 
ment, viz., pottery, coal mining, steel manufacture, 
and the shipping service; while the same tendency 
was felt in the boot and shoe, motor vehicle, and cotton 
and linen textile industries. A sectional decline also 
occurred in the clothing and building industries. In 
general and marine engineering, tinplate manufacture, 
shipbuilding, and the dock, canal, and river service, 
however, there was some improvement, and this 
occurred also in several of the industries with a com- 
paratively low rate of unemployment, including 
the manufacture of food and of paper, inland transport, 
and distributive and gas, water, and electricity indus- 
tries. 





Among the workpeople (numbering approximately 
12,000,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (includ- 
ing those temporarily stopped as well as those wholly 
unemployed) in all industries, taken together, at 
July 25, 1927, was 9-3 as compared with 8-9 at June 20, 
1927, and 14-4 at July 26, 1926. The percentage 
wholly unemployed rose from 6-5 at June 20 to 6-6 
at July 25, while the percentage temporarily stopped 
from the service of their employers rose from 2-4 to 2-7. 
The figures for July, 1926, were, of course, affected 
by the dispute in the coal-mining industry. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes 
in rates of wages reported to have come into operation 
in July resulted in a reduction of 79,500/. in the weekly 
full-time wages of 558,000 workpeople, and in an in- 
crease of nearly 2,000/. in those of 92,000 workpeople. 
There were reductions in the wages of coalminers in 
the Lancashire, North and South Staffordshire, Can- 
nock Chase, Leicestershire, South Derbyshire, War- 
wickshire, Bristol, and North Wales area, the amount 
of reduction, compared with the total rates previously 
in force, varying from under 1} per cent. in South 
Staffordshire and Warwickshire to 10 per cent. or over 
in Lancashire, Cannock Chase and South Derbyshire. 
Under cost-of-living sliding scales, there was a re- 
duction of 2s. per week in the wages of various classes 
of railway traffic workers, and of ld. per hour in the 
case of men employed by electricity supply under- 
takings. Other classes of workpeople whose wages 
were reduced in July included iron miners and blast- 
furnacemen in Cleveland and Cumberland, bobbin and 
shuttle makers in England and Wales, chain makers, 
oil millers, felt hat makers, coal tippers at various ports, 
waterworks employees in London and various pro- 
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vincial districts, and the employees of local authorities 
in Lancashire and Cheshire. The principal classes of 
workpeople whose wages were increased were those 
employed in the textile bleaching, dyeing, finishing, 
&c., industries in Yorkshire, Lancashire, and Scotland, 
who received small increases under cost-of-living 
sliding scales. 





During the seven completed months of 1927 the 
changes reported to the Ministry of Labour in the 
industries for which statistics are compiled have 
resulted in net increases ‘of 7,000/. in the weekly full- 
time wages of 62,500 workpeople, and in net reductions 
of 308,000/. in those of 1,698,000 workpeople. Of 
the latter amount, the mining and quarrying industries 
account for 224,500]. In the corresponding period 
of 1926 there were net increases of 12,900]. in the 
weekly full-time wages of 106,000 workpeople, and net 
reductions of 84,000/. in those of 925,000 workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in July was 22. In addition, 13 disputes which 
began before July were still in progress at the be- 
ginning of the month. The number of workpeople 
involved in all disputes in July (including workpeople 
thrown out of work at the establishments where 
disputes occurred, but not themselves parties to the 
disputes) was about 25,000; and the aggregate dura- 
tion of all disputes during July was about 104,000 
working days. The aggregate duration of all disputes 
in progress in the first seven months of 1927 was about 
787,000 working days, and the total number of work- 
people involved in these disputes was 79,000. 





The Civil Service Industrial Court have published 
their decisions on the wages questions submitted 
by the Union of Post Office Workers and the Post- 
master-General. The effect of the award is that in- 
creases are granted to the scales for a number of grades, 
including counter clerks, telegraphists, sorting clerks 
and telegraphists, telephonists, postmen, and char- 
women. There is no change in the case of sorters, 
London postmen, bagmen, cleaners, and several other 
grades. For boy messengers the maximum has been 
reduced. In the case of telegraphists and counter 
clerks the increases are generally of 1s. in the minimum 
rates, and 2s. to 5s. in the maximum rates. For 
telephonists, the existing minimum rates are maintained 
and the maximum rates increased by 4s. Postmen 
secure increases in maximum rates varying from ls. 
to 3s., according to class. Charwomen get an all-round 
increase of 4s, 





In their general conclusions the Court state that 
they have taken the view that the broad principle 
which should be followed in determining the rates of 
Post Office servants is that of the maintenance of a 
fair relativity as between their wages and those in 
outside industries as a whole and as between the 
various classes within the Postal Servicé. Any direct 
comparison with outside industries, they say, presents 
some difficulty owing to the fact that in the postal 
service the duties and conditions of employment are 
in general dissimilar from those obtaining in outside 
industries. 





In reply to inquiries as to the policy to be followed 
in respect of the Trade Unions and Trade Disputes 
Act, the Trades Union Congress General Council have 
informed affiliated organisations that a sub-committee 
is giving close consideration to the question. ‘‘ Definite 
recommendations will be made to the unions,” says 
Industrial News, “ on the basis of an authoritative legal 
interpretation of the act. It was obviously undesirable 
to formulate a policy for the unions or to discuss possible 
methods of making the restrictive clauses of the Act 
a dead letter whilst the measure was under consideration 
in Parliament. With the Act on the Statute-book, 
the trade unions have had the Government’s last word. 
But the unions have still their final word to say, and 
it will be said, not by individual unions, but the united 
trade union movement.” 





Hypro-Etectric DEVELOPMENTS IN SwEDEN.—The 
Government of Sweden has now six large hydro-electric 
generating stations in service. The most recent addi- 
tion is the Norrfors station on the river Umea in 
Vesterboten, which is built close to the highest of a 
series of falls where the river descends to the sea level. 
A head of 125 ft. is available, and the water is con- 
ducted in vertical steel pipes, 12 ft. diameter, set in 
concrete. Two water turbines of the Francis type, 
with spiral pressure chambers, are installed, each of which 
drives by a vertical shaft a generator designed for an 
output of 12,500 kv.-a. at 6,600 volts under continuous 
normal running, These were supplied by the Allmainna 
Svenska Elektriska A.-B., of Vasteris, Sweden. 
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NON-CLOG CENTRIFUGAL PUMP. 


CONSTRUCTED BY THE REES-ROTURBO MANUFACTURING COMPANY, LIMITED, ENGINEERS, WOLVERHAMPTON. 
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Fig. 3. 


NON-CLOG CENTRIFUGAL PUMP. 


OnE of the most interesting of recent advances in 
the design of centrifugal pumps has been the develop- 
ment of types capable of passing large solids through 
the impeller. Provision for this is particularly difficult 
in the case of small pumps, but that illustrated in 
Figs. 1, 2 and 3, on this page, will pass through the 
impeller any solids which will go through the suction 
pipes which has a diameter of 4 in. This end has, 
moreover, been secured without sacrifice of efficiency, 
since a figure of 74 per cent has been attained in the 
tests. 

The general appearance of the pump is well repre- 
sented in Fig. 3, which has been reproduced from a 
photograph. The pump has been designed and built by 
the Rees-Roturbo Manufacturing Company, Limited, 
Wolverhampton, and some of the recent advances made 
in hydraulics have been embodied in the design of its 
impeller. This, as shown in Fig. 2, has but two blades, 
which have approximately a stree.m-line form, with the 
leading edge rounded instead of pcinted, as has been the 
traditional practice of centrifugal-pump designers for 
many decades. .Wind-tunnel experiments have, how- 
ever, shown that rounding the nose of a wing increases 
its efficiency. A pointed nose is, in fact, suited only 
for one particular *‘ angle of attack,”’ and at any other 
presentation, the stream-lines tend to separate from 
the back of the wing, a Helmholtz-Rayleigh surface of 
discontinuity being formed with accompanying increased 
resistances. A wing with a rounded nose is much less 


sensitive to small changes in the ‘angle of attack.” 
As shown in Fig. 1, the impeller casting is screwed on 
to its shaft instead of being secured by a nut, which 
is open to the objection that stringy or fibrous matter 
may get 


entangled there and, by accumulating, 
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block the pump. The rounded 
form of the blade entry is also 
less liable to trap material of this 
kind than the sharp entry generally 
favoured. The blades, it will also 
be noticed, are of very robust 
design and well fitted to withstand 
the impacts of any solids which 
may be passed through the pump. A renewable side 
plate is fixed both to the casing and to the cover. 
These can be readily changed in case of wear. Hand 
holes for inspection purposes are also provided, both in 
the casing and the cover. 

The impeller shaft is carried on ball bearings, as 
shown in Fig. 1. It runs in a rubber gland bush in the 
pump casing, but this bush takes no part of the weight, 
which is borne entirely by the ball bearings external 
to the casing, and these are quite unaffected by any 
wear occurring within the casing. The rubber gland 
bushes wear for years, even when the water pumped is 
charged with grit. As shown in Fig. 1, provision is 
made at the centre of the stuffing-box for a water 
seal. 

The results of tests of the pump are plotted in 
Fig. 5. As already noted, the suction pipe is 4 in. 
in diameter. The pump was run at 1,000 r.p.m., 
and, at maximum efficiency, delivered 500 gallons per 
minute against a head of 43 ft. It was driven by a 
220-volt, direct-current electric motor rated at 11 brake- 
horse power, also constructed by the Rees-Roturbo 
Company. It will be seen that the efficiency curve is 
flat, and the brake horse -power curve indicates that 
the pump is self-regulating and incapable of over- 
loading a motor running at constant speed. 

An alternative design of this pump is illustrated in 
Fig. 4. In this case the shaft is vertical, its weight, 
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and that of the impeller, being carried by a Michell 
bearing not shown but fixed above ground level, the 
pump being for use in a well. 





THE British InpustRIEs Farr.—Notable develop- 
ments in the heavy section of the British Industries 
Fair, which is to be held at Birmingham from February 20 
to March 2, 1928, have led the Birniingham Chamber of 
Commerce to take early steps to provide the extra 
accommodation which the present space booking shows 
to be imperative. As a beginning, the immediate 
construction of a new building, having an area of 
70,000 sq. ft., has been authorised ; further extensions 
will follow as required. At the present time, the stand 
area allocated to manufacturers is considerably more 
than double last year’s record at the corresponding 
date. Another indication of the great growth of the 
heavy section is that the stand area already taken up 
for next February is 50,000 sq. ft. in excess of the total 
space occupied in 1926, and 75,000 sq. ft. more than 
that occupied in 1925. In the electrical section, 23 
firms who have not formerly participated, have sent 
in applications for 11,800 sq. ft. of space. Commercial 
gas undertakings and allied industries are making a 
display on a large scale and, for the first time, a gas 
section will be formed. The edge-tool trades will again 
be well represented at the Fair. An interesting new 
feature will be the display of stainless steel agricultural 
implements and plantation tools, which will remain 
bright in spite of rain and snow. 
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SMALL FLOATING BRIDGE NEAR YARMOUTH. 
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SMALL FLOATING BRIDGE NEAR 
YARMOUTH. 


Tue annexed illustrations, Figs. 1 to 3, show a 
simple type of floating bridge adopted to serve a road- 
way over a branch of the Yare, near Yarmouth. The 
soil on either side of the river at this point is mud, and 
the cost of pile driving for a swing bridge of the usual 
type would have been prohibitive. The design adopted 
is extremely simple, and the bridge can be operated 
by one man. As the illustrations make clear, the deck 
is carried by a single pontoon, the whole floating struc- 
ture being pivoted on a vertical shaft set well back 
on one approach. 

The roadway is carried on five I section girders, 
their normal level being about 2 in. above the abut- 
ment platform. As soon as a man steps on tothe deck, 
it tips down on to the abutment. If a heavier load, 
such as a cart, is on the bridge, the deck girders rest 
at both ends on the abutments. Thus, normally all 
the pontoon has to do is to carry the dead load of the 
roadway, the live load being taken on the abutments. 
To open the bridge, the pontoon carrying the roadway 
is hauled back close to the bank, leaving ample 
fairway. The bridge is situated at Martham above 
Potter Hingham, on the Thurne, about 12 miles from 
Yarmouth. It was constructed by Messrs. Fellows 
and Company, Limited, shipbuilders, of Yarmouth, 
to whom we are indebted for the particulars and 
illustrations. 





NOTES ON NEW BOOKS. 


CONSIDERING the number of energy transformations 
which take place between the sounds produced in the 
broadcasting studio and those which reach the ears of 
the wireless listener, it is by no means surprising that 
the reproduction suffers from a certain amount of 
distortion ; it is, indeed, remarkable that the latter is 
not much more severe. Actually, the modulated 
carrier wave radiated from a modern broadcasting 
station follows the sounds produced in the studio with 
a very high degree of accuracy, and it is mainly in the 
apparatus employed for reception and reproduction 
that the defects are introduced. Probably the weakest 
link in the whole chain of apparatus, from the point 
of view of quality of reproduction, is the loud speaker, 
but even a perfect instrument of this class would fail to 
givesatisfactionif used inconjunction with an unsuitable 
receiver. Both must, therefore, be treated together in 
considering possible improvements in wireless reception, 
and this is done by Dr. N. W. McLachlan in a little book 
entitled ‘‘ Wireless Loud-Speakers,” published from the 
offices of ‘‘ The Wireless World,’’ Messrs. Iliffe and Sons, 
Limited, Dorset House, Tudor-street, E.C.4, price 2s. 6d. 
net. Dr. McLachlan, an acknowledged authority on 
the subject, describes, in a simple manner, the principles 
and design of some modern loud speakers, chiefly of 
the large-diaphragm type, together with some associated 
circuits. He favours, we gather, the coil-driven cone 
type of instrument, stating, as a result of long experience 
and extensive investigation, that this type gives 
markedly more faithful reproduction than instruments 
of the reed-driven diaphragm or horn types. Instru- 
ments of the latter types are, however, dealt with in 
the book, which contains chapters on general acoustic 
principles, horn-type loud speakers, large-diaphragm 
instruments, the action of a diaphragm, diaphragm 
driving mechanisms, and on various types of amplifiers, 
&c. Instructions are also given for constructing a 
simple cone-type loud speaker, which the author de- 
scribes as tolerably good. Much progress has certainly 
been made in loud-speaker design and construction 
since the inception of broadcasting in this country, and 
although, as the author remarks, the best results cannot 
always deceive the discriminating musician, they can 
certainly please the public and the musician. The 
question of transients or impulsive musical sounds still 
remains one of the chief difficulties, and the future must 





decide how this difficulty will be overcome. A careful 
perusal of Dr. McLachlan’s book will, however, place 
the ordinary listener in possession of sufficient know- 
ledge to appreciate the possibilities and limitations of 
the apparatus at his disposal, and thus enable him to 
obtain the best results of which it is capable. The 
study will involve no great mental effort on the part 
of the reader, as the subject is developed in a clear and 
simple manner with the aid of numerous diagrams and 
photographic illustrations, but without the use of 
mathematics. 





** Elements of Heat-Power Engineering, Part I., Thermo- 
dynamics and Prime Movers,” by W. N. Barnard, 
F. O. Ellenwood, and C. F. Hirshfeld, is a book intended 
primarily for the student, and should be of great 
assistance to those taking the usual University course 
in thermodynamics and heat engines. The matter 
is well arranged, and the treatment is lucid. The large 
number of diagrams and curves gives the reader great 
assistance in forming a mental picture of the various 
cycles and processes described. That part of the volume 
which deals with energy equations, properties of gases, 
thermodynamic processes, &c., is not carried beyond 
the capacity of the ordinary student, but at the 
same time is complete enough to give him a thorough 
understanding of the rest of the book. Steam-engine 
and internal-combustion engine cycles are fully dealt 
with, and various cycles compared. A chapter is also 
devoted to air compressors. The chapters dealing with 
the properties of vapours and the thermodynamic 
processes of vapours contain much useful information 
and include the vapours used in refrigeration. One 
chapter treats of a subject not often found in text- 
books, namely, the reheating, regenerative and binary 
cycles, and this part should prove interesting and useful 
to the designer as well.as to the student. The recipro- 
cating steam engine is treated in a very thorough 
manner, but the chapter on the steam turbine is dis- 
appointingly meagre. A large number of well-selected 
examples are given in the appendix, which also includes 
Mollier charts for steam and ammonia, and Ellenwood 
charts, which have been introduced by one of the 
authors. These charts are plotted on total heat- 
specific volume co-ordinates, and from them can be 
obtained values of p, V, t, ¢, h, aPV, and I for any 
state of the vapour. The steam tables given in the 
appendix do not agree with Callendar’s published 
figures, especially at the higher pressures, the values 
being consistently lower. The book, which should 
prove of great value to the student, is published at 
22s. 6d. net, by John Wiley and Sons, Inc., New York ; 
London, Chapman and Hall, Limited. 





Literature on the Diesel and associated types of 
engines, from the popular standpoint, has an increasing 
output in the United States. An explanation of the 
fact may be found in the author’s prefatory note to a 
new work, of nearly 560 pages, on Diesel engines, where 
reference is made (one might say is repeated, for 
others have commented on the fact) to the dearth 
of experienced Diesel engineers in the American Navy 
and the lack of facilities for devoting the time 
and obtaining specialised training required. It is 
therefore to the good that works for naval Diesel 
engineers should be written by persons with a first 
hand knowledge of both the subject and the needs of 
the men concerned. ‘Diesel Engines,” by D. L. 
Jones, of the U.S. Navy Submarine School, New London, 
Conn., U.S.A., is published by The Norman W. Henley 
Publishing Company, 2, West 45th Street, New 
York, and is priced 5 dols. As the author holds that the 
operating mechanic or engineer is more concerned with 
the maintenance and repairs of Diesel engines than with 
their thermodynamics, he deals mainly in a descriptive 
way with various types of Diesel engines of the 
stationary, marine, and locomotive models. The text 
has the recommendation of being in a readable style and 
in good type, with clear illustrations, which are mostly 
drawings. Written specially for operators of American 
engines, there is little scope for reference to distinctly 
European models ; nevertheless there is much informa- 
tion of general interest on construction and the functions 
of components. Moreover, there are peculiarities in 
some of the engines dealt with which will interest 
Europeans, especially engineers faced with problems 
of standardisation and cheapening the cost of production. 
To what extent the submarine type of Diesel engine, 
which is dealt with in a separate chapter, may be em- 
ployed in mercantile ships is undecided, but for yachts 
and river-craft, in which displacement has to be kept 
down and other economies are necessary in the power 
plant, the Diesel-electric combination will doubtless 
appeal to owners. This topic is discussed at length in 
Chapter XIII, and information is given concerning 
Diesel-electric tugs and ferry boats, as well as tramps, 
oil-tankers and other long-distance craft. Tables are 
given of comparative costs for a month’s operating 
of a steam tug, a Diesel direct driven tug, and a 
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Diesel-electric tug. Advantages claimed for the latter 


type cover such points as: cost of installation, reduced 
head room, smaller and fewer parts, and simpler 
mechanism. All comparisons are made with the direct- 
coupled Diesel engine. A similar comparative study 
of the Diesel-electric system applied to rail locomotives 
is made in Chapter XVII. As yet, relatively little has 
been done in this field with the Diesel-electric system 
in the United States, so that, for comparative and 
other data of commercial value, reference is made 
in the book to the Stockholm-Visteras rail coach 
records. The Ingersoll-Rand locomotive plant dealt 
with consists of a vertical six-cylinder four-stroke, 
variable-speed engine of 300 b.h.p. at 600 revolutions, 
coupled to a 200 kw. 600-volt generator, which 
supplies current to four series-wound motors geared 
to the driving axles. An economy, amounting to one- 
third the operating cost of a similar capacity steam 
shunting locomotive in the same service, is claimed 
for this Diesel-electric locomotive. 





HIGH-PRESSURE WATER-TUBE 
MARINE BOILER. 


Tuer use of superheated steam in merchant vessels 
which are propelled by steam turbines or reciprocating 
machinery has resulted in a saving in coal consumption 
amounting, in some vessels, to as much as 20 per cent. 
In the majority of cases, this result has been achieved 
by the adaptation of smoke-box superheaters to the 
ordinary cylindrical type of boiler, the most notable 
exception being that of the King George V, the machi- 
nery of which was described in our issue of September 10, 
1926. It will be recalled that this vessel is fitted with 
high-pressure steam turbines supplied by two boilers 
manufactured by Messrs, Yarrow and Company. 
These boilers, which are designed to generate steam 
at a pressure of 575 lb. per square inch (gauge) were 
fully described in the course of our article. Another 
exception to the employment of smoke-box super- 
heaters with ordinary marine boilers is that of the 
two vessels Singkep and’ Borneo. These vessels are 
owned by The Nederland Steamship Company, and 
are of 6,669 and 6,550 registered tonnage, respectively. 
In the former, the boilers are designed for a working 
pressure of 200 lb. per square inch, and are thus in no 
way exceptional, but the new boilers for the Borneo 
supply steam at 500 lb. per square inch with a high 
degree of superheat. These boilers are constructed by 
Messrs. R. & W. Hawthorn, Leslie and Company, 
Limited, Newcastle-on-Tyne, under the Hawthorn- 
Armstrong patents, and the main object of the design 
has been to combine in one unit a steam generator 
suitable for use in merchant ships and a superheater 
giving a high degree of superheat. 

The boiler, apart from the superheater-elements, 
possesses all the characteristics of the well-known 
Yarrow type, but both the water surface and steam 
space is exceptionally large. The boiler consists 
essentially of two upper and two lower drums, con- 
nected by interlaced cross tubes 1}? in. in diameter. The 
drums and cross tubes form the evaporating unit, 
while the water wall is formed by a row of downcomer 
tubes connecting the upper and lower drums on each 
side. The combustion chamber is formed under the 
lower half of the crossed tubes and between the two 
lower drums. The circulation within the evaporating 
unit is continuous and always in the same direction. 
Commencing at one of the upper drums, the direction 
of flow is through the downcomer tubes to the lower 
drum on the same side, thence by one of the sets of 
crossed tubes to the upper drum on the opposite side, 
through the second set of downcomer tubes to the lower 
drum on that side and back through the second set 
of crossed tubes to the first drum. The circulation 
thus takes the form of a figure eight, and as the 
velocity through the crossed tubes is high, the inside 
of these tubes is effectively scoured and deposit pre- 
vented even with foul feed water. 

As evidence of the freedom from deposit in the 
tubes, an experiment made with a land boiler of this 
type may be quoted. This boiler was worked with 
an auxiliary feed made up from shore water which 
contained a large proportion ot chalk and lime in 
solution, with the addition of sea water taken from a 
river, the density of the water being ,‘; by salinometer 
after three weeks continuous working. At the end 
of this period, the boiler was opened up, when the whole 
of the deposit was found to be in the lower drums, the 
tubes being quite clear. 

The superheater is incorporated in the evaporating 
unit, and consists of two banks of tubes mounted 
in the spaces above the lower halves of the crossed 
tubes, and connected with a large central steam drum 
at the top of the boiler. By the time the gases of 
combustion reach the first row of superheater tubes, 
the temperature has been reduced to about 900 deg. F. 
It may be mentioned, in conclusion, that boilers of the 
type described occupy rather less than three quarters 
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of the space necessary for the accommodation of 
cylindrical boilers of equal power, the saving in weight 
being very much greater. The cost also compares 
very favourably with that of an ordinary cylindrical 
boiler and superheater of equal capacity. 
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Miptanpd Boripine Trapes Exureition.—A_ wide 


range of exhibits comprising all classes of materials 
used in the building and allied trades will be shown at 
the Midland Building Trades Exhibition, which is to be 
held at Bingley Hall, Birmingham, from September 5 
to 17 next. Conferences on building, decoration, and 
housing will also take place. Further particulars 
regarding the function may be obtained from the General 
Manager, Birmingham and Midland Building and Allied 
Trades Exhibition, Chamber of Commerce, Birmingham. 











[AUG. IQ, 1927. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBRouGH, Wednesday. 


The Cleveland Iron Trade.—Local race holidays have 
held up business this week. A very large proportion 
of Cleveland iron output continues to go into direct 
consumption at makers’ steelworks, but the surplus 
supplies available for the market are difficult to dispose 
of, and stocks are still slowly but steadily increasing, 
with the result that much concern is felt as to the near 
future. Local founders have been taking fairly good 
parcels of late, but other customers are taking very 
little interest in this market, and material expansion 
of sales to buyers at a distance cannot be expected 
under existing conditions. In an endeavour to recapture 
lost markets ironmasters have this week unexpectedly 
lowered quotations. To home customers a fall of 
half a crown reduces No. 1 Cleveland to 70s., while 
No. 3 becomes 67s. 6d.; No. 4 foundry, 66s. 6d.; and 
No. 4 forge, 66s. For large parcels prices to customers 
in Scotland and overseas fell to the basis of 65s. for 
No. 3 


Hematite.—With the output of East Coast hematite 
very small and hardly sufficient to meet current needs 
quotations continue fairly steady. Inquiries inspire 
hope of some little improvement in demand on both 
home and export account, and there is thus prospect 
of makers’ rather heavy stocks being reduced. For 
No. 1 quality 76s. is asked, and up to 75s, 6d. is named 
for mixed Nos. 


Foreign Ore.—Inactivity characterises the foreign 
ore trade. Sales are unheard of, and consumers are 
seeking to delay acceptance of cargoes due against 
old contracts. Nominally market rates remain on the 
basis of best rubio at 21s. c.i.f. Tees. 


Blast-Furnace Coke.—Makers of Durham blast-furnace 
coke are reluctant to lower quotations which they 
declare are already unprofitable, and 19s. is still asked 
for good medium qualities delivered, but local users 
are not disposed to buy on such terms. 


Manufactured Iron and Steel.—The situation generally 
in finished iron and steel is unimproved. Recognised 
market rates are the same as have ruled for some time 
past, but sales are very difficult to put through, and 
downward movement in quotations is looked for. 
Common iron bars are Ill. 5s.; best bars, 11l. 15s. ; 
best best bars, 12/7. 5s.; iron rivets, 111. 15s.; steel 
rivets, 12/.; packing (parallel), 8/.; packing (tapered), 
1ll.; steel billets (soft), 71. 12s. 6d.; steel billets 
(medium), 8l. 2s. 6d.; steel billets (hard), 8/7. 12s. 6d. ; 
steel ship plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d. ; 
steel joists, 7/. 12s. 6d.; heavy steel rails, 82. 10s. ; 
and galvanised corrugated sheets, 141. 





Brick Watt PaANets.—In ‘our issue of July 1, on 
page 13 ante, we described an umbrella-type factory 
building erected at Acton for Messrs. Renault, Limited. 
In the course of the description it was stated that the 
walls were of brickwork in steel framing, in panels of 
about 14 ft. by 6 ft. While it was not claimed that 
these panels are as large as any previously used, having 
ourselves in an earlier article dealt with larger, it may 
be of interest to note that Messrs. West’s Gas Improve- 
ment Company, Limited, Miles Platting, Manchester, 
have for many years used with success in very exposed 
positions panels of this type, set in ordinary lime mortar, 
measuring 18 ft. by 12 ft. high. 





DESTROYERS FOR CuHILE.—In connection with the 
order for six torpedo boat destroyers, which was recently 
placed by the Government of Chile with Messrs. John 1. 
Thornycroft and Company, Limited, it is interesting to 
recall that, in 1914, two battleships and six destroyers 
were being built in England for the Chilian Navy. One 
of the battleships, the Almirante Latorre, served with the 
Grand Fleet as H.M.S. Canada, while the other was 
completed as H.M. aircraft carrier Eagle. Two of 
the destroyers had left for Chile before the outbreak 
of war, but the remaining four were taken over by the 
British Admiralty and became, respectively, the Broke, 
Botha, Faulknor, and Tipperary. The first three are 
now back in the Chilian service, while the Tipperary 
was sunk off Jutland. The new destroyers will have a 
length, between perpendiculars, of 288 ft. 3 in., and an 
overall length of 300 ft.; they will be intermediate in 
size between the British ‘‘S” and ‘“‘V” classes. The 
beam will be 29 ft. and the depth 18 ft. 3in. The main 
armament will consist of three 4-7-in. guns, and the 
designed speed will be 35 knots. The new vessels will 
have an exceptional radius of action, and embody the 
latest improvements in both machinery and armament. 
The propelling machinery will consist of geared turbines 
supplied with steam from Thornycroft boilers using oil 
fuel. The machinery space will be comparatively small 
and, as a consequence, the space available for the accom- 
modation of officers and crew will be ample. The large 
cabins, wardroom, crew spaces, wash places, &c., are in 
striking contrast to the somewhat primitive arrangements 
of older destroyers. The conditions under which the 
Chilian sailor works are, however, somewhat peculiar ; 
an ordinary patrol along his own coast begins well within 
the tropics at one end, and ends at Cape Horn at the 
other. This great range of climate requires special 
arrangements to meet both extremes of heat and cold. 
Again, the Chilian coast is largely ironbound ; it pos- 
sesses a minimum of harbours and a maximum of rocks 
and reefs. These very difficulties, however, have their 
compensations, for they have undoubtedly contributed 
to the great efficiency of the Chilian Navy. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The staple industries are already 
recovering from the holiday stoppage, and, in the course 
of the next week or two, normal working will have been 
restored. The pig iron market is viewed with concern. 
The amount of actual business being done is very limited, 
and considering that pig iron prices are the lowest for a 
considerable time, this is surprising. Stoeks at works are 
practically negligible, yet no forward business is being 
done. Producers hold the opinion that users cannot hold 
off the market much longer, and that prices are not likely 
to suffer further reductions. Latest quotations are as 
follows: Derbyshire foundry pig, 67s. 6d. ; Lincolnshire 
foundry pig, 66s. ; crown bar iron, 11/. 10s. ; steel hoops, 
107. to 11. ; Siemens billets, 107. ; hard basic, 8. 2s. 6d. 
In the finished steel branches a better tone is evident. 
Despite the fact that railway companies are buying only 
to cover immediate requirements, the demand for railway 
steel and furnishings is stronger than for some time past. 
The recent improvement in the shipbuilding industry is 
reflected in the bigger purchases being made of ship steel 
and marine forgings and castings. Conditions in the 
lighter branches are conflicting. The tool making sec- 
tions have both good and bad patches. Foreign compe- 
tition is particularly severe in the majority of engineers’ 
tools, though best quality products are going away to 
foreign markets in increasing quantities. In edge tool and 
file manufacture internal competition is in evidence and 
is resulting in contracts being taken at very low prices. 
The light foundries are not so busy, the placing of contracts 
in connection with light castings and builders’ iron- 
working having fallen off. 


South Yorkshire Coal Trade——The market generally 
gives rise to a certain amount of concern, though at the 
same time there is a feeling that an improvement is 
likely in the near future. London and country districts 
are buying house coal more freely, but the supply still 
continues to be in excess of the demand. All grades of 
industrial fuel are in moderate request, and no improve- 
ment is likely until there is a better flow of orders. 
Foundry and furnace coke maintain a moderate connection 
on both home and foreign accounts. Gas coke is moving 
freely. Quotations :—Best branch handpicked, 27s. 6d. 
to 28s. 6d.; best house coal, 2ls. to 22s. 6d.; screened 
house coal, 19s. to 21s.; screened house nuts, 16s. to 
17s. 6d.; Yorkshire hards, 16s. to 17s.; Derbyshire 
hards, 16s. to 17s. ; rough slacks, 9s. 6d. to 10s. 6d. ; 
nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 3s. to 5s. 6d. 





CANADIAN IRON AND STEEL PRopuctTIoN.—The June 
Monthly Letter of the Royal Bank of Canada, Montreal, 
states that the Canadian iron and steel industry is 
more active than at any other time during the past three 
years. The output of pig-iron during the first four 
months of the present year amounted to 255,000 
tons, an increase of 14 per cent. over the total for the 
corresponding period last year. The production of steel 
totalled 331,000 tons, in this case an increase of 27 per 
cent. over the tonnage for the first four months of 1926. 





THE Crystat Patace ScHooL or PracticAL EN- 
GINEERING.—Mr. W. B. Harding Green, M.B.E., late 
general manager Bahia Blanca North Western Rail- 
way, Argentina, who was one of the school’s earliest 
pupils, recently presented the certificates gained by the 
students in the summer term examinations of the Crystal 
Palace School of Engineering. Sixteen certificates were 
awarded to students in the first year’s mechanical 
engineering course, and seventeen were gained in the 
second year’s civil engineering course, whilst, in addition, 
two of the school’s silver medals were awarded to Messrs. 
B. H. Carter and N. E. Westerhout, who had obtained 
eight certificates in various subjects, none of them below 
third in order of merit. This is the first occasion on which 
two of these medals have been gained at the same time. 
The examinations were in the charge of Mr. John C, 
Lyell, A.M.Inst.C.E., in the case of mechanical engineer- 
ing, and of Mr. Burnard Geen, M.Inst.C.E., in that 
of civil engineering. In his address, Mr. Harding 
Green, after giving expression to the benefit which the 
school’s course of instruction had been to him during his 
career, strongly advised the students to take up a foreign 
language as a spare-time occupation, 





THE Rartway YEAR Book, 1927.—The present issue of 
the Railway Year Book, which constitutes the thirtieth 
edition of the work, retains all the usual features. It 
contains a great deal of information in regard to the 
home railways, much of which would otherwise have to 
be extracted from a wide field of literature. Needless to 
say the statistics given have all been revised and brought 
up to date. The volume also includes particulars of 
railways in the Dominions, Protectorates, Colonies and 
countries where British interests are prominent. Among 
the special features may be mentioned the official portion 
of the article dealing with the L:M. & S. Railway, covering 
the progress to date of reorganisation, and the new tables 
setting forth the steamship fleets owned and operated 
by, or in conjunction with, the Southern Railway Com- 
pany. In the Colonial section, changes due to the taking 
over of certain systems by the Indian Government are 
covered. New maps are included of the Southern, 
Midland and Great Northern Joint, Underground, 
Great Northern of Ireland, African, and South American 
Railways, while those of the Metropolitan Railway, and 
of Australia have been correctedyand altered in certain 
respects. The biographical section has also been revised 
and modernised. The year book is issuedjby the Railway 
Publishing Company, Limited, 33, Tothill-street, London, 
8.W.1, price 5s. net, or post free 58. 6d, 





NOTES FROM THE NORTH. 


Grascow, Wednesday. 


Scottish Steel Trade.—The Scottish steel trade shows 
very little change over the week, but despite the pre- 
vailing conditions there is a more hopeful undertone, and 
quite a number openly state that matters are on the eve 
of a change for the better. This state cannot arrive too 
soon, as many of the works are working almost on a 
day-to-day basis, and little distance ahead can be seen. 
The consumption of steel material generally is not on a 
very large scale at the present time, but quite a lot of 
what is being used is coming from the Continent at a 
low figure, and the local producer is suffering accordingly. 
Things will right themselves ultimately, but one is 
inclined to become weary in waiting for the passing of the 
present dullness. Work in the shipyards is improving, 
and the outlook for plates and sections is a shade brighter, 
but general engineering firms continue quiet, and there is 
little demand from that quarter. In the black sheet 
trade the prospects are again better, and some fairly 
good bookings are reported both for black and galvanised 
sorts. In the latter connection quite a number of for- 
ward contracts have been fixed up, and the probability 
is that a fair amount of activity will be general for the 
remaining months of this year at least. The market 
quotations are as follows:—Boiler plates, 111. per ton; 
ship plates, 81. 2s. 6d. per ton; sections, 7/7. 12s. 6d. per 
ton; and sheets, under ¥ in. to 4 in., 10/. 5s. to 111. 5s. 
per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—A dull tone continues to charac- 
terise the malleable-iron trade of the West of Scotland, 
and many of the works can barely secure sufficient 
specifications to ensure a full week’s work. There are 
no indications yet of business opening out, and the 
general inquiry is not very promising. The current 
price is unchanged at 101. 15s. per ton for ‘““Crown ” 
bars, delivered Glasgow stations. Re-rolled steel bars 
are quiet, and the price is 5s. per ton easier at 7/. 17s. 6d. 
per ton for home delivery. 


Scottish Pig-Iron Trade.—Business in the Scottish 
pig-iron trade is very slow both on home and export 
account. Consumers are not specifying in satisfactory 
tonnage, and are mostly preferring to order only current 
requirements. One reason suggested for this is the 
prospect of prices easing off still further, but the margin. 
is negligible already, and lower prices must certainly 
leave the producer on the wrong side of the line. Stocks 
are ample for all calls at present, and makers are not 
anxious to add to these unless there is a reasonable 
prospect of an improvement in the demand for the home 
manufacture in preference to the foreign. The following 
are the current market quotations :—Hematite, 78s. 6d. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 79s. 6d. to 82s. per ton, and No. 3, 76s, 6d. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, August 13, only amounted to 495 tons, 
Of that total 425 tons went overseas and 70 tons coast- 
wise. For the corresponding week of last year the 
figures were 589 tons to foreign destinations, and 46 tons 
coastwise, making a total shipment of 635 tons. 





THE Port oF VANCOUVER.—Despite adverse condi- 
tions, the port of Vancouver recorded a substantial 
increase in trade during 1926. Imports increased nearly 
23 per cent., and exports 29 per cent. over the corre- 
sponding figures for the previous twelve months ; imports 
totalled 4,681,910 tons, and exports 3,353,512 tons. 
It is stated in the annual report of the Vancouver Board 
of Harbour Commissioners that the most conspicuous 
feature in the year’s business was, perhaps, the record 
volume of lumber and logs handled for export. Again, 
the grain trade, despite the fact that world-market 
conditions were not altogether favourable, still showed an 
increase of 10,000,000 bushels over the total for the year 
1925. The new pilchard-oil and fish-meal industry also 
helped to swell the volume of trade passing through the 
port, and exports of lead and zinc showed an increase of 
12,000 tons. Since 1909, annual arrivals of deep-sea 
ships at Vancouver have increased from 71 to 1,071, and 
the net tonnage of ocean-going vessels has grown from 
195,789 tons to 3,698,066 tons. The total number of 
vessels of all classes which entered the port during 1926 
was 19,767, as compared with 19,028 during 1925. 





SHort SERVICE Fiymnac Commissions.—The Air 
Ministry informs us that appointments will shortly be 
made to fill a limited ps of vacancies as short- 
service officers in the Royal Air Force for flying duties. 
These commissions are tenable for five years on the 
active list, and four in the reserve. Candidates must be 
between the ages of 18 and 25, well educated and with 
good eyesight and physique. Those accepted, after 
interview at the Air Ministry by a selection board and 
by .@ medical board, enter‘as pilot officers on probation, 
and receive pay commencing at about 274). @ year, 
together with free quarters, fuel, light, rations, and part 
use of servant. On transfer to the reserve, on completion 
of the five-yearly period, each officer receives a gratuity 
of 3751. A strictly limited number of short-service 
officers are, however, retained in the service. A com- 
petitive examination is held annually, and is open to 
officers who are recommended and satisfy certain con- 
ditions as to age and service. Successful candidates 
are trained in aeronautical engineering, or other specialist 
subjects, with a view to being granted permanent com- 
missions. Applications for forms and regulations should 
be made to the Secretary, Air Ministry, Kingsway, 
London, W.C.2. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Dull and quiet conditions continue 
to prevail in the Welsh coal trade. Demand remains on 
restricted lines with consumers following a hand-to-mouth 
policy. The new decree of the Spanish Government 
regulating the use of foreign coal in that country con- 
tinues to receive the anxious attention of colliery owners 
and coal exporters, as it is regarded as inimical to the 
British coal exporting industry, and in some quarters 
as a violation of the Anglo-Spanish Commercial Treaty. 
Trouble in regard to the interpretation of the subsistence 
wage award has been experienced by the refusal of some 
of the men to work overtime, but pending further efforts 
to reach agreement on the subject, the men have been 
instructed to carry on as usual. In the meantime avail- 
able supplies of coal, despite reduced outputs caused by 
pit stoppages, are more than sufficient to meet the re- 
quirements of shippers. Prices, however, show no 
change, as colliery salesmen refuse to accept lower values, 
preferring to close pits. Best Admiralty large rules 
from 20s. to 20s. 6d., with Monmouthshires from 17s. 6d. 
to 19s., but smalls are tight at lls. 6d. to 14s. 6d. accord- 
ing to quality, with supplies none too freely available. 
Exports of coal as cargo foreign in the past week totalled 
464,880 tons, which represents the highest figure since 
the end of June. Shipments at Cardiff amounted to 
278,990 tons, at Newport to 78,400 tons, at Swansea to 
57,780 tons, at Port Talbot to 45,240 tons, and at 
Llanelly to 4,470 tons. In July, 1,865,096 tons of coal 
were shipped abroad from South Sales at an average 
price of 19s, 54d. per ton f.o.b., which is the lowest figure 
since the war, comparing with a minimum of 19s, 10d. 
in 1926, 21s. 8d. in 1925, 24s. ld. in 1924, and 23s. 4d. 
in 1923. Shipments of coal, patent fuel and coke in 
July aggregated 2,440,910 tons, which represents a rate 
of 93,881 tons per working day, the lowest average since 
January, and compares with 110,955 tons per working 
day in May. Coal exports totalled 2,295,371 tons, or 
96,833 tons less than in June, shipments foreign being 
reduced by 98,840 tons to 1,865,096 tons, and as bunkers 
by 20,500 tons to 300,783 tons. Coastwise cargo 
exports were, however, increased by 22,507 tons to 
129,492 tons. Shipments of patent fuel were also in- 
creased by 11,630 tons to 138,725 tons, but that of coke 
was lowered by 804 tons to 6,814 tons. An Egyptian 
contract for 125,000 metric tons of Welsh coal is due 
to be placed next week, and there are signs that the 
export demand will revive in the near future, as wagons 
are released from transporting the harvests abroad. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 24,326 tons, compared with 18,623 
tons in the preceding week. Shipments of tinplates 
and terneplates were raised from 5,308 tons to 10,043 
tons, galvanised sheets from 2,069 tons to 3,168 tons, 
and other iron and steel goods from 8,284 tons to 9,889 
tons, but that of blackplates and sheets were lowered 
from 2,962 tons to 1,226 tons. 





RAPID CONSTRUCTION OF CONCRETE S1Los.—In an article 
in our issue of June 10 last, on page 712, we illustrated 
and described the rapid construction, by Messrs. Peter 
Lind and Company, of some reinforced-concrete grain 
silos, at Welwyn Garden City, for the Shredded Wheat 
Company. In the system used, the shuttering was 
moved upwards continuously by means of jacks as the 
work proceeded, and in describing it, we remarked that 
we believed it to be the first example of this method of 
construction to have been carried out in this country. 
We have, however, since been informed by Mr. E, F. 
Sargeant, of Skelton, York, that the method was employed 
by him in 1916 in constructing a granary at King George 
Dock, Hull, for the North-Eastern Railway. This work 
involved the construction of 144 bins, in each of two 
groups, the ground covered by each group being 200 ft. 
by 100 ft. As many as 612 jacks were employed simul- 
taneously, and 20 cubic yards of concrete per hour had 
to be distributed evenly over the walls. The distribution 
was carried out with the aid of a system of concrete 
wagons, and 40 men were employed in unloading, 
screening, and crushing the gravel, and in mixing, 
elevating, placing and ramming the concrete. The total 
labour cost of preparing and placing the concrete, we 
are informed, amounted to only 2s, 10d. per cubic yard. 





LAUNCH OF THE M.S. “ PETRONELLA.”’—A short time 
ago Messrs. Harland and Wolff, Limited, success- 
fully launched, from their Govan yard, the twin-screw 
motor-tanker Petronella, which they have on order for 
the Anglo-Saxon Petroleum Company, Limited. The 
new vessel, which has been constructed to Lloyd’s 
100 Al class, for the carrying of oil in bulk, is built on 
a combination of longitudinal and transverse systems of 
framing, and has the following main dimensions :— 
length, 305 ft.; breadth, 50 ft.; and depth, 15 ft., 
with a gross tonnage of abéut 2,700. Twelve oil-tight 
bulkheads are provided, dividing the vessel into fore 
peak, hold, cofferdams, cargo oil tanks, pump-room, 
fuel oil tanks, motor-room and aft peak; and the oil 
compartments are further divided by longitudinal bulk- 
heads, making eleven tanks in all. The fuel oil is carried 
in the double bottom, as well as in the cross bunker, and 
provision is made for the carriage of case oil in the cargo 
tanks. Two steam-driven pumps are installed for 
cargo handling, each having a capacity of 150 tons per 
hour. The propelling machinery, which is designed to 
give the ship a speed of 10 knots when fully loaded, 
consists of two sets of single-acting four-cycle six- 
cylinder Harland B. & W. engines, with electric and 
steam-driven auxiliaries, steam being supplied by a 
donkey boiler at the after end of the engine-room, 
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DOUBLE TRACK RAILWAY BRIDGE OVER THE ELBE AT HAMERTEN. 


CONSTRUCTED BY THE AKTIENGESELLSCHAFT FRIED. KRUPP, ENGINEERS, RHEINHAUSEN. 







(For Description, see Page 225.) 

















Fie. 34. View SHOWING THE INSPECTION CARS WITH JIBS IN TRAVELLING PosITION. 










































THE InsPEecTION Cars wiTH J1Bss SWUNG UNDER FLoor. 
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HEAT ENGINE TRIALS. 


Ir is to the electrical engineer that we are mainly 
indebted for popularising in this country accurate 
methods of engine testing. In the early “ eighties ” 
of last century, few mechanical engineers had ever 
seen a brake test, and even some of those responsible 
for such tests had made but an inadequate study of 
the subject. Thus the brakes used in the official 
trials of portable engines, carried out by the Royal 
Agricultural Society at Newcastle in 1887 were 
subsequently found to be unreliable and inherently 
faulty. Moreover, a few months previously a 
certain Marchmont engine became notorious by 
the publication of brake tests in which it was claimed 
that 2 brake horse-power had been developed per 
lb. of coal burnt. At the date in question, large power 
plants were seldom met with save in textile mills or 
atsea. Builders were generally much more ready to 
“guarantee” fuel savings than steam rates, 
but methods of measurement were, with but few 
exceptions, somewhat rough and crude. It was in 
this decade that the triple-expansion engine defi- 
nitely displaced the compound marine engine. In 
various trial trips a fuel consumption of 14 Ib. 
‘per horse-power was not infrequently recorded 
with engines which subsequent experience has 
shown must have required at the very least 50 per 
cent. more. 

The ease and accuracy with which electric energy 
can be measured provided a very direct method of 
checking engine builders’ claims. Neither engine 
makers nor dynamo constructors wished to be saddled 
with the faults of the other, and the contractor who 
was supplied a combined plant required definite 
knowledge of the efficiency of each element. Gradu- 
ally accurate methods of engine testing became 
general, and drew renewed attention to the low 
overall thermal efficiencies attained. Peter Willans 
was one of the first to realise the importance of 
ascertaining how far this unsatisfactory condition 
was due to defects in design, and in how far it was 
inherent in the conditions of steam supply and 
discharge. His papers submitted to the Institution 
of Civil Engineers in 1888 and 1893 were useful, not 
merely in emphasising this point, but also because 
the discussion, particularly that on the earlier paper 
showed that many successful constructors of steam 
plant had somewhat hazy notions on thermo- 
dynamics. These papers were followed, in 1896, by 
one on “‘ The Thermal Efficiency of Steam Engines,” 





of which Captain Sankey was the author. The 


immediate outcome was the appointment of a 
committee on Standards of Thermal efficiency, 
which, on the initiative of the late Bryan Donkin, 
Junr., was supplemented in the following year 
by the formation of another, to deal with methods of 
tabulating the results of engine and boiler trials. 
To these committees we owe the term efficiency 
ratio, which is undoubtedly superior to the some- 
what indefinite term thermodynamic efficiency 
which is commonly used as an equivalent on the 
Continent. 

In November, 1903, the Institution also appointed 
a committee to carry out similar work in connection 
with the testing of internal combustion engines. 
It was this committee who proposed the “air 
standard” as the criterion of performance. The 
final step was taken in 1922 when other engineering 
institutions and technical societies were invited to 
collaborate with the parent body in constituting a 
Heat Engine Trials Committee. This was sub- 
divided into panels, to each of which was entrusted 
the study of a section of the complete inquiry. 
Draft reports were issued from time to time and 
revised after public discussion. The final report 
has now been issued.* The title of this report does 
much less than justice to its contents, since mention 
is made in it only of the tabulation of results. 
Undoubtedly the forms which have been compiled 
are both technically desirable and extremely con- 
venient; but the report contains not merely 
extremely valuable comments on most of the entries 
but also a series of appendices. Of these the 
first deals with the definitions and values of the 
physical constants. The list is very complete 
and is based on the most recent information. 
Both the exact value, as determined by classical 
experiments, and the usual working value, are 
tabulated, the logarithms of the latter being also 
given to 5 places of decimals. This is followed by 
an appendix on methods of pressure measurement. 
In this a number of ingenious micro-manometers 
are described, and the precautions essential to 
accuracy noted. A point often neglected is the 
necessity of fixing gauges in positions where the 
flow is normal. A gauge placed immediately after a 
bend or a valve cannot be regarded as an instrument 
of precision. 

Attention is called in this appendix to the common 
error of using tubes of small bore for mercury 
manometers. It is stated that for precision work 
the bore should never be less than } in., and that 
with a tube of }-in. bore, as sometimes used, errors 
of 0-5 in. may arise as the effect of surface tension. 
Again, where water is being employed as the 
manometric fluid, care must be taken to see that 
the holes through which the pressure is transmitted 
are too large to be bridged by a drop of water, 
since otherwise errors of as much as | in. of water 
may be encountered. 

Flow-meters are discussed in a third appendix. 
The term is given a somewhat extended meaning, 
being made to cover the measurement of coal as 
well as that of steam, air, and water. Direct 
weighings can, of course, be made with great 
accuracy, since the margin of error allowed by the 
Board of Trade inspectors in commercial weighing 
machines is of the order of 1 in 4,000 to 1 in 8,000. 
With carefully calibrated spring balances the error 
may be as little as 1 in 500, whilst the automatic 
weighing machines attached to conveyors or 
elevators are said to be reliable within about 1 per 
cent. With the steady growth in the size of power 
stations and of the individual units therein, it is, 





however, becoming increasingly difficult to weigh 
directly fuel, steam and water, and indirect methods 
of measurement are becoming more and more 
popular. With proper precautions, which are 
fully discussed in this appendix, these yield reliable 
results. They have long been used for testing the 
efficiency of fans and air compressors, but may be 
abused by ignorance or fraud. One ingenious 
trick adopted in testing certain compressors, which 
were guaranteed to maintain a certain head behind 
a standard orifice, was to bridge the latter internally 





* Report on Tabulating the Results of Heat Engine 
Trials, with appendices, presented to the Council of 
the Institution of Civil Engineers by the Heat Engine 
Trials Committee, London, 1927. William Clowes and 
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by a small piece of wood which obstructed, say, 
one-third of the opening and was held up in position 
by the air pressure behind it. When the test 
stopped, the obstruction automatically dropped 
clear, leaving no trace of the successful fraud. 

Special note is made in the appendix on the errors 
which arise with most of these indirect methods of 
measurement, if used with pulsating flows. Other 
valuable appendices deal with temperature and 
power measurements, the specific heats of gases, 
and with methods of sampling gas and coal. The 
latter is generally a matter of some little difficulty, 
but the problem has been carefully studied by the 
Fuel Research Board, whose recommendations are 
incorporated in this appendix. 

The forms prepared for tabulating test results 
are extremely comprehensive. In the case of 
steam plants, separate forms are provided for 
boilers, reciprocating engines, steam turbines and 
condensers, and each set is accompanied by a very 
full and valuable series of explanatory notes. In 
their notes on surface condensers the Committee 
recommend that mean temperature differences 
should be calculated by the common formula 


denotes the temperature 


d : 
dm = ———~, where D 


D’ 


difference between steam and water at the inlet end, 
and d the corresponding figure at the outlet. In 
most cases no other course is practicable, but the 
careful and exhaustive condenser tests made by 
Mr. Selvey at the Valley Road Power-station, 
Bradford, show that this formula is not particularly 
accurate. It is, of course, the steam turbine which 
has been responsible for the enormous improvement 
in condenser design, which has been effected during 
the past few years. Although it must be some forty 
or fifty years since Osborne Reynolds first drew 
attention to the importance of getting rid of the air, 
his teachings long remained almost a dead letter. 
Such tests of condensers as were run were commonly 
overall tests in which no attempt was made to 
separate and determine the individual resistances 
to heat flow, and extremely discordant results were 
consequently recorded under what was thought by 
the experimentalists to be similar conditions. This 
condition of affairs was not markedly injurious 
in the case of reciprocating plant, but when the 
turbine proved capable of using advantageously 
the pressure drop between a 28-in. and a 29-in. 
vacuum, it became very evident that accepted 
methods of condenser design and construction 
required drastic revision. 

The Committee recommend the use of Callendar’s 
steam tables, and their advice is certainly wise. 
Callendar’s experiments so far constitute the only 
investigation made with sufficient delicacy to show 
the effect of moisture entrained in steam which 
was nominally at a slight superheat. The heat 
content of highly superheated steam is a perfectly 
definite function of the pressure and temperature. 
Near the saturation line, however, this is no longer 
true, at least in the case of high-pressure steam. 
A time effect is then involved, because droplets 
suspended in such steam prove to be strangely per- 
sistent. As stated, experiments made elsewhere 
have been insufficiently de'icate to disclose this phe- 
nomena, and, as a consequence, the total heats of 
high-pressure steam are under-estimated in most 
Continental tables. 

The standard forms for testing internal-combus- 
tion engines are devoted respectively to producers, 
to gas engines, crude-oil engines, and petrol and 
paraffin engines. As in the case of steam plant, 
each form is annotated item by item, and these 
notes will undoubtedly prove »f the utmost value 
and interest. The general question of a standard of 
comparison, to serve the same end in internal- 
combustion engineering, as the Rankine cycle does 
for the steam engine, is discussed at length, and the 
Committee have decided to adhere to the air 
standard, as proposed in 1905. An elaborate series 
of curves is given showing the corrections needed 
to provide for the variable specific heats of actual 
working fluids. The Committee also discuss the 
question as to what cycle should be taken as the 
standard of reference, and have decided in favour 
of the Atkinson cycle, in which the heat is added at 
constant volume and rejected at constant pressure. 





A series of examples is worked out showing the 
relative efficiency referred to the Atkinson cycle of 
the petrol engine, the gas engine, and the airless- 
injection oil engine. The latter shows the highest 
relative efficiency, viz., 59-5 per cent., as against 
53-1 per cent. for the petrol engine and 56-6 per 
cent. for the gas engine. 





CIVIL AVIATION IN CANADA. 


THE development of civil aviation in Canada 
has been unlike that of any other country in the 
world. The Dominion, neither needing, nor able, 
to afford the expenditure of public funds for the 
creation of a vast fleet of pseudo-commercial air- 
craft, has hitherto been content to allow technical 
progress and the operation of the law of supply and 
demand, to evoke a system of air transport with- 
out any artificial stimulus through State subsidies. 
Nevertheless, it has not interpreted in any negative 
or neglectful manner Mr. Churchill’s admonition 
that civil aviation should “ fly by itself.” So far 
from building up a commercial air transport industry 
with the primary object of applying the reserves of 
machines and personnel so created to military ends 
in time of war, Canada followed the opposite course 
of utilising its economically-unproductive military 
and naval air arms for civil purposes in times of 
peace. 

On the one hand, it had expensive machines, 
elaborate ground organisation and young men 
whose first need was for extensive flying practice. 
On the other, it had vast, unmapped, unprotected 
and unexplored regions accessible to exploitation 
by normal means only at prodigious expenditure 
of time and effort. An enterprising administration 
decided not to let the sword rest idly in its scabbard, 
but to turn it into a ploughshare for tilling its 
virgin fields. In the years that have elapsed since 
the innovation was introduced there has been no 
indication that the weapon has become less effective 
for its pacific application. As far as concerns the 
human element, the conversion has probably re- 
sulted in a finer temper, for the civil pilot invariably 
spends longer in the air than his colleague engaged 
in military exercises; Colonel Lindbergh and 
Mr. Chamberlin are, it will be remembered, the 
products of civil aviation. 

The Report on Civil Aviation and Civil Opera- 
tions by the Royal Canadian Air Force for the year 
1926, just issued by the Department of National 
Defence, records the progress made in this field 
during last year, and summarises the activities of 
the sixteen private aircraft operating companies, 
as well as those of the R.C.A.F. It constitutes 
a record which entitles Canada to stand with 
Australia, among the British Dominions which have 
been foremost in the development of civil aviation, 
much as their methods differ. 

Canada’s experiment in the application of the 
aeroplane to its problems of mapping, surveying and 
conserving its vast natural resources began in 
1920. In the preceding year, the Government had 
authorised the creation of a special air section, 
under the control of the Air Board, to carry out 
contracts for flying services on behalf of the 
Dominion and Provincial government departments. 
Bases were established at Vancouver, B.C., Morley, 
Alta., and Roberval, P.Q., the provincial govern- 
ments of British Columbia and Quebec assisting to 
defray the expenses of the first and last-named 
centres. The success of the experiment justified 
the extension of the operations in 1921, when 
further bases were established at Victoria Beach, 
for the patrol and exploration of the forests fringing 
Lake Winnipeg and, with the co-operation of the 
Government of Ontario, at Sioux Lookout. The 
following year saw the further development of the 
services, and, in 1923, the Department of National 
Defence was created and the civil operations of the 
Air Board transferred entirely to the Royal Canadian 
Air Force. 

The development of aerial photography was so 
rapid, and its applications so varied, that the 
necessity was realised for co-ordination between 
the different government-departments utilising its 
services. Accordingly, a central office was estab- 
lished where every photograph taken is kept and 
indexed, and photographs of 160,000 miles of country 





are now available. Explaining the utility of this 
office, the Report points out that ‘A photograph 
taken during the investigation of the water power 
possibilities of a river may be invaluable in map 
revision. It may, at the same time, show clearly 
the nature of the forest cover, and, therefore, be 
of value to the forest services, either Dominion or 
provincial ; or it may be that the geological features 
shown in the picture may be of the greatest interest 
to the Department of Mines.” : 

There is, however, no corresponding centralisation 
of operation, the R.C.A.F., the provincial govern- 
ments and private operating companies sharing the 
field between them. In Manitoba, Saskatchewan 
and Alberta, the Air Force is responsible for the 
flying duties undertaken. In British Columbia, 
flying is carried out by the Air Force at the expense 
of the provincial government. Ontario established, 
in 1924, its own service, which, in 1926, was used for 
forest fire detection, inventory work, official trans- 
portation, and for the payment of treaty money to 
the Indian tribes. Quebec, which initiated its first 
experiments in aerial forest patrol and inventory 
work in 1919, before the formation of the Air 
Board’s service, now carries out an extensive pro- 
gramme of conservation and survey through 
contracts with private operating companies. 

For the better organisation of the services carried 
out by the R.C.A.F., a Committee on Civil Air 
Operations was constituted by an Order in Council 
of May 3, 1926, consisting of the Director of Forestry, 
the Chief Aerial Surveys Engineer, and Assistant 
Director of the Topographical Survey of. Canada, 
and the Director, Assistant Director and Secretary 
of the R.C.A.F., under the chairmanship of Mr. O. M. 
Biggar, K.C. 

During the year, 2,293 hours of flying time were 
devoted by the Air Force to civil operations, 1,152 
of which were undertaken for the Dominion Forest 
Service. Greatly increased activity is reported in 
air photography, 59,000 square miles having been 
photographed in 1926, 50,300 of which represent 
oblique and only 8,700 vertical photography. 

In only one department of the Air Force’s civil 
activities was a setback experienced. During 1925, 
the Fisheries Protection Service enjoyed the 
co-operation of a seaplane patrol in its efforts to 
prevent unauthorised fishing off the British Colum- 
bian coast. Warned by their look-outs of the 
approach of a surface patrol, the poachers had often 
been able to elude capture. The employment of 
flying boats greatly diminished their chances of 
escape. Able to command a view of a very wide 
area, the pilot, on detecting illegal fishery proceed- 
ing, informed the Jericho Beach aerodrome by 
wireless, and patrol boats were sent to intercept the 
poachers. The flying boats stationed at Vancouver 
were, however, of war-time manufacture, and near 
the end of their effective life, and the Fisheries 
Department was unable to recommend the appro- 
priation of funds for the purchase of modern air- 
craft. The northern patrol was, therefore, discon- 
tinued in 1926, and only a short period of 11 hours 
was flown in the southern district, during which three 
poachers were detected. The Report expresses the 
opinion that, in view of the fact that the absence of 
air co-operation ‘‘ was severely felt by the Fishery 
Protection Service, . . there is every likeli- 
hood that this field of acitivity will be reopened, as 
experience shows that by no other means can the 
operations of the fishing fleet be so well controlled.” 

Another interesting service maintained during 
1926, was the escort of incoming steamships into 
Vancouver from the Orient, on behalf of the Depart- 
ment of Customs and Excise, to counter an elaborate 
distributive organisation built up by cocaine 
smugglers. The bearer of a supply of the drug 
found it a simple matter to drop it overboard, 
without being detected, a few miles outside the 
harbour. His accomplices, in fast motor boats 
waiting in the offing, would then retrieve the 
package, securely encased in a waterproof cover, as 
it floated on the surface of the sea, and speed off to 
land their valuable cargo at an unfrequented part of 
the coast. By convoying some of the ships with a 
low-flying seaplane, any irregularity of this nature 
can be instantly detected. The cocaine smugglers 
can be kept under observation, and, by wireless noti- 
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their apprehension. Not all incoming ships are so 
escorted, but the occasional attentions of the sea- 
plane so disorganised the smugglers’ operations that 
their trade was crippled. 

The foregoing is, however, merely an interesting 
curiosity of the civil work of the R.C.A.F. The 
following table conveys an idea of the respective 
importance of the different types of duty with which 
the Force is charged, and illustrates the extent to 
which civil flying predominates in the operations of 
the units participating in this work. Seventy-five 
per cent. of the total flying time in 1926 was devoted 
to civil ends. 


Department for which operation was 
undertaken. 


Flying time. 
Hours. Mins. 





Forestry 1,152 18 
Topographical ‘Survey “Board 953 28 
Department of Lands, B.C.... 23 «56 
Indian Affairs 39 «15 
Division of Botany, Department of f Agricul- 
ture ae 30 «18 
Dominion Water Power 27 20 
Customs and Excise 19 49 
Marine and Fisheries - ll 4 
International Boundary Commission 8 35 
North-West Territories ae 1 35 
Miscellaneous duties 26 «8 
2,293 46 
Service flying 743 54 
3,037 40 


That section of the report which deals with com- 
mercial flying undertaken for profit by private 
companies also records a healthy growth during 
1926. The number of firms engaged in aircraft 
operation increased from 8 to 14, two others utilising 
aircraft to perform auxiliary functions. The number 
of flights and the hours of flying increased by 50 per 
cent. over the totals for 1925, and the number of pas- 
sengers carried by one-third. Forty-four aircraft, 
comprising 28 flying boats, 15 aeroplanes and one 
amphibian machine, all of the single-engined type, 
were engaged in operation by private companies 
during 1926, the personnel of 'the fleets consisting of 
42 pilots, 52 mechanics and 43 unlicensed em- 
ployees. The results achieved are tabulated below :— 
Number of flights eee tea 4,755 
Flying time, hours 5,860 
Approximate — 


Seaplane . 356,481 
Aeroplane 30,290 
Amphibian 6,332 

393,103 





Number of square miles covered ad reconnais- 





sance 22,200 
Number of square sills # photographed — 
Oblique : - 14,800 
Vertical 6,121 
20,921 
6,436 


Number of passengers carried... 
The clean casualty record of 1925 was not reproduced 
in 1926, five accidents being attended by death or 
injuries to occupants of the machines, a pilot and a 
passenger being killed and two pilots and six pas- 
sengers injured. 

Although some progress has been made this year, 
1926 saw no impressive development of commercial 
air transport routes in Canada, which, nevertheless, 
shares with a South American republic the distinction 
of possessing regularly-operated airways which are 
entirely self-supporting without any Government 
subsidy. One of these operates between Haileybury 
and Rouyn, P.Q.; the other, which was instituted 
only on December 25, 1926, works from Sioux Look- 
out to the Red Lake mining fields. 

The progress achieved by civil aviation in the 
United States during the year has proved an excellent 
advertisement of American aircraft and engines, 
machines manufactured by the Keystone, Aero- 
marine and Curtiss companies being in service, as 
well as Fokker “‘ Universal’? monoplanes, Schreck 
flying boats and de Havilland, Vickers and Avro 
aircraft. The domestic aircraft manufacturing 
industry, which now consists of two firms, is applying 
itself to the production of specialised types for 
the performance of the characteristic activities of 
Canadian aviation. The innumerable lakes which 
abound throughout the country and the absence 
in the forest regions, of many clearings sufficiently 
large or unobstructed for aeroplanes to land on their 
surfaces, have led to the utilisation of the flying 
boat and the float seaplane on a scale unparalleled 
elsewhere. Photographic, fire-fighting and survey- 
ing activities are already attaining dimensions which 





the Canadian Vickers ‘“‘ Velos,” designed for photo- 
will make some notable contributions to aeronautical 
engineering, in the civil branches of which its pilots 
and designers have unique and intimate experience. 








FACTORIES AND WORKSHOPS IN 
1 


Tur Home Office Inspectors of Factories and 
Workshops are primarily concerned with the 
health and safety of the operatives engaged in our 
various industries, but the reports issued annually 
by the Chief Inspector cover a much wider field. 
Not infrequently they contain the first public 
notification of important technical improvements, 
and the inspectors often come across odd items of 
interest little likely to be noted elsewhere. Hair 
shingling, for example, by causing “an almost 
complete cessation of the demand for pins and 
especially hair pins,” has led to the closing of 
factories in the Midlands. The inspectors have also 
unrivalled opportunities for discovering any general 
trend in manufacturing operations. Of these, two 
are noted in this year’s report,* viz., the steady 
replacement of workshops by factories, and the 
increasing use of machinery of every kind, and in 
particular of that employed for handling and 
conveying. 

The number of registered factories rose during the 
year under survey from 144,361 to 145,411, whilst 
the workshops (of which the distinguishing charac- 
teristic is the absence of power), diminished from 
128,793 to 121,861. As regards the second trend, 
the belief is common that most industrial accidents 
are due to the use of power and of machinery, but 
this view, though it might perhaps be fostered by 
Kipling’s inspired ode to the machines, is not borne 
out by the actual records. During the year, 844 
fatal, and 139,119 other, accidents were reported, 
of which only 34,833 were in any way connected 
with machinery. Both the total accident list and 
the number of fatalities was less than in 1925, when 
the total casualties numbered 159,693, and the 
fatalities 944. As has been pointed out on previous 
occasions, it is only the fatalities which are strictly 
comparable from year to year, since, as time goes 
on and welfare work extends, more and more 
minor accidents find their way into the official 
reports. Fifty years ago, the turner who got a tiny 
fragment of steel stuck in his eye had it taken out 
by a pin or penknife manipulated by the shop 
expert. To-day, when there is an ambulance room 
attached to the factory, he proceeds thither and the 
incident finds it way into the official casualty list. 

The coal strike was, of course, mainly responsible 
for the reduction in the number of industrial 
accidents, which was almost wholly accounted for by 
the inactivity of the heavy metal trades. In ship- 
building, the fatalities fell from 84 to 55, but the 
past year is stated to have been one of the worst 
known in the industry for a decade. The textile 
trades also suffered badly, and the report states 
that certain Yorkshire mills which had run for over 
100 years were closed, and will probably never 
restart. 

The coal shortage, on the other hand, increased 
employment in the construction of oil stoves and 
oil engines. Not a little coal was obtained from 
outcrops, and 100,000 tons of coal dust were re- 
covered in South Wales from river beds, where it 
had been deposited by water from the washeries. 
All public electric supplies were successfully main- 
tained, mainly by means of imported fuel, and in 
some industries enforced replacement of coal by 
oil led to such economies that it seems unlikely that 
former methods of firing will be reverted to. 

In spite of the strike, brick works and allied 
trades were remarkably active during the year. 
Many brick works now run both day and night 
shifts, and one firm alone can produce 4 million 
bricks a day. Amongst the labour-saving devices 
introduced into this industry is a shale planer which 
can shave from the face of the clay bed 50 tons per 
hour ready for the grinding” pans. 





* Annuai Report of the Chief Inspector of Factories 
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Note is taken in the report of a certain transfer 
of industrial activity from the north to the London 
area, and the Home Counties, thus reversing the 
flow which, in the last quarter of the nineteenth 
century, robbed the Thames of its importance as a 
shipbuilding and engineering centre. The return 
is probably due in part to the ever-increasing 
importance of the lighter industries, in which the 
value of the product is much more dependent on 
design and craftsmanship than on the cost of the 
raw materials. For example, of the three finest 
dividing engines now in existence, two are said to be 
installed in the London area. 

In this connection it may, however, be noted that 
increasing difficulty is being experienced in obtaining 
apprentices for the skilled trades. This, perhaps 
is hardly astonishing, since dustmen are to-day 
earning very much better wages than most trained 
mechanics. Some compensation for this dearth 
of recruits may perhaps be found in the probability 
that, under these discouraging conditions, the new 
entrants are likely to be youths with pronounced 
aptitude and liking for mechanics, so that the defect 
in quantity may be, at least partially, balanced by 
an improvement in the quality. It would seem, 
however, that we must, in future, copy America in 
making more economical use than hitherto of the 
really skilled hand. 

The high wages demanded by the unskilled or 
semi-skilled operatives are causing more and more 
attention to be paid to labour-saving devices. As 
already noted, this has been specially pronounced 
in the matter of handling and conveying machinery. 
Until the war, few shop managers realised how greatly 
output was restricted by the lack of these facilities. 
In one case, a firm of high standing asked to take 
up shell manufacture, found it impossible to approach 
the output reached elsewhere in shops very similarly 
equipped. An investigation then made showed 
that cutting times in the two cases were practically 
identical, but that the shop with the larger output 
had given much thought to handling facilities. 
In another case, a south country shop engaged on 
heavy shells, and operated entirely by female labour, 
showed a far better output than was obtained at a 
leading Sheffield works manned with professional 
turners. Here again the difference lay mainly in the 
better lifting and conveying arrangements. Some 
firms, however, learn but slowly, and, in the report 
now under review, an instance is recorded of a 
confectionery works in which the trays are all laid 
on the floor, and have to be lifted whenever moved. 
On the whole, however, the recognition of the 
importance of conveying and handling plant is 
becoming universal, and mention of a number of 
new installations is made in the report. Coal and 
iron are now being loaded and unloaded largely by 
conveyors of one type or another. A particularly 
interesting example is that of a pneumatic conveyor 
by which coal is sucked from railway wagons and 

delivered into bunkers 200 yards away. Heavy 
labour, both at steel works and at gas works, is 

being steadily diminished. 

The migration of labour from the country to the 

town has long been the subject of Jeremiads, 

but attention is called in the report to a counter 

movement which has now attained respectable 

dimensions. The popularity of the motor has led 

to the establishment of village garages along all the 

main roads. Here mechanics, often of no little 

ability, undertake repairs of every kind. Whilst 

the glories of the village smithy can never be 

revived, these new garages promise to form a by 

no means inadequate substitute. 

Attention is drawn in the report to a judgment of 

the High Court which has declared illegal the practice 

of approaching unfenced millgearing, running at 

normal speed, for any purpose whatever, whether 

for oiling, belt-mounting, or for the whitewashing 

of the factory walls. As in previous years, there 

have been a number of particularly horrible accidents 

due to unfenced shafting, the danger of which is 

by no means universally appreciated. Ninety-six 

skilled craftsmen were amongst the sufferers; and 

engine drivers, firemen, oilers and belt men supplied 

other victims. In many cases, no doubt, it is the 

keen workmen who takes the unnecessary risk. 

Many accidents were due to cranes, but it is of 
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failure of the hook or of the chain. Out of 59 
casualties, 10 were due to gland irons, straps, or mast 
pins, 6 to failure of holding bolts on guys and masts, 
8 to failure of the jibbing gear, and in 7 cases the 
crane overturned. 

Wire ropes were responsible for 76 accidents, 
which was 24 per cent. more than in the previous 
year. Of these, 15 were attributed to corrosion, 
12 to overloading, and 12 to overwinding. In 
one of the latter cases, gear to prevent overwinding 
was fitted but failed to act. The report notes that 
the practice of using rope pulleys of too small 
diameter is still prevalent. In no case should the 
pulley diameter be less than fifteen times the 
diameter of the rope, and any ratio below 20 is 
undesirable for other than special ropes ; there is a 
similar limit fixed by the diameter of the wires of 
which the rope is constituted. .The pulley diameter 
should never be less than 200 times the wire diameter 
and some authorities hold that the ratio should 
exceed 500. 





NOTES. 
INTERNATIONAL ELECTROTECHNICAL COMMISSION. 


The proposal to appoint a representative inter- 
national committee to consider the question of the 
standardisation of the nomenclature and rating of 
electrical apparatus and machinery was first made 
at a meeting of Government delegates at the Elec- 
trical Congress held in connection with the St. Louis 
Exhibition in September, 1904. The outcome of 
this was the formation of the International Electro- 
technical Commission, the inaugural meeting of 
which was held in London in June, 1906. Since 
this date, 12 meetings have taken place in London 
and in continental cities, and last year’s meeting 
was held in New York. At the invitation of the 
Italian national committee, it was agreed, some 
time ago, to hold the 1927 meeting in Italy, and 
final details regarding this function have now been 
published. The meeting will take place at Bellagio, 
on Lake Como, and will commence on September 4 
next. Among the subjects to be discussed are the 
following: nomenclature, symbols, rating of elec- 
trical machinery, commercial and test codes for 
hydraulic and steam turbines, rating of rivers, 
high-voltage tests for line insulators and electrical 
apparatus, traction motors, measuring instruments, 
and regulations for overhead lines. Delegates from 
some 25 countries will be present, and it is gratifying 
to find that the British electrical industry will be 
well represented. The representatives of the Insti- 
tution of Electrical Engineers are Dr. W. H. Eccles, 
F.R.S., Mr. Ll. B. Atkinson, and Lieut.-Colonel K. 
Edgcumbe ; and of the British Electrical and Allied 
Manufacturers’ Association, Dr. 8. Z. de Ferranti, 
F.R.S.; and Messrs. C. C. Wharton, J. S. Peck, 
C. Rodgers, F. Wallis, S. W. Melsom, B. Pocho- 
bradsky, I. V. Robinson, F. Samuelson, N. E. P. 
Harris, A. R. Everest, F. A. Nield, and R. H. 
Schofield. Mr. T. P. Wilmshurst is representing 
the Electricity Commissioners, Mr. 8. C. Bartho- 
lomew the General Post Office, and Dr. E. H. 
Rayner the National Physical Laboratory. Dele- 
gates from the Incorporated Municipal Electrical 
Association, from the Research Laboratories, at 
Wembley, of the General Electric Company, from 
the Cable Makers’ Association, from the British 
Electrical and Allied Industries Research Associa- 
tion, and from the London County Council, will also 
be present. It is of special interest to note that 
the subject of international commercial and _ test 
codes for prime movers is under discussion. In 
regard to the test code, the preparation of which is 
now being commenced, it is sa\isfactory to see that 
the Heat Engine Trials Committee of the Institution 
of Civil Engineers is represented in this important 
international work, in the person of Mr. S. B. 
Donkin. The honorary secretary of the British 
national committee is Mr. P. F. Rowell, and Mr. C. 
le Maistre, secretary of the British Engineering 
Standards Association, will attend the meeting as 
general secretary of the Commission. 


New Moror-VEHIcLE REGULATIONS. 


The proposed Road Traffic Bill, of which a draft 
was published a few months ago for comment and 
discussion, is a comprehensive measure designed to 
cover a very wide field. 


It includes a number of 





controversial points, some of which we referred to 
when commenting on the draft, and on this account 
the delay in putting it before the House, necessitated 
in order that adequate consideration may be given 
to its various clauses, is undoubtedly fully justified. 
Such delay, however, involves the continuation of 
the existing anomalies for some considerable time. 
This can hardly be considered a matter of great 
importance, unless the uncertainty involved has 
an adverse effect on the development of design. 
This is not likely to be the case in so far as 
private cars are concerned, but the development of 
heavy commercial vehicles, more particularly those 
of the public-service type, has been so rapid that 
any delay in stating the probable requirements to 
which such vehicles will ultimately have to conform 
is certainly to be deprecated. No doubt with this 
point in view, the Minister of Transport, acting under 
the powers conferred by the Act of 1919, has issued 
an Order covering the leading dimensions and other 
important features of heavy motor-cars. In general, 
these apply to both goods-carrying and to public- 
service vehicles, but the latter are more particularly 
covered by a statement of constructional require- 
ments, which, while not having the force of law, 
will no doubt constitute a valuable guide to manu- 
facturers and to Licensing Authorities. The Order 
prescribes that, in general, the overall length of a 
heavy motor-car shall not exceed 27 ft. 6 in., and 
that a vehicle of this type which exceeds 26 ft. in 
overall length shall not draw a trailer. In the case 
of six-wheeled vehicles, the overall length is fixed 
at 30 ft. instead of 27 ft. 6 in. As regards per- 
missible axle weights, the Order prescribes that, in 
general, the registered axle weight on any axle 
of a public-service vehicle shall not exceed 5} tons, 
while the sum of the registered axle weights shall 
not exceed 9 tons. The corresponding axle weights 
for heavy motor-cars which are not used as public- 
service vehicles, remain at 8 tons and 12 tons, as 
fixed by the Heavy Motor Car Order, 1904. In the 
case of six-wheeled vehicles, the maximum unladen 
weight is raised from 7} tons to 10 tons. Further 
regulations relating to six wheelers provide that 
the sum of the registered axle weights may not 
exceed 12 tonsfor a public-service vehicle and 
19 tons for other vehicles, and the axle weight of 
any one axle is limited to 43 tons in the former 
case and 74 tons in the latter. Details of the 
permissible braking systems are also given in the 
Order, while the statement of constructional require- 
ments deals mainly with such points as seating and 
exit arrangements, the position of the fuel tank and 
other safety considerations, and permissible heights 
for single-deck and double-deck vehicles. 





NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 212.) 

Sound.—As regards the work in the Sound 
Division, by Dr. A. H. Davis and Mr. N. Fleming, 
we may refer to Dr. Kaye’s Royal Institution 
lectures of last winter (see ENGINEERING, November 
12, 19 and 26, 1926) on the acoustics of public 
buildings. The use of the ripple tank has involved 
a study of the analogy between cylindrical sound 
waves and waves on the surface of the liquid in 
the tank, and of the effects of moderate viscosity, 
which affects both types of waves in the same way, 
decreasing the amplitude rather than the wave 
length ; viscosity effects are appreciable in small 
ripple tanks, 10 sq. ft. in area. An additional appa- 
ratus for measuring the acoustical radiation pressure 
consists of a large reflecting disc provided with 
a hole in the centre, into which a piston fits flush. 
This piston is carried upon an arm of a delicate 
torsion balance, observations being taken with 
the aid of a mirror. 

Optics—The number of telescopes, periscopes, 
&c., submitted for test has decreased, but the 
instruments were of more varied types, and many 
of the binoculars were fitted with graticules. 
Sextants, especially of the latest Admiralty pattern, 
and surveying instruments were more numerous. 
The research work of Mr. T. Smith, Mr. J. Guild 
and Dr. J. S. Anderson concerned lens systems, 
the testing of interferometer standards by means 
of the large heavy universal lens interferometer 
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of Messrs. A. Hilger (described before the Optical 
Convention, see Enorverrine, April 30, 1926, 
page 549), colorimetry, the accuracy of optical 
settings, and spectrometry, particularly with ultra- 
violet light. Good constant sources for these latter 
radiations are difficult to find. Gas-filled lamps, 
even of quartz, give a limited range, the quartz- 
mercury lamp radiations have too many gaps, 
and filters are not very satisfactory. In his tests 
of the absorption of ultra-violet light by glasses 
and silica, Dr. D. S. Perfect therefore makes use 
of two spectrometers in series to obtain a mono- 
chromatic beam. In front of the slit of the second 
spectrometer he places first the specimen, in the 
form of a plate or bulb, and then a revolving sector, 
the two parts being mounted in a slide; the light 
passing through these parts enters a photo-electric 
cell connected to an electrometer. Another novel 
arrangement of Dr. Perfect for this purpose is a 
revolving disc fitted with a non-radial wedge sector, 
i.¢., a slit which is not quite radial, so that the light 
transmission does not vary from centre to edge by a 
linear function. There is considerable demand for 
tests in the ultra-violet, and also for colorimeter 
tests. The photo-electric cells which are provided 
with mirrors of alkali metals or of cadmium (for 
short wave-lengths) are made in the Laboratory. 
A special investigation of the amount of light 
reflected, adsorbed and scattered by glass which 
has been half-silvered by cathode volatilisation, 
should also be mentioned; the light transmission 
was found to be practically independent of the 
beam direction, 7.¢., air-glass-silver-air or vice versa. 

Electricity.—_This Department now comprises four 
divisions under the two principal assistants, Dr. E. 
H. Rayner (Electrotechnics), Dr. D. Dye (Standards 
and Measurements), and under Dr. R. L. Smith- 
Rose (Wireless Work) and Dr. J. W. T. Walsh 
(Photometry). 

Units and Standards. Frequency Control.—We 
mentioned last year (see ENGINEERING, July 30, 
1926, page 126) that the determination of the actual 
length of the bore of the glass tubes for the columns 
of mercury for the international ohm had given 
the Metrology Department a good deal of 
trouble. The final redetermination of the ohm 
has since been completed, and the value found 
agrees with that observed by Mr. F. E. Smith in 
1912 within two parts in 100,000; further work 
is not contemplated. The manganin wire coils, 
ranging from 10,000 ohms down to 0-001 ohm, 
show slight changes when compared with the 
unit coil. The changes in the period 1919 to 
1926 are of the same order and direction as those 
of the period 1912 to 1919. In some coils, however, 
the resistance is increasing and in others it is 
decreasing ; the maximum change found is 1 part 
in 10,000. Absolute determination of the ohm 
are to be made again by the Lorenz method, and 
the alternating-current method of Mr. A. Campbell. 
The latter work has been first taken in hand. It 
requires valve-maintained tuning forks of 100 
cycles per second, which will dispense with the 
need of chronograph measurements. The Kelvin 
double bridge has also been modified in this 
connection for measuring the residual inductance 
of four terminal resistances. The current balance 
is likewise being reconstructed, in order to measure 
the time integral of current over something like 
half an hour, so as to obtain the direct ratio of the 
international ampere to the c.g.s. unit. The new 
coils made for this purpose are constructed of 
gilt-silver wires, wound on marble cylinders at 
distances of 0:4 mm. apart, and not waxed. 

As regards cadmium-sulphate standard cells in 
0-1 normal acid solution, none of the 12 cells made 
last year differs in electromotive force from those 
of the previous year by more than 3 parts in a 
million. The cells are so easily reproducible that 
they may be regarded as the most reliable electric 
standards, although the cells taken to Washington 
by Sir Richard Glazebrook, with two ohm coils, 
for comparison with the Weston normal cells, tested 
at 28 deg. C. (instead of at 15 deg.) did not show 
the full agreement desirable. On the suggestion 
of Dr. F. E. Smith, tests with cadmium sulphates 
of different acidities are still continued. A primary 
standard of mutal inductance of the Campbell design 
has been made in the Laboratory for the Japanese 
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Government. In determining the thermal expan- 
sion coefficient of the marble cylinders for the 
bare copper wires, the Metrology Department made 
the unusual observation that the expansion coefficient 
in the axial direction was nearly twice as large as 
that in the radial direction, viz., 6-5, against 
3-5 x 10-8 per degree Centigrade. The standard, 
however, showed a most satisfactory agreement 
with that made 18 years ago, and the variable air 
condensers made three years ago also retain great 
stability in constant use. 

For the standardisation of low frequencies and 
telephonic frequencies, Dr. Dye has devised the 
method, based upon the direct harmonic production 
of the frequencies from the seconds given by a well- 
regulated clock, which method is illustrated in Fig. 
17. From the pendulum contact, an electric impulse 
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variable air condenser and a set of standard induct- 
ance coils. The programme for the transmission 
of standard waves from the division has been greatly 
extended and covers the range from 1,000 to 30 kilo- 
cycles. Sixteen different waves are transmitted in 
two programmes, the short-wave programme on 
the first Tuesday, and the long-wave programme on 
the third Tuesday of each month. Difficulties in 
maintaining steady high frequencies, caused by 
the swaying of the aerial used and by fluctuations 
in the voltage supply, have been overcome by a 
cascade arrangement of valves. 

Piezo Oscillators. Dielectrics—A further fre- 
quency control can be obtained with the aid of 
quartz resonators, but it should be remembered 
that thin bars of quartz (0-15 cm. thick) vibrating 
longitudinally have temperature coefficients of only 
a few parts in a million, whilst in discs and plates 
vibrating transversely, the coefficients rise to 30 
and 60 parts in a million. In order to enable crystals 
which would not be self-oscillatory to oscillate 
electro-mechanically, Dr. Dye adds to the valve 
circuit an inductance N (Fig. 18), closely coupled 
to the inductance L of the resonant circuit, the 
mutual inductance being such that four times the 
voltage across LC is induced in N, which greatly 
increases the driving vibratory force of the crystal. 





The resonant frequency of LC must be lower than 
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is sent through a coil having a laminated core, the 
ends of which face the ends of the prongs of a tuning 
fork. The impulse is received through a Weston 
relay interposed between the clock contact and the 
coil, the latter being energised from a lamp circuit 
of 100 volts. The tuning-fork frequency is adjusted 
to 50 cycles per second within one or two parts in 
10,000. A large resonant vibration is maintained, 
and the decay in amplitude during the 50 vibra- 
tions between successive impulses is very small. 
The electromotive force induced in the iron-core 
bobbin between the prongs is in series with the 
anode current supplied to the multi-vibrator D, 
which has an impulse frequency of 50 cycles, and is 
synchronised by the fork. The impulses from D 
are passed through the coil E loosely coupled to the 
selector circuit F, which has a logarithmic decre- 
ment of 0-025; the latter can be reduced by means 
of the valve G, which provides a small amount of 
reactive coupling to F. As Fis tuned to resonance 
with the successive harmonic frequencies of the 
impulse through E, resonant telephonic frequencies, 
up to 3,000 cycles per second, of large amplitude 
occur in it. A steady frequency of 1,000 cycles 
for measurements, for example, can be maintained 
by adjustment of F. Frequencies intermediate 
between the 50-cycle intervals become audible as 
beats, and the range can be extended from the 
audible up to radio-frequencies by the multi- 
vibrator principle. This combination of a mechani- 
cal vibrator and an oscillating circuit under clock 
control has found various applications, the accuracy 
being of the order of 2 or 3 parts in a million. For 
temperature correction, a variable condenser is 
added in parallel with the grid winding of the fork. 

The wave meter for ultra-high frequencies 
(wavelengths down to 6 m.) consists of a standard 


the maintained oscillation, so that the effective 
grid impedance becomes of negative resistance, 
enabling the oscillations to build up. Dr. Griffith’s 
application of a piezo-electric oscillator as a 
generator of supersonic waves has already been 
mentioned ; the fine piece of quartz used for the 
purpose was a block 6 cm. by 4 cm. by 2-5 em. 
thick. Quartz oscillators are now circulating 
between the standardising laboratories for inter- 
national radio-frequency comparisons. 
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for use at frequencies from 10 to 1,000 kilocycles, 
has been developed; the range of temperature 
covered is up to 100 deg. C. The specimen is 
completely shielded, and stray capacities and edge 
effects are eliminated. Mercury electrodes are used. 

Magnetic Work.—In the magnetograph devised 
for measurement, in c.g.s. units, of the vertical 
component of the earth’s magnetic field, a truly 
vertical field of known value, provided by a known 
current traversing a Helmholtz coil system of known 
dimensions, is superposed upon the earth’s field. 
By adjusting the current, the vertical component of 
the earth’s field is exactly neutralised, and the re- 
sultant field is therefore horizontal. A very small 
coil is suspended about a horizontal axis of vibra- 
tion at the centre of the Helmholtz coil, the plane of 
which is vertical. When the vertical field becomes 
zero, the vibration of the coil is reduced to zero, 
since the vibratory force on it vanishes. The 
principle is new, and the sensitiveness obtained is 
high. In testing iron-manganese alloys, Messrs. 
C. E. Webb and H. Ford have observed an initial 
rapid diminution of the permeability with rising 
percentage of manganese (up to 14 per cent. of Mn), 
followed by an increase and a further sudden 
decrease in permeability almost down to zero. 
Inconsistencies in the magnetic induction values 
of sheet material at telephone frequencies, at first 
attributed to wattmeter errors, were finally traced 
to the effects of capacity between the magnetising 
circuits, the wattmeter pressure-coil circuits and 
the earth. The relative permeabilities to direct 
and alternating currents, as well as the use of yokes 
for testing low magnetising forces, have been 
investigated by the same workers. One of the 
difficulties is to obtain search coils having large 
values of ns, where n is the number of turns and s 
the mean cross section of the wire, while keeping the 
thickness of the coil small. 








Electrotechnics—The equipment of the high- 
tension building and the test work of the Division 
have called for a revision of the methods and 
instruments for measurements, and Dr. Rayner’s 
critical notes in the Report on alternating-current 
technique and its sources of trouble and error will 
be found very instructive. Detailed reports on 
the resistivity of porcelain are also in preparation. 
With power factors as low as 0-01, small errors due 
to earth capacity and the capacity of the apparatus 
become serious. To guard against corona discharge, 








The method devised by Mr. W. Hartshorn for 
measuring the impedance of thermionic valves 
with the aid of a Schering bridge (a modification of 
the Carey Foster-Wien bridge) was recently de- 
scribed by him before the Physical Society. His 
condenser arrangement for the absolute determina- 
tion of the dielectric constants of liquids is illus- 
trated in the diagram, Fig. 19. The electrodes 
consist of three rigid plates of brass, A, B,C. A and 
C are bolted together to form one electrode, and 
each plate is supported independently from the 
brass base plate by the brass pillars P, which are 
surmounted by small pieces of quartz, 1 mm. thick 
and 3 mm. square in cross section. The system is 
enclosed in a brass screen, through the sleeves §S, 
in which the leads L are taken. To make or 
break a connection, the leads L need only be moved 
through a fraction of a millimetre, and the con- 
denser is easily reassembled after dismantling. The 
present work is on benzene, which is generally 
adopted as a standard liquid, though the value of 
its own dielectric constant is uncertain. Benzene 
has high insulating properties, combined with small 
electric energy losses, and can be obtained in a 
pure condition. An electric oven for measuring 
the power factor of dielectrics at radio frequencies 


a model of the conductor system is immersed in a 
liquid of high resistance, and the equipotential 
surfaces are mapped out ; variation in the curvature 
at the edge of a flat sheet requires particular atten- 
tion. For the high-tension windings of transformers, 
Dr. Rayner recommends the provision of an inter- 
mediate resistor between the transformer and the 
resistor in the measuring circuit, with the shielding 
indicated in Fig. 20. 

Watt-hour meters, intended for recording standing 
charges in addition to power consumed, are generally 
designed to run at a certain speed when the pressure 
circuit alone is excited, which corresponds to about 
a tenth of full load. The registration of standing 
charges then depends upon the accuracy of the 
meter when running at low speeds, but the meter 
rate at such low speeds may alter considerably in 
the course of time, owing to friction. Thus, the 
pressure system should be studied for weeks or 
months in these tests, and this is effected with the 
aid of the balance bridge of F. G. H. Lewis used 
for automatic voltage regulation, to within + 0° 2 
per cent., from a public supply. The resistance of 
a tungsten lamp increases, within a certain range, 
proportionally to the increase in the current ; in the 





has recently been set up, and a bridge method, 





Lewis bridge, tungsten lamps are placed in two 
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opposite arms, and carbon lamps, which have a 
negative resistance characteristic, in the other two 
arms. For the cores of instrument current trans- 
formers, Permalloy has been found to be a suitable 
material. As regards instrument levelling, errors of 
0-2 per cent., due to level changes of a degree or 
half a degree, are not uncommon in dynamometers ; 
errors may also arise from the fact that the 
instrument was varnished after testing. The 
effective resistance of cable conductors is affected 
by the spiralling of the strands and by the 
proximity of neighbouring conductors. In power 
tests at audio-frequency, a Moullin thermionic volt- 
meter was first used, but the sensitivity of this 
instrument was not found sufficiently constant ; the 
usual combination of transformer and electrostatic 
voltmeter gives other troubles. 

Much attention has been paid to the determina- 
tion of the power loss in high-tension cables, one 
of the few characteristics of cables that can be 
measured at different frequencies, temperatures, 
&c. Comparative measurements are taken, by 
different methods, on a few yards of the cable. 
Dr. Rayner’s new shielded and compensated non- 
reactive water-tube resistance, for such measure- 
ments at very low power factors, consists of eight 
vertical tubes of glass, about 3 in. in diameter, and 
14 ft. high, joined by rubber tubing to copper tubes, 
through which tap water flows at the rate of about 
3 ft. a second. The current enters at the top, and 
a tube can take up 50,000 volts without objection- 
able rise of temperature. Six of these tubes are 
arranged in a hexagon about two central tubes, 
which carry the current to be measured, and which 
they shield against earth capacity that would upset 
the phase balance; the length of the outer tubes is 
variable. 

Wireless Work.—The programme arranged by 
the Radio Research Board called for research on 
the propagation of waves, directional-wireless, appa- 
ratus, and interference from transmitting stations. 
The normal sunset cycle in the intensity of signals 
from St. Assise (near Paris) observed at Slough, was 
found to be always accompanied by a definite 
cycle of bearing variation. Theory suggested 
that a wave refracted by an ionised Heaviside 
layer, would, under the influence of the magnetic 
field of the earth, be returned elliptically polarised. 
In the case of the long waves (14,350 m.) from St. 
Assise, the eccentricity of this ellipse would be great, 
and the descending wave should almost appear 
to be plane polarised, with its plane of polarisation 
rotated about the direction of propagation. The 
analysis of the data showed that, during the sunset 
period, the reflection coefficient at the upper layer 
rises suddenly and the plane of polarisation is 
turned through 90 deg., and that these effects 
persist during the night. During the total solar 
eclipse of June 29, we may add, Dr. R. L. Smith- 
Rose, at Richmond, Yorkshire, and Mr. J. Hollings- 
worth, at Slough, observed these indications of 
night effect. Other measurements on medium 
wave lengths, and on waves of 300 m. to 500 m. 
from broadcasting stations, permitted a distinction 
to be made between descending waves and _ hori- 
zontally-propagated waves, and enabled the inci- 
dence of the polarised components, which at Slough 
ranged, for waves from Bournemouth, between 
16 and 34 deg., to be deduced from the intensity 
of the vertical electric force. These figures were in 
fair accord with the conclusions drawn from the 
consideration that, for horizontal propagation, the 
resultant magnetic and electric forces would not 
be equal. 

The examination of the be.rings of fixed trans- 
mitting stations, based chiefly upon observations 
of waves longer than 10,000 m. and shorter than 
500 m., suggests that distance is the important 
factor, and that transmission from broadcasting 
stations, in particular, may be very misleading as to 
bearings. Much of the difficulty of direction-finding 
has, however, been overcome by the system of Mr. F. 
Adcock (now in charge of the high-frequency induc- 
tion furnaces in the Metallurgical Department) who 
rotates a pair of vertical aerials about a central 
vertical axis and compensates all the horizontal 
forces for induced e.m.f., so that no e.m.f. is induced 
in the horizontal field, which would cause the error 
in the apparent bearing; the wild fluctuations 
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experienced at night time in the bearing of Bourne- 
mouth, then working:on a wave length of 380 m., 
were practically eliminated by this arrangement. 

The Report discusses the study, by Mr. H. A. 
Thomas, of the performance of amplifiers, and of 
valve oscillators and wavemeters from 10 m. 
to 20,000 m., by Mr. F. M. Colebrook. The shortest 
waves studied for beam transmission and reception 
are 2 m. in length. For the transmission of waves 
of 5 m., a pair of Lecher wires have been used as 
a radio-frequency transmission line; the antenna 
can then be placed at some distance from the 
transmitter. As regards aerials for transmission 
and reception, it has been deduced by Messrs. 
Colebrook and E. B. Moullin, and verified ex- 
perimentally, that if the distribution of the 
constants along an aerial is unaffected by the 
effective impedance, the measured applied e.m.f. 
at any point is also unaffected by the applied 
e.m.f., and is, therefore, the same for transmission as 
for reception. This conclusion also holds for the 
effective height of the aerial, but the radiation 
resistance will, in general, be greater for reception 
than for transmission, and the difference depends 
upon the value of the impedance of the apparatus 
between the antenna foot and the earth. The radia- 
tion resistance of a radiating circuit is the apparent 
increase in resistance which would have to be inserted 
into the circuit, if not radiating, to cause the 
logarithmic decrement to be the same as when 
radiating the power loss (C*R) absorbed in the added 
resistance, which is equal to the power radiated. 
The current distribution in a vertical aerial, 11 m. 
high, was found to be sinusoidal, as calculated for 
a transmitting wave length of 300 m., but to deviate 
more from the theoretical value as the wave length 
decreased to 200 m. and to 100 m. In order not 
to disturb the conditions in these researches, the 
measuring instrument has to be placed inside the 
aerial, which is tubular, readings being taken by a 
telescope. 

(To be continued.) 


AGRICULTURAL IMPLEMENT TRADE 
IN SYRIA. 


THE territory of the State of Syria is very largely 
agricultural in character, and the chief products are 
wheat, tobacco, fruit and wine. The prevailing system 
of cultivation, namely, the tilling of large estates, gives 
scope for the introduction of agricultural machinery. 
In order to bring this matter home to the Syrian farmer, 
an exhibition of agricultural machinery, to be held at 
Damascus during the month of October, has been 
arranged. A memorandum, which is meant to act 
as a guide to intending exhibitors, has been prepared 
by the agricultural adviser to the Minister of Agricul- 
ture and Commerce, Damascus. In this are set forth 
brief descriptions of the types of implements, which, 
it is considered, could be usefully displayed at the 
Exhibition. In regard to ploughs, the memorandum 
states that the weakness of Syrian draught animals, 
which is a consequence of light build and underfeeding, 
calls for ploughs of light construction. The local 
implement has only one handle, and it would be well 
to conform, as far as possible, to Syrian customs in 
this matter. As both oxen and mules are utilised, the 
beam of the plough should be jointed in such a manner 
as to be adjustable for cattle of different heights. The 
light zig-zag type of harrow has been found to suit 
local conditions most satisfactorily. Sowers, reapers, 
and binders should be of small dimensions and arranged 
to accommodate two draught animals. Threshing 
machines are unfortunately too expensive to be bought 
by isolated farmers, but, the author of the memorandum 
points out, the difficulty could be solved by the insti- 
tution of a system of community threshing. In 
Syria, as is everywhere the case, weeds harbour para- 
sites,and compete for the humidity of the soil; the 
introduction of grubbers, hoes and weeders, on a 
systematic scale, would therefore be weleomed. Firms 
who desire to participate in the Exhibition should 
make application direct to the Ministry of Agriculture 
and Commerce, Damascus, Syria; they are, however, 
advised also to notify the Comptroller-General, Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, who has furnished us with the information out- 
lined above. 








WatTER POWER IN THE ARGENTINE.—The President of 
the Argentine Republic has set up a committee under the 
Ministry of Public Works, to investigate the available 
water-power resources of the Argentine and the possibili- 
ties of its successful utilisation. 





OVER-PRODUCTION OF PETROLEUM 


IN THE UNITED STATES. 


A FEW years ago petroleum experts took a gloomy 
view of the impending exhaustion of the American oil 
supplies, At present, however, an over-production 
crisis is seriously alarming the oil industry. That this 
crisis should be attributed largely to the phenomenal oil 
production in one field, the Seminole oilfield of Okla- 
homa, which in recent weeks has risen to over 350,000 
barrels a day. This is not so surprising when one 
considers that 6,000 wells of the total of 315,000 wells 
of the country supply more than half of the total out- 
put. The average daily output per well is less than 
eight barrels, and five-sixths of the wells give less than 
one barrel a day. Among the many factors which are 
thought responsible for the instability of the oil market, 
lack of co-ordination among the producers probably 
ranks first. Whenever oil is struck in any locality, wells 
are sunk all round the pool, and the gas pressure is 
exhausted long before the oil has been obtained, so far as 
economical methods of production are concerned. At 
present, 80 per cent. of the oil is said to be left under- 
ground. To postpone exhaustion, artificial pressure is 
used, and fields are worked to depths of 5,000 ft., and 
even 10,000 ft.; both these means are applied in the 
Seminole field which, even last year, was considered 
unimportant. Improvements in refining methods 
have made gasoline the dominant factor in the market. 
Crude petroleum that gave 10 per cent. of gasoline by 
ordinary distillation can now yield nearly 40 per cent. of 
motor fuel. Unlimited facilities for oil storage would 
help over the difficulties of sudden increases in 
production, but suitable reservoirs cannot be con- 
structed at short notice, oil storage and long-distance 
transport are expensive, and thus a local over-produc- 
tion floods the market with crude oil. Co-operative 
restriction of output might be a remedy, but there is a 
curious anomaly in the legal aspect of the problem. 
The Government, in the Federal Oil Conservation 
Board, is attempting to prevent unrestricted exploita- 
tion of the petroleum reserves of the country, but the 
same body, by the anti-trust laws, is also charged with 
the duty of preventing combination in restraint of trade 
by co-ordinated action directed towards a restriction of 
output in the interests of price maintenance. 








A Large GERMAN ALTERNATOR.—There has just been 
completed at the Rheinische Stahlwerke, of Duisburg- 
Meiderich, a 10,000 kv.-a. alternator with a stator 35 ft. 
in diameter. The feet of this generator are not cast 
solid with the yoke but are readily detachable, so that 
the lower stator coils may be repaired with ease. Where 
this is necessary, the feet may be removed and the stator, 
while resting on the rotor, may be turned round, out of 
its normal position, to facilitate access to any damaged 
coil. The total weight of the generator, excluding the 
shaft, is 245 tons. 


Suction Usep in Lirtine Non-MacGnetic PLAtEs.— 
The use of lifting magnets has so simplified the handling 
of iron and steel in works that it was natural that the 
attention of designers should be directed to the pro- 
vision of similar facilities for transporting non-magnetic 
sheets. Suction discs have been introduced for the pur- 
pose of dealing with glass, brass, copper, aluminium 
and other plates with a great measure of success. In 
these, as fitted to the cranes made by the Demag A.G. 
of Duisburg, the method of gripping the load is by 
means of a number of concave suction discs, the rims of 
which are fitted with a packing. These are placed on 
the sheet to be raised, the air within them is partly 
extracted, and the atmospheric pressure is utilised to 
create an adhesion exceeding the weight of the sheet. 
The electrically-driven pump for the air extraction is 
located on the crane carriage and is connected to the 
suction discs by a flexible pipe. 


A SreaM PREsSURE TRANSFORMER.—In certain 
industrial processes there is a demand for low or medium 
pressure steam for heating purposes which is often bled 
from a steam turbine or ‘‘ heater engine.” It is generally 
necessary to maintain a constant pressure in the 
** process ’? mains in spite of fluctuations in the demand 
for power, and this often leads to the engine or turbine 
being operated under conditions unfavourable to economy. 
In a recent issue of Mechanical Engineering, Professor 
L. 8. Marks, of Harvard, describes the Koenemann steam 
pressure transformer, by which it is possible to use low 
pressure steam to generate steam at a higher pressure. 
The apparatus consists essentially of four main parts, a 
condenser, a boiler, an interchanger and a concentrator. 
The condenser is a tank containing a strong solution of 
either caustic soda or caustic potash which (under 
atmospheric pressure) boils at about 300 deg. F. If 
exhaust at atmospheric pressure be directed into this tank 
it will condense, although the temperature is much 
higher than that corresponding to its pressure. The 
contents of this tank are then used to heat a boiler which 
supplies steam to the process mains at a pressure higher 
than that of the exhaust steam. The strength of the 
solution in the caustic tank is maintained by pumping 
it through a heat interchanger into a concentrator which 
is heated with live steam. The steam thus generated is 
passed into the process tank, whilst the concentrated 
solution is passed back into the caustic tank through the 
interchanger. An overall efficiency of 70 per cent. is 
claimed for the process, 
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ECONOMY IN SHIPBUILDING : SOME 
LINES OF PROGRESS.* 


By Joun McGovern. 
PRESENT POSITION OF THE INDUSTRY. 


Auraovas the function of our institution is essentially 
the consideration of the technical aspects of engineering 
and shipbuilding problems, general opinion is that the 
difficulties confronting the shipbuilding industry in 
this country to-day should be considered on a wider 
basis. External influences, entirely outside of the 
direct control of the shipbuilding industry, exercise an 
important influence on design and construction, and 
it is believed that the paper might legitimately and with 
advantage consider how and where progress may be 
made in shipbuilding, whereby capital and labour 
spent in the production of ships might be more econo- 
mically utilised, and thereby regain for this country 
its pre-war status of being able to build the best and 
cheapest ships in the world. 

Economic Efficiency the Criterion of Progress.— 
Efficiency in any industry must be measured by the 
financial yard stick, 7.e., the annual balance sheet. It 
is more in the direction of external influences, improved 
co-operation between employer and employed, in- 
creased output, reduction of trade-union restrictions 
and demarcation, labour-aiding appliances, and pay- 
ments by results, that improvements should be sought 
if we are to attempt to recover our former position in the 
shipbuilding world, rather than in confining ourselves 
exclusively to consideration of increased technical 
efficiency in design and form of structure. It is not 
suggested that we have no serious technical problems to 
solve, but the possible gain in this direction, apart from 
radical changes in materials or propelling power, appears 
to have been already reduced by the advance in know- 
ledge, to a point where only small economic progress is 
conceivable. 

It is somewhat remarkable to note the small number 
of papers available which deal. directly with financial 
considerations affecting shipyard problems. As the 
aim of any business is profit, it is difficult to excuse 
the divorce of applied technique from questions of cost, 
except on the score of divulging confidential informa- 
tion. A more open discussion of this subject should 
be encouraged, and there is little doubt that all-round 
improvements, which invariably accrue from a wide 
expression of views, would result. 

Some of the factors which impose additional expense 
upon shipbuilding in general to-day are indicated in 
the Joint Inquiry Report of the Shipbuilders’ Federa- 
tion and the trades unions, a careful perusal of which 
document is recommended. A study of this report 
shows the considerable extent to which the shipbuilder 
is dependent upon outside sources for materials and 
equipment in all classes of vessels. If we compare the 
main items of total cost of a cargo vessel to-day with 
those of the year 1913, the percentage increases of the 
principal items work out as follows :— 


Internal Items of Cost. 


(Items within the control of the industry.) 
1. Shipyard labour About 36 per cent. increase. 


External. 
(Items outside the control of the industry.) 


1. Propelling Machinery 
(steam) ... ... About 35 per cent. increase. 
2. Steel and Iron (mate- 
rials) oot eee » 30 -” ” 
3. Timber nes Site » 100 pa eA 
4. National Insurance 
and Compensation wo 26 * ” 
5. Outfits os aoe oe BR *” 
6. Taxation »,100-120 _,, ‘a 


Although the object of this paper is only to consider 
lines of progress in shipbuilding, one cannot refrain 
from drawing attention to the enormous increase in 
cost of taxation and insurance, compared with pre-war 
times. Ships’ outfits are also relatively high; these 
comprise heavy forgings, winches and windlasses, 
steering gears, anchors and cables, lifeboats, classifica- 
tion and Board of Trade fees. 


INTERNAL FACTORS. 


Co-Operation between Owner and Builder.—The in- 
definite nature of many enquiries for new tonnage 
suggests that little consideration is given to such 
matters, and it would appear that closer co-operation 
between owner and builder, more especially in regard 
to freight-carrying vessels, offers distinct advantages. 
Such co-operation exists with certain companies, but 
the principle should be extended to cover all classes of 
ships. 

Progress in Ship Design.—Design may be considered 
as commencing with the determination of the optimum 
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revenue-earning features, such as cargo capacity, 
economic speed, cargo-handling equipmertt, &c., for 
the prospective service. The prominence given to the 
study of this subject is a comparatively recent feature 
of naval architecture, and its importance is emphasised 
by the need for accurate comparisons of the relative 
earning capabilities of steam and motor propulsion 
and the respective capital costs. Such investigations 
would necessitate knowledge of operating expenses, 
freight rates, &c., which are not usually available to 
the shipbuilder, but are, nevertheless, essential to the 
production of the most efficient design for the ship- 
owner. 

The adoption of motor machinery has favoured the 
attainment of higher speeds at sea, especially on long 
voyages, and this has called for a more careful con- 
sideration of forms embodying the minimum of resist- 
ance and the maximum propulsive efficiency. Cargo 
vessels of 14 knots sea speed are not unusual nowadays, 
and the general average speed appears to be consider- 
ably higher than pre-war figures. Such vessels are 
frequently designed and built to fulfil definite com- 
mercial duties, running on definite routes, thereby 
obtaining the advantages of specialisation in lieu of 
average efficiency. A tendency to adopt finer block 
coefficients, so as to obtain improved propulsive 
qualities in fair weather and good time-keeping at sea, 
is noticeable compared with pre-war practice. 

Regarding ship forms, the simplified straight-line 
design has proved highly efficient during nine years of 
experience with a quarter of a million tons of shipping 
of various types. The propulsive qualities of these 
vessels are fully equal to, and, in some cases, superior 
to, those of the orthodox ship form, and an example 
may be quoted from the tank test of one model, show- 
ing the extraordinarily low (C) values of 0-57 and 
0-59 at speed-length ratios of 0-4 and 0-5, respectively, 
values certainly not equalled by any published results 
for ordinary forms. 

Economy in steel has been achieved by the intro- 
duction of Lloyd’s classification society’s new rules, 
1922-23 onwards, the weight saving effected being 3 
to 4 per cent. High-tensile steel has been used for 
many years in warship construction, and more recently, 
high elastic-limit steel has been introduced. From 
the information available of a cargo vessel in which 
this steel was adopted, it appears that the reduc- 
tion in midship-section modulus deemed advisable by 
the classification society is about one-half of the 
increase in ultimate tensile strength, which is about 
35-5 
30-5 
roughly the extent to which the corrosion margin, 
local and general deflection, and other factors affect 
the determination of scantlings. 

With a further reduction in thickness, the proper 
stiffening of the various surfaces to prevent buckling 
when under compression is of the utmost importance, 
and very different from failure due to high tensile 
stresses. Unfortunately, the modulus of elasticity of 
high-tensile or mild steel is practically constant, and 
independent of the strength; hence reduction in 
thickness is accompanied by an increased liability to 
deflect or buckle under compression and increased 
liability to vibrate. The precautions against corro- 
sion are of importance to the owner and require sub- 
stantial margins of weight and protective coverings. 
Roughly, some 10 per cent. to 15 per cent. of the 
total steel weight would appear to represent the 
corrosion margin and the possibilities of rustless steel 
for ships require no emphasis. In this direction, 
metallurgical genius and research might effect progress 
of the utmost value. . 

Present knowledge of structural strength is lacking 
in systematic investigations of actual strains at sea, 
and the stresses experienced by the various structural 
members are only calculable on broad lines and by 
comparative methods. Further research work is needed 
if structural design is to make progress. 

The enormous expansion in the oil industry is 
reflected by the increase in oil-tanker tonnage, which, 
in the year 1914, was 3} per cent. of the world tonnage, 
and to-day amounts to approximately 10 per cent. ; 
further, the tonnage of motor-propelled vessels has 
risen enormously, and has now reached 90 per cent. of 
the total steam tonnage under construction in January 
of this year. 

The most noteworthy advance in recent structural 
design has been achieved by Sir Joseph Isherwood, in 
the conception of the bracketless system of con- 
struction for oil tankers, by the elimination of all 
bulkhead bracket connections. The voyage reports 
and recent inspection of the first bracketless tanker 
have given entire satisfaction. The theoretical basis 
of this system is interesting. It is worthy of note that 
the report of the Committee on Watertight Subdivision 
clearly indicates, from actual tests of bulkheads to 
destruction, that damage-producing leakage appeared 
chiefly in the end attachments of the stiffeners, the 


, t.e., about 16 per cent. increase, thus indicating 





plate brackets causing most and the lug connections 
the least disturbance. 

Value of the William Froude National Tank.—The 
work of the William Froude National Tank, and similar 
establishments, has proved of great service, both to 
naval architects and shipowners. The model resistance 
and shaft horse-power can be determined accurately, 
and the ship power, shaft or indicated, is obtained on 
trial within, perhaps, 3 per cent. of error, excepting, 
possibly, motor-ships ; but the derivation of ship power 
from model trials, more particularly when applied to 
full-line cargo ships, indicates the necessity for a co- 
relation factor by which the model power must be 
increased to the extent of from 5 per cent. to 15 per 
cent. to give the actual ship power on trial. 

Experiments have also been carried out upon balanced 
reaction rudders, contra-propellers, &c., and, in view 
of the apparently well-substantiated claims to increased 
efficiency which have been brought forward, it is 
somewhat surprising that owners have not shown greater 
interest in such inventions. 

Shipyard Problems : Co-Operation between Employers 
and the Various Trades.—Co-operation between 
employers and the various trades should be encouraged 
as muchas possible. This is being done, to some extent, 
in some shipyards by means of a Yard Committee, 
which is formed by appointing a representative from 
each trade. These men have meetings at regular 
intervals, when matters of interest in connection with 
the shipyard in which they are employed are discussed. 
It is within the scope of these men to make suggestions 
to their employers for improvements in facilities which 
they may consider would tend to improve output. 
There is no one who sees the drawback to any system 
better than the man who has the actual operation to 
carry out. 

Output Comparisons.—It is difficult to obtain com- 
parisons in rate of output between present-day and 
pre-war figures, but information given in the Board 
of Trade Journal for March 31 of this year affords 
matter for consideration. The number of persons 
employed in shipbuilding yards and marine-engine 
works operated by shipbuilders in Great Britain during 
1924, and Great Britain and Ireland during 1907, 
were 176,525 and 188,312, respectively. The corre- 
sponding gross tonnage launched was approximately 
1,359,000 tons for Great Britain in 1924, and 1,690,000 
tons, including Ireland, in 1907. Thus the relative 
output in gross tons per man is about 7-7 for the year 
1924 and just under 9 for the year 1907, which corre- 
sponds to a reduced rate of output of about 14 per cent. 
The working week was 53 hours in 1907 and 47 hours in 
1924. Analysis of tonnage figures clearly shows that 
the rate of output per man falls in proportion as the 
shipyard output is short of its normal full capacity. 
Such figures are affected considerably by a variation 
in the class of work, and cases are known where 
the output rate per man has varied to the extent of 
70 per cent. 

Effect of Demarcation Restrictions.—There is no doubt 
that the rules and regulations of demarcation do 
retard output, and thereby increase cost. When it is 
within the ability of any man to complete a job, it 
should be permissible for him to do so without any 
restriction whatsoever. In numerous cases, two or three 
classes of tradesmen have each to do a small section 
before a job is completed. Frequently the first trades- 
man given a job to perform has to find other tradesmen, 
and stand by waiting until they have completed their 
section, before he can undertake his part of the work. 
More “ give and take” should be made possible. 

Deliberate restriction of output and demarcation 
of work is admitted to be the cause of reduced earnings 
and increased unemployment, and in view of the con- 
clusions of these three missions, which embraced British 
trade-union leaders as well as representatives of the 
employers and working-men from British factories, 
efforts should at once be made to adopt these recom- 
mendations for the mutual benefit of all concerned. 

Economic Value of Machinery.—It should be the 
endeavour of all employers to have the equipment of 
their works up to the highest standard. The shipyard 
that is content with the old and obsolete is apt to be 
left behind in the competition for work. There has 
been much discussion upon this subject in most of our 
other industries, besides shipbuilding. Where piecework 
rates were established with machines and facilities of a 
certain capacity, and improved machines and facilities 
were afterwards installed at considerable cost, much 
bargaining and obstruction have been invariably experi- 
enced before new rates were adjusted whereby the 
increased capital would yield a just return to the 
company and the workmen. Bitter opposition is 
usually shown to some new machine that reduces the 
number of men employed compared with the earlier 
machine; the argument is set up that it is displacing 
labour. There are cases known to-day, outside the 
shipbuilding industry, where the trade union insists 
upon the same number of men being employed on a new 
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mechanical contrivance as with the old arrangement. 
There can be little hope of obtaining improved economy 
in industry if trade-union policy does not drop such 
ridiculous action. In the case of riveting by pneu- 
matic power, the present rebate allowed off the hand 
piece-work price list renders the utilisation of this 
system unprofitable, except under special circumstances. 
It would be interesting to know the experience of those 
members in this country who have adopted the “ one- 
man punching table,’’ which has been extensively 
adopted in modern shipyards on the Continent. 

Payment by Results.—This is the ideal system of 
payment, and provided fair basis prices, based upon 
facilities to earn a fair wage, are arranged, work may 
be carried out satisfactorily and economically. The 
extension of thissystem to trades which do not at present 
allow payments by results, would be a step in the right 
direction and costs could be estimated much more 
accurately than at present. The main objection to this 
system by the trades unions which refuse to adopt it, is 
their fear that a smaller number of men would be required 
to perform work to carry out a contract; but if all 
trades adopted this system and the resulting costs showed 
an appreciable reduction, then contracts could be more 
easily secured and result in a greater number of men 
being employed, instead of less. Some comparisons 
of piece-workers’ conditions in this country with those 
in foreign shipyards are of striking interest. Under 
the present practice of shipyards in Germany and Hol- 
land, the piece-work earnings are limited to 10 per cent. 
but not more than 30 per cent. over the time-rates, 
whereas our rates vary from 127 per cent. to 168 per 
cent. over time rates. This comparison is rather 
alarming, but as corresponding output figures are not 
available, the increase in cost may not be so much. 
However, the above illustration is given to show the 
handicap we experience when Dutch and German buil- 
ders are in competition with us. 

Multiple or Repetition Work.—The adoption of mul- 
tiple or repetition work is a distinct advantage, and 
should be adopted whenever possible, as it is undoubt- 
edly a means of reducing costs. The system can be 
carried out in practically every department, that is 
plating, blacksmiths’, joiners’, fitters’, turners,’ &c. 
Orders to build duplicate ships admit of repetition 
work toa greater extent, and likewise yield further 
economies. 

The plating department, which for many years used 
the old style of punching machines, has, in recent years, 
had some new inventions, notably the one-man punching 
machine and radial drills. For multiple or repetition 
work, drills show a superiority as compared with the 
one-man punching table, since, with one setting-off by 
the plater, as many duplicates of this can be repeated 
as may be required, combined with a greater degree 
of accuracy. 

Standardisation.—This would be another means of 
reducing cost of production. It is known that ship- 
owners and their superintendents have certain prefer- 
ences and ideas about their requirements, which make 
it difficult for standardisation to be adopted ; but, if 
owners would specify what they want, and supply the 
shipbuilder or consulting naval architect with full 
information, as already mentioned, there can only be 
one correct solution to the problem. Standard designs 
could be made for cargo boats of various carrying capa- 
cities and speeds, and of different types, which would 
fulfil nearly all shipowners’ requirements, and should 
any small differences in the arrangement of accommo- 
dation or deck equipment be required, these could easily 
be carried out. This would be a means of obtaining 
substantial reductions in cost. Standardisation of 
details of outfit, to avoid multiplicity of types and 
patterns, would also be an advantage. 

EXTERNAL Factors. 

Effect upon Contract Price of those Items Purchased 
by the Shipbuilder.—The expenditure upon materials, 
propelling machinery, outfit, &c., amounts roughly 
to about 75 per cent. of the total net cost for an ordinary 
cargo ship. In considering the effect of these external 
influences upon shipbuilding costs, it is felt, and most 
members will agree, that herein lies one of the main 
factors that might help us to a revival of the industry. 
Referring to the percentage incre.se since 1913 given on 
page 247, under ** Items outside the control of the indus- 
try’ we may take it that these increases are partly due 
to increased cost of raw materials, transport, national 
insurance, &c., taxation and labour. It would perhaps 
be out of order to suggest that the percentage increases 
of these items purchased by the shipbuilder are not 
comparable with the increases in our own costs from 
an economic standpoint, and to invite those responsible 
for them to consider making immediate savings so 
that these percentages could be reduced. Taxation, 
we know, is a heavy burden, and we cannot look 
for much help there, but municipal taxation might be 
more rigidly controlled and kept down to the lowest 
possible figure. Transport costs, likewise, might be 
reduced, thereby helping us directly and indirectly. 





Effect of Government Regulations.—There is a present- 
day tendency for Government regulations to become 
somewhat complicated, and thereby retard progress. 
An example is afforded by the mass of regulations and 
recommendations upon passenger-boat subdivision, 
which involves an enormous amount of calculation for 
‘form correction”? and the consequent increase in 
cost due to additional steelwork, watertight-door- 
closing appliances, &c. The inconsistencies of tonnage 
measurement is another subject that deserves atten- 
tion, as progress in design is, in many instances, hindered 
by the present rules and regulations. The propelling- 
machinery space of motor vessels is frequently much 
greater than is actually required to obtain the maximum 
deduction for propelling power. Again, if crew spaces 
do not comply with the rules, these spaces are not 
deducted from the gross tonnage ; the resultant effect 
is that the shipowner pays higher fees to all harbour 
authorities wherever his . vessel trades. The new 
Factory Act regulations about to be introduced will 
also tend to increase costs of ships. 

Classification Society Requirements.—These societies 
have always taken a reasonable attitude in the appli- 
cation of their requirements. In contra-distinction 
to the tendency in some quarters to place the control 
of structural strength under the Government, it is 
felt that continuance of the present arrangement is 
preferable and ensures appropriate opportunity for 
further progress. Whether such progress, to any 
appreciable amount, is feasible is dependent upon 
further research work, and the efforts of the metal- 
lurgical scientist. The standards of strength required 
by the classification societies appear to show, in some 
cases, a maximum difference in midship-section inertia 
of about 8 per cent. That there should be such a 
difference hardly appears creditable to our knowledge 
of strength questions. 

As already mentioned, the classification rules, since 
1922-3, have effected a saving in the neighbourhood 
of 3 to 4 per cent. in the weight of steel. In some cases 
which'have been examined, the new rules do not appear 
to have reached the standard of the 1916 Load-Line 
Committee report. In this report, a new standard of 
strength, in addition to freeboard, was to be set up by 
Government authority, which, in effect, would remove 
the consideration of strength problems from the 
classification authorities to Government control. 

It is reasonable to assume that for the full-scantling 
class of cargo vessel the limiting freeboard is controlled 
by questions of stability, height of working platform, and 
behaviour at sea, and not by strength, since sufficient 
strength to suit any freeboard could be easily arranged. 
It would therefore appear that consideration of strength 
is not essential to the determination of load-line 
tables for the highest class of vessel, presuming that, 
as at present, the question of what constitutes sufficient 
strength for any given freeboard may be safely left to 
the classification societies. 

Preferences of Shipowners.—Passing reference may 
be made to the practice of some shipowners in specify- 
ing additional scantlings over and above classification 
requirements. These may amount to 100 tons extra 
material in a 400-ft. cargo ship; such an addition 
requires some practical justification. |The elaborate 
specifications and owners’ penalties required by some 
owners have considerable effect in increasing cost, and 
possibly the plea already made for closer co-operation 
in the initial stages would overcome this. 





DIAMOND DRILLING FOR OIL. 


THE fact that petroleum may be obtained entirely 
by means of borings from the surface, and without 
the necessity of any mining operations, enables an 
oilfield to be developed with very much greater 
rapidity than a coalfield, and, as a corollary to this, 
the former is also much more rapidly exhausted. 
The problem of obtaining sufficient petroleum to 
meet the ever-increasing demand involves the constant 
search for new sources of supply. But new oilfields 
become more and more difficult to find, since so 
many of the areas which appear to be geologically 
favourable for the occurrence of oil have already 
been developed or explored. In new areas, where 
the indications of oil occurrence are few or incon- 
clusive, it is obviously desirable to adopt the most 
economical methods of boring which will, at the same 
time, provide the greatest amount of geological data. 
In obtaining complete information of the geological 
formations down to great depths, the diamond drill 
has already proved invaluable, not only in the 
discovery of coal and other minerals, but also in the 
preliminary exploration and location of ore bodies 
so that the most suitable methods of exploitation 
could be decided upon before actual mining operations 
were commenced. The use of the diamond drill in the 
oilfields is, however, of more recent date; a number 
of oil wells in Mexico have been sunk with it and test 
wells elsewhere. In Northern Oklahoma, the deter- 





mination of geological structures and oil exploration 
are at present being conducted with diamond drills. 
As a result of the increasing importance attached to the 
diamond drill in connection with the exploration and 
development of oilfields, the United States Bureau 
of Mines recently issued a bulletin* dealing specially 
with its application in this connection. The diamond 
drill is the oldest form of core drill, and was invented 
by a French engineer named Robert Lesehot, who 
was employed on the Mont Cenis Tunnel, in about 
the year 1863. Although many improvements have 
been made since then in the machinery and equipment, 
enabling diamond drilling to be employed under 
greatly varying conditions and to be carried out 
efficiently at very great depths, the principles of 
diamond drilling remain essentially the same. Core 
drilling is extensively used in prospecting for minerals. 
Iron mines in Michigan and Minnesota, and gold mines 
on the Rand in South Africa, employ the diamond drill 
for all preliminary exploration work, and on the latter 
fields gold has been located at depths of over a mile 
by its use. 

Obviously the results obtained by this means are 
most reliable when the deposits being prospected 
occur in large masses of reasonably uniform composition, 
and since oil, to be of commercial value, must normally 
occur in formations that extend over a considerable 
area, the diamond drill is well adapted for oilfield 
prospecting. 

Diamond drilling involves the use of a rotary rig, 
in which either of two methods are employed for 
controlling the feed. These are hydraulic and the 
mechanical or screw feed. In the latter, the advance 
of the drill is regulated a fixed amount for each 
100 revolutions of the bit. In hard material, the rate 
of advance may be as little as 1 in. for every 750 
revolutions, and may vary through softer material up to 
1 in. for every 100 revolutions. The change of speed 
is made by means of differential gearing and friction 
drive, power being transmitted from the countershaft 
to the drill spindle by leather washers on each side 
of a heavy coil spring. Variation in the rate of 
advance can only be made within rather restricted limits 
unless the machine is stopped for adjustment. While 
the hydraulic method, employing what is essentially 
a hydraulic jack through which the drill rods are 
fed, the advance is independent of the engine and 
may be controlled at will. Thus, if hard strata is 
unexpectedly met with, the pressure on the bit can 
be immediately reduced, or, if a soft formation is 
encountered, the rods can be fed down as fast as 
required by opening the discharge valve slightly. 

The full pressure of the hydraulic piston, amounting 
in the larger-sized drills to 30 or 40 tons, can be 
applied quickly to move the string of drill rods either 
up or downwards. The hydraulic mechanism enables 
not only a more powerful and uniform control in 
advancing the rods than any other method, but it is 
also more delicate. The discharge valve on the 
underside of the piston is frequently a needle valve, 
so that the rate of escape of the water can be regulated 
almost to a drop, and the downward movement of the 
drill pipe need be only a small fraction of an inch 
per minute, irrespective of the softness of the forma- 
tion being traversed. This delicate control is especially 
advantageous when formations of varying hardness 
are being drilled. Another advantage is that the full 
pressure of the hydraulic cylinder can be quickly 
reversed to counteract sudden gas or artesian water 
pressure. Or, again, it may be utilised to pull the 
drill stem upwards, in the event of a sudden cave-in, 
whilst the drill is still being rotated at normal speed. 
An interesting example of hydraulic control applied 
to a rotary rig was recently described in ENGINEER- 
ING, 1927, vol. cxxiii, page 272. 

Diamond-drill core barrels are usually from 1 in. to 
8 in. in diameter, although they have been used up 
to as much as 23 in. outside diameter. In mineral 
prospecting, the size of core barrels is ordinarily from 
1-5 to 3 in. in diameter, and the length from 5 ft. to 
10 ft., whilst in oilfield work the diameter may be from 
3 in. to 8 in. or more, and the length greater than in 
mineral prospecting, being made in 10-ft. or 20-ft. 
sections, which are flush jointed so that a number of 
them may be screwed together to make the core barrel 
as long as desired. The thickness of the wall of the 
barrel varies from } in. to $ in., according to the size of 
the core barrel. 

The actual cutting of the rock is accomplished by 
the diamond bit, which consists of a hollow crown 
of steel, into which black diamonds are deeply and 
securely set. Semi-annealed, or in special cases an- 
nealed, tool steel, or Swedish iron, is used for making 
the metal part of the bit, which must be sufficiently 
soft to be readily worked by the diamond setter, and 
yet hard enough to resist wear. 


* Diamond Drilling, with Special Reference to Oilfield 
Prospecting and Development. By Frank A. Edson. 
Bulletin No. 243. U.S. Bureau of Mines. Government 
Printing Office, Washington, D.C. U.S.A. Price 35 cents. 
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The black diamonds, known as carbons, or “ car- 
bonados,”” used in diamond drilling are obtained 
mostly from the State of Bahia in Brazil, and are mined 
by the natives. These stones range from micro- 
scopic size to several hundred carats in weight, the 
average size as found being, however, between 5 and 
10 carats. The chemical composition of the black 
diamond is exactly the same as that of the white stone, 
and the specific gravity ranges from 2-75 to 3-45. 
It is just as hard as the white diamond, which stands 
at the top of the scale of hardness, but it is much 
tougher and less liable to fracture. Black diamonds 
will take a rough but not a fine polish; differ slightly in 
colour, having reddish, greyish or a greenish appear- 
ance; and are believed to be composed of a large 
number of minute crystals firmly cemented together 
and irregularly placed with relation to each other. 
The variation in colour may be attributed to slight 
differences in the composition of the cementing material. 
Since, in appearance, they look like small cinders or 
pieces of coke, it is possible that they may occur in 
other parts of the world without their value being 
realised. It is probable that black diamonds would 
not have been found in Brazil if white diamonds had 
not been found there first. In their natural forms 
they are seldom of suitable size and shape for diamond 
drilling, and have to be broken before they can be 
marketed. This requires special judgment and skill— 
a large stone should be broken in such manner as to 
obtain the greatest number of stones of the right size 
and shape. About 20 or 25 per cent. of the stone is 
lost in breaking. 

Small bits, used in prospecting for minerals, are 
usually set with six stones, and for ordinary’ oilfield 
work the number will probably vary between 6 and 
16 stones. In the case of large bits used in Europe 
for very large boreholes, as many as 40 to 50 stones 
are used. The usual weight of stones used in mineral 
prospecting is about 3 to 4 carats each, and they should 
not project more than x in. beyond the outside of the 
metal. If, however, mud fluid is used with the diamond 
drill it will probably be necessary to use larger stones, 
which project farther from the face of the bit; and for 
oilfield work may weigh from 7 to 10 carats, 

When soft and unconsolidated formations are being 
drilled, mud is often used as a circulating fluid instead 
of water, to prevent caving. This method was des- 
cribed in ENGINEERING, 1914, vol. xcviii, page 310, 
when its advantages were pointed out. 

Frequently, it may be advantageous to use a fishtail 
bit in place of the diamond crcwn in the upper part 
of a bore-hole. Cores cannot then be taken, and the 
cuttings which are washed out are no more reliable, 
than those obtained with the ordinary rotary drill 
and, consequently, there is the same risk of productive 
sands being sealed off and being passed without detec- 
tion. If the fishtail bit is used on the diamond drill, 
mud fluid must be employed instead of water, but 
when it is used, it is advisable to employ a man who has 
already had experience with it. 

As in rotary drilling, it may also be necessary in 
diamond drilling to use casing, and a conductor string, 
known in diamond drilling as a standpipe, will gener- 
ally be desirable in oil field work. In rotary drilling, 
it,has been found advantageous to cement the conductor 
string. In diamond drilling, as in rotary drilling, it is 
absolutely essential to maintain the circulation of water. 
In order to prevent the loss of circulating water or mud 
fluid into upper formations, it is occasionally necessary 
to case the upper part of the hole. Again, when forma- 
tions which may carry gas or oil are to be tested for 
productivity, it is generally necessary to set casing 
above them to exclude upper waters. Cementing may 
be used in diamond drilling to prevent caving, to shut 

off water as in oil-field drilling, to plug a hole or to 
prevent wastage of the circulating fluid. 

The diamond bit naturally cuts a smoother hole 
than the cable-tool or the fishtail bit, cutting its way 


the studies of shales, and samples of shales and sands 
of suitable size for this purpose can only be obtained 


tinuous samples of sand from which accurate porosity 
determinations can be made, and by which the texture 
of the sand may be determined. Microscopic sections 
can be made when desired, and thus more accurate esti- 
mates of underground oil reserves can be obtained. 


of Electrical Engineers, which was held in Detroit 
at the end of June, ene of the items in the programme 


or two minutes, the cumulative effect, especially in soft 
formations, considerably reduces the average speed of 
the drill. Some makers are already adopting the grief 
stem to the diamond drill, and provided the vibration 
is not too great, it would appear to be quite practicable 
drilling with a fishtail, but in the same way as with 
the rotary drill. 

Owing to the absence of a cathead, such as is pro- 
vided with the rotary drills, there are no means with 
the diamond drill of mechanically breaking joints. In 
mineral prospécting, the rods are usually less than 2 in. 
in diameter, and hence can readily be uncoupled by 
hand with pipe wrenches. But larger sizes of drill 
rods and casing require suitable mechanical equipment 
for this purpose, and the principle of the cathead, as 
used with the rotary drill, might well be adapted to the 
diamond drill, especially for oil field work. 

The fact that a drill.core gives a true sample of the 
formation from a known‘depth, and thus supplies clear 
and reliable information, is‘obviously of great value 
to the oil prospector. ,In contrast-to the cuttings 
obtained by other methods. such as cable tool and 
rotary drills, the continuous tore provided by the dia- 
mond drill furnishes reliable data concerning the 
character, original form and position of the formation 
penetrated, and further may permit the determination 
of the porosity, texture, and fluid content of the forma- 
tion, besides supplying valuable geological information. 
If the core is properly kept, it furnishes a permanent 
record which can be consulted at any future time. 
Fossils may frequently be identified in drill cores 
which would pass completely unobserved in the 
cuttings from other methods of drilling. 

In prospecting for oil in new areas, the outstanding 
value of the diamond drill is, above all, that it will 
reveal the presence or absence of oil or gas in any bed 
penetrated, and, further, that the core will indicate 
whether the petroliferous deposit is likely to yield oil 
or gas in paying quantities. So long as a core is 
obtained, it is practically impossible for the diamond 
drill to pass through a sand which contains oil without 
its presence being disclosed. 

When drilling with rotary or cable tools in a wet hole, 
it has frequently happened that oil and gas bearing 
formations have been traversed without being detected. 
The possibility of an oil sand being “‘ mudded off” or 
sealed by the circulating fluid, as may occur in other 
forms of drilling, is eliminated in core drilling, because 
if oil is present, it will be detected in the core. An 
operator has thus the means of judging from an exami- 
nation of the core whether he is justified in expending 
further capital in developing any particular area or not. 
Drill cores are of great value for geological study, as 
they enable the geologist to study formations hundreds 
of feet underground, nearly as accurately as if those 
formations outcropped. The study of the origin of oil 
is closely associated with the study of the sedimenta- 
tion of oil bearing formations, and involves accurate 
and close determinations of the conditions under which 
formations were deposited. Apparently insignificant 
details, such as certain plant remains or crystals of 
certain minerals, may provide the geologist who is 
studying the origin of petroleum with information of 
vital importance. Such studies are based mainly on 


with the core drill. Drill cores further provide con- 





TELEVISION DEVELOPMENTS. 


At the summer meeting of the American Institute 


by a grinding action, whereas the cable-tool bit pulver- 
ises the formations by a succession of heavy blows which 
tends to cause caving in of the sides of the bore hole. 
Casing and cementing are, therefore, much more seldom 
resorted to in diamond drilling than with other 


methods. 


The diamond drill, is able to deal with a greater 
variety of conditions than any other type of core drill, 
but the diamond bit is not necessarily the most efficient 
for use under all circumstances. 
initial expense, possible risk of loss of diamonds, etc., 
especially for work in soft ground, may cause other 
types of bits, such as the ordinary oil field rotary, to be 


Considerations of 





preferred. Two of the outstanding disadvantages of 
design of the diamond drill may be briefly referred to 


here. Usually, the outfit is not provided with a grief | into light signals. 
system could be made by copying the eye, but the 
number of communication channels would then be 


stem or kelly joint, such as is used with the oil-field 
rotary. Thus, when the diamond drill bit has advanced 


the length of the hydraulic feed, 7.¢., 12 in. to 30 in., | inconveniently large. 
menon of persistence of vision, it is immaterial whether 


the whole view be presented simultaneously, or whether 


it is necessary to stop the drill and run back the hydraulic 
feed so as to take anew griponthe rods. Although the 


signals to a distance and then converting them back 


was a@ symposium dealing in detail with the system of 
television devised by the American Telephone and 
Telegraph Company. As this is the most complete 
account of certain aspects of the subject which has yet 
appeared, we take this opportunity of reproducing the 
contents of the five papers presented in summarised 
form. Our thanks for the loan of the photographs 
illustrating the article are due to Colonel H. E. Shreeve, 
the technical representative in Europe of the American 
Telephone and Telegraph Company, and of the Bell 
Telephone Laboratories. 

In an introductory paper, Mr. H. E. Ives pointed 
out that the problem of television is the conversion of 
light signals into electrical signals, transmitting these 


A theoretically possible television 


Owing, however, to the pheno- 


the entire image be traversed in a sufficiently brief 
interval, which may be taken as about 1/16 sec. 
The development of television, therefore, necessitates 
the design .of some system of “* scanning,” whereby the 
image to be transmitted can be broken up into 
sequences of signals. It also requires the use of some 
photo-electric device, which must be extremely rapid 
in its response, since the number of elements of any 
image to be transmitted must be some large multiple 
of the fundamental image-repetition frequency, that is, 
16 per second, As the response should be proportional 
to the intensity of the light, the device must be suffi- 
ciently sensitive to give an electrical signal of manage- 
able size with the amount of light available through 
the scanning system. 

The next problem is that of transmission. A photo 
graph measuring 5 in. by 7 in., divided into 35,000 
elements, can now be transmitted in about 7 min. 
This requires the transmission of a frequency band 
of about 400 cycles per second on each side of the 
carrier frequency. If images of the same fineness 
of grain were transmitted by television, it would 
mean that what is now transmitted in 7 min. would 
have to be transmitted in 1/16 sec., or that a band 
of about 3,000,000 cycles would be required, Bearing 
in mind that wire circuits are not ordinarily designed 
to utilise frequencies higher than 40,000 cycles per 
second, and that, with radio systems, it is difficult to 
transmit wide signal bands uniformly, it is obvious, 
either that an image of considerably less detail must 
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suffice, or some means for splitting up the image so 
that it can be sent by a large number of channels, 
must be employed. A. complete television signal, 
moreover, contains all frequencies from the highest 
down to zero, and the problem of handling very low 
frequencies presents difficulties, both in the amplifier 
system and in the ordinary transmission apparatus. 
Other requirements are that the attenuation must be 
uniform over the whole frequency range and that the 
speed of transmission of all frequencies must be the 
same. The amount of interference must also be kept 
down sufficiently, so as not to impair the quality of the 
picture. 

While at the sending end the production of a useful 
electrical signal with the amount of light available 
is the major problem, ‘at the receiving end that of 
securing an adequately bright light from the electrical 
signal presents great difficulties. Optical considera- 
tions, however, show that the only satisfactory means 
of reconstructing the image is to view a light source the 
intensity of which can be controlled with great rapidity. 
Another element of a television system, upon the solu- 
tion of which success depends as much as any other, 
is synchronisation, in order that the reconstructed ele- 
ments should fall into exactly the right positions atithe 
right times. 

A description of the apparatus used by the American 
Telephone and Telegraph Company in their system 
of television was given in a paper presented by 
Messrs. Frank Gray, J. W. Horton and R. C. Mathes. 
To begin with, it is postulated that the efficiency 
that must be secured in the optical part of any 
scanning apparatus is fixed by the three following 
factors:—The amount of picture detail that is to 
be transmitted, the efficiency of the light-sensitive 
cell, and the practical limit to amplification. The 
first of these factors is decided by the size of the 
area from which the light can be collected at any 
one instant, the second by the sensitivity of the 
potassium-hydride cell, and the third by the extraneous 
currents that are present in metallic conductors and 
amplifiers. For successful amplification, the initial 
photo-electric current must be considerably larger than 
these extraneous currents. Consequently, the optical 
arrangement must be such that, at any one instant, it 
collects enough light from an elemental area to generate 
the minimum permissible output current in the photo- 








actual time thus lost in drilling only amounts to one 





its various elements be viewed in succession, provided 





electric cell. 
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In the system used, shown diagrammatically in Fig. 1, 
the subject is scanned directly by a rapidly moving spot 
of light. A 15-in. disc, rotating about 18 times per second, 
is employed, in which is formed a series of small apertures 
arranged in a spiral. A beam of light from a 40- 
ampere Sperry arc is focussed by a lens so that it 
illuminates a limited area in the path of the moving 
apertures, and a slender intense beam of light passes 
through each aperture as it moves across the 
illuminated area, A frame in front of the disc permits 
light to emerge from only one aperture at a time, 
and a lens in front of the disc focusses an image 
of this moving aperture on the subject. The latter 
is, therefore, completely scanned by a rapidly moving 








over a wire or by wireless to the receiving station, 
where the current is re-amplified, impressed on a 
direct-current, and finally produced as an image in the 
receiving apparatus. 

An essential part of the receiving apparatus is 
a disc similar to that at the transmitting station and 
the driving motor rotates this disc in exact synchronism 
with the one at the transmitting station. The observer 
looks at a small rectangular opening in front of the 
disc, this opening being of such dimensions that 
only one aperture appears in the field of view at a 
time. As the disc rotates, the apertures pass across 
the frame one after the other in a series of parallel 





lines, each displaced a little from the one preceding it, 
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Fie. 2. TELEVISION TRANSMITTING APPARATUS. 


spot of light in a series of successive parallel lines once 
during each revolution of the disc. Some of the light 
is reflected back from the subject to three photo- 
electric cells, which are placed just in front of it. 
The current output from these cells, which are located in 
the box in front of the sitter in Fig. 2, is proportional 
to the light received, and is passed into a common 
amplifier system. 

This method of scanning permits two very large 
gains to be made in the amount of light available 
for producing the photo-electric currents. The transient 
nature of the light allows a very intense illumination 
to be used without inconvenience to the subject, and 
the optical efficiency of the system is not limited by 
the apertures of the available lenses, but can be 
increased, if necessary, by using several large photo- 
electric cells in parallel. The three photo-electric 
cells in Fig. 2, have an aggregate aperture of 120 sq. in. 
Their electrical output is, therefore, well above the 
noise level. 

The variations in the feeble picture currents delivered 
from these cells are highly amplified and transmitted 








so that the entire field is covered in one revolution 
of the disc. Beyond the disc is a special form of 
neon lamp, the cathode of which is a flat metal plate, 
the shape and area of which are sufficient entirely to fill 
the field defined. by the aperture in front of the disc. 
The anode of this lamp is a similar plate which is 
placed about 1 mm. from the cathode. At the proper 
gas pressure, the space between the plates is within 
the cathode dark space, so that the glow discharge 
is developed on the outer surface of the cathode as 
a uniform thin, brightly-glowing layer. When the 
disc is rotating at high speed, the observer, owing 
to the persistence of vision, therefore sees a uniformly 
illuminated area in the frame, provided a constant 
current is flowing through the lamp. Since the 
brightness of the neon lamp is proportional to the 
current flowing through it there is, at any instant, 
in the field of view at the receiving station, a small 
aperture, which is illuminated proportionally to the 
brightness of a corresponding spot on the distant 
subject. Consequently, the observer sees an image of the 
distant subject, reproduced at the receiving station. 








A special type of receiver, an illustration of which is 
given in Fig. 3, is used for presenting television 
images to large audiences. The current transmitted 
is distributed by a commutator to the successive 
elements of a large neon lamp, which consists of a 
single neon tube bent so as to give a series of 50 
parallel sections of tubing. This tube has one internal 
electrode and 2,500 external electrodes. A_high- 
frequency current applied to the internal electrode and 
any one of the external electrodes will cause that part 
of the tube which is in front of that particular electrode 
to glow. The high-frequency voltage is transmitted 
to the electrodes in succession from 2,500 bars on a 











distributor, which rotates synchronously with the disc 


Fie. 3. Recrtvina APPARATUS. 


at the transmitting station. Consequently, a spot of 
light moves rapidly and repeatedly across the grid 
in a series of parallel lines in synchronism with the 
scanning beams at the transmitting station. With a 
constant exciting voltage the grid appears as a uni- 
formly illuminated screen, but when the high-frequency 
is modulated by the received picture current an 
image of the distant subject is produced on the screen 
and any movements that it may make are faithfully 
followed. 

It will next be convenient to deal with the arrange- 
ments for synchronising the transmitted and received 
signals, which were discussed in a paper presented by 
Messrs. H. M. Stoller and E. R. Morton. Though the 
problem involved is similar in principle to that of any 
synchronous motor, the requirements are of such a 
special nature that it is necessary to employ unusual 
features to secure the desired results. As already 
stated, at the transmitting end a scanning disc is 
employed, which contains 50 holes spaced round the 
periphery of a disc, and rotates at a speed of 1,060 r.p.m. 
A similar scanning disc at the receiving end has to be 
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rotated, so that the hole, through which the observer 
is looking at a neon lamp, will be in a position corres- 
ponding to the hole which is transmitting light at the 
same instant at the transmitting end. Each hole is 
spaced 7-2 deg. apart, and this corresponds to the 
width of the picture at the receiving end. The arc 
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Fig.5. COMPLETE CIRCUIT OF SYNCHRONIZING SYSTEM. 
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occupied by a picture element is 0-144 deg. and, in 
order not appreciably to impair the quality of the 
Picture, it is necessary to maintain the synchronism 
accurate to within one half of this amount, i.e., to 
within 0-07 deg. An ordinary four-pole synchronous 
motor, when operating at full load and unity power 
factor, has an angular phase displacement of about 
20 deg. between the impressed and back e.m.f’s. This 
corresponds to 10 mechanical degrees. It is obvious, 





therefore, that such a motor is unsuitable for television, 
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Length of Picture Circuit - 285 Mules. ; 
Length of Underground Cable Circuits-222Mues. 


as any minute change in the line voltage or load will 
cause variations of a far greater amount than 0-07 deg. 
If, however, the voltage is kept reasonably constant, a 
motor with 120 pairs of poles giving a frequency of 
2,125 cycles at 106-5 r.p.m., would fulfil the con- 
ditions. 

Another requirement of the system is the regulation 
of the acceleration or deceleration of the generator 
at the transmitting end. This is necessary, owing to 
transmission over a long line taking an appreciable time. 
The essential condition is the limitation of the accelera- 
tion to 1 revolution per second per second over intervals 
as small as 0-01 second. This is effected by employing 
a sharply tuned circuit as the primary speed controlling 
element, which resonates at a frequency, slightly less 
than the frequency at which the machine is operated. 
A voltage from a high-frequency generator is supplied to 
this tuned circuit and thence to a detector valve, which, 
in turn, supplies the grids of a pair of “ push-pull” 
regulating valves. These valves control an auxiliary 
regulating field winding on the motor shown in Fig. 4. 
The device must also be synchronised at a particular 
angular position, in order to obtain proper framing of 
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the picture. A second two-pole, low-frequency inter- 
lock was therefore added to the system, by providing 
the direct-current motors at each end with a pair of 
slip rings, tapped at two opposite commutator bars, 
The direct-current shunt motors thus acted as con- 
verters, furnishing 17-7 cycle current at 1,062-5 r.p.m. 
The method of synchronisation was to close the 
17-7 cycle circuit and adjust the field rheostat of the 
receiving motor until it came into step. Since this 


position at which synchronisation could occur, The 
high-frequency synchronous machines were then con- 
nected together, thereby limiting the phase displace- 
ment to 0-07 deg. The high-frequency motor in this 
system deal with the variation in the load, while 
the low-frequency motor deals with the steady com- 
ponent. 

While such a system is satisfactory on lines with 
negligible impedance, over long-distance telephone 
lines or radio channels, it is necessary first to attenuate 
the high and low frequencies to a power which can be 
safely applied to the transmitting end of the line, and 
to amplify the power at the receiving end, as shown in 
Fig. 5. The output of the high-frequency generator is 
approximately 17 volts at 2,125 cycles, and this is 
reduced to 1 milliampere into 600 ohms impedance, the 
output impedance also being 600 ohms. The 17-7 
cycle current is used to operate a polarised relay, the 
contacts of which modulate the output of a 760-cycle 
electro-mechanical oscillator. In other words, the 
relay short-circuits the alternate half-cycles of the 
oscillator output before it is supplied to the telephone 
line. One pair of wires is used for both the 2,125 and 
760-cycle currents, by combining them in a line filter. 

The transmission of the current to the distant 
station, which is the next problem, was dealt with 
in a paper by Messrs. D. K. Gannett and E. I. Green, 
who considered it from the point of view of the wire 
circuit. The existing facilities between Washington 
and New York, which have been used for some time 
for the simultaneous transmission of telephone and tele- 
graph messages, and the frequency range of which is 
more than ample for television, were also employed for 
the latter purpose. A suitable channel was provided by 
combining the frequency ranges, which had hitherto 
been utilised for a number of separate telephone and 
telegraph channels, and employing, in addition, special 
distortion-correcting networks, so that the final channel 
would possess the proper characteristics. Means were 
also adopted to avoid introducing disturbances by line 
irregularities, noise, etc. These arrangements were 
so successful that the television images transmitted 
from Washington to New York were indistinguishable in 
quality from those transmitted only short distances. 

In any system of electrical transmission of intelligence, 
the required frequency range is proportional to the 
speed of transmission. In television, the frequency 
range necessary is approximately equal to half the 
number of picture elements which must be transmitted 
per second. As, in this particular system, about 40,000 
picture elements per second are transmitted, the 
frequency range should be about 20,000 cycles. Though 
laboratory tests have shown this to be more than 
enough, a frequency range of from 10 to 20,000 cycles, 
was, in fact, adopted. The variation of the attenuation 
with the frequency was selected at + 2TU (transmission 
units) within this range. It is important, moreover, that 
the phase distortion due to the unequal velocity of 
the different frequency components should be con- 
trolled, as otherwise the image might be blurred, 
owing to the arrival of the various frequency com- 
ponents at different times. The type of transient 
which has been found to impair the quality of pictures, 
is the kind which is relatively rapid and the aim has, 
therefore, been to make the phase characteristics such 
that these transients are small. Consideration of this 
problem led to the decision to attempt to keep within 
the limit of +10 microseconds, if possible, with out- 
side limits of + 20 microseconds. But as the delay 
requirements are not the same over the whole range, 
being less severe at low frequencies, the delay limits 
were fixed at + 10 or + 20 microseconds from 400 to 
20,000 cycles, and at + 500 or + 1,000 microseconds 
below 400 cycles. Experiments also showed that if 
the ratio of the average picture currents to the average 
noise currents exceeded 10, the results were satisfac- 
tory, and to provide a margin, it was therefore decided 
to make the average television current supplied to 
the line equal to 4 milliamperes. If two paths of 
different lengths exist by which currents may travel 
from one point to another, a double picture, or visual 
echo, will be produced. Such echos are caused by 
impedance irregularities, and if they are less than 
25 TU weaker than the main current, may disturb 
the picture. 

Two general methods are possible for transmitting 
the currents over a line circuit: One is to transmit 
them directly without changing the frequency, and the 
other is to use them to modulate a carrier current, 
so that they are moved to another portion of the 
frequency spectrum before transmission. The latter 
method was used between New York and Washington 
on account of its simplicity, an important factor in 
this decision being the successful development of trans- 
formers by which the entire frequency range from 10 
to 20,000 cycles could be transmitted. 

The layout of the lines between New York and 
Washington is given in Fig. 6, the total length being 
about 285 miles, of which 8 miles were cable. This 
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diagram also shows the separate facilities, which, for the 
sake of simplicity, were provided for the picture, voice 
and synchronising currents, though it is quite feasible 
to transmit all three over a single circuit. The circuit 
labelled ‘‘ programme’”’ provided telephonic communi- 
cation between the observer at New York and the 
person being viewed at Washington, while the order 
circuit was used for communication between the 
engineers operating the television apparatus. Measure- 
ments showed that the attenuation characteristics 
were well within the established limits, and that the 
phase characteristics only departed from them slightly 
on one circuit and within a very narrow range of 
frequency. 

At the receiving end of the line, the power delivered 
is only about 50 microwatts. This is given a preli- 
minary stage of amplification in the amplifier shown at 
the top of Fig. 5, and then passed through the line 
filter, also shown, and separated into 2,125 cycle and 
760 cycle current, the latter being modulated at 17-7 
cycles. The 2,125 cycle component is then amplified 
by two stages of amplification in a second amplifier 
ending in push-pull 50-watt valves, and applied to the 
high-frequency motor. The terminal voltage on the 
output coil of the amplifier is made greater than that 
of the high-frequency motor, so that power generally 
flows from the amplifier to the motor. 

In the case of the low-frequency circuit, the output 
from the line filter is received in the form of 760 
cycles, which is modulated at 17-7 cycles. This is 
passed through the synchronising demodulator, which 
operates a polarised relay, the armature of which opens 
and closes its contacts at 17-7 cycles per second. The 
contacts of the relay generate square-wave low-fre- 
quency current by interrupting the supply from a 
local battery. On account of the limited power out- 
put which the vibrating contacts can safely handle 
without sparking, it is necessary to amplify this output 
by applying low-frequency regulation through the field 
circuit of the receiving motor, At starting, the shunt 
field is weakened until the motor falls into step. At 
this point, the frequency of the plate supply is identical 
with that supplied to the grids. If the phase relation- 
ship is such that the plates and grids are positive at 
the same time, then the space current of the valves is 
increased, and the regulating field is strengthened, 
thereby preventing a further rise in the motor speed. 

In actual practice, the motor is first synchronised 
on the low frequency and then on the high frequency 
side. The precise framing of the picture is adjusted 
by rotating the motor by a worm gearing, and thus 
centring the image properly in the aperture. The 
high-frequency current is of the order of 1-5 amperes 
at 2,125 cycles with a terminal pressure of 100 volts 
at the high-frequency motor. The power taken by the 
direct-current motor is about 0-8 ampere at 110 volts. 
The current through the regulating field, which is con- 
trolled by the 17-7 cycle circuit, is from 20 to 40 
milliamperes at 700 volts, depending on the phase 
position. When radio transmission is used, it is found 
necessary, owing to the inductive interference, to use 
a much higher value of high-frequency current (about 
4 amperes as compared with 1-5 ampere), in order to 
keep the high-frequency motor in step. 

Returning to the sending circuit, the photo-electric 
cell may be considered as an impedance, the value of 
which is determined by the quantity of light reaching 
it. With zero illumination, this impedance is practically 
a capacitance of the order of 10 m.m.f. When the 
cell is illuminated, this capacitance becomes effectively 
shunted by a very small conductance, which is roughly 
proportional to the square of the voltage between the 
electrodes. For a fixed potential, the magnitude of this 
conductance is nearly a linear function of the illumina- 
tion. With a suitable potential in series with the cell, 
@ current, the amplitude of which is proportional to 
the quantity of light reaching the cell, is obtained. The 
photo-electric cell is connected to the amplifier through 
& resistance, the voltage drop across which is used to 
control the grid potential of the first valve. In view 
of the extremely small voltage of the electric signal 
wave as delivered by the photo-electric circuit, it is 
essential that great care be taken to prevent such 
interference as may affect the ini‘ial amplifier stages 
from approaching a comparable magnitude. The most 
troublesome sources of interference are electrostatic 
and electromagnetic induction, and mechanical and 
acoustic vibration. The electrical disturbances can be 
reduced to a minimum by placing the amplifier as close 
as possible to the photo-electric cells and by shielding 
both. To prevent acoustic disturbance, the ‘‘ peanut ” 
valves used are wrapped in felt and placed in boxes 
lined with sound-absorbing material. 

Fig. 7 is a diagram of the amplifier used with the 
photo-electric cells. In view of the large amplification 
necessary, it was thought impracticable to employ 
transformer coupling between all stages, as the aggre- 
gate frequency and phase distortion might well be 
greater than could be tolerated. Resistance-capaci- 











tance coupling has therefore been used. One amplifier 
is connected directly to two of the three photo-electric 
cells used, the third cell operating a second amplifier. 
The outputs of these two amplifiers are then connected 
in parallel to the battery supply. The use of two 


Fig.7. SCHEMATIC OF VACUUM TUBE 
AMPLIFIER USED WITH 
PHOTOELECTRIC CELLS. 


Shielded Amplifier 


Photoelectric 
Ce 


— 


cy 


3 





“ENGINEERING” 


stages of amplification in the photo-electric cell ampli- 
fier enables the signal to be increased to such a value 
than it can be carried by suitably shielded leads to 
other amplifiers outside the cell cabinet, and there 
dealt with as already mentioned. 


(To be continued.) 








THE PANAMA CANAL.* 
By Joun F. STEVENS. 


TuE epic story of Jason and his fellow Argonauts, 
which describes their quest of the Golden Fleece, con- 
tains nothing more of romance than does the recital 
of the adventures of those bold spirits whose daring, 
skill, and hardihood, so ably carried on the work of 
Columbus in giving to the world the continents of the 
Western Hemisphere. 

Columbus, skirting the west shore of the Caribbean 
Sea in his futile search for a short passage to Cathay 
with its fabled riches of gold, silver, and precious 
stones, visited the shores of Panama on his fourth and 
last voyage in 1502. He named the harbour of Porto 
Bello and examined Limon Bay, which bay is now 
the Atlantic entrance to the Panama Canal. All 
history points to the conclusion that Columbus died 
in the belief that the lands which he had discovered 
were a part of the continent of Asia. The cosmography 
of those far away days was incomplete and misleading, 
but it was shortly to be extended, modified, and corrected 
by a group of adventurers, the story of whose exploits 
would furnish material for another immortal Odyssey. 
Sir Francis Drake visited the Isthmus in 1570. Fifty- 
seven years before Drake, however, Balboa had crossed 
the Isthmus, somewhat southeast of the line of the 
present canal, and undoubtedly was the first white man 
to view the Pacific Ocean. The hope of finding a 
hidden strait connecting the two great oceans, persisted 
long years after Balboa’s discovery, and it is a most 
interesting fact of history, that it was four hundred 
years, almost to a day, September 26, 1913, when such 
a strait was given to the world, but it was not a strait 
made by Nature, but by man—the Panama Canal. 

As nothing in the nature of a strait could be found 
north of Magellan, which would allow of the passage 
of ships from ocean to ocean, the persistent leaders 
began to talk of making one. Saavedra, who accom- 
panied Balboa on the latter’s visit to the Isthmus 
which resulted in the discovery of the Pacific Ocean, 
is said to have been the first to prepare plans for a canal, 
which it is claimed he did in 1529. From that time 
on, through centuries, several nations—Spain, France, 
Britain, and America—made surveys, and developed 
projects. Nothing tangible or conclusive beyond 
surveys and discussions came out of it all, until the 
ill-fated de Lessep’s project was launched, with loud 
acclamations, in 1882. 

The history of the failure of the French is of a time 
too recent and too fresh to need repetition here. - With 
an ample supply of funds, their attempt to build any 
sort of a canal there, would have failed, as undoubtedly 
would the Americans have failed, until that then scourge 
of the white man in the tropics—yellow fever—had 
been mastered. The de Lesseps Company was re- 
organised in October, 1894, and continued operations 
on a very limited scale, until its rights and property 
were purchased by the United States under the 
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authority of the Act of Congress of June 28, 1902. 
As soon thereafter as conditions and events per- 
mitted, the active work of construction of a canal 
was begun by our Government, and pushed to 
a successful conclusion. Some of the interesting 
features of the initiation and execution of this gigantic 
enterprise have never been properly set forth, and 
it is my purpose here, to make them known without 
prejudice, conceiving that, as far as time will permit, 
a plain narrative made by one who was intimately 
connected with the work during its earlier and formative 
stages, can only redound to the credit of the United 
States and to the vision of its engineers. 

Under authority of Congress, the President, in 1899, 
appointed a body of men known as the Isthmian Canal 
Commission, with orders to ‘‘ investigate any and all 
practicable routes for a canal across the Isthmus of 
Panama, and particularly to investigate the two routes 
known, respectively, as the Nicaraguan route and the 
Panama route, with a view to determining the most 
practicable and feasible place for such canal.’’ This 
Commission pursued the work of investigation as 
instructed, until as stated, the matter was closed by 
the purchase by our Government of the de Lesseps’ 
rights and property at Panama. Then began the efforts 
of the Commission to round affairs up into such shape 
that plans could be made and the actual work of con- 
struction be got under way. But by 1904, the Com- 
mission had amply demonstrated its inablity to outline 
and to carry on any intelligent or progressive pro- 
gramme of advancing the work, or of offering any hope 
for the completion of any kind of canal anywhere, in 
any reasonable time, so the commission was disbanded 
and a new one was appointed by the President. 

The late Mr. John F. Wallace, Past-President, Am.Soc. 
C.E., had been the Chief Engineer for a year or more 
under the old Commission, and remained as such under 
the new Commission, until the early months of 1905, 
when he resigned the office and left the Isthmus. Mr. 
Wallace was a man whom I had known for many years, 
and esteemed, not only as a warm personal friend, 
but also for his great ability as an engineer. The 
statement is made here, that his action in resigning, 
under the conditions and the handicaps of the old 
Commission, was perfectly justifiable. His zeal had 
been dulled, and as he expressed the situation to me, 
he had no hope that the new Commission would prove 
any more effective than the old one. Mr. Wallace 
was not an aggressive man, and there are times and 
conditions when fighting becomes a righteous duty. 
The situation which had developed at the date of his 
resignation was such as demanded a one-man control, 
control by a man who did not possess too deep a 
veneration for the vagaries of constituted authority, 

Whether I filled the above specifications or not, 
against my own inclination, I was appointed to the 
office of Chief Engineer, succeeding Mr. Wallace. My 
acceptance of the position was brought about by 
the persuasive tongue of William Nelson Cromwell, 
whose reputed good work secured the possession, by the 
United States, of the French rights and property on the 
Isthmus. It was plainly intimated to me that the 
Administration was gravely concerned as to what the 
reaction of the American public would be if another 
failure to build the canal occurred, and what the 
effects would be upon its own fortunes; so a final 
refusal to accept the position became impossible, and 
accordingly the appointment was made. 

Previous to my departure for the scene of my future 
labours as the new Chief Engineer, I had a conference 
with President Roosevelt at Oyster Bay, on which 
occasion I laid down certain conditions, as nearly as 
conditions could be done to the President of the United 
States. One of these was that, while technically I 
would be under the orders of the Commission, I was 
to have a free hand in all matters, and would be ham- 
pered by no one in authority, high or low. Another 
was, that I would not agree to remain until the com- 
pletion of the canal, but would remain until the 
failure or success of the undertaking was assured 
according to my own judgment, and I fulfilled my 
promise in regard to the latter result, to the very letter. 

The President made no objections to these statements, 
simply saying that the canal must be built, and that he 
depended upon the new Chief Engineer to make it a 
success. In no way whatever at any time did he give 
orders as to how matters should be handled. He made 
some suggestions, some of which were good, and 
some of which were not adopted. He gave one inti- 
mation at the conference mentioned, and gave it in his 
characteristic manner, by an anecdote. A certain 
man suddenly became wealthy and set up a large 
establishment as a home. When his butler arrived 
he said to him, “I don’t know in the least what you 
are to do—but one thing I do know, you get busy and 
bustle like Hell!” He made some comments upon 
the old Commission which it is not necessary to quote 
here. He said, furthermore, that he did not know how 
affairs were, down on the Isthmus, but he thought 
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they were in a “devil of a mess.” When I reached 
the Isthmus, I found that the President was correct 
to a superlative degree in his opinion. 

I was entirely free to choose my subordinates 
according to my judgment of their fitness. An attempt 
was made by the head of the American Federation 
of Labour to intimidate me into granting special condi- 
tions for a certain kind of union labour, in fact, to 
make a closed shop; and when such demand was 
rather forcibly refused, he threatened to take the 
matter to the President, and was told that he could 
take it to the Lord, if he chose, but that it would make 
no difference, and to close the door when he went out, 
which he did at once, and nothing further was heard 
on that subject. 

After seeing necessary matters were properly attended 
to, I sailed for the Isthmus in company with the Chair- 
man of the Commission and others, the Chairman 
remaining there only a few days, as health and other 
conditions did not seem to appeal strongly to him. 

It did not take long to realise that the discouraging 
reports current in the United States had not been 
overdrawn, but rather understated. There was no 
real organization, no competent directing head of 
affairs, few labourers, and what small amount of work 
was in progress, was in most cases merely colorable 
and of little permanent value; but one outstanding 
fact was plainly evident and that was, that the problem 
of technical engineering must be relegated to the back- 
ground until the fundamentals had been established ; 
until something like a working organisation had been 
created; until intelligent and comprehensive plans 
had been made and put into execution to collect a 
substantial working force; and, above all, until there 
had been established a proper morale and a belief 
that the canal could and would be built, something 
that was lacking. An optimist at that time was a 
rarity. 

The great overshadowing cloud which hung over 
the enterprise was the need of sanitation, and the crux 
of its needs was the all-compelling, absolutely essential 
requirement of clearing the Isthmus of yellow fever 
and of keeping it clear. While the situation was in a 
measure psychologic, there was a really grave danger 
which could not be ignored, and which would have 
imperilled the very life of the undertaking, had it not 
been removed. Whatever could be done to change the 
situation and restore confidence, must be done at 
once, and done effectually regardless of method, cost, 
or personalities. 

One of the first men that I had the good fortune to 
meet there, was Colonel (afterwards General) Gorgas, 
the Chief Sanitary Officer, who at that time was report- 
ing to the Governor of the Canal Zone. Literally, he 
was being supported, in his tremendously important 
and vital work, by no one. Like probably many others 
I had gained some little idea of the mosquito theory of 
the dissemination of yellow fever, but, like most laymen, 
I had little faith in its effectiveness, nor even dreamed 
of its tremendous importance. But, as should always be 
the case in such matters, an open mind was kept on the 
unfamiliar subject. Several conferences were at once 
held with Col. Gorgas, who patiently and fully explained 
conditions, and what could be done to mitigate them, if 
only he could be given the means and support to do so. 
It was plainly evident from observation, that he had an 
efficient, loyal and enthusiastic staff. Also, that he had 
very scant hospital space, practically no field working 
force commensurate with his needs, and that a greater 
part of his forces, skilled and unskilled, were quartered 
in makeshift houses, which were mostly of the old 
French régime ; that, worst of all, a policy, not only of 
neglect but of absolute indifference and derision was 
openly expressed as to the value of the mosquito theory, 
and this was being carried on by his superior officers, 
on whom he had relied for support. Finally, the chair- 
man of the Commission advised me, that he had 
decided to eliminate Col. Gorgas. My reply to this 
plan was more forcible than elegant, but it had the merit 
of being effective, and Gorgas remained to carry on his 
wonderful work until the completion of the canal. As 
related by Col. Gorgas, he had received little or no sup- 
port from either Commission, the chairman of the 
former and some of its members openly deriding his 
efforts, but his courage was an inspiration, and he 
thoroughly converted me to what was the truth— 
that he was on the right track to make the work a 
success. 

So casting aside all question of existing authority 
or matters of official etiquette, cutting red tape entirely, 
I told him that the whole weight and resources of the 
Engineering Department, men, material, and money, 
were at his command. Labourers at this time were 
pitifully few in number, but they were turned over 
to the Sanitary Department as fast as called for, and 
other work, however important it seemed to be, was 
made to wait. The work of building houses and other 
living quarters, additional hospital accommodation, 
and of providing all classes of structures occupied 
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by human beings with modern sanitary fixtures and 
screens, was pushed on as fast as material and men 
to handle it could be obtained. 

In a comparatively short time the good results of the 
work of the Sanitary Department became so apparent 
that ‘most of its critics were stilled, even if some of them 
were not converted and failed to share the enthusiasm 
of the Chief Engineer. Butit should never be forgotten, 
that the Engineering Department played a great and 
very vital part in the sanitation of the Isthmus, which 
It was shortly 
after this time when Gorgas, at the suggestion of the 
Chief Engineer, was made a member of the Isthmian 
Canal Commission. 

With sanitation assured, and a well-grounded faith 
that yellow fever would soon become a thing of the 
past, the way was clear to form an organisation com- 
mensurate with the importance of the project. No 
time was lost in waiting for the results of sanitation to 
become apparent, for within a short time after reaching 
the Isthmus the Chief Engineer felt well assured that 
success was fully made certain. There was already 
in service, first-class material sufficient to form the 
nucleus of an organisation. All it needed was faith 
in a leader, whom it could trust and follow with confi- 
dence. 

The various classes of the work, as far as then could 
be seen, were segregated, and selection was made of what 
appeared to be the best men to head each department, 
and almost without exception the selections proved to 
have been wisely made. One general policy was 
adopted and strictly followed; it was to give an 
official ample authority, and then to hold him respon- 
sible for results. A maxim laid down, and which 
soon was thoroughly understood, was that if a man 
was right three times out of four, he was a success, 
but that if he wanted to make his failure certain 
with the Chief Engineer, he should do nothing of his 
own initiative. The personnel was strengthened from 
time to time by addition to its members, and it was 
not long before an organisation was built up, sufficiently 
strong and yet flexible enough to meet all demands. 

The lack of a decision as to what type of canal should 
be built was not so much of a handicap as might be 
supposed. Specifications were made, and plant, mate- 
rial and supplies were ordered in vast amounts and of 
endless variety. And it was very satisfactory later 
to know that not a thing was obtained but what was 
well adapted for, and was used in the progress of, the 
work. Much of this work was in progress and the 
greater part of the plant provided, before the type 
of the canal was finally decided upon. 

Soon after the type of the proposed canal had been 
decided, the question arose as to how, that is, by whom, 
the work should be carried out, directly by Commission 
forces or by contractors. It was rather felt that 
strong contractors who had trained organisations and 
large personal followings, could better handle such 
enormous work than could a new and untried organi- 
sation, and that it would be better not to have the 
Government go into such business directly, and the 
Chief Engineer was at first rather inclined to sympathise 
with that belief. Accordingly, he was asked by the 
Commission to submit a form of contract for its consi- 
deration, which he did. 

The discussion of the proposed form—of asking “for 
tenders—was taken up directly by the President at a 
Cabinet meeting at which the Chief Engineer was 
present. It met the tentative approval of the President 
and members of the Cabinet, excepting that of Secretary 
Root, who insisted upon injecting some conditions 
which practically destroyed its value, but of course 
his views prevailed, and the Chief Engineer left for 
the Isthmus knowing full well what the result would be. 

Tenders were invited, and bids were received from 
several syndicates, and a summary of the bid which 
was considered most favourable was cabled to the 
Chief Engineer, who, after due deliberation, cabled his 
disapproval, with a recommendation that the Commis- 
sion carry out the work directly itself, through its 
Engineering Department. This report was approved 
by the President and all idea of letting a contract 
was dismissed. And so the work was carried through 
by the engineers, and its execution, both from a tech- 
nical and business standpoint, forms one of the brightest 
pages in the history of construction projects. 

In this address the sea-level type of canal is de- 
signated as, ‘‘so-called’’ or “‘ proposed.” In expla- 
nation, it must be noted that no operating ship 
canal at the level of the oceans could work, without 
the introduction, somewhere in its length, supposedly 
near the Pacific entrance, of a tidal lock, unless the 
canal was of a much wider section than was recom- 
mended by the majority of the Consulting Board of 
Engineers. The difference of the tides at the Atlantic 
and Pacific ends is generally 20 ft. and often more than 
that. 

As recommended by the majority of the Consulting 
Board,:the sea-level canal, for 21 miles, would have 





had a bottom width of but 150 ft., without turnouts, 
and at the depth to which it would have been dredged, 
with rough, rocky sides, a narrow, tortuous, crooked 
waterway, with thirty torrential side streams pouring 
down precipitous slopes into its section, in a country 
where 1} in. of rain per hour has been recorded for 
10 consecutive hours. No speed that would permit 
of steerage way could have been maintained under 
such circumstances in such a ditch, and the slightest 
impact of a large ship against the rocky sides, would 
have crushed her plates like eggshells. Competent, 
experienced shipmasters have assured the author 
that no sane navigator would have risked his ship in 
such a channel. 

It was proposed to hold back the Chagres River 
by a dam 180 ft. high to be built at Gamboa, directly 
alongside the canal, and the overflow from the river 
was to be taken care of by regulating works at the 
dam. With the storage basin completely filled, as it 
would have been in the rainy season, imagination 
can picture what the effect of 150,000 cubic ft. per second 
of flood waters (which has been recorded) would 
be when poured directly into the prism of the canal 
through these regulating works. The plans proposed 
for taking care of the flood waters of the smaller 
streams, were equally futile and impracticable. The 
high-level lock canal can and does pass ships of any 
size thus far afloat, much quicker than could such a 
sea-level canal as that proposed, even if the latter 
could have passed them at all, which is extremely 
doubtful. ‘ 

It is not argued that granting a true sea-level canal 
were built, even with a tidal lock, of a width sufficient 
to allow a fair rate of speed for a ship moving through 
it, and always providing that the flood waters of the 
Chagres and other streams could be safely take care of, 
that such a canal would not be superior as a method 
of transit between the two oceans. But the time 
required to build such a canal, and the enormous cost 
of it, as was truly said by President Roosevelt, ren- 
dered it prohibitive. No mistake was made in the 
adoption of the type of canal that we have to-day. 

Once the lock type of canal had been decided upon, 
the way was cleared, so that the plans incident to its 
construction could be made and put into execution. 
As before remarked, the Gatun Dam was the keynote, 
the very motif of the lock type, and its adoption and 
construction was the great engineering accomplishment 
of the enormous project of the canal. It is, of course, 
true that hundreds of other important engineering 
problems remained to be solved, but they were more 
in the nature of routine, and precedents existed to 
guide in their solution. The Gatun Dam and locks con- 
stituted one controlling feature in the time and success 
of building the canal; and the other one was the 
excavation of Culebra Cut, and this was primarily 
a transportation problem, and to a much less extent, 
one of engineering. 

Material, rock or earth, can be excavated quickly, 
but the problem of transportation is not so easily solved. 
The bucket must be kept moving every possible minute, 
if the steam shovel was to do the work. Accordingly, 
the Chief Engineer devised a system of track lay-out, 
complicated from a layman’s point of view, but really 
extremely simple, which permitted the minimum loss 
of time in moving the empty cars to the shovels, and in 
taking away the loaded ones. That was all there 
was in the problem. Its solution was a success, so 
much so that the system was continued until the 
entire mass of material had been removed from the Cut. 

Meantime, to secure and maintain a sufficient amount 
of labour, skilled and unskilled, employment agencies 
were opened in many of the large cities of the United 
States. Agencies for the recruiting of common labourers 
were established in the British and French Caribbean 
Islands, and necessary shipping arrangements were 
perfected. There seemed to be an endless supply of 
blacks to fill the requirements for common labour. 

A proposal was made to bring Cantonese coolies over 
from China, but this the Chinese Government, in view 
of the de Lesseps’ experiment, would not permit. 
Then an attempt was made, or suggested, to get labour- 
ers from Cuba, but this raised the protests of the sugar 
planters and had to be abandoned. Finally, the Chief 
Engineer sent an agent first to Spain, from which 
country he was promptly thrown out, and then to Paris. 
From his office there, he was able, by some sub rosa 
negotiations with the steamship lines, to send over 
about 7,000 peasants from the Biscayan Provinces of 
Spain. All this time houses and quarters, hotels, 
schoolhouses, churches, jails, of course, warehouses, and 
docks, and many other classes of structures were being 
built, about 75,000,000 ft. of timber, mostly brought 
from Puget Sound, being used in 18 months. The 
Commissary, operated under the Panama Railroad, was 
thoroughly re-organised, and constantly carried a stock 
of every conceivable article, of a current invoice value 
of nearly 1,000,000 dols. A system of cash payments 
—through coupons—was put into effect. Delivery by 
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railroad supply train to practically every family and 
eating place on the zone was completed by 9.0 a.m. 
of each day. A refrigerating and ice plant, a laundry, 
and a bakery were installed in connection with the 
Commissary, and the employees could buy anything 
in the line of food from beef and pork to ice cream, and 
luxuries from evening clothes to face powder, and all 
at exact cost to the Commission, which generally 
meant at about 70 per cent. of the prices prevailing 
in the United States. 

It would be futile to attempt further mention of the 
many other necessary accessories which had to be 
designed and built to carry on the construction work 
of the canal. The recital here of all these activities 
may seem tedious, but they are briefly touched upon 
because they were carried out mostly by members 
of the American Society of Civil Engineers. It will be 
recognised that engineering as carried on in the multi- 
plicity of requirements on the Canal Zone, was a 
very comprehensive term. 

An erroneous idea long prevailed and perhaps does yet, 
with the general public and some engineers, that the 
work of these two years covered only that of prepara- 
tion—this was far from the case. While the work of 
preparation was being pushed on, so also was the actual 
construction of the canal proper. The dredging of 
the ocean approaches, the excavation for the locks at 
Gatun and Pedro Miguel, the construction of the 
dams at both places, was actively proceeding. Many 
steam shovels, drills, and work trains were successfully 
at work in Culebra Cut, so that during the early part 
of 1907, the material removed from the Cut averaged 
about 750,000 cubic yards per month. The whole 
elaborate machine which had been built up so quickly 
and carefully, was working smoothly, and the output 
of all classes of construction was increasing daily 
at a rate that exceeded even the sanguine expectations 
of the Chief Engineer. The hardest problem was 
solved, the Rubicon was crossed ; the canal was being 
built, and everything war set for its completion in the 
time predicted by the Chief Engineer. Only gross mis- 
management or a failure to supply the necessary funds, 
could militate against its triumphant accomplishment. 

Much to his surprise, the Chief Engineer was appointed 
Chairman of the Isthmian Canal Commission, taking 
up its duties in addition to those already in his charge. 
This appointment was justly regarded by him as an 
expression of approval, on the part of the President, 
of the Chief Engineer’s work and a recognition that 
the successful construction of the canal was assured. 

Not long afterwards, knowing full well that there 
had been carried out—even beyond the letter—the 
promise made to the President, and knowing that the 
latter was alive to the fact, I resigned from the service 
of the Canal. Many reasons, mostly from irresponsible 
scribblers, were given as the cause of this resignation. 
In one particular, the reasons alleged were alike—they 
were all absolutely false. Not the slightest friction 
ever developed between the Chief Engineer and the 
President, or, in fact, with any one, high or low, 
connected in any manner with the enterprise. The 
reasons for the resignation were purely personal, and 
involved nothing in regard to the work nor with any 
parties associated in it. 

The work of Major-General G. W. Goethals, U.S.A. 
(Ret.), M.Am.Soc.C.E., former Chief Engineer, and 
of his associates on the Zone, cannot be given too high 
credit. The details of the Canal and its accessories 
have been wrought out and completed marvellously 
well. Nothing necessary to make a complete and 
perfect whole has been forgotten, and the character 
of the work as regards material and execution, is 
superb. No mistake was made in entrusting the 
work to their hands, and while others might have done 
it as well, I feel that they could not have done it 
better, and I take this occasion of paying a high and 
well deserved compliment to General Goethals and his 
associates. 

The Canal tolls are levied on the net tonnage of the 
ships, and range from 25-7 cents upwards, according to 
capacity and not the nature of the cargo, but of the 
class of ship. The average toll for bulk cargoes is 
about 65 cents per long ton. The cost to ships using 
the Canal is approximately equa! to six days at sea ; 
of course, this varies with the class >f ship and her speed. 

As a concrete example : A steamship passing through 
at the time of my visit, carrying passengers and a limited 
amount of freight, New York to San Francisco, tonnage 
22,500, speed about 14 knots, costing for overhead, 
depreciation, maintenance, and operation not far from 
2,000 dols. per day, saved about 8,000 miles, or some 
23 days, by using the Canal instead of the Straits of 
Magellan. The tolls were 11,000 dols., saving 35,000 





dols. besides which, that line would not be sending ships 
around the world carrying passengers, if the Magellan 
route were obligatory. 

Periodically, the capacity and the water supply for 
lockages of the Canal have been questioned, recently 
with great insistence, and a demand, which has already 





reached the President, and probably will reach Congress, 
that a canal at Nicaragua be built without delay to 
relieve the situation. Let us look into what, taking 
these demands at their face value, would indeed be a 
very vital matter. Thus far, the water supply has 
proved ample. Gatun Lake covers an area of 163 
square miles, and it is quite practicable ‘to raise its 
normal level 6 in. and possibly 1 ft., to elevations of 
85-5 or 86 ft., which would add 52,160, or 104,320 
acre-ft., respectively, to the present supply of water. 
The water shed of this lake covers an area of 1,350 
sq. miles, and from this immense water-shed there flows 
into the lake a number of large streams, on many of 
which storage reservoirs to conserve the flood waters 
which descend frequently, can be built. 

But plans for a very large increase in the present sup- 
ply were made long since, in fact, some years before 
the type of canal was selected. About 6 miles up the 
Chagres River, at Alhajuela, there is a natural site for 
a storage dam which would impound flood waters to 
an amount nearly equal to the present supply. This 
dam can be built in 3 years, or less, and would cost 
approximately 8,000,000 dols. at present prices of labour 
and material. With the additional supply thus afforded, 
all fears of a shortage of water could be dismissed 
for many years tocome. As a measure of insurance, 
the construction of this storage dam should be begun 
as soon as it can be authorised, although the increase 
in traffic must be greater than it has been for some 
years, before any serious apprehensions need be felt 
on account of a shortage of water. 

The Canal is operated only during daylight hours, 
but it can be readily operated during the night, as it 
is perfectly lighted throughout its length. At the 
present time the nominal daily capacity of the canal 
is 48 passages, but on January 17, 1924, a total of 57 
vessels made the transit. In 1923, a total of 5,466 
ships passed through and, in 1926, a total of 5,964, 
an increase in 3 years of 498, or an increase of 9 per cent. 
in 3 years, or an average increase each year of 3 per cent., 
which does not seem to bear out the claims made by irre- 
sponsible parties as to tremendous increases in traffic. 
The daily average number of ships passing through the 
Canal during May, 1926, was 15-9 and for 11 months, 
ending with April, the highest number passing in any 
one day was 16-3, the average number for that period 
being 14-97. Therefore the statement that the Canal 
is not, and has not, been worked to more than one-third 
of its capacity, is ultra-conservative, especially so 
when it is considered that 57 ships have passed through 
in one day without difficulty. 

The Sault Ste. Marie (“‘ Soo’’) Canal at the outlet of 
Lake Superior, during the 234 days when it was open 
in 1926, passed 21,000 vessels of all sizes, or an average 
of 90 per day, and its tonnage for 1926 was about 
86,000,000. About 92 per cent. of this large traffic 
is handled by the American locks, and the greater part 
of this through the third and fourth (two in number) 
locks. If the ‘‘ Soo” locks could work the entire year, 
as can those at Panama, they would on the basis of 
1926, pass 32,850 vessels, or about 134,000,000 tons. 
The Panama Canal passed 26,836,241 tons in 1926, 
exceeding the tonnage of the sea-level Suez Canal. In 
view of the ease with which the ‘‘ Soo’ Canal could 
pass more than 100,000,000 tons yearly, if not icebound 
for four and one-half months, what could the Panama 
Canal pass in twelve uninterrupted months, with 
practically the same facilities as the ‘‘ Soo.” And yet, 
reliable authority declares that the ‘‘ Soo” locks are 
not worked to more than 50 per cent. of their ultimate 
capacity. The four-year period from 1923 to 1926 shows 
over the preceding period an increase of 87 per cent. The 
maximum number of ships passing through the Panama 
Canal in any one month was 611, in March, 1927, or an 
average of 19-7 per day, or an average of not over 
40 per cent. of its capacity. 

But thus far, the whole story of capacity has not 
been told. The present double, or twin, locks of the 
Panama Canal were located and built so that when 
the need arose for greater capacity than they afforded, 
a third set of locks could readily be added alongside 
the present ones. Probably in some years to come it 
may be advisable to add these locks, which can be done 
without disturbing those now in service. The present 
locks are 1,100 ft. long, 110 ft. wide, with a draft of 
41 ft. over the mitre-sills. These locks safely and 
quickly have passed the largest, that is, the widest, 
ship afloat, and can do the same with even wider ones, 
But probably it would be wise, as a measure of prudence 
to design the new locks of larger capacity, and of deeper 
draft, although it must be remembered that when ships 
are built requiring more than 40 ft. of water, many 
of the most important harbours of the world must be 
deepened accordingly. The addition of the third lock 
and the increased water supply at Panama which the 
storage dam at Alhajuela would afford, as far as 
human eye can look into the future, would give the 
Canal ample capacity for all transits for the next fifty 
years, and perhaps longer. 








To any one who thinks that the capacity of a lock 
canal is very limited, a study of the “Soo” Canal 
would be profitable. This canal carries the great 
bulk of the tonnage that passes Detroit, and yet three 
years ago (later data are not available) more tonnage 
passed Detroit in eight months of open navigation 
than the total of all tonnage that passed through both 
the Suez and the Panama Canals in two years. 

Ninety-nine times out of one hundred when the 
words “ Panama Canal,”’ are mentioned, the question is 
asked, ‘‘ How about the slides ?”’ Criticism is heard 
that the slopes of the Cut should have been made 
flatter—this is a matter of opinion. It is a well-known 
axiom among railroad construction engineers that, 
in a cutting where the material is earth, or earth and 
rock, especially where the rainfall is heavy, the steeper 
the slope can be safely made, the less the cost of mainte- 
nance. The flatter the slopes in such cases, the more 
area is exposed to rainfall, and the more loose material is 
washed into the cutting. I do not know what deter- 
mined General Goethals to adopt the slopes he did, but 
if he decided upon them as the result of his best 
judgment, he did what was exactly right, and just what 
I would have done if I had been responsible for results. 

There is another angle to the situation. Granting 
that approximately as much material has been taken 
out of the Cut since the opening of the Canal, as was 
taken out of the original prism during construction, 
it is probable that the removal of this additional 
yardage has cost much less, possibly only one-half as 
much as it would have cost if taken out before the 
opening of the Canal. Dredging is one of the very 
cheapest methods of handling such material. 








Avrat TEstTING oF PenstocK Jomnts.—In a recent 
issue of the Engineering News-Record, an account is given 
of the erection of a 60-in. penstock for a hydro-electric 
plant in California, which works under a maximum head 
of 2,381 ft. At the high pressure end the joints were 
made with flanges and the final tightening-up of the nuts 
was arranged, so as to obtain exactly uniform tension on 
the several bolts of each joint. Each bolt was tested by 
an official with long experience in making such joints 
on high-head penstocks. His method of judging the 
tension was to tap the end of the bolt with alight hammer, 
used solely for purposes of sounding, and, upon its results 
the tension of bolts slightly below the desired amount 
was adjusted. 





PossIBLE SUBSTITUTES FOR MANGANESE IN STEEL.— 
In the manufacture of steel, no satisfactory substitute 
for manganese is at present known. In Germany, during 
the years 1917 and 1918, the shortage of manganese 
necessitated trial of many substitutes, such as aluminium 
in the form of silicon-aluminium alloys. Aluminium 
has a greater affinity for oxygen than manganese, but 
the oxidation of aluminium produces alumina which is 
relatively infusible and often remains in the steel as slag 
inclusions, Aluminium cannot eliminate sulphur or 
change the condition of sulphur as manganese can. 
slight excess of aluminium tends to produce large pipes 
in the ingots. Silicon in the form of ferrosilicon probably 
has a greater affinity for oxygen than manganese, but its 
use is attended by the following disadvantages :—In 
slight excess it causes large pipes to form in ingots; the 
products of oxidation remain in the steel ; it has no effect 
upon sulphur and no effect on the molecular arrangement 
of the metal. Ferrotitanium is the most powerful 
deoxidiser known. ‘Titanium does not alloy freely with 
iron and imparts to steel qualities that are not acceptable 
to the trade. Calcium, sodium, vanadium and boron 
alloys have been tried as deoxidisers, but homogeneous 
steel has not produced when they were used. 





PRECIPITATION OF GOLD AND SILVER FROM CYANIDE 
SoLuTION on CHARCOAL,—A study of the precipitation of 
gold and silver from cyanide solution on charcoal has 
been made by the Rare and Precious Metals Experiment 
Station of the United States Bureau of Mines, Depart- 
ment of Commerce, located at Reno, Nevada. Charcoal 
has the power to abstract gold and silver from cyanide 
solutions to the extent of 7 per cent. of its weight for gold, 
and 3 per cent. of its weight for silver, without showing 
the slightest change in appearance, even under the 
microscope. The results obtained in this investigation 
are summarised as follows:—The mechanism of the 
precipitation involves adsorption accompanied by a 
chemical change. Precipitation of silver on charcoal 
from cyanide solution follows the same laws as precipita- 
tion of gold, although it is slower; charcoal has less 
capacity for silver than for gold. The limit of charcoal 
precipitation from cyanide seems to be about 2,000 ounces 
of gold, and about 1,000 ounces of silver per ton of 
charcoal. Little difference exists among charcoals 
prepared from different woods. The most important 
point in the making of charcoal is the heat treatment, 
either during the making or subsequent thereto. 
verisation to a degree finer than 200 mesh does not 
appreciably add to the efficiency of charcoal. The 
adsorbed gold or silver salt is soluble to some degree in 
boiling water, and is especially soluble in hot cyanide. 
There is a possibility of so changing the adsorbed gold or 
silver salt on charcoal that the charcoal may be used for 
further precipitation. Charcoal will precipitate gold or 
silver from a cyanide ore pulp ; the charcoal can then be 
separated from the pulp by flotation. 
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AN ELECTRICAL INDICATOR FOR | 
HIGH - SPEED 
BUSTION ENGINES. 
By Jé1cmt Oxpata. 
Tux electrical indicator described in this article | 
was developed for the purpose of serving for general | 
use in the laboratory where research work relating | 
to high-speed internal-combustion engines is carried | 
out. The indicator requires an electrical recording | 
instrument, such as a string galvanometer, a string | 


Fic.4.. STRING GALVANOMETER 
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electrometer or, preferably, a Duddell oscillograph, | an Oe 

so that the author does not claim that it is suitable | 

for use in an ordinary works testing department.* | ; ™ om 
The novel feature of the indicator to be described is | : 








that it contains no mechanical part with appreciable| —g 
friction or inertia, and, moreover, it is entirely free 
from the influence of the natural vibration of any | 
part of the system, so that it is especially suited for | 
high-speed engines with which ordinary indicators 
fail to give correct diagrams. | 








Fig.5. 





be increased as much as possible, and, moreover, | a single-cylinder four-cycle engine, of about } h.p., 
INTERNAL - COM - | adequate electromagnetic damping should be pro- 
vided by shunting with a small resistance r, Fig. 4. 
As regards the accuracy of the record, especially 

| at the highest speeds, the arrangement using a string 


and named the “ Full Power,” of the Briggs and 
Stratton and Company, Milwaukee, U.S.A., and 
the other was an “Indian” motor-cycle engine. 
When using a Duddell oscillograph, a fifty-cycle 
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The indicator, in principle, is of the simple disc 
form. The only difference from the familiar mecha- 
nical or optical types, lies in the use of a very thick 
steel disc, 2 mm. thick and 5 cm. in diameter, and 
of an extremely sensitive electrical means, known 
as the “ultramicrometer method,” for recording 
the minute motion of the thick disc caused by the | 
pressure in the cylinder. | 

The details of construction of the instrument are 
shown in Figs. 1 and 2. A parallel-plate condenser is 
formed by the disc and a steel plate placed at a very 
small distance from the disc, and electrically insulated 
from it, the condenser being used as the capacity 
C in an oscillating valve circuit shown in Figs. 3, 
4 and 5. Thus the pressure-change produces a 
change in the anode current of the thermionic valve 
V,. This change in the anode current is recorded 
by means of an Einthoven string galvanometer G, 
or a string electrometer E, balancing the anode | 
current itself by a potentiometer method, when | 
using the former. If the highest degree of accuracy | 
is aimed at, a Duddell oscillograph should be | 
employed for recording the change in the anode | ; tee 
current, the current being amplified by the aid of | electrometer or a string galvanometer is inferior to 
the valves V, and V;, as shown in Fig. 5. When a| that employing a Duddell oscillograph, on account 
string electrometer or a string galvanometer is em- | of the low natural frequen y and small damping of 
ployed, the natural frequency of the string should | the string, which usually consists: of very fine fibre 
| of quartz or metal. 


* A more detailed account will shortly appear in the | . 4 , 
Report of the Aeronautical Research Institute, Tokyo | In order to obtain actual records of engine pres 











Imperial University. | sures, two small engines were employed. One was 





3000 R.P.M. 





Sensibility: 1.5, 
; or 1.1 mm/1 


@.per sq.cm. 
lbs.per sq. in. 





D1aGRAM FROM INDIAN MorTor-CycLe ENGINE at 3,000 R.P.M. 





Fie. 8. Diagram FROM “ FuLL-PowrER” ENGINE aT 1,850 R.P.M. 





Fie. 9. Diagram FROM INDIAN Mortor-Cycite ENGINE at 1,500 R.P.M. oBTAINED WITH 
EINTHOVEN GALVANOMETER. 


alternating-current wave was recorded as the timing 
wave, together with the pressure record. 

Figs. 6 and 7 are the records thus obtained with 
the “Indian” motor-cycle engine running at speeds 
of 1,700 and 3,000 r.p.m., respectively. In the case 
of Fig. 6, the sensibility of the instrument was such 
that a height of 6-4 mm. on the record represented 
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a pressure of 1 kg. per sq. cm., but the scale has 
been reduced to half that value in reproduction. 
Fig. 7 has also been reduced to half its original 
scale in reproduction, Fig. 8 shows a similar record 
obtained with the “ Full Power” engine, the dead- 
centre points of the piston being marked on the 
record by means of electric contact-breakers mounted 
on the fly-wheel of the engine; they are indicated 
by the short vertical lines at the top of the record. 
In this case the scale of the record, as printed, is 
such that a height of 4°9 mm. equals a pressure of 
1 kg. per sq. cm. 

When the engine was running without load, the 
explosions took place very irregularly at the highest 
speed, as shown in Fig. 7. Further, it should be 
noticed in this case, that ripples, having a frequency 
of about 300 cycles per second, are superposed on 
the pressure record. Using a thicker steel disc 
(thickness 3 mm.), similar ripples were observed. 
The natural frequencies of these discs were calcu- 
lated and found to be about 8,000 and 12,000 per 
second for 2-mm. and 3-mm. discs, respectively. 
Actually, violent vibrations occurred in the case of 
the highest speed run, so that the ripples may 
doubtless be attributed to vibrations of the engine 
and indicator supports. 

In Fig. 9 is reproduced the record obtained with 
an KEinthoven string galvanometer made by the 
Cambridge Instrument Company, Limited. The 
natural frequency of the string (Wollaston platinum 
‘ wire, 0-01 mm. in diameter) was found to be 190 
cycles per second, and an adequate electromagnetic 
damping was furnished by shunting the galvano- 
meter with a 60-ohm resistante. The pressure scale 
of the record, in this case, is such that 2°5 mm. 
represents a pressure of 1 kg. per sq. cm., the 
record having been reproduced without reduction. 

In the present experiments the air gap in the 
condenser, 7.e., the distance between the two plates, 
was about 2mm. or 3 mm., so that the sensitivity 
can easily- be increased by diminishing the gap. 
The pressure records, as reproduced in Figs. 6 
to 9, can easily be converted to the usual form of 
indicator diagram, or, if an oscillograph is employed, 
the usual diagram can be obtained by the aid of a 
second mirror, which is driven from the engine 
piston. The calibration of the present indicators 
was carried out by means of a standard pressure 
gauge of the Bourdon type and compressed air. 

In conclusion, mention should be made of the 
constancy of the calibration of the present indicator. 
In this, the use of one or several thermionic valves 
cannot be dispensed with, and difficulty inherent in 
the use of the thermionic valve is in keeping the 
calibration unchanged for a long period of time. In 
addition, the influence of temperature must not be 
overlooked. Although the casing is made exception- 
ally large, and means for cooling it by water circula- 
tion are provided, the temperature of the disc cannot 
be guaranteed to be constant throughout a long 
run, and this will not only affect the resilience of 
the disc, but also cause a change in the width of 
the air gap between the disc and the steel plate, 
which undoubtedly has an influence on the sensi- 
tivity. 

It should, however, be borne in mind that in 
indicating high-speed engines the chief object is 
the examination of events occurring in the engine 
cylinder, and not the estimation of horse-power, so 
that a slight inaccuracy, if it should exist, in the 
absolute value of the pressure may be immaterial. 





PETROLEUM DEVELOPMENT IN 
AMERICA. 


THE number of oil and gas wells drilled in the 
United States in the period 1859 to 1925 is estimated 
at 687,000. Many of these wells have long since 
been abandoned; only one out of every six pro- 
ducing wells is at present yielding more than one 
barrel of oil a day. That apparently exhausted oil 
sands still retain much of their oil has, however, 
long been understood. In the early days, people 
troubled little about the few per cent. of oil possibly 
left below, but it is now becoming recognised that 
the present methods of operation rarely bring up as 
much even as 20 per cent. of the oil that might be 
recovered, and the improvement of working methods 


has become more important than the search for new 
oil fields. 

The uneasy feeling in the petroleum industry 
was reflected in the tone of the discussions at the 
meetings which the petroleum division of the 
American Institute of Mining Engineers held at 
Tulsa, Oklahoma, in October 1926, and at New York 
in February, 1927. The proceedings of those 
meetings form an instructive volume of 926 pages.* 
Methods of increasing the recovery from oil sands 
were prominent among the manifold subjects dis- 
cussed in many papers. 

Gas pressure is used in various ways to facilitate 
the recovery when the original gas pressure under- 
ground has diminished. The bulk of the gas and 
vapours retained by the oil is probably dissolved 
in the oil. As the rock pressure is released, the 
gases and light hydrocarbons escape from it. When 
dry gas is forced into the oil again, it dissolves some 
of the condensed vapours and carries them away. 
In 1924, Mr. H. L. Doherty suggested that the 
gas present in an undisturbed oil pool should increase 
the oil yield from the sands also, because it would 
reduce the viscosity and surface tension of the 
oil. 

Experimental data in support of this contention 
were given at the meetings by Messrs. C. E. 
Beecher and I. P. Parkhurst, who, working under 
Doherty, found that, at 70 deg. F. and a pressure 
of 500 lb. per square inch, the natural gas in the 
oil would reduce the viscosity of a crude oil, 
saturated with the gas, by 50 per cent., and the 
surface tension by 20 per cent., and that a further 
reduction in the viscosity would take place at 
higher pressures. At a depth of 4,100 ft., pressure 
may rise to 1,800 lb. ; that well depth is consider- 
ably exceeded now, and crude oil at great depths 
should have the low viscosity of kerosene. 

The solubility of the gas is increased by increased 
pressure, but decreased by rising temperature ; the 
latter effect is, however, not important within the 
temperature ranges coming in question. The natural 
gas used in these experiments consisted, for example, 
of 82-5 percent. of methane, 5-5 per cent. of ethane, 
5-9 per cent. of carbon dioxide, 0-3 per cent. of 
oxygen, and other gases. This order of percentage 
differed widely from that of the solubility of those 
gases in the Oklahoma crude. In the latter, the 
order was: carbon dioxide, average natural gas, air, 
and hydrogen; the dioxide was nearly three times 
as soluble as the natural gas, which was four times 
as soluble as air, hydrogen being least soluble. 

The ways in which these, and other, researches 
may be interpreted and utilised are very contro- 
versial. The advisability of gas conservation is 
generally conceded, but to enforce it legally would 
be premature. The Marietta process for reviving 
apparently exhausted fields by re-pressuring with 
the aid of compressed gas or air plants is spreading 
from the Mid-continent to California. According 
to the figures of Messrs. Beecher and Parkhurst, 
dry or wet gas should be preferable to air in the 
Marietta process, but Mr. Swigart questioned this, 
and practice seems to be more in favour of air. 
In the gas-lift process of the Roxana Petroleum 
Corporation, described by Mr. S. F. Shaw, the air 
supply pipe passing down the 6-in. casing widens from 
2 in. at the top to 5in. at the bottom. New aspects 
of the gas lift were reviewed by Messrs. E. O. 
Bennett and K. C. Sclater, and Mr. B. E. Lindsley 
of the Bureau of Mines, reported on the use and 
limitations of vacuum in oil recovery. 

Noteworthy among the papers on advances in 
refining technology and on the chemistry and met- 
hods of fractionation and cracking, was one by 
Mr. E. R. Lederer on the production of lubricating 
oils by contact filtration through clay. The finely- 
ground clay (bentonite) is mixed and heated with 
the oil to 430 deg. F., and the pulp passed. hot, at 
300 deg. F., through filter presses. Another paper 
of considerable interest was by Mr. L. de Florez 
on the use of automatic control in refining. At 
present, manual control is usual in oil refineries. 
Automatic temperature control devices generally 
aim at maintaining the oil flow fairly constant while 
varying the fuel feed so as to keep the temperature 
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at the outlet (from the coil into the reaction zone) 
constant. 

When a motor-operated valve, a pyrometer 
and relay contacts are used for this purpose, there 
is tendency to hunting between the temperature 
limits, with considerable time lags. In order to 
reduce these time lags Mr. de Florez makes the 
electric contacts of increasing duration as the gal- 
vanometer deviates from the pre-determined 
temperature level. These contacts of increasing 
lengths actuate a valve mechanism to cause momen- 
tary corrections for the duration of contact, in the 
sense that the greater the deviation, the longer the 
contact made and the greater the change in the fuel 
feed. The system has been adopted by the Texas 
Company for their Holmes-Manley cracking units. 

As regards the transmission of highly-viscous 
California oils, a peculiar expedient was introduced 
in 1906 by the Southern Pacific Railroad between 
Bakersfield and Port Costa. About 24 miles of 
8-in. steel pipe were laid, rifled like gun barrels, 
and water was forced into the rifling by nozzles 
of special design so as to fill the grooves between the 
oil and the pipe wall. The water, about 10 per cent. 
of the oil, was to form a layer of lighter weight 
and smaller viscosity and was to be kept in the 
intermediate position by the whirling motion of the 
oil. 

This system, Mr. C. P. Bowie stated, worked well 
in cases where the water and oil did not emulsify. 
When, however, emulsification took place, the 
emulsions would not settle, and the method was 
abandoned in 1916, oil heating having meanwhile 
been adopted for lowering the viscosity of the oil. 
For this purpose, the heavy oil is passed through coils 
externally heated to 165 deg. F. by steam. Where 
buried in the ground, less than 3 ft. deep, the pipes 
have to be lagged, and this is done by wrapping 
roofing paper, 12 in. wide, in a spiral round the 
pipe, which has previously been coated with hot 
asphalt. A spiral gap, 4 in. in width, is left between 
the convolutions and covered subsequently by 3-in. 
strip, likewise fixed by means of asphalt ; a second 
layer of paper is finally applied. 

The laying of these lines in sections was a very 
laborious and costly matter. It required, in suc- 
cession, the services of surveyors to circumvent 
terrain difficulties, of a right-of-way gang, a stringing 
gang (of 40 men), a pipe-laying gang, and a ditching 
gang. Lap-welding was introduced to avoid the 
troublesome screwing up of the sections; quite 
recently seamless drawn-steel tubes have come in 
use. The welded lines have the further advantage 
of not being so liable to break in winter, when the 
line has to be shut down. The oil circulation is 
maintained by means of pumps, which are con- 
trolled by dispatchers using the methods of the 
railroad dispatching systems. 

Corrosion troubles are very serious in the alkaline 
soil of the San Joaquin Valley, where new steel line- 
pipe lasts less than three years ; the line has to be 
carried on trestles. An infrequent, but pernicious, 
cause of pipe corrosion in oilfields was pointed out 
by Mr. U. R. Evans, of Cambridge, England: oil drops 
settling on the pipe wall, give rise to local pitting, 
especially with certain oils, even if soon carried 
away by the water. Mr. E. P. Bly, of the Standard 
Oil Company, stated that some reasonably cheap 
corrosion-resisting material would have to be found 
to stop the alarming corrosion of the gas and oil 
pipes of which over 100,000 miles are used in the 
United States. Giving an account of the recent 
investigations of these problems by the Bureau of 
Standards, Mr. K. H. Logan was unable to offer any 
definite recommendations. On behalf of the Bureau 
of Mines, Mr. R. Van A. Mills added that three- 
quarters of the corrosion troubles in old oil and 
gas fields could have been prevented if proper 
protective measures had been adopted in the early 
days. His further remark, that modern improved 
recovery methods, as, for example, the use of com- 
pressed air, were likely to stimulate corrosion, 
was not encouraging. A statement made by Mr. 
Barnabas Bryan in his paper on the economics of 
gasoline was also not encouraging. Not sharing the 
optimistic view of many refiners, he pointed out 
that, in 1926, the curve of gasoline consumption 
had actually crossed and fallen below the curve for 
the total supply of this commodity. 
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THE WALCHENSEE HYDRO-ELECTRIC 
STATION. 
(Continued from page 230.) 

TuRNING to the power-house itself, as has already 
been mentioned, the Bavarian scheme of hydro- 
electric development provides for the supply, 
both of three-phase power for general purposes 
and of single-phase power for railway operation. 
Generators for both systems have, therefore, been 
installed in the Walchensee station, together with 
separate sets of transformers, switchgear and 
outgoing transmission lines. The power-house 
proper consists of two main buildings, which are 
connected by an. auxiliary structure, as shown in 
Fig. 9, on page 230 ante. One of the two main 
buildings contains the machine room and the other 
the transformers and switchgear, while the auxiliary 
building houses the offices, workshops and stores. 

The turbine room is 105 m. long by 22 m. wide. 
The foundations, as well as the anchors for the 
horizontal portion of the pipe lines, are carried 
down to solid gravel. In order that a satisfactory 
draught height may be obtained, the floor has been 
raised about 3-5 m. above the adjacent ground 
level. The general arrangement of the main and 
auxiliary machines, and of the transformers and 
switch-houses, is illustrated in Figs. 12, 13 and 14, 
on Plate XVI., and in Fig. 15 above. 

The machine foundations, which also form the tail 
race channel, are of very rigid design and con- 
struction, in order to ensure quiet and vibrationless 
operation. To prevent the machine vibration being 
transmitted to the adjacent control room, an air 
space has been left between the foundations of 
the two parts of building. The turbine room 
contains eight main ‘generating sets, with an 
aggregate capacity of 123,000 kv.-a., together 
with two auxiliary 1,100-kv.-a. machines. Four 
of the main sets are designed to generate three- 
phase current and four single-phase current, the 
station being divided into two separate portions for 
this purpose from the forebay onwards. Four of 
the pipes supply the former portion and two pipes 














Fic. 15. GENERAL VIEW OF TURBINE Room. 


the latter. These two pipes are bifurcated at 
the last anchor. 

The two house sets consist of Fritz Neumeyer free- 
flow turbines, shown in Fig. 16, on page 256, and run- 
ning at at 750r.p.m. These are coupled, respectively, 
to 350 kv.-a. and 750 kv.-a. three-phase generators 
supplying current at 220/380 volts and at 50 cycles. 
There is also a 300 kv.-a. 6,600/350-volt transformer, 
which steps down the energy transmitted from a 
neighbouring power plant. This is used to supply the 
auxiliary equipment in the Walchensee station. 

The transformers and switchgear employed at 
Walchensee need only be dealt with very briefly, as 
the general design of all this equipment is the 
same as that employed on the Bavarian network, 
and was therefore fully described in our previous 
article.* As shown in Fig. 13, the 110-kv. trans- 
former and switch-house forms a separate building, 
which is divided from the turbine room by a yard 
90 ft. wide. The four three-phase transformers have 
a capacity of 20,000 kv.-a., and step up the gene- 
rator voltage of 6,600 volts to 115,000 volts for 
transmission to Karlsfeld. The capacity of the 
single-phase transformers is 10,650 kv.-a., which can 
be increased to 16,000 kv.-a. for one hour and to 
20,000 kv.-a. for 3 min. Their ratio of transforma- 
tion, at no-load, is 6,900/ 122,500 volts. 

The generators are connected direct to the trans- 
formers, so that the two form one unit. In the case 
of the three-phase sets, these connections consist of 
eight 3 by 185 sq. mm. cables, each of which is 
designed to withstand 10,000 volts. In the case 
of the single-phase sets, the number of cables is 
the same, but the section is 2 by 185 sq. mm. The 
cables are laid in ducts. On the other hand, the 
cables for the control circuits are fixed on stone 
brackets on the side walls of the cable subway, so 
that they can be kept under constant supervision. 

The pump house, shown in Fig. 17, on page 256, 
is an auxiliary building on the lake side of the tur- 
bine room, and contains six pumps, which are em- 
ployed for various purposes. Three have an output 
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of 90 cub. m. per hour at a head of 10 m., and are 
used in connection with the transformer-cooling 
plant. Two sets, with an output of 70 cub. m. per 
hour, and a head of 50 m., are used for the bearing- 
cooling equipment, and one, with an output of 450 
cub. m. per hour and a head of 10 m., is employed 
in connection with the artificial loads with which 
the station is equipped. 

These artificial loads are employed for determi- 
ning the efficiency of the machines and for quickly 
adjusting the regulation. One is used for the 
three-phase and the other for the single-phase sets, 
and in both cases they consist of a tank excavated in 
the works yard. The dimensions of these tanks are 
8-50 m. long and 2 m. wide, and they rest on con- 
crete foundations. In order to protect the walls from 
the effects of stray currents, expanded metal sheets 
are placed at a distance of 2-5 cm. from them. 
These sheets are insulated from the walls and earthed. 
A pair of electrodes is provided for each phase. 
These consist of iron.sheet, 8 mm. thick and of 
trapezium shape, which are rigidly fixed in one 
position. The resistance is altered by raising or 
lowering the water level by means of a weir on the 
narrow side of the tank. As the level is raised, the 
shortest side of the trapezium first comes into con- 
tact with the water, so that a gradual increase in 
the load is obtained. The output of the pump 
mentioned above is such that there is no fear of 
the water overheating. The connections to the 
resistance are made by overhead lines. 

As might be expected in a station of this size, 
where smoothness in operation is essential, great 
stress has been laid on the spaciousness of the lay- 
out and the completeness of the control gear. As 
already mentioned, this gear is placed half-way 
along one of the long sides of the turbine room. 
Part of it is housed in the control room proper and 
part in the instrument room. 

The control room is elliptical in plan, see Fig. 12, 
and is so arranged that all noise is excluded from it. 
The three-phase and single-phase equipment is kept 
separate, appropriate desks being provided for super- 
vising the machines and transformers, in conjunction 
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with instrument panels, both for the machines and | 


the outgoing feeders. The instruments are fixed on 
black-marble panels, which are arranged in the form 
of a semi-ellipse. Only circular-pattern single-phase 
instruments, which are fixed one above the other, 
are used, this type having been chosen owing to 
its being easier to read than the edgewise pattern. 
Instruments with a diameter of 350 mm. are 
employed on the machine panels, those for the 
outgoing feeders being smaller. All the instruments 
are countersunk. In order to avoid reflection, 
polished parts are avoided on the instruments and 
the marble panels are finished to a matt surface. 

All the wattmeters, voltmeters, ammeters and 
power-factor meters are in one horizontal line 
on the machine panels, and the same arrangements 
apply to the feeder ammeters, the ammeters for 
phase I being on the uppermost row, those for 
phase ITI in the centre, and those for phase III at 
the bottom. This vertical grouping of the instru- 
ments has proved extremely convenient, compared 
with the previously used arrangements, in which 
the various types of instruments were distinguished 
by different colours. 

The diagram of the double ’bus-bar system is, 
not, as is usual, on the switch desk, but on the 
measuring-instrument panel. This arrangement has 
the advantage that the signal lamps are visible 
from anywhere in the switch room. As the switch 
desk, which carries the control switches, is placed 
a definite distance in front of the measuring-instru- 
ment panels, the attendant, while carrying out 
regulating operations, can exercise close super- 
vision—that is, he can watch the instruments 
belonging to machine IV while he is regulating 
machine I, and vice versa. The control switches 
for the coupling panel, and for the panel belonging 
to the Obernach power station, are also fixed on a 
switch desk, to facilitate the necessary synchronising 
operations. Between the control room and the 
turbine room are placed the meter and relay panels, 
those for the single-phase and three-phase equip- 
ment again being kept separate. 

There is a special telegraph panel for transmitting 
orders for each generator, which is fixed on the 
crane girders. In addition to the control apparatus 
and a wattmeter, this carries a device for indicating 
the position of the throttle valves in the forebay, 
and enabling them to be closed in case of 
emergency. 

(To be continued.) 





MOTOR FUELS AND ANTI- 
DETONATORS. 


Tur search for cheaper motor fuels, or a more 
efficient use of those in existence, has also involved 
the search for effective anti-detonation compounds, 
whereby it may be possible not only to raise the 
compression but to use fuels containing the higher 
fractions of the cracking process mixed with 
ordinary petrol, with or without the addition of 
benzol. A great deal of interesting work has been 
undertaken during the past two or three years, and 
is being zealously pursued in this country, on the 
Continent and in the U.S.A. Some of the results 
have been published in America, for example, a 
report by the American Chemical Society, and in 
this country there have been several papers, such as 
the series by Dr. Callendar on dopes and detonation 
published in our columns, and the discussion before 
the Faraday Society dealing with the effect of col- 
loidal solutions of various metals, Sundry patents 
have also been taken out and reports have been 
published in Germany and Italy. 

In the recent issue of Giornale di Chim. Ind. ed 
Applicata (vol. viii, 1926, pp. 473-6), R. Ariano gives 
a useful and critical review of some of the more 
important researches undertaken of late -years. 
After briefly noting the well-known diagram of 
Dumanois, showing the relation between power out- 
put and volumetric compression, and the work of 
Ricardo in connection with the highest useful 
compression ratio, Ariano proceeds to discuss the 
difference between uniform combustion and detona- 
tion. The former takes place when there is perfect 
heat conduction, so that all parts or zones of the 
gas mixture attain ignition temperature simul- 
taneously ; detonation, on the other hand, occurs 
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when there is an explosive wave due to premature 
ignition of a very small part of the vapour, giving 
rise to a sudden and enormous, but strictly localised, 
increase of pressure. A fairly full account is given 
of the classic work of Callendar and his collaborators, 
and the nuclear theory of detonation published in 
ENGINEERING, 1927, vol. cxxiii, pages 147, 182, 210. 
This theory, with its postulation of three types 
of detonation-wave, is held to be useful as a 
working hypothesis, but, in order fully to explain 
the metallic sound which accompanies detonation, 
one must also take into account the knocking of 
a compressed mass against the metallic parts of 
the engine. 

Considering, in the next place, the specific action 
of various anti-detonators in relation to the nuclear 
and other theories, Ariano does not express any 
very definite opinion, but contents himself with 
merely summarising the work of Muravus and others. 
A list of substances tested as anti-detonators and 
references to the more important literature are 
given. 

Quite recently, Professor G. Ferreri, of the Fiat 
Research Department, Turin, has suggested the use 





of metallic naphthenates, and also directed atten- 
tion to lead oleate. The use of this latter seem to 
have been first proposed in Russia. It was used 
in the Paris-Tokio flight, and Erlich has recom- 
mended that tests with this compound should be 
undertaken by a large firm of French automobile 
manufacturers near Issy-les-Molineaux, suggesting 
that fuel efficiency would be very largely increased 
thereby. This substance has the advantages of 
being easily prepared and also perfectly safe. The 
chief objection is the relatively high percentage 
(about 1 per cent.) of oleate which must be present 
in the fuel. If widely used in populous districts, 
this would probably mean the contamination of the 
atmosphere with an appreciable amount of lead 
compounds in an extremely fine state of sub- 
division, although the risk of this may be exag- 
gerated. An interesting point in connection with 
lead or iron, or indeed with any metallic compound, 
is that the radicle itself may be relatively unim- 
portant, and that it is the metal base which is of 
importance, due probably to a magnetic or electrical 
effect. It is necessary that the compound should 
be readily soluble in benzol, and preferably be 
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non-poisonous. Lead ethide, of course, is one of 
the most deadly poisons known. 

Ferreri, as previously intimated, has carried out 
experiments at the Fiat works in Turin, during the 
past two or three years, with metallic naphthenates, 
which are easily soluble in benzol. In the refining 
of Russian petroleums with sulphuric acid and 
caustic soda, the alkaline lyes, on standing, separate 


into three layers of which the upper and lightest | 


is mineral oil, whilst the other two form not very 
sharply demarcated layers of soap paste and sodium- 
sulphate solution. The soap is a mixture of sodium 
naphthenates from which the free naphthenic acids 
may be easily obtained by treatment with sulphuric 
acid. These acids are the so-called natural naph- 
thenic acids, which are isomeric but not identical 
with the naphthenic or hexahydrobenzoic acids 
obtained, by reduction with metallic sodium, from 
benzoic acid and its homologues in amylic or caprylic 
alcohol solution. These compounds have been 
studied by numerous investigators, such as Charit- 
schkoff, Pyhala, Chercheffsky, and Gurwitsch in 
Russia, and by Tanaka, Nagai and others in Japan, 
using Japanese mineral oils. Professor Ferreri 
thinks that, hitherto, they have only been used 
locally in Russia and Japan, but they have certainly 


been examined in this country for various purposes, | 


although doubtless on a small scale. The naphthe- 
nates of lead and manganese are useful as varnish 
driers ; copper and other naphthenates are em- 
ployed in the manufacture of gutta-percha, wood 
preservatives and paints ; chromium and iron naph- 
thenates may be employed as mordants in dyeing ; 
and many of them are made into low-grade soaps. 
Ferreri does not give any details of his experiments, 
and only mentions the results quite generally by 
stating that they were very satisfactory. He seems 
to have found a difficulty in getting sufficient 
material for his work, but promises to give fuller 
information later. 

In Germany it is well known that the I.G. combine 
is carrying out elaborate research on motor fuels. 
Iron carbonyl is used in the new fuel Motilene, 
which has not come up to expectation, but hitherto 
little information has been available concerning 
the other fuel Gasin. It is now claimed, that whilst 
other fuels and detonators have been evolved on 
quite empirical grounds, the manufacture of Gasin 
is based on strict scientific principles and on a true 
hypothesis of detonation. This is claiming too much, 
although another theory more or less will not make 
much difference, for there are now at least fourteen 
different theories of detonation. As a matter of fact, 
the theory now advanced, that of electrical conduc- 
tivity, is not a newone. This hypothesis supposes 
that the primary factor in detonation is electrical non- 
conductivity ; the higher the conductivity of a fuel 
the less is the liability to detonation. It is assumed 
that if the fuel used is a perfect insulator, such as 
benzine, it will become electrically charged by 
friction with the inlet pipe when rapidly drawn into 
the cylinder on the induction stroke. Differences 
in potential therefore arise, which are further accen- 
tuated by compression. When the gas mixture is 
fired, the explosion, or combustion, is too quickly 
accelerated and premature thus giving rise to 
knock. If, however, the fuel is made conductive 
there are no electrical disturbances, and ignition takes 
place normally without detonation. In the manu- 
facture of Gasin, certain substances are introduced 
which, it is said, not only greatly increase its 
electrical conductivity, but also, by liberation of 
oxygen, increase the explosive force or heat generated 
and facilitate the removal of certain resinous and 
other impurities. Presumably, owing to the greater 
heat due to presence of oxygen these impurities 
are burnt or vaporised instead of remaining as 
solid particles to clog the cylinder and valve parts. 
Gasin was tested for electrical conductivity by means 
of two suitably placed platinum electrodes insulated 
from the walls of the engine ; a battery of dry cells 
was placed in circuit, together with a switch, two 
resistances in parallel or in series, and a very sensitive 


galvanometer. Various fuel mixtures were then 
tried :— 

(1) Benzine only ; non-conductive, violent 
knocking. 


(2) 50 per cent. benzine, 50 per cent. benzol ; 
slightly ‘conductive, less knocking. 


(3) 30 per cent. benzine, 70 per cent. benzol ; 
highly conductive, no knock. 

(4) Gasin, highly conductive, no knock. 

Gasin was also tried in various road tests, in com- 
parison with other fuels, such as Stellin and Dapolin, 
and found to be superior to both, giving higher 
power at high and low speeds, with less consumption 
of fuel. The quiet running of the engine was 
particularly noticeable. 

It seems highly probable that, in accordance with 
the views recently expressed by Church, Mack, and 
Boord in the United States, that the organo-metallic 
compounds break down in the cylinder and produce 
a cloud of very finely divided and easily oxidisable 
metallic dust, which in some way ensures a more 
uniform burning of the gas mixture at the right 
moment without detonation. That electrical con- 
ductivity may play an important part here is 
perfectly feasible, as Ferreri of the Fiat works has 
previously suggested. 
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Aluminium : The Metal and its Alloys. By M. G. Corson. 

London: Chapman and Hall, Limited. [Price 

36s, net.] 

THE importance of aluminium in modern metal- 
lurgy may be judged by its voluminous literature : 
it has now more manuals and text-books devoted 
| to it than any other of the common metals, except 
iron. To the well-known works of Anderson and 
Grard, each good in their respective degrees, has now 
to be added the new book by Mr. M. G. Corson, a 
recognised authority on metallurgy. Some justifica- 
tion for a new book is needed, and the author in his 
preface admits this. In the result it may be said 
that his justification is complete. The book is an 
excellent one, and treats its subject from a desirable 
new angle. The only criticism that can be made is 
that the space devoted to aluminium itself is less 
than the preface would lead readers to expect. 
It is curious how the metal tends to be overshadowed 
by its alloys; it may be doubted if the ideal work 
on aluminium itself has yet been written. The 
alloys are so numerous, and their properties so varied 
and so interesting, that the intrinsic uses of the un- 
alloyed metal and the homely details of its produc- 
tion and subsequent treatment have had rather less 
than justice done to them. It is not too much to 
say that a great deal more work has of late been 
done on the alloys than on the metal itself, and 
Mr. Corson’s book is a reflection of this fact. The 
bulk of it is devoted to the alloys, and the portion 
dealing with aluminium itself is less than one-sixth 
of the whole. 

The force of the above criticism is, of course, 
weakened by the fact that Mr. Corson has entitled 
his work ‘‘ Aluminium: the Metal and Its Alloys.” 
It is still further weakened by the fact that the 
Falstaffian proportion of the book devoted to the 
technology of aluminium is very well done indeed. 
It is written, moreover, in a way which suggests 
that Mr. Corson is himself well qualified to write 
the ideal book, some day, on aluminium itself, and 
to do his subject justice. In the meanwhile, the 
sections devoted respectively to the binary and 
ternary alloys, their technology, their applications 
in engineering and their “‘structurography,” are each 
of them very complete and informative, while the 
section on corrosion, which is one of the most im- 
portant aspects of the subject, is very good, indeed. 

Mr. Corson is to be congratulated upon the adop- 
tion of a device which is a great help to readers. 
In an envelope inside the cover is a detachable 
celluloid sheet ruled with lines corresponding with 
what are often (wrongly) described as the abscissae 
and coordinates of the diagrams relating to the 
constitutional structure of alloys. This sheet is 
intended to be laid on the diagrams themselves, 
which are reproduced at a uniform scale for that 
purpose, to facilitate the reading of their indications. 
Readers, and more particularly the professional 
part of them, will be more critical of the introduc- 
tion of “imaginary” constitutional diagrams, in 
cases where, although some data are forthcoming, 
no constitutional diagram has hitherto been plotted. 
The aluminium-carbon series is the first to be treated 





in this manner, and the textual description contains 


a number of assumptions upon which it has been 
based. Mr. Corson anticipates criticism in this 
regard and will probably get some, less on the score 
of the principle involved than in respect of some of 
the assumptions which have to be made. The prin- 
ciple itself is legitimate enough ; it is an exemplifica- 
tion of the exercise of the scientific imagination we 
are all of us being urged to cultivate. It is, more- 
over, adopted, as a matter of routine, in mathe- 
matics and by statisticians, but in metallurgy the 
unexpected often happens, and the proviso must 
always be borne in mind that an “imaginary” 
diagram: will only hold good as long as nothing of 
@ critical or abnormal kind occurs to vitiate the 
hypothetical production of curves beyond the 
region explored by actual experiment. The prac- 
tical man is apt to be suspicious of constitutional 
diagrams. We have seen that in his preface, 
Mr. Corson appeals to a wide audience which is to 
include the practical man, the university student 
and the professor. It is very difficult to cater for 
all three. What is fully apprehended by the pro- 
fessor is grasped to a far lesser degree by the average 
student, and often not at all by the plain man in 
the works, unless it be translated to him in terms 
which he can grasp and a vocabulary within his 
province to understand. In that difficult task of 
translation, the author has been singularly success- 
ful. The constitutional diagram is there for those 
who can, to read. For those who cannot, its meaning 
is made clear, its implications stressed and its prac- 
tical applications explained in very simple terms. 
In the specialised papers read before learned 
societies all this is usually left very much in the air. 
Mr. Corson has collated it all in his book, in a way 
that will make the diagram far less deterrent and 
far more useful to those who have ultimately to 
apply its indications to practical work. 

In an appendix a note is given about the possi- 
bilities of discovering a beryllium alloy of alum- 
inium, a subject about which a good deal has been 
thought and written of late. The author is not 
hopeful that a means of alloying the two metals 
can be found. If the problem is to be solved, it 
will probably be in the direction of forming a beryl- 
lium silicide, thus following the analogy which has 
been found so. productive of useful results in the 
aluminium-magnesium-silicon series. 





By R. D. ArcursBarp, 


Polyphase Induction Motors. 
Chapman and Hall. 


D.Se., M.LE.E. London: 

1926. [Price 5s. net.] 

In the preface to this book the author states that his 
method of presentation—cutting the preliminary 
theory as short as possible and proceeding rapidly 
to the analysis of the design of a typical machine— 
will appeal to students, who prefer quickly to obtain 
some practical results for their labour, and will stimu- 
late many to further theoretical study, which they 
might not otherwise pursue. We doubt whether it is 
desirable, or even necessary, to approach the subject 
in this manner. The general features of the 
induction motor, which are of interest to electrical 
engineers can be treated very well without intro- 
ducing data, which are only necessary when its design 
is under consideration. 

On the other hand, engineers who specialise in 
design must necessarily study the subject more 
thoroughly than this book will enable them to do. 
Still, it is as well to keep the object of the author in 
view when reading the book with a critical mind. 
It is obviously impossible to give more than an 
outline of the features of the induction motor in a 
book of 82 pages of pocket size, but the author has 
succeeded in compressing a large amount of infor- 
mation into this limited space. To students who 
have attended a course of lectures on the subject, 
the book provides means of quickly reading up the 
whole or any part of induction motor theory so as 
to refresh their memory on any particular point. 
We doubt, however, whether any reader, who is not 
already familiar with the theory of the induction 
motor, will be able to obtain a clear understanding 
of the subject from the perusal of the book. The 
author seems to have felt this as he refers frequently 
to other text-books where further information can 
be obtained. 

Owing to the fact that theory and deductions 





from first principles are cut down to a minimum, the 
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author is frequently compelled simply to state 
facts and give information, and these have to be 
accepted by readers without explanation. All the 
more care should, therefore, have been taken to 
avoid inaccuracies. Space does not allow us to deal 
with many of these, nor to discuss them in detail. 

A few examples only of the statements, which 
require revision in future editions, must, therefore 
suffice to show our meaning. On page 6 it is stated 
that wound type rotors must for ordinary purposes 
have the same number of poles as the stator. Wound 
type rotors must, as a matter of fact, invariably 
have the same number of poles as the stator. Star- 
delta starting is stated to have the disadvantage 
that the motor must work with its winding delta 
connected. On page 61 we find ‘‘ The objection to 
this condition is that circulating currents may be 
produced in the windings, if the voltages in each 
phase do not balance or if certain harmonics are 
present.” Actually, delta connected windings on 
induction motors are equivalent to star connected 
windings and the latter will carry the same un- 
balanced currents when the line voltages are unequal. 

It is doubtful whether it serves any purpose to 
give students formule which have been worked out 
by various authorities on design for calculating 
leakage co-efficients without giving their derivation, 
as is done on page 38. Such short cuts can only 
be used with advantage if their limitations are 
appreciated. They are of very little use to anybody 
who is not conversant with machine design. 





Die Luftvorwirmung in Dampfkesselbetrieb. By Drr- 
LING WILHELM Guz. Leipzig: Otto Spamer. [Price 
10 marks. ] 

Tur author, in his preface, makes a semi-apology 
for devoting a book to a subject of so little interest 
as air pre-heating. Though no such apology is 
needed, he has, perhaps unconsciously, sought to 
balance the supposed defect by considering a number 
of other questions, which, while inter-related, do 
not come within the scope indicated by the title. 
In some ways this is a pity, for at the present time 
not only are the advantages of pre-heating the air 
for combustion in furnaces generally acknowledged, 
but the system is being increasingly used as a 
weapon in the fight for greater economy in the boiler 
house. The idea of air pre-heating, as Mr. Gumz, in 
an interesting historical survey, placed somewhat 
curiously at the end of the book, acknowledges 
is not new, but was suggested by Watt as long ago 
as 1785. This pioneer, to some extent, and more 
definitely those who followed after him, considered 
it rather as a method of obtaining smokeless 
combustion than higher efficiency. On the other 
hand, C. W. Williams, in 1854, described it as useless 
for that purpose ; and this opinion was held by a 
number of other investigators. Nevertheless, 
Siemens, Marland, Hoadley, Howden and others 
carried the theoretical idea through into the 
practical field, and a clear statement of the advan- 
tages and disadvantages of the process was made 
by the last-named in the columns of ENGINEERING 
as long ago as 1884. The chief stumbling block, in 
fact, seems to have been that a necessary concomi- 
tant of the success of air pre-heating was the 
provision of some system of forced draught, so that 
until recent years, the progress during which is 
familiar to our readers, no very great advances 
were made. 

Mr. Gumz’s treatment of the subject is to con- 
sider at some length (67 pages) such questions as 
fuels and their testing, combustion, combustion 
temperatures, the influence of air pre-heating on 
the latter, the effect of the temperature on the 
combustion of fuels of various kinds, and, finally, 
the effect of air pre-heating in general. The con- 
clusion he reaches, which is admirably stated in a 
few paragraphs, is that the use of air pre-heating 
leads to a definite acceleration of the reaction 
process, and therefore causes the combustion 
to take place more completely and in a shorter 
time. This means that the loading of the grate 
and furnace are both increased, and that the 
amount of excess air can be reduced. The exhaust 
losses are therefore reduced by the partial recovery 
of their heat, while the temperature of combustion 
can be raised. The higher furnace temperature 
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in the case of certain fuels, but this more complete 
combustion leads in turn to higher combustion 
temperatures, so that gases do not pass out into 
the exhaust in an unburnt condition. 

After considering the problems of boiler capacity 
and efficiency in this connection, Mr. Gumz passes 
on to more practical matters, and describes both 
the types of boilers, which have been constructed 
for use with air pre-heating, and the air pre-heaters 
themselves. This is the most useful part of the 
book, for the majority of the principal designs are 
considered, though, perhaps naturally, those of 
German origin predominate. The descriptions are 
accompanied by a satisfactory number of draw- 
ings and photographs. Finally, comes the historical 
survey to which we have already referred. 

The book is, in general, a useful contribution to 
the subject, though little attempt is made to weigh 
up the advantages and disadvantages of the various 
alternative methods, which seek to-obtain the same 
end as the advocates of air pre-heating have in view. 


L’ Aviation Commerciale. By Oscar BoNnomo. Paris: 
F. Louis Vivien, 48, Rue des Ecoles. 1926. [Price 
12 francs.] 

*‘ BeroreE the war, aviation was a sport ; during the 
war it was a weapon; after the war it will be a 
transport industry.” In these words, quoted in 
Dr. Bonomo’s book, Baron d’Aubigny was but ex- 
pressing a view common during the war not only in 
aeronautical circles but among the general public. 
Surrounded by every indication of activity and 
progress in military aviation, the peoples of the 
belligerent powers were confident that peace 
would continue the acceleration begun by war. 
But they had ignored certain essential differences 
between civil and military aviation. They had 
overlooked the fact that cost, safety and reliability, 
while important secondary considerations in the 
conduct of air war, are primary and paramount 
factors in commercial operation. 
The process of aircraft’s adaptation to economic 
uses has, therefore, been of longer duration than 
had been expected. Nevertheless, we have seen 
in the past few years the steady ramification of the 
world’s airway network; ground organisation 
grows in extent and efficiency; specialised com- 
mercial aircraft of high performance and reliability 
have displaced the converted bombers with which 
the services were instituted ; long-distance routes 
giving aircraft an opportunity to effect substantial 
savings in time are being established ; the mounting 
statistics of passengers, mails and freight carried 
testify to the growing public confidence in air 
transport, and a “boom” in airway promotion 
comparable to the railway “‘ boom ”’ of the last cen- 
tury appears imminent. 
One evidence of the approach of this development 
is to be found in the appearance of books on the 
subject. As yet, only a few such works have issued 
from the press and their very rarity assures them 
of attention by the student of air transport. 
TL’ Aviation Commerciale has, however, the additional 
merit of having been written by one who is primarily 
an economist and only secondarily an advocate of 
aircraft development. The book represents the 
first serious attempt to consider the subject of 
aircraft operation in relation to the world’s transport 
complex. It is conspicuously free from the sweeping 
claims and extravagant prophecies that too often 
mar the books written by aviation’s self-appointed 
propagandists. 

As follows naturally from the paucity of the 

literature of air transport, the book is comprehensive 

to a fault. The whole field is covered, if, in parts, 
sketchily. The historical, economic, technical and 
political aspects are treated very thoroughly, 
while a couple of pages are devoted to the aeroplane’s 
civil uses outside the sphere of transport. It is in 
this section that occurs the rather surprising 
statement that ‘“‘ Aux Etas-Unis, il (the aeroplane) 
remplace méme dans les fermes la voiture ‘* Ford” ! 
Dr. Bonomo has condensed, in the technical and 
economic sections of his book, a mass of facts and 
conclusions which are indispensable to a proper 
understanding of the conditions and prospects of 
commercial air transport, but it is in the concluding 
chapters, on the relation of the State to civil aviation 





also permits more complete combustion except 


that, one judges, the author’s message is contained. 


The same effective marshalling of facts and statistics 
characterises this no less than the earlier and less 
controversial portions, but it also gives expression 
to the dissatisfaction that is abroad respecting 
the influence on civil aviation’s progress of State 
subventions ostensibly paid to promote its develop- 
ment. 

After referring in some detail to the railway 
and maritime precedents for the subsidy of trans- 
port services from public funds, Dr. Bonomo, who 
is a Swiss subject, calls attention to what he conceive 
to be the diversion of the legitimate purpose of 
air transport to military and political ends. France 
and, to a less extent, Great Britain, are declared 
to have failed, the one with its obsession with 
military power and the other with its policy of 
imperial development, to establish—if we may be 
permitted to translate—‘‘the foundation of a 
world-system of air transport. Thanks to that, 
Germany has been able to associate herself with a 
number of States in the creation of an international 
system of air navigation. Unlike these two powers, 
she has established in co-operation with the other 
countries a network of lines extending across the 
whole of central and northern Europe.” France, 
with its unique geographical situation, ought to 
have become the centre of an air system providing 
direct air communication from Morocco to Scandi- 
navia and from the Atlantic to the Black Sea. 
But “forgetting its mission as guardian of civili- 
sation, France has followed an independent policy 
and has, instead, created a powerful air fleet in 
the constant fear of having to defend her Rhine 
frontier, her North African Empire and her other 
colonies.” Of Britain’s grandiose Imperial project 
of an airway from England to Australia, only the 
London-Cologne and Middle Eastern links have— 
after the lapse of many years—been created, and, 
lacking possession of a machine capable of flying 
from London to Cairo in one stage, Britain will 
be forced to co-operate with another European 
power to complete the first and most vital link 
of the “ all-red ” route. 

It is essential, the author urges, that “‘ the Allies 

should abandon their isolation of policy and narrow- 
ness of ideas. War-worn Europe has need of peace 
to heal its wounds. Its general policy should be to 
establish a close union between the Powers for 
common defence against the aspirations of the 
peoples of the East. Division of interests will be 
a fatal source of war for Europe and will lead 
inevitably to the domination of the East.” 
The author’s case would, possibly, have been 
stronger had his subject not lured him into the 
realms of high politics. Incontrovertible as it may 
be that Europe’s inflamed nationalisms are inspiring 
new combinations and alliances tending to world- 
war, and close as may be the relation between that 
tendency and the air policies of the Powers, the 
subject is one which can hardly demand detailed 
discussion in a work on civil aviation. Had the argu- 
ment for international co-operation been supported 
purely in the interests of commercial transport it 
would have been more fitting and equally effective. 
The airway’s function is to provide a high-speed 
form of communication over long distances. As 
such it must transcend national frontiers and 
national aspirations, and its healthy and symmetri- 
cal growth will depend, at least in nationally con- 
glomerate Europe, on the fullest degree of co-opera- 
tion between its peoples. 





Architectural Design in Concrete. By T. P. BENNETT, 
F.R.I.B.A., Hon, F.1.0.B. The Photographs Com- 
piled by F. R. YERBury, Hon. A.R.I.B.A. London: 
Ernest Benn, Limited, 1927. [Price 30s. net.] 

THE impression conveyed by studying this monu- 
mental work is distinctly favourable. The author 
introduces his pictorial examples by a thoughtful 
and logical survey of the development of architec- 
tural forms from the earliest times, suggesting the 
reasons which underlay the growth of design in 
various countries, whether affected by climate, by 
purpose, by the materials available, or by know- 
ledge of those materials. It is suggested that as 
the origin of methods of construction and of styles 
has been in some sort a natural growth, though 
taking effect upon works of artifice, so in the present 





age we may reasonably expect, in course of time, the 
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development of forms and of treatment which shall | new possibilities in the arts of construction, that we 
ultimately be found satisfactory as applied to new | have not been sufficiently prepared to adapt archi- 
materials. It is pointed out with much force that | tectural treatment of structures with such readiness 
in a comparatively short period, invention has|as to avoid some clashing of the older types with 





followed invention with such rapidity, introducing| modern methods of building. Invention has, in 


fact, been in advance of esthetic understanding. 

The author makes informing comment on the 
large number of very fine photographs of examples 
which make the bulk of the book. These examples 
have been gathered from many countries, and re- 
present a great variety of structures, including 
bridges, coal bunkers and water towers. The ex- 
amples given make evident an effort towards design 
on sound principles, a conscious effort generally, 
though perhaps in some cases hardly recognised by 
the designer himself. The results are in the main 
satisfying or pleasing; many examples possess 
both these qualities. No doubt, bad examples 
in concrete design are occasionally seen, it would 
be surprising were it not so, but these the author 
has not thought worthy of inclusion. Criticism of 
the works illustrated may be reasonable in some 
instances on the ground of complexity of form, or 
ornamental treatment of too florid a character ; 
indeed, the possibilities of concrete work seem at 
times to run away with the architects’ imagination, 
resulting in creations somewhat grotesque, or ex- 
pressive chiefly of what it is possible to do in this 
material rather than what is desirable, but the 
impression conveyed by the examples displayed 
is distinctly encouraging for the future of concrete 
work. There is at the conclusion of the text sug- 
gestive matter of a useful kind upon the treatment of 
surfaces and the use of colour. This book should 
be known to all interested in the treatment of 
concrete structures, whether from the architects’ 
or the engineers’ point of view, which should, indeed, 
be much the same, though there will always, it is 
probable, be some difference in the importance 
attached by each to the esthetic, or the utilitarian, 
aspects of the matter, this being largely a matter of 
purpose and of temperament. 








ANTI-VIBRATION INSTALLATIONS. 


THE vibration or throb of machinery is becoming 
a common phenomenon in the office and other buildings 
of our cities. With the engineer this state of things 
may persist almost unnoticed, but it is well known 
how irritating it can be to many people as well 
as harmful to material. Yet there is scarcely a 
large building erected to-day without some machinery 
in the basement or elsewhere. It may be a 
small power plant, or a ventilating installation not 
connected with any industrial process at all, but none 
the less indispensable and none the less a nuisance. 
The modern hotel or cinematograph theatre is a case 
in point. In addition there are practically as many 
sources of industrial vibration and noise as there are 
machines. 

From the moving machine itself radiate vibrations, 
which, by agitating the surrounding air, create noise. 
These can be transmitted only through openings such 
as windows, and are to some extent controllable by 
closing these, but a proportion of the motion is com- 
municated, only too effectively, to the machine founda- 
tions and from these to the walls of the building, 
from whence are radiated another set of noise- 
manifesting vibrations, as well as those causing actual 
physical disturbance through the earth and contiguous 
buildings. It is familiar knowledge that unpleasant 
vibrations may sometimes be damped out by such 
simple expedients as those of altering the position of 
the heavier articles of furniture in a room, or by 
suitably balancing the moving parts of the offending 
machine, but these instances are comparatively rare 
and are, after all, palliatives rather than cures. : 

As a matter of fact there can be no single cure and, 
moreover, each case needs individual treatment. Three 
lines of treatment, which have proved very satisfactory, 
exist‘in the appliances illustrated in Figs. 1 to 9, above 
and on pages 260 and 261. These are the production 
of Messrs. W. Christie and Grey, Limited of 4, Lloyds- 
avenue, E.C.3. Two of them embody the principle, 
long established in most forms of vehicle, of absorbing 
the movements resulting from vibration by the use of 
springs, the third relies on the resilience of specially 
prepared cork panels to effect the same end. The 
former are shown in Figs. 1 to 6, the latter in Figs. 
7 to 9, and as may be expected there is a greater variety 
of application in the case of the springs. 

In instances where the available space does not permit 
of foundation blocks of any effective mass, or where 
existing blocks cannot be altered, or in such situations 
as the upper floor of a building or the deck of a ship, 
the device known as a pedestal type anti-vibrator is 
fitted. This is a cast iron box in two parts containing 
specially designed springs of helical or spiral type and 
having provision for adjustment. The boxes are fitted 
directly under the bedplate of the troublesome machine 
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which is bolted to the upper half of the box. The 
halves are bolted together in such a manner as not to 
interfere with their relative movement, and the lower 
half is bolted to the floor or foundation. An application 
of the pedestal type apparatus is shown at the left 
hand of Fig. 1. 

There are occasions, however, when it is preferred 
not to raise the machine by the insertion of pedestals 
under the bedplate on account of lack of headroom, 
maintaining the position of the axis, &c. The bridge- 
type anti-vibrator is then adopted, the construction 
of which will be clear from the right hand machine in 
Fig. 1. The load is here carried upon beams the ends 
of which are suspended from the anti-vibrator springs. 
The two machines in Fig. 1 are part of the electrical 
apparatus for X-ray work in a hospital. The elimina- 
tion of vibration is very important in such an establish- 
ment and the original foundation blocks had transmitted 
it. The flexible leads permit movement in the 
machines and the vibration is now wholly absorbed 
by the springs. The pedestal type of antivibrator 
is manufactured in sizes to take individual loads from 
} ton up to 5 tons per unit. 

Figs. 5 and 6 show the application of the pedestal 
type to a larger machine. This is a geared 350-kw. 
turbo-generating set in a large hotel, and, as completed, 
appears in Fig. 6. It is about 19 ft. long over all, 
and weighs, with the 24 in. slab of concrete upon 
which it is carried, nearly 45 tons. The slab rests 
upon 16 pedestal anti-vibrators, the arrangement of 
which is shown in Fig. 5. Six of these are bolted 
to the concrete raft which forms the foundation, 
the remainder are merely laid in place. The concrete 
slab is separated from the floor surrounding the plant 
by @ narrow gap so that it and the machine are floating 
upon the anti-vibrators. The steam, exhaust and other 
pipes are sufficiently flexible to take up any movement 
on the springs. The turbine runs at 4,000 r.p.m. This 
speed is stepped down to 565 r.p.m. at the generator 
by means of double helical reduction gear. No noise 
is heard or vibration felt in the building, although 
the machine is situated quite close to some of the 
main columns running up through several floors. 
The springs were adjusted at the time of construction, 
and have needed no further attention. 

The examples hitherto quoted have been of machines 
having rotary motion, but the unbalanced forces 
derived from reciprocating masses can be dealt with 
equally successfully by means of anti-vibrators. 
Internal-combustion engines, however, are not always 
easily isolated as the character of the vibrations 
requires very careful attention to the adjusting springs. 
Another method in which the spring units are arranged 
round the machine, instead of underneath it, is 
consequently generally made use of. This method is 
clearly shown in Figs. 2, 3 and 4. The engine, in 
this particular instance, is of the four-cylinder semi- 
Diesel type of 110 brake horse-power running at 
320 r.p.m. It weighs, complete with the generator, 
just under 10 tons. 

The set is bolted to a concrete block 4 ft. in 
depth in which are cast, both longitudinally and 
transversely, channel bars. These project at the 
sides and ends of the block and are connected to the 
springs upon which the whole structure is carried. 
The block is some distance from the bottom and sides 
of the concrete pit surrounding it. As will be seen 
perhaps most clearly in Fig. 2, the weight is suspended 
upon springs of the coach type, and is held down by 
the helical springs shown in Fig. 3. This figure, as 
well as Fig. 4, shows the manner in which transverse 
vibration is damped out by helical springs disposed 
horizontally. The space between the sides of the 
block and those of the pit is covered by portable 
floor plates. The removal of this permits access to 
the whole of the springs, and the vibration can be 
perfectly controlled in any direction. The exhaust 
manifold is fitted with a corrugated expansion joint. 
It may be here mentioned that the converse of the 
above method is in successful operation—that is, 
foundation blocks carrying machinery for processes 
requiring absolute steadiness, or forming bases for 
sensitive and delicate instruments, are protected from 
external vibration due to adjoining machinery, or 
heavy rail and road traffic, by spring anti-vibration 
devices, 

We now come to the third method of arresting 
vibration by utilising the resilience of cork. This is 
@ method commonly adopted in large plants and those 
in which heavy foundations blocks can be employed. 
It is not intrinsically more suitable for these conditions, 
but where heavy weights are being dealt with it has 
the merit of being a definitely cheaper expedient. 
The principle of the system is that if a foundation 
block is large the energy of the unbalanced forces is 
absorbed more completely than if it is comparatively 
small, while the amplitude of the transmitted vibrations 
is correspondingly reduced. Consequently, by keeping 
the mass very large, the movement, while not damped 
out entirely, is kept so small as to be within the 
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Fie. 6. 350-Kw. TurBo-GENERATOR SET MOUNTED ON ANTI-VIBRATOKS. 


capacity of the cellular structure of the cork to deal with | the figures. It will be noted that the foundation 
it. There are, of course, limits to the size of a foundation | block does not come into contact with the sides of 
block, as the reduction of its original movement by one- | the pit. There is an air space all round of 3 in. in 
half requires an increase of mass of four times. Mere/ width. This permits of longitudinal and transverse 
weight then, without resilience cannot be made| movement taking plage without the transmission of 
effective. | vibration to the walls of the building, &c. 

The cork requires special treatment both as to| In Fig. 7 will be observed the finished concrete 
preparation and arrangement. As regards the first, it | walls of a foundation pit, and in front of them a portion 
is impregnated with a preservative which does not | of the forms for the concrete block itself. The machi- 
destroy its resilience but effectually preserves it against | nery for which the foundation in Figs. 8 and 9 was 
deterioration. As to the second, it is cut into strips, | prepared is a direct-driven generating set, but with, 
arranged end on in square groups as shown in Fig. 7,| say, an engine having a belt drive, the air space at 
and bound together in larger plates within an iron frame. | the end of the block nearest the drive would also be 
The maximum area of one plate is 18 sq. ft., the thickness | fitted with a pad of Coresil. The usual holding down 
when under load is 2$in. Fig. 7 shows the arrangement | bolts are fitted, but they are not permitted to pass 
of the plates for a large foundation. through the Coresil. Engines up to 4,000 brake 

In Figs. 8 and 9, an example of a complete foun-| horse-power have been successfully erected upon 
dation as constructed for the Egham and Staines | foundations of this type. Diesel, paraffin, gas, and 
Electricity Company is given. A lower slab or raft | steam are handled equally well by it, but it is necessary 
of concrete 2 ft. in thickness was prepared at the bottom | to design the block from a consideration of the situation, 
of an excavated pit, the walls of which were also| nature of the ground, extent of unbalanced forces, 
finished with concrete. A layer of the cork preparation, | nature of the load, &c., and not according to the 
which is known as Coresil, was laid upon this. Then | arbitrary rules sometimes used for foundations. 
came a thin sheet of felt to preserve the surface from} The finished plates of Coresil have an extraordinary 


the wet concrete, and finally the mass of concrete to a/| resilience. Specimens tested by Messrs. David Kir- 











total depth of 12 ft. was poured to the outline shown in | kaldy and Son, 99, Southwark-street, S.E.1, show the 
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ANTI-VIBRATION INSTALLATIONS. 


MESSRS. W. CHRISTIE AND GREY, LIMITED, ENGINEERS, LONDON. 

















Fie. 7. Corrsit FounpDATION PANELS IN PosITION. 
LONGITUDINAL SECTION A.A. 
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per square foot\to reduce it to the thickness of the 
containing band. In service, the load would be kept 
much below even the first mentioned figure. Two 
layers one on top of the other compfessed to a greater 
relative extent. 


following results. A block 6-02 in. by 5-94in. by 2-84 
in. thick when uncompressed, was made up of 7 pieces, 
and was bound round by an iron band 1} in. in depth. 
A load equivalent to 6-42 tons per square foot resulted 


converters of about 2,000 kw. capacity and situated 
on a very congested site amongst dwelling houses. It 
is 60 ft. long by 29 ft. 6 in. No difficulty was experi- 
enced in controlling the vibration, but the noise was 
more troublesome to deal with, as the smallest opening 
in the building permitted it to be heard. Complete 
external silence was obtained by admitting the incoming 
air through a special conditioning plant. 





EFFECTS OF THE CORONA 
DISCHARGE ON PETROLEUM. 


Somes cracked petrols contain unstable products of 
disagreeable odour which are apt to become dark and 
gummy. Careful control of pressure and temperature 
during the cracking process can reduce these products, 
which may possibly be unsaturated hydrocarbons, to 
small percentages, and they can be removed by sub- 
sequent filtration, distillation or chemical treatment. 
These additional operations, however, would also remove 
other unsaturated compounds which are certainly 
good motor fuels, and if the treatment is only 
temporarily successful, the danger of subsequent 
gumming in storage would remain. From that point 
of view, the preference for colourless petrol is quite 
justified, and various processes have been proposed 
and patented in recent years which are supposed to 
stimulate the cracking at lower temperatures or to 
convert the unsaturated compounds into more stable 
saturated hydrocarbons by hydrogenation. The high- 
tension electric corona discharge in particular has been 
credited with having beneficial rather than detrimental 
effects. To judge by the manifold experiments con- 
ducted by the United States Bureau of Mines, (Tech- 
nical Paper No. 375, by J. J. Jakosky; price 10 cents), 
the effects were partly unexpected, and mostly small and 
uncertain, although promising results, which are to be 
investigated further, were obtained in some cases. 

The first effect examined was the activation of 
commercial hydrogen, purified by the high-tension, 
low-frequency (60 cycles) or high-frequency (Tesla) 
discharge. A wire was stretched axially in a vertical 
glass tube (the corona tube) jacketed with salt water, and 
the discharge passed between the wire and the jacket 
through the hydrogen, which entered the corona tube 
above and was withdrawn below through a side tube 
partly filled with powdered sulphur. The activated 
hydrogen should combine with the sulphur to H2S, but 
the reaction was found to be very slight and uncertain, 
and the activation did not persist for more than 40 
seconds at the outside. In the second series of experi- 
ments, the sulphur tube was replaced by a tube con- 
taining cracked petrol, through which the activated 
hydrogen was bubbled. In order to ensure better con- 
tact, both the hydrogen and the petrol were introduced 
into the corona tube, the petrol stream, in other addi- 
tional experiments, falling upon a disc so that a fine film 
of petrol was flowing down the inner tube wall. No 
change was observed in the saturation of the cracked 
spirit. When, in similar apparatus, the hydrogen was 
permitted to act directly on natural gas, some carbon 
black was deposited on the wire, but there were only 
faint indications of polymerisation of the gas to higher 
hydrocarbons, unless the temperature of the tube 
walls, which were of steel in this case, was raised to 500 
deg. C., at which any cracking observed might be 
merely thermal. 

The chief success mentioned was obtained when 
benzene vapours were exposed to the corona discharge 
in a tube of pyrex glass surrounded, as in the first case 
described, by a salt-water jacket; the apparatus was 
inclined, and the axial wire, as in the other experi- 
ments, was suspended by a spiral because it other- 
wise expanded and sagged when becoming hot. A 
brownish viscous liquid condensed on the wall, having 
the odour of pinol and when treated with ozone it 
gave crystals resembling pinene. A polymerisation of 
benzene into some terpene thus appeared to have taken 
place, and this will be investigated further. The 
experiments with combined cracking by heat and corona 
discharge were less satisfactory. In this case, the wire 
was stretched in an iron pipe, 2 in. in diameter, earthed 
and surrounded with an insulated heating coil. The 
oil was dropped in at the top, through a preheater, 
in such a manner that it was effectively vaporised. 
Several runs were made at furnace temperatures of 
500, 600, 700, 800 and 900 deg. C., with and with- 
out the corona discharge. There was an increase in 
the total conversion of the gas oil used to the petrol- 
kerosene fraction, amounting perhaps to 2 per cent. 
with the low-frequency and to 5 per cent. with the high- 
frequency discharges, and a more marked increase, 
up to 8 per cent., in the production of unsaturated 
compounds, especially by the high-frequency discharge 
above 700 deg. C. The yield of unsaturated hydro- 
carbons was thus increased rather than decreased. 
These effects may be thermal or mechanical. The 


in a compression of the cork from 2-84 in. thick to 
2-553 in. thick. On the removal of the load, the Coresil 
immediately expanded to 2-774 in., and half-an-hour 
later it was 2-793in. thick. It took a load of 22-5 tons 


A more complete example of the suppression of 
vibration and noise may be mentioned in conclusion. 
This. is a sub-station with somewhat noisy rotary 


mechanical effect would be the precipitation of vapour 
or oil particles, which has long been used with good 
results in the electrostatic precipitators of Cottrell. 
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It was found that mists of oil particles of the heavier 
hydrocarbons, which are observed below certain critical 
temperatures, were discharged on the hot glass tube 
where they underwent cracking. The oil present in the 
vapour phase was not directly cracked by the electric 
discharge. The action of the electrostatic precipitator 
is always selective, and this might be utilised in another 
way. Corona-discharge devices, inserted in' the exit 
line of a cracking still, would sift out the mist particles 
of the heavier fractions and would prevent them from 
being carried over by the cracked petrol, into the 
dephlegmators and condensers, the operation of which 
would be facilitated. 





MEAN-SPHERICAL CANDLE POWER. 


THE integrating sphere for luminous flux has been 
known and used for thirty years or more, but recent 
developments in lighting have tended to make it 
almost a necessity where in earlier days it was only a 
somewhat cumbersome economy. The increasing 
variety of candle-power distribution has made the 
simple determination of the mean-horizontal candle 
power of the lamp less significant than it was formerly, 
and the much greater intrinsic brightness of light 
sources has made the use of shades and reflectors 
almost universal, and increased correspondingly the 
need to compare the total light flux of sources rather 
than their candle powers in a particular direction. 
The British Engineering Standards Association, in its 
specification of this year for electric lamps, has adopted 
a figure which measures their total light output instead 
of the mean-horizontal candle power previously used, 
and the Illumination Research Committee of the 
Department of Scientific and Industrial Research has 
now published a report prepared by the Photometric 
Division of the National Physical Laboratory at the 
request of that Association’s Electric Lamp Committee.* 

This report contains a short and simple description 
of the methods to be recommended in the measurement 
of mean-spherical candle power or luminous flux. 
Much of it is to be found in Mr. J. W. T. Walsh’s recent 
book on photometry, which gave a systematic account 
of a vast amount of scattered literature on the subject, 
and no detailed account of the principles involved 
need therefore be given here. The methods used 
in practice all involve an integrating sphere, or 
analogous chamber, and depend on the fact that if a 
sphere is coated internally with a matt or diffusing 
surface, its illumination by reflected light from a source 
within it is everywhere the same. Such a sphere, 
therefore, possessing a uniform and perfectly diffusing 
internal surface with a source of light within it sup- 
ported so as not to obstruct any of the reflected light, 
would receive a uniform illumination from reflected 
light all over its surface, and if any part of the area 
so illuminated could be measured by a photometer 
without disturbing the surface, the reading would be 
a definite fraction of the total flux from the source of 
light. Actually, no surface is perfectly diffusing. 
Moreover, the source of light, its support and appen- 
dages, interfere with the distribution of the reflected 
flux to a greater or lesser extent, and a hole has to be 
made in the wall of the sphere before photometric 
measurements can be taken. A variety of circum- 
stances, therefore, affect the relation of the brightness 
of the surface that has to be measured to the mean- 
sphezical candle power of the source of light within the 
sphere, which is required to be known. Accordingly, 
no absolute measurement is possible, and the desired 
result is obtained by comparing the brightness of the 
sphere when illuminated by the source under test 
with its brightness when illuminated by a sub-standard 
of known mean-spherical candle power. The usual 
methods are either to take readings with the test lamp 
and the sub-standard placed in the sphere successively, 
or with both of them in the sphere together and illumi- 
nated successively, appropriate screens being used to 
prevent light from entering the photometer direct 
from the source. Usually the light is admitted to the 
photometer head through a window which diffuses 
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perfectly diffusing when dry, and be tenacious as well 
as permanent in colour. To compensate for possibly 
imperfect diffusion, it must have a high reflection factor, 
which causes the large number of repeated reflections 
to give an approximately uniform distribution of the 
reflected flux, irrespective of the distribution of direct 
light. This reflection factor is recommended to be 
not less than 80 per cent., at which figure half the light 
reaching the window of the sphere has undergone four 
or more reflections. It is therefore of great importance 
that the paint shall be as nearly as possible truly 
white, to prevent the light that reaches the photometer 
from being appreciably coloured, and so giving rise 
to increased difficulty in the photometric work. It 
is found, in practice, that the introduction of a colour 


Fig.1. 
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of the reflection factor of the mirror in Fig. 4 is of no 
importance, having regard to the fact that the measure- 
ments are all comparative, but the mirror should be as 
neutral as possible in regard to colour. Integrating 
cubes are much easier to construct than spheres, and 
it is found that when care is taken to arrange the light 
sources with due regard to symmetry, the use.of the 
cube instead of the sphere does not add. niaterially to 
the error. By cutting off the corners of the cue with 
triangular pieces, its results are brought still nearer to 
those of the sphere. Bon 

The report contains much detail in regard to the 
theory and arrangements involved in the subject, and 
concludes with a series of recommendations relating to 





measurements of the kind most usually made. It'adds a 


Fig.2. 
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difference increases the differences between individual 
observers, and creates a large increase in personal error. 

The principles on which integrating spheres are 
constructed have already been described, but Fig. 2 
gives an example of the general form adopted in the 
thin sheet steel constructions supplied commercially, 
and illustrates the steel bracing by which they are 
supported. With the increase in size of the sources of 
light, including as they must the reflectors and similar 
fittings, the size of the sphere may have to be con- 
siderable. As a rough rule it is said that an integrating 
sphere intended to receive the light under test and the 
sub-standard successively, should have such a surface 
area that its ratio to the area of the source of light, 
including such surfaces as shades or reflectors, should 
be not less than 100 times the ratio of the absorption 
factor of these surfaces to the absorption factor of the 





the transmitted light as perfectly as possible. Fine- 
ground flashed-opal glass, flush with the inner surface 
of the sphere, is commonly used, but an interesting | 
alternative is shown in Fig. 1. -n this, the flux wee} 
the main sphere passes through a sharp edge formed | 
by its intersection with a small auxiliary sphere, which | 
is itself coated internally with a matt reflecting surface, | 
and the internal brightness of the wall of this auxiliary | 
sphere is proportional to the flux that falls on the | 
aperture of the principal sphere, so that the surface 
of the auxiliary sphere can be used as one of the 
comparison surfaces of a photometer. 

For most purposes, commercial white paint is found 
satisfactory, but attention has to be given to certain 
particulars if it is to be so. It must, of course, be 





* Department of Scientific and Industrial Research. 
Illumination Research. Technical Paper No. 5. H.M. 
Stationery Office, ls. net. 








sphere surface. For the simultaneous method of 
measurement, the ratio of the surface area of the inte- 
grator to that of the source under test and its auxiliary 
apparatus may be as low as 40. The actual photo- 
metric measurement is usually made by determining the 
brightness of the translucent window, regarding it 
as a source of light, and either measuring its candle 
power in the direction normal to its surface, as against 
a suitable comparison lamp, or using it as a comparison 
surface in the field of a photometer. In the former case, 
measurements are made successively with the sub- 
standard and with the lamp under test, each being 
brought to a balance in the photometer head with the 
comparison lamp. The adjustment is made by moving 
the comparison lamp, as the photometer must usually 
be too close to the window for the application of the 
inverse-square law to be practicable. The alternative 
method may be carried out in a variety of ways, two of 





which are shown in Figs. 3 and 4. The absolute value 














“ENGINEERING: 


Fig.4. 
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caution that, wherever the measurement contemplated 
is not absolutely straightforward, the procedure must 
be considered ab initio in the light of the theory of the 
action of a photometric integrator, and the results of 
previous experience in similar measurements. 





LABOUR NOTES. 


Ar next month’s Trades Union Congress in Edinburgh, 
the General Council will bring forward a resolution 
protesting against the Government’s “‘ attack upon the 
Labour movement by forcing the Trade Disputes and 
Trade Unions Bill through the House of Commons 
without any attempt at impartial, preliminary, inquiry 
or mandate from the people.” The determination of 
Congress is affirmed ‘“‘to maintain in their entirety 
the rights and liberties which the past efforts of the 
organised workers have secured, including the full right 
of combination by all workers, and the application of 
the strike, to be used as and when and in what manner 
may be found necessary either to secure improvements 
in their working conditions, to establish a rightful 
status of labour in the economic life of the country, or 
to resist any attempts to depress the workers’ economic 
conditions. Congress pledges itself to work steadfastly 
for the repeal of this iniquitous measure, and calls 
upon the working class of Great Britain to exercise its 
fullest political power to remove from office the present 
Government, which, dominated by organised capital 
and , hereditary class privilege and prejudice, has so 
unscrupulously used its position to injure the industrial 
and political organisation of the workers.” 





The National Union of Boot and Shoe Operatives 
has sent in a resolution, strongly recommending the 
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unions ‘‘ to refuse to work the Act until such time as 
the Government appeals to the country and receives 
the endorsement of the policy as embodied in the 
Act.” A resolution by the Union of Post Office 
Workers particularly condemns Clause 5, “‘ which seeks 
to segregate the unions of civil servants from the 
Congress.”’ 


The National Amalgamated Furnishing Trades 
Association is putting forward a resolution in the course 
of which it is declared.that the industrial peace talk 
indulged in by leading trade unionists on the eve of the 
introduction of the Government’s Bill ‘‘ could only have 
the effect of confusing the workers.” ‘‘ This Trades 
Union Congress,” the proposal, proceeds, * “‘ while 
accepting the inevitability of negotiations between 
employers and employed under tle capitalist’ system, 
nevertheless affirms that the workers should not rely 
on any ‘ new spirit ’-in industry, but on the consolida- 
tion and improvement of the trade union movement 
itself, While .the unions should struggle to 
improve the conditions of their members under capital- 
ism, the problems which the workers are confronted 
with can only be solved by the elimination of the 
capitalist system itself. Congress therefore condemns 
all ‘industrial peace’ arrangements having as their 
basis the indefinite continuance of capitalism and 
wage-slavery, and declares that it is the business of 
the trade union movement to organise the -workers 
for the struggle against capitalism.” An amendment, 
of which the London Glass Bottle Workers Trade 
Society has given notice, seeks to delete from the 
resolution the condemnation of industrial peace efforts, 





Another resolution of which the General Council has 
given notice directs attention: “‘to the continued 
refusal of the British Government to honour the 
signatures of its representatives at the Washington 
Conference in 1919 to the Hours of Labour Convention. 
It declares that the policy of the British Government 
tends in an increasing degree to bring Great Britain 
into contempt among the nations of the world, and 
to justify the widespread feeling which exists, 
particularly in other countries, of the deliberate 
evasion by the British Government of its obligations 
under international agreements. This is evidenced 
by the principal countries having taken the necessary 
steps towards ratifying the Convention, the completion 
of which awaits concrete evidence of good faith on 
the part of the British Government. The Congress 
further impresses upon the workers of Great Britain 
the necessity of the fullest use on the one hand of their 
power of industrial organisation nationally and inter- 
nationally, and, on the other, the intelligent exercise 
of their political power through the ballot-box to 
displace the present Government by one which will 
truly represent the people and advance the cause of 
the workers for a decent standard of civilised life.” 





The Sheet Metal Workers and Braziers have given 
notice of a resolution in which it is declared to be 
in the national interest that the prevailing. working 
hours of persons engaged on manual labour be con- 
siderably curtailed in order to provide greater oppor- 
tunities for recreation for the workers and to assist 
in the absorption of the unemployed. 





A resolution in the following terms is to be submitted 
by the General and Municipal Workers: ‘‘ This Congress 
declares its approval of the Government Workers’ 
Charter, which has for its object the adoption of a 
minimum wage of 31. per week to all labourers employed 
in His Majesty’s arsenals, dockyards, and similar 
establishments ; a working week of 44 hours; one 
week’s holiday in addition to such holidays now 
recognised ; and the adoption of a new pension scheme 
on a non-contributary basis, to apply to all workers 
in Government departments.” 





At last week’s conference in London of the Inter- 
national Federation of Boot and Shoe - Operatives 
and Leather Workers, M. Roux (Paris) moved a resolu- 
tion urging Governments to ratify the Washington 
Eight Hours’ Day Convention, and declaring that, in 
view of the widespread unemployment in the shoe 
and leather trades, the constant improyement in 
manufacture leading to increased output, and the 
decreased -purchasing power of the working classes, a 
further shortening of hours to 44 per week was neces- 
sary. Mr. W. R. Smith said that the British delegates 
were in hearty agreement with the resolution, and 
regretted that their:Government had not endorsed 
the Convention. The: resolution was carried unani- 
mously, 





A Scandinavian delegate proposed a resolution to 
the effect that in the event of any national union being 





involved in a dispute of sufficient magnitude, financial 
support should be given by the Federation in the shape 
of a grant or a levy on the other unions. The proposal 
was opposed by the British delegates. Mr. W. R. 
Smith said that even if it were adopted, the rules of 
his union would not permit them to impose a levy. 
Mr. E. L. Poulton recalled that at an executive meeting 
in Paris he had said that if an attempt were made to 
put the resolution into operation his union might say 
that they could not carry it out, with the further 
possibility of their withdrawing from the Federation. 
The British delegates: could not support the levy 
proposal, which they had no power to carry out. The 
resolution was, nevertheless, carried, five of the British 
delegates dissenting. The Conference, at its final 
sitting, adopted a rule requiring the withdrawal from 
the International Federation of any affiliated union 
which joined the Moscow International. 





At an earlier sitting an agreed resolution was 
adopted condemning alleged unfair methods of pro- 
duction in Czecho-Slovakia, emphasising the fact that 
the international progress of industry demanded the 
creation of universal working conditions, urging that it 
should be the task of every Government to secure the 
observance of such conditions, protesting against 
‘exploiting methods ”’ that were suppressed in other 
countries, and declaring that one of the essential 
means of preventing the exploitation of the working 
classes was the maintenance of international legislation 
securing certain minimum ¢onditions relating to 
unemployment. : F 





Alluding to the differences between delegations which 
developed at the recent.conference in Paris of the 
International Federation of Trade Unions, Mr. Rhys J. 
Davies, M.P., says in the organ of the National Union 


-of Distributive and Allied Workers :—“ I must confess 


at once that our representatives at the International 
do not exactly represent my own point of view. They 
have brought a good deal of the. trouble on themselves. 


They took the unusual course of meeting the Russian’ 


Union representatives behind the backs, as it were, of 
the I.F.T.U. Their motives might be of the best, but 
the results have been calamitous to the International.”’ 
“The only way out,” Mr. Davies continues, “‘is for 
each nation to solve its own problems in its own way ; 
and having admitted that basic principle, build our 
International by meeting together to fight only for 
those things we agree upon internationally. Until the 
1.F.T.U. adopts that outlook, it will always be the 
sport of the capitalist class, and will count for nought 
among the workers of this country.” 





As the Ministry of Health estimate the average cost 
of living for the six months ended August 15 at 65-6 
per cent. above the pre-war figure, as compared with 
75-7 last March, there will be a cut in the bonuses of 
civil servants and municipal officers amounting to 
something like 3,000,000/. The saving to the Treasury 
will be 2,000,000/., and to various municipalities, 
1,000,000/. 





At mass meetings held on Thursday last week in 
Govan, Clydebank and Dumbarton, riveters employed 
in Clyde Shipbuilding yards considered the report of 
the representatives of the Boilermakers’ Society, who 
recently conferred in London with representatives of 
the Employers Federation on the subject of the new 
list of piece prices. The report was approved, and it 
was agreed that the employers should be given a month 
from August 12 to reach a final adjustment of the 
matter. 





A report issued by Mr. Davis, the Secretary for 
Labour at Washington, states that 15,000,000 Ameri- 
cans—wage earners and dependents—are living under 
wage conditions which constitute “an economic and 
moral peril.” The lowest average wage for, a whole 
group is that of railway trackmen—3I. 8s. a week of 
474 hours. That average wage, moreover, is based 
on what the men would receive when working full time, 
whereas their actual earnings are usually lower. The 
minimum wages for selected groups, such as labourers 
in soft-coal mines, are as low as 42s, to 44s. per week. 
Almost equally low wages are paid in machine shops, 
lumber mills, and paper-box factories. 





The report presented by the Executive Council to 
the annual conference at Birmingham last week, of the 
Amalgamated Union of Operative Bakers and Confec- 
tioners contained a recommendation ‘that in cases 
of disputes, every effort should be made to settle by 
negotiations, and that if these break down, the dispute 
should be confined, as a general rule, and subject to 
local circumstances, to those shops that refuse to agree 
to the conditions of labour then put forward.” Several 
delegates opposed the proposal. Mr. Banfield, the 





General Secretary, said that the Executive’s policy 
was the expressed opinion of the vast majority of the 
branches. Not more than six branches ventured. to 
criticise it. They were not hauling down the flag or 
ceasing to be a fighting organisation, but, while they 
were prepared to fight when necessary, they were not 
prepared to enter fights blindly without realising the 
consequences. They had got more by negotiation 
than in any other way. A motion to delete the recom- 
mendation was lost, and the Executive’s policy was 
endorsed. 


The Ministry of Labour states that on August 15, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,022,100, of whom 802,000 were men, 35,600 boys, 
152,000 women, and 32,500 girls. Of the total number 
676,700 were wholly unemployed, 283,100 temporarily 
stopped, and 62,300 normally in casual employment. 
On August 8, 1927, 669,642 were wholly unemployed, 
293,977 temporarily stopped, and 61,122 normally in 
casual employment. Of the 1,024,741 unemployed on 
August 8, 1927, 805,480 were men, 34,489 boys, 152,995 
women, and 31,777 girls. On August 16, 1926, the 
number of unemployed persons on the registers was 
1,580,520, of whom 1,183,628 were men, 48,132 boys, 
301,522 women, and 47,238 girls. The figures for 
August 16, 1926, were affected by the dispute in the coal- 
mining industry. 





According to The Ministry of Labour Gazette, 
employment continued to be slack during July in the 
iron and steel trades, and short-time working was 
reported in many districts. In the tinplate and steel 
sheet trades employment continued bad. The number 
of mills in operation at the end of the month was 471, 
compared with 467 in June and with 208 in July, 1926. 
In the engineering trades employment remained 
slack, a further improvement in marine and general 
engineering being counterbalanced by a seasonal 
decline in the motor and cycle section. In electrical 
engineering employment continued fairly good; at 
some of the textile machinery works much short time 
was still in operation; at railway engineering shops 
full-time working was fairly general ; in marine engin- 
eering employment, though continuing to improve, 
was still bad. In the shipbuilding and ship-repairing 
trades employment, though still very bad on the whole, 
also continued to improve. In the other metal trades 
employment remained moderate, on the whole. It 
was fairly good in the nut and bolt, and lock and latch 
trades; fair in the hollow-ware, sheet metal, tube and 
file trades ; moderate in the brasswork, stove and grate, 
cutlery, and needle and fishing-tackle trades ; and slack 
in the metallic bedstead, key, wire, chain and anchor, 
and jewellery and plated-ware trades. 





Under an Order dated March 26, 1927, a further 
extension of the normal working hours up to 52 a 
week has been authorised by the Swiss Federal Depart- 
ment of Public Economy in the following industries : 
(1) sawmilling, carpentry and allied trades; (2) the 
manufacture of tiles, bricks and artificial (cement) 
stone; and (3) the impregnation of wood with blue 
vitriol. In the first two cases the permit is valid until 
October 15 next, and in the last until the end of 
September. A similar extension of working hours‘ 
valid until June 30, 1928, has also been authorised by a 
further Order, dated June 23, 1927, in certain branches 
of the embroidery industry, in the artificial silk, linen 
and cotton industries, and in the bleaching, dyeing and 
plaiting of straw to be used for hat-making. 





The Chamber of Industry and Commerce in Berlin 
has founded a new school, the object of which is to 
complete the education of bank apprentices and of 
commercial employees who have still to follow occu- 
pational courses. Attendance is compulsory for all 
those coming under the local Acts of April 20, 1925, 
and of March 30, 1926, on occupational schools, Thus, 
the school in question is substituted for the former 
commercial occupational school of the city of Berlin. 
The period of compulsory attendance is from four to 
six terms, according to the standard of scholastic 
preparation of the pupil, up to the maximum age of 
18 years. Pupils should possess a certificate from a 
State recognised occupational school or from a school 
of equivalent standard, and those who can supply 
proofs of an adequate occupational training are 
exempted from the necessity of attending the school. 
The Chamber of Industry and Commerce fixes the 
number of hours for the courses. These are held every 
day in the week except Saturday, between 7.30 and 
11 a.m. Each pupil must attend courses for eight 
hours per week, and in addition, one hour at least per 
week is given up to physical exercises, such as 
gymnastics, swimming, running, &c. Education is 
given for forty weeks during the year. 
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ENGINEERING. 











MOTOR-FRAME BORING, FACING 
AND RECESSING MACHINE. 


TuE boring of motor frames and stator cases, with 
their projecting pole pieces in the one instance and 
their wide recesses in the other, needs a machine at 
once highly-powered and of considerable rigidity. 
Added to this, ease in handling the work, accuracy of 
finish and rapidity of operation are very desirable, as 
the class of article concerned is usually dealt with on 
mass-production lines. It is not surprising then that 
special machines are growing in favour as compared with 
the ordinary type of boring mill found in many work- 
shops. A good example of such a special machine is 
described below and illustrated on this and on the oppo- 
site pages. It is manufactured by Messrs. Smith and 
Coventry, Limited, Manchester, and embodies several 
improvements on previous models. The work for which 
it is designed is indicated in the figures, and comprises 
the machining of cast-iron direct-current motor-frames 
with mild-steel pole pieces cast in, cast-steel direct- 
current frames with integral pole pieces, and light cast- 
iron or steel alternating-current stator cases bored to 
receive stampings and recessed for retaining rings. The 
dimensions of such work carried out on the machine 
described, are, however, best seen in Fig. 6. In this, the 
hatched portion denotes the machined surface, boring, 
facing, and recessing all being carried out with one 
setting. The tables give the maximum and minimum 
sizes of the frames in inches. 

A good general ideal of the machine is given in Fig. 1, 


of small size, the fixture being long enough to hold tw® 
pieces side by side. Continuity of operation is obtained 
by this means, as a finished article can be removed 
and a new casting put in its place while work is pro- 
ceeding on the other of the pair. The change over is 
made by the transverse movement of the table. 

It is advisable to consider both of the faceplates 
together, as those of the fixed headstock and of the 
sliding one are practically identical, while the view of 
the latter in Fig. 1, shows the tool fittings in more 
detail. The faceplate on the fixed headstock has a 
larger central orifice on account of the sleeve for the 
boring bar. It runs on the outer circumference of the 
projecting boss, previously referred to, which supports 
the sleeve. Both face plates are supported directly 
behind the tools by a large bearing having an annular 
face, This can be well seen in Fig. 1. There are four tools 
on each plate. Two of them, for facing the ends of the 
frames, are carried in radial slides having four feeds 
ranging from 18 to 70 cuts perinch. The feed is given 
automatically by star-wheel mechanism, and there is also 
a system of trip dogs. It can be started, stopped, or 
varied, as desired, and over-running is prevented by 
automatic slipping clutches. The travel of the radial 
slide is 5 in. The other two tools are carried in fixed 
tool posts, and are used for grooving. Feed is given 
by a screw slide, and may be within a range of 36 to 
138 cuts per inch. 

The table is carried on a saddle sliding between the 
two headstocks. It has a surface 84 in. long by 18 in. 
wide, with the customary T slots, and its top is 21 in. 





in which it is shown set for work on a light alternating- 











below the centre of the boring bar. The saddle, as 

































































CAST IRON STATOR CASES. Fig. 6. CAST STEEL MAGNET FRAMES 
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current stator case in a special jig and with the table 
clear of the boring head. There is a headstock at either 
end of the machine with a separate variable-speed motor 
foreach. The headstock at the left hand is fixed, and 
has a 15 h.p. motor running at from 433 to 1,300 r.p.m. 
The sliding head, at the right hand, has a 7 h.p. motor, 
running at from 670 to 1,340 r.p.m. The motor visible 
near the overhanging portion of the fixed headstock is 
a reversing one for the quick power traverse of the 
table and sliding head. It is of 7 h.p. and runs at 
670 r.p.m. The bed is of the box type and is heavily 
ribbed. It is 14 ft. long by 2 ft. 7 in. wide. The 
total floor space required is 20 ft. by 11 ft. and the net 
weight, without the electrical drives or the table fix- 
tures, is 11 tons. 

The fixed headstock, as is well shown in Fig. 1, is of 
very massive design and well adapted to take the strain 
of heavy cuts. It carries a boring bar 6 in. in diameter 
and a face plate of 3 ft. 10 in. in diameter, both driven 
by spur gearing from a common backshaft, the drive 
from the motor being by means of worm gearing 
running inanoil bath. The boring bar is supported in a 
heavy sleeve, which is arranged to follow up the cutter 
head so that the latter works with a minimum of over- 
hang. The sleeve itself is supported in a large bearing 
projecting from the headstock, which also ensures 
adequate support close up to the work. It can be 
advanced either by hand or power. The handwheel 
for the former is prominent at the front of the headstock, 
the power motion is effected through ratchet gearing. 
The end of the boring bar is tapered and is provided 
with a pilot 4} in. in diameter. This enters the loose 
headstock and is long enough to provide a bearing 
even when the widest possible frames are being bored. 
The boring bar has eight feeds with a range of 13 to 104 
cuts perinch. It has a travel of 26 in. 

The end of the boring bar, fitted with a small 
boring head, is shown in Figs. 2and 3. This head is of 
cast iron, keyed to the bar, and carries five roughing 
and five finishing tools, all of square section, the 
finishing tools being held in bushes to facilitate setting. 
This is the arrangement used for boring the pole pieces 
of magnet frames ; for the stator cases a larger head, of 
the type shown in Figs. 4 and 5, is generally used. This 
head is shown in placein Fig. 1. The tools are similar 
in number and mounting to those of the smaller head. 
In the illustrations, Figs. 2 to 5, the work is shown 
mounted on one face of a fixture attached to the table. 





This is a method commonly adopted when the work is 





already stated, may be moved along the bed by hand 
or power, the former motion being effected by a 
capstan hand wheel, operating a revolving nut on a 
stationary screw inside the bed. This enables a fine 
feed to be obtained. The table is traversed on the 
saddle by a capstan hand wheel with a rack and spiral 
pinion. It is indexed in alternative positions, when 
two frames are being machined or loaded, by means of 
a hardened-steel plunger engaging with bushes of the 
same material. 

The sliding headstock, with its independent motor, 
can be run up into place and operate on one side of a 
frame, while the fixed headstock is employed on the 
other. It has automatic feed along the bed when used 
for boring. This is effected by a ratchet mechanism, 
giving eight feeds of a range of from 21 to 214 cuts per 
inch. The quick power traverse has already been 
alluded to. Stops are arranged for the slide, so that 
after the machine is set up, exact dimensions can be 
duplicated without further measurement. 

The use of this machine has saved considerable time 
in comparison with an ordinary boring mill. For 
example, the largest stator case given in Fig. 6 
required 74 hours for machining on an ordinary 
mill, this being the best time, but the same work is 
regularly done on the machine now described in 
3} hours. The largest magnet frame given in Fig. 6 
is completely machined in 24 hours, as against the 
boring-mill time of 5} hours. In this case, }? in. of 
metal is removed from each pole piece, and about 
4 in. from the other machined faces. 





Eectric Arc WeLtpinG.— We learn from The Electrical 
World of the marked changes in practice of the General 
Electric Company of America following the use of electric 
arc welding in the construction of electrical machinery. 
The process has been introduced to build up the magnet 
frames of motors and generators out of rolled-steel slabs 
formed to the required radius. For small machines, the 
frames are rolled in one piece and the ends are welded 
together. To form the feet, suitably shaped steel pieces 
are welded to the frames and, in cases where split frames 
must be used, the lugs for bolting them together are 
similarly welded in place. Sections and rolled plates 
are welded together for the formation of bedplates 
and bearing pedestals. Considerable economies are 
anticipated from the elimination of castings, while the 
welding processes make unnecessary the use of very 
large machine tools in manufacturing machines of great 
capacity. The welding is mainly performed by automatic 


THE REMA PULVERISI 

THE products of many industries must be reduced 
to the form of powder before they can command a 
ready market. This has been recognised throughout 
the ages, and the primitive pestle and mortar has 
now been replaced by machines of various types, 
each particularly suitable for the pulverising of a 
specific substance. A new impetus was given to the 
designers of such plant when it became recognised 
that inferior coals, containing a large proportion 
of ash, could be burned with economy, and with 
consistent results, if they were first reduced to the 
powder form. The problems of the design of these 
plants were, however, somewhat similar to those 
encountered in dealing with mills for other purposes, 
and, before long, the needs in the boiler house were 
met as efficiently as those in the chemical factory, 
or the paint and colour industries. Not all plant is 
capable of universal application, but some types 
may be applied to services with a wide range of 
requirements, and such a mill is shown in the accom- 
panying illustrations, Figs. 1, 2 and 3, on page 268. 
This mill, known as the Rema, was introduced by 
the Rheinische Maschinenfabrik A.G., of Neuss am 
Rhein, Germany, and is made in this country by 
the British Rema Manufacturing Company, Hubert 
Works, Highroad Well, Halifax, of which Messrs. 
William Asquith (1920), Limited, are the proprietors. 

It makes use of the crushing action between 
revolving rollers and an encircling ring. From the 
grinding part of the equipment, the treated material 
is carried upwards by a stream of air, meeting baffles 
and having to pass through openings, the magnitude 
of which may be varied, to ensure that nothing but 
what is reduced to the required degree of fineness 
can pass out for use. Before discussing, in detail, 
the method of operation, attention may be called to 
the substantial design of the mill. Fig. 1, a view of 
the assembled unit, shows that all bearings are 
external to the casing, where the pulverisation is 
effected, and that the housings of the lower bearings 
are subjected to the pressure of heavy springs in 
order that the rolls may be pressed down on to the 
encircling ring. There are no moving parts except the 
crusher rolls and ring, and the entire working system 
may be readily removed for inspection and replacement 
at any time, as is shown in Fig. 2. All that is necessary 
for this, is the removal of the top cover, when the 
moving parts may be lifted out as a complete unit. 
Wear does not affect the working of this mill to any 
great extent, because it is the pressure between the 
rollers and the inner surface of the ring which is utilised, 
and this, being provided by the springs and weight 
of the roller system, is effective whether the rolls 
are worn down or not. Eventually, however, it may 
be necessary to fit new rollers, but even when this 
has to be done, there are no complicated parts to be 
dismantled or fine adjustments to be made on 
re-assembly. 

Fig. 3, showing a section through a complete 
installation, may be used to discuss the process of 
pulverising and the delivery of the product. Whatever 
material has been treated in the crusher is delivered 
at the foot of the vertical pipe, A, up which it is 
carried by a stream of air entering at the inlet, B. 
Sometimes the moisture content of the material 
to be treated is excessive, and some drying must 
be resorted to in the mill. This is done by passing 
in air which has been raised in temperature. Actually 
the air, whether heated or not, is drawn through the 
plant by the fan, D, and with it is carried the material 
that has been partly pulverised. In the passage of 
this air and the material, fine and coarse, which it 
takes with it, a sifter is interposed to collect the 
heavier particles and return them for further treatment. 
The sifter consists of two cones, the outer one of which 
forms the casing. As the air passes up the vertical 
pipe, A, it comes into contact with the lower surface 
of the inner cone, which is shaped to give the current 
a complete reversal of direction of travel. In 
this action, much of the heavier material carried by 
the air is dropped, falling into the chutes, G, which 
conduct it back into the mill. From the space between 
the two cones, the air is drawn through adjustable 
openings, K1, arranged around the upper part of the 
inner cone, and is then drawn through the central 
pipe to the fan. In the case of a powdered-fuel system, 
the fan outlet could be connected directly to the 
burner, but, in cases where it is necessary to store 
the product, the air conveying it is taken to a cyclone 
separator, from which the air can be returned to the 
intake. 

So far consideration has been given to the use of the 
air stream as the means of conveying the treated 
material, and the feeding of new material has not been 
referred to. Actually, the untreated material is passed 
into the air pipe through the feeding device, F, and it 
also must be raised by the moving air before it can 





machines, though some hand welding has to be resorted to. 


enter the mill. Adjustment is possible for the rate 
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of feed, and can be made at any time. As the air, 
laden with the material it carries with it, enters the 
sifter, its velocity is reduced, due to the increased 
area available for the stream, and all but the lightest 
material is deposited. The chutes, G, feed the material 
to both sides of the mill, H, ensuring fairly even dis- 
tribution across the inner face of the grinding ring ; a 
desirable feature, as it results in the production of the 
greatest possible output with the least wear of the 
ring and rollers. The treated material falls through 
the outlet, J, and into the air pipe again, so that all 
that is of the required degree of fineness may be 
carried away before the residue is again passed into 
the mill. The final separation of the particles that 
are too coarse takes place in the passage into the inner 
cone and within the cutter. The openings, K1, into 
the inner cone have already been referred to, but it 
remains to be shown how they are used to regulate 
the degree of fineness of the material. Within the 
inner cone, beside the openings at the top of it, there 
is a series of vanes which may be adjusted by the 
handle L. These impart a rotary movement to the 
incoming air, and the centrifugal forces acting on 
the coarser particles cause them to strike the inside of 
the inner cone, and fall to the bottom, so that none 
but the finest dust is carried away by the fan. What- 
ever material collects in the inner cone is ultimately 
returned to the grinding system, the load imposed on 
the discharging flaps causing them to open. 

Material which is too heavy to be lifted by the air 
current must be eliminated, and, for this purpose, a 
flap valve is provided at M, but as nothing can enter 
the mill which is not lifted by the air current, there is 
no possibility of damage to the rollers and ring through 
the entry of heavy metallic articles. The grinding ring 
is made, usually, of manganese steel, to resist wear. It 
is a free-running ring, the drive being obtained through 
the top roller which is on the driving shaft. For 
the bearings of the two bottom crusher rollers, support 
is obtained from the springs only, and the openings for 
the ends of the shafts permit free movement in 
every direction ; leather gussets are provided to close 
the gaps around the shafts. The bearings for the 
roller shafts are of the heavy roller type, and only 
require refilling with grease at rare intervals. 

When the Rema mill is used for pulverising coal, and 
for direct firing, a separate drying plant is not considered 
necessary for fuels containing anything up to 15 per 
cent. of moisture. In cases where the powdered fuel 
is to be stored, drying may be carried out in the mill 
system, if the inlet air pipe is conneeted to any avail- 
able source of heat, and means are introduced to 
extract the vapour. One obvious advantage of the 
air-extraction system is the elimination of the necessity 
for mechanical elevating devices, which are liable to 
get out of order. Another feature, of undoubted 
‘ importance, is that once the vanes on the inner cone are 
set in any position, the degree of fineness of the 
delivered material remains unaltered until another 
adjustment is made. Whatever wear may take place 
in the mill ring and rollers does not affect the size of 
the grains of the treated material taken away by the 
fan, the size being controlled solely by the setting of 
the vanes of the inner cone. Moreover, there are no 
screens or sieves to affect the results, owing to varia- 
tions caused by wear. 

The Rema mills are standardised in ten sizes, which 
are all capable of producing a finished material of 
any degree of fineness. The smallest unit has an 
output of 14 ewts. per hour, while the largest is rated 
to deal with anything between 25 and 45 tons per 
hour, according to the nature of the material and the 
fineness to which it has to be ground. They have been 
employed for all the usual substances for which pul- 
verisation is necessary. 


RESISTANCE TO THE MOTION OF SPHERES IN LIQUIDS. 
—Two chief formule have been given, by Stokes and by 
Oseen, for the motion of a sphere through a viscous liquid 
when either the liquid or the sphere is kept stationary. 
The values deduced from the two formulx agree for low 
values of the Reynolds’ number, but do not agree for 
higher values; Oseen considered in his differential 
equations the higher powers of the terms which Stokes’ 
formula disregarded. For Reynolds’ numbers below 1, the 
resistance to motion is practically proportional to the velo- 
city of the sphere, and for values above 1,000, is pro- 
portional to the square of the velocity. The intermediate 
range, in particular, has been investigated by Dr. H. 
Liebster (Annalen der Physik, vol. 82, pages 541-562). He 
experimented with steel balls, from ball bearings, from 
0-1 up to 0-47 cm. in diameter, and also with balls of 
lead or clay, falling in water, sugar solutions and glycerin, 
and he observed the velocity of fall, by the aid of a kine- 
matograph, in cylinders with vertical or inclined walls, 
allowing for the wall effect by the formule of Ladenburg 
and of Faxén, The latter’s values, intermediate between 
those of Stokes and Oseen, he confirms on the whole, 
as well as the theory of Kérmén. A falling sphere 
descends in an aperiodic zig-zag path owing to eddy 
formation behind the sphere, but these eddies are not 
marked near the inclined walls, 





ENGINEERING TRAINING AND 
EDUCATION. 


Lloyd’s Register Scholarships and Marine Engineering 
Studentships.—The Council of the Institute of Marine 
Engineers desires to draw attention to the Lloyd’s 
Register Scholarships, awarded under its auspices, one 
of which is open for competition annually in May. 
The scholarship, which has a yearly value of 1001., 
is tenable for three years at an approved university or 
college, and is intended to enable junior or apprentice 
engineers, of British nationality, to take the B.Sc. 
degree in engineering science as a basis of future 
professional careers in marine engineering. Candidates 
must be between the ages of 18 and 23. The next 
examination, which is to be held simultaneously in 
various centres, will take place on May 8 and 9, 1928. 
Application should be made by intending candidates 
not later than March 10, 1928. The Council desires 
further to direct the attention of apprentices and 
student engineers to the advantages offered by admis- 
sion to the student-graduate section of its membership. 
Qualifying examinations are held annually in April at 
various centres, the next examination having been 
fixed to take place from April 17 to 20, 1928. Applica- 
tion to sit at this examination will be received until 
March 3, 1928. Syllabuses and regulations relative to 
the above scholarships and examinations may be 
obtained on application to the Secretary, Institute of 
Marine Engineers, 85-88, The Minories, Tower Hill, 
London, E.1. 


Scholarships in Structural  Engineering.—The 
Governors of the Polytechnic, Regent-street, London, 
W.1, are offering three entrance scholarships for the 
course in structural engineering. The scholarships 
consist of the remission of tuition fees, and the awards 
will be made on the result of the general entrance 
examination to the Polytechnic School of Engineering, 
to be held on September 12, 13 and 14 next. All the 
courses provided in the Regent-street Polytechnic are 
recognised by the Institution of Mechanical Engineers 
in the case of mechanical, structural and automobile 
engineering, by the Institution of Electrical Engineers 
in the case of electrical engineering, and by the Board of 
Education in connection with the award of National 
Certificates. Further particulars regarding the above 
scholarships may be obtained from the Director of 
Education, The Polytechnic, Education Department, 
309, Regent-street, London, W.1. 
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NOTES FROM :THE. SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—The Egyptian State Railways’ con- 
tract for 125,000 metric tons of large Welsh coal to 
be delivered at Alexandria in September, October and 
November has been awarded to Messrs. Watts, Watts and 
Company, Limited, of London and Cardiff, who submitted 
the lowest price of 28s. 2d., which was no less than 4s. 1d. 
below the figure at which business was secured by Messrs. 
Furness, Withy and Company, Limited, in March last, 
and 5s. 3d. below the price at which Messrs. Tabb and 
Burletson took a previous order. The tenders for the 
present contract ranged from 28s. 2d. to 29s. 74d. 
The contractors for this tender have the option of 
twenty-six different coals, and usually the bulk of the 
order is made up of Monmouthshire coal. Whether 
the business will result in a profit to the contractors will 
depend chiefly on the freights which they are compelled 
to pay to ships. During the current year the freight to 
Alexandria has varied from 9s. 6d. to 14s. 6d., and it is 
likely that any freight above 10s. 6d. would mean a 
loss on the particular cargoes shipped. In the meantime 
dull conditions remain in evidence, and, though it is 
anticipated that there will soon be a seasonal revival in 
the demand for coal, the outlook is regarded as anything 
but rosy in view of the restrictions imposed by France 
and Spain, particularly the latter country, on the use of 
foreign coal. In fact, colliery owners and exporters are 
seriously perturbed at the measures adopted by Spain 
for increasing the use of native fuel, as the bulk of the 
foreign coal shipped to Spain is despatched from South 
Wales. Messrs. Wm. Cory and Son, Limited, have been 
appointed sole selling agents for the home and foreign 
markets of the Welsh Anthracite Collieries, Limited, 
which was registered early last year and acquired the 
Trimsaran, Bryndias and Cwm Capel pits, and subse- 
quently the Abercrave, International (Llwynllafrod 
Ystalyfera, Gwaunelawdd, Globe, Varteg and Cwmmawr 
pits. 


Further Colliery Losses.—More evidence of the ill effects 
of last year’s coal strike on the working of the Welsh 
collieries is afforded by the reports of Insoles, Limited, 
and the Fernhill Collieries, Limited, which cover the 
twelve months ended June 30 last. Both concerns 
sustained losses, the former of 39,295/., and the latter 
of 31,3547. 


Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 13,562 tons only, compared 
with 24,326 tons in the preceding six days. Shipments of 
tinplates and terneplates were reduced from 10,043 tons 
to 1,997 tons, blackplates and sheets from 1,326 tons to 
98 tons, and other iron and steel goods from 9,889 tons to 
8,167 tons, but those of galvanised sheets were increased 
from 3,168 tons to 3,306 tons. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Public Works Department of the New Zealand 
Government is inviting tenders, to reach Wellington by 
October 4, for the supply and delivery, c. and f., Auckland, 
of one dragline excavator of the continuous tread full- 
circle type, complete with steel boom, 35-ft. centres, and 
#-cubic yard drag bucket. (Ref. No. AX 5098.)}—The 
New Plymouth Harbour Board is inviting tenders 
to reach New Zealand by November 30, for a powerful 
ocean-going combined steam tug and grab hopper 
dredger. (Ref. No. AX 5109.)—The Public Works 
Department, Wellington, is calling for tenders, to be 
presented by November 29, for power cables in 
connection with the Waikaremoana power scheme. 
Section 26, (Ref. No. BX 3744.) 


PrERSsONAL.—Messrs. James Gordon and Company, 
Limited, Windsor House, Kingsway, London, W.C.2, 
have taken over the complete patent rights for the 
British Empire, except Canada, and also for all other 
European countries and their colonies, of the Hagan patent 
automatic regulation for combustion, boiler houses, &c., 
the Hall patent system of boiler water conditioning, 
and the Hagan patent steam separator. The new Hagan 
department is under the management of Mr. J. E. 
O’Breen, recently with the Hagan Corporation of Pitts- 
burg, Pa.—Up to the present Messrs. The Hydraulic 
Engineering Company, Limited, Chester, have manu- 
factured Mangnall-Irving thrust-boring machinery for 
sale only. They now inform us that, from September 1 
next, they will be in a position to accept orders in the 
London area for carrying out the actual work of thrust 
boring for pipe and cable laying.—The British Perlit 
Iron Company, Limited, 15, Victoria-street, London, 
8.W.1, have now acquired the British and Colonial 
patent rights in the Thyssen Emel Process, as covered by 
patent No. 244,405 of 1924. They propose to exploit 
this patent in conjunction with the Perlit iron process 
by selling inclusive licences.—Mr. James Kerr-Bock, 
formerly managing director of Messrs. The Vickers Boiler 
Company, Limited, and joint director of Messrs. The 
Spearing Boiler Company, and recently with Messrs. 
Clarke Chapman and Company, Limited, has now joined 
the firm of Messrs. John Thompson Water Tube Boilers 
Limited, London and Wolverhampton. Mr. Kerr-Bock 
was at one time borough electrical engineer at West Ham, 
but has specialised in boiler engineering during the past 
few years. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Last week’s price reduc- 
tions for Cleveland pig iron have induced some customers 
to negotiate a little more freely. Local sales are a little 
better, and inquiries from Scotland show some improve- 
ment, but little or no expansion of trade is reported with 
home buyers at a distance or with overseas customers. 
The restricted output is still ample for the limited demand, 
and while, in the ordinary course, fall-of-the-year require- 
ments will necessitate rather heavier buying, autumn 
requirements appear unlikely to approach anything like 
the normal. For home use and for small parcels for 
export, No. 1 quality is 70s.; No. 3, g.m.b., 67s. 6d. ; 
No. 4 foundry, 66s. 6d.; and No. 4 forge, 66s.; but 
for despatch to buyers north of the Tweed, and for 
overseas orders of 500 tons and upwards, parcels are on 
sale at half a crown below the foregoing figures. 


Hematite.—The volume of business passing in East 
Coast hematite iron falls far short of what could be 
desired, but it is just sufficient to absorb the very limited 
make, and inquiries circulating encourage the hope 
of maintenance of demand, and consequent steady 
withdrawal from producers’ rather large stocks. Mixed 
numbers are 75s., and No. 1 grade is put at 75s. 6d. 


Foreign Ore.—The foreign ore branch of trade is 
characterised by inactivity, and there seems no prospect 
of early resumption of market operations as consumers 
have heavy quantities stored, and large parcels to 
accept against old contracts. Nominally, market rates 
remain on the basis of best rubio at 21s. c.i.f. Tees. 


Blast-Furnace Coke.—Local users of Durham blast- 
furnace coke, anticipating downward movements in 
values, are buying sparingly. Sellers still ask up to 19s. 
for good medium qualities delivered. 


Manufactured Iron and Steel_—Customers look for 
early reduction in most finished iron and steel prices. 
The suggested rebate to customers who buy steel solely 
from British makers is understood to be one of 5s. per ton. 
Among the principal market quotations are :—Common 
iron bars, 11l. 5s.; best bars, 117. 15s. ; best best bars, 
121. 5s. ; iron rivets, 111, 15s. ; steel rivets, 127. ; packing 
(parallel), 82.; packing (tapered), 11/.; steel billets 
(soft), 71. 12s. 6d.; steel billets (medium), 8/. 2s. 6d. ; 
steel billets (hard), 8/. 12s. 6d. ; steel ship plates, 8/7, 2s. 6d. ; 
steel angles, 7/. 12s. 6d. ; steel joists, 71. 12s. 6d.; heavy 
steel rails, 8/. 10s. ; black sheets, 10/7. 10s. ; and galvanised 
corrugated sheets, 141. 





Mopet ENGINEERS’ EXHIBITION.—It is announced that 
the tenth annual Model Engineers’ Exhibition will be 
held in the Royal Horticultural Hall, St. Vincent’s 
Square, Westminster, 8.W.1, from September 17 to 24 
inclusive. A special attraction throughout the whole 
of the time the exhibition will remain open, will be a 
demonstration of television and noctovision by the 
inventor, Mr. John L. Baird. 





ImpPRovED Tow1nG Boats oN THE PANAMA CANAL.— 
Two recently built towing boats of 125 ft. length, with 
Diesel electric transmission, have now been put into 
service on the Panama Canal. Marked improvement in 
common American Practice is shown in the construction 
of the hulls by the provision of bulkheads and double- 
bottoms. Another feature is the cutting away of the 
after deadwood and its replacement by a simple casting 
with a view to facilitating handling and to enable the boats 
to be navigated as easily as the smaller boats previously 
used on the Panama Canal. 





Contracts.—The Westinghouse Brake and Saxby 
Signal Company, Limited, 82, York-road, King’s Cross, 
N.1, have received an order from the English Electric 
Company, Limited, of Preston, for 25 sets of brake 
apparatus for motor cars, and 23 sets of brake equipment 
for trailer cars for the Athens City Tramways.—In the 
face of strong foreign competition, Messrs. The English 
Electric Company Limited, have secured an intportant 
order from the Tobu Railway Company, Japan, in con- 
nection with the electrification of approximately 50 miles 
of line between Sugito and Nikko. The contract com- 
prises 28 motor coach equipments, each comprising four 
DK. 91, 130-h.p. motors, wound for 750 volts, for opera- 
ting on a 1,500-volt line; and 16 trailer coach control 
equipments for operation with the above. The company 
has also secured the contract for two completely auto- 
matic rotary converter sub-stations to give a supply for 
this service at 1,500 volts direct current. The above 
orders amount to the value of approximately 60,000/.— 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, have secured a contract from the Buenos Aires 
Great Southern Railway Company for 30 three-cylinder, 
goods-type locomotives with double-bogie tenders. The 
locomotives will be constructed at Messrs, Armstrong, 
Whitworth’s Scotswood Works, Newcastle-on-Tyne, and 
will be shipped, in fully erected condition, on one of the 
special motor vessels constructed by the firm for this 
purpose. Messrs. Armstrong, Whitworth have also re- 
ceived an order for 26 locomotive boilers from the Bengal 
Nagpur Railway Company. The total value of the two 
contracts exceeds 250,000/.—A contract has been placed 
with Messrs. Worthington-Simpson Limited, Queen’s 
House, Kingsway, London, W.C.2, by the New South 
Wales Government for the whole of the power plant and 
pumping machinery required for the new Walsh Island 
floating dock. The plant comprises three Worthington- 
Simpson 360-h.p., solid-injection oil engines, each coupled 
to 230-kw. generators, together with the necessary centri- 
fugal pumping plant, motors and switchgear. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

THE staple industries generally are marking time. 
The amount of business coming forward is insufficient to 
cover contracts being completed. The outlook, however, 
is more hopeful than for some time past, though manu- 
facturers continue to feel the pinch of foreign compe- 
tition more acutely. Few orders are being booked for 
open-hearth steel, and plants are running much below 
productive capacity. Depression reigns in the crucible 
steel trade. A better tone is evident in railway steel 
departments, while shipbuilding requirements tend to 
increase. Electrical machinery manufacturers maintain 
their recently improved position, and stainless steel 
continues to be turned out in increasing tonnages. The 
manufacture of stainless road studs, used in connection 
with the direction of traffic. is being increased. One firm 
has already supplied four thousand of them to a provin- 
cial corporation, and further contracts are likely to be 
booked from other authorities. The lighter trades, taken 
as a whole, are unchanged. In the various classes of 
hand tools business is on a very low level, but as the 
state of trade gradually improves, it is expected that the 
demand for these tools will increase. Quarry tools and 
road-making tools are expanding lines, while spades and 
shovels are being sold more quickly. File manufacture 
is improving, but there has been a falling off in the 
requirement for twist drills, engineers’ small tools, and 
both hand and circular saws. 


South Yorkshire Coal Trade.—The recent depression 
shows not the least sign of rising. Collieries are busy 
attempting to secure markets lost during the coal strike 
of last year. The demand for industrial fuel of all 
grades is not so good, while the Lancashire cotton district 
is only taking small quantities of slack. House coal 
continues to improve, the demand from town and 
country districts being more substantial. Foundry and 
furnace coke are a better market, and gas coke maintains 
its recent improvement. Quotations :—Best branch 
hand-picked, 27s. 6d. to 28s. 6d.; best house coal, 21s. 
to 22s, 6d.; screened house coal, 19s. to 21s. ; screened 
house nuts, 16s. to 17s. 6d.; Yorkshire hards, 16s. to 
17s.; Derbyshire hards, 16s. to 17s.; rough slacks, 
9s. 6d. to 10s. 6d.; nutty slacks, 7s. 6d. to 8s. 6d. ; 
smalls, 3s. to 5s. 6d. 





THe Panama CAnAL.—The number of commercial 
vessels passing through the Panama Canal during the 
fiscal year ending June 30, 1927, was, according to a 
recent issue of The Panama Canal Record, 5,475. This 
figure established a new record, the previous highest 
total, that for the calendar year ending December 31, 
1926, being 5,420. Another record established during 
the past fiscal year was the amount of cargo carried. 
This totalled 27,748,215 long tons, an increase of 0-58 per 
cent. over the previous record of 27,586,051 tons carried 
during the calendar year 1926. 





WIRELESS DIRECTION FINDERS.—The general increase 
in the use of wireless direction finders is clearly demon- 
strated by the steady flow of orders from shipowners for 
new installations, not only for new ships or single vessels, 
but in the majority of cases for whole fleets. Among the 
most recent installations of Marconi direction finders 
are 15 ships owned by the Hain Steamship Company, of 
Cardiff, six ships owned by Messrs. Stanley and John 
Thompson, Limited, six owned by Messrs. G. Heyn and 
Sons, of Belfast, and other vessels owned by Messrs. 
Donaldson Brothers; Furness, Withy and Company, 
Limited ; Elders and Fyffes, Limited, &c. 





Tue Iron AND STEEL InstiTuTE.—As already an- 
nounced in our issue of March 11 last, on page 324, 
the autumn meeting of the Iron and Steel Institute will 
be held at Glasgow from September 20 to 22 next. The 
sessions will take place at the Royal Technical College, 
Glasgow, and will commence at 10 a.m. on each of the 
three days. The a se to be read and discussed are 
as follows :—‘ High-Frequency Induction Melting,” by 
Mr. D. F. Campbell; ‘“ Magnetic and other Changes 
concerned in the Temper-Brittleness of NickeleChromium 
Steels,” by Dr. H. A. Dickie; ‘‘ The Influence of Cold- 
Rolling and Subsequent Annealing on the Hardness of 
Mild Steel,” by Professors C, A. Edwards and K. Kuwada ; 
“The Influence of Nickel and Silicon on an Iron-Carbon 
Alloy,” by Dr. A. B. Everest, Mr. T. H. Turner, and 
Professor D. Hanson; “‘The Effect of Varying Ash in 
the Coke on Blast-Furnace Working,” by Mr. C. S. 
Gill; ‘‘ The Constitution of Silicon-Carbon-Iron Alloys, 
and a New Theory of the Cast-Irons,” by Professor D. 
Hanson ; “ The Work-Hardening of Steel by Abrasion,” 
by Mr. E. G. Herbert; ‘‘ On the Quantitative Measure- 
ment of the Cutting Power of Cutlery,” by Professor K. 
Honda and Mr. K. Takahasi; ‘“‘ The Use of Silica Gel 
as a Medium for Drying Bast,” by Mr. E. H. Lewis ; 
“The Mechanism of Tempering of Steels,” by Messrs. 
T. Matsushita and K. Nagasawa; ‘‘ The Economic and 
Social Development of the American Iron and Steel 
Industry,” by Mr. T. W. Robinson; ‘The Behaviour 
of Mild Steel under Prolonged Stress at 300 deg. C.,” 
by Dr. W. Rosenhain and Professor D. Hanson; ‘A 
Testing Machine for Repeated Impact, and a Preliminary 
Investigation on the Effects of Repeated Impact on 
Lowmoor Iron,” by Professor J. H. Smith and Dr. F. V. 
Warnock ; “The Solution of Carbon in a-Iron and its 
Precipitation,” by Mr. J. H. Whiteley; and ‘‘ A Con- 
tribution to the Theory of the Blast-furnace Process,” 
by Dr. F. Wiist. At the conclusion of the meeting, 
aeematien visits have been arranged to works in Glasgow 
and the district, and Friday, September 23, will be 
devoted to an excursion on the Clyde. 
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NOTES FROM THE NORTH. 
*#LASGOW, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland 
there has been practically no change in the general 
conditions during the past week. Some of the works 
are not so badly off when the state of industry generally in 
this area is considered, but the plant of to-day is so much 
greater than it used to be that the maximum aggregate 
tonnage output is on a very large scale, and well-filled 
order books are necessary to make the works busy. The 
booking of fresh contracts at present is very poor, and 
old contracts are responsible for much of the current 
output. Shipbuilders, on the whole, are consuming 
quite a respectable tonnage in plates and sections, but 
many of them could be doing with a few more contracts 
themselves, and that would also reflect on the steel 
industry. The importation of steel material from the 
Continent continues on a fairly large scale,.and a way of 
combating this has been exercising the minds of the 
British steelmakers for some time back. The latest 
scheme proposed is on the lines of the old cash rebate 
system which was in existence prior to the war. The 
matter was under discussion at a meeting held at the 
end of last week, and it is understood that a number of 
ye eye points were settled tentatively. Nothing 
definite has yet been agreed to, but this much is certain, 
that the home makers are determined to endeavour to 
encourage the use of home steel in greater proportions 
than has been the case in recent times, and, to secure that 
end, they have decided to evolve a scheme which will 
tempt the consumers. Activity in the steel works is of 
such vital importance to general industry that it is 
hoped their efforts will be crowned with success. In the 
black-sheet trade the heavier gauges are still in quiet 
demand, but the lighter sorts and galvanised sheets are 
in active request. For the latter there has been heavy 
booking of late, and for the next few months the works 
should be quite busy. The following are the current 
market quotations :—Boiler plates, 11/. per ton; ship 
plates, 8/. 2s. 6d. per ton; sections, 7/. 12s. 6d. per ton 
and sheets, under + in. to $ in., 101. 5s. to 111. 5s. per 
ton, all delivered Glasgow stations, 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there has been no change, and the 
demand is of a limited nature. The reduction in the 
price of re-rolled steel bars has barely justified itself 
yet, but a certain amount of new business has been 
booked. The price of ‘‘ Crown” bars is unchanged at 
101. 15s. per ton delivered Glasgow stations. 


Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are no better this week, and the willingness 
of producers to meet buyers in the matter of price and 
delivery is the only way by which a few more fresh orders 
have been secured. Foreign competition is very keen 
and home stocks are not diminishing. The number of 
furnaces in blast is 36. Prices are weak and are as 
follow :—Hematite, 78s. 6d. per ton, delivered at the 
steel works ; foundry iron, No. 1, 81s. per ton, and No. 3, 
76s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, August 20, only amounted to 255 tons. 
Of that total 230 tons went overseas and 25 tons coast- 
wise. For the corresponding week of last year the 
figures were 85 tons overseas and 22 tons coastwise, 
making a total shipment of 107 tons. 


Shipbuilding.—Messrs. Bow, McLachlan and Company, 
Limited, engineers and shipbuilders, Paisley, have 
secured an order for a tug and cargo-carrying vessel for 
the East African coasting trade. 








Tue Firow or Om Aanp OTHER FLurIps IN PIPEs.— 
Recently Mr. W. G. Heltzel contributed to the Oil and 
Gas Journal the results of numerous field tests on the 
flow of fluids in pipes. From this work he found that the 
work of Stanton and Pannell, recorded in the Philosophical 
Transactions of the Royal Society (Vol. 214-A, 1914) 
gave completely satisfactory results for pipe lines of 8-in. 
diameter and larger. In cases of pipes of 1-in. to 6-in. 
diameter, the work of Lander (Proc. Royal Society, Vol. 
92-A) gave equal satisfaction. An indefinite factor is 
still the roughness of the interior of the pipes, but this 
is negligible with viscous flow. 





THe DIsMANTLING oF A Famous RoLLiIne MILL.— 
Further evidence of the very grave situation in which the 
iron and steel manufacturing industries find themselves 
to-day is the reported sale of the rolling mills and steel 
works of Messrs. J. Spencer and Sons, Limited, to Messrs. 
Thomas W. Ward, Limited, of Sheffield, by whom they 
will be dismantled. Messrs. Spencer’s works are situated 
at Newburn, on the north bank’of the river Tyne, about 
6 miles west of Newcastle, the freehold site comprising 
43 acres with a river frontage of 1,100 yards and extensive 
railway sidings. The works include a most modern 
rolling mill plant for boiler and ship plates, spring steel 
and bars, in addition to 12 Siemens-Martin acid process 
steel-melting furnaces, of 40 tons capacity each, The 
firm, which was founded in 1810, has held a world-wide 
reputation for plates of all kinds, and the resources of the 
works have enabled plates to be rolled, tested by Lloyd’s, 
and delivered into shipyards on the Tyne within 24 hours 
of the receipt of the order. The Wylam Wagon Way, 
which is probably the oldest railway in England, and 
which, for many years, ran Hedley’s ‘“ Puffing Billy,” 
passes through the works. It is to be sincerely hoped that 
the works will shortly be re-opened for some other 
industry, for the dismantling of the present plant will 
be @ severe loss to the 10,000 inhabitants of the village 





of Newburn. 
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‘ELECTRICAL COMBINES. 

Ir would be unwise to regard the recent outburst 
of a judge of the High Court against industrial 
combinations simply as the opinion of a highly-placed 
lawyer upon a matter about which he can, in the 
nature of things, be expected to know little. If 
ignorance were the sole cause of his remarks, his 
scathing obiter dicta could safely be ignored. The 
real position is, however, far otherwise. For the 
view is widely held in this country, by others 
than High Court judges, that what are conveniently 
termed trusts have been established in industry 
mainly to exploit the consumer; and that their 
result can only be an increase in the price of 
essential commodities. When, therefore, a railway 
company or a local authority awards a contract 
to a foreign firm, on the grounds that the tenders 
from British manufacturers disclose the existence 
of a ring, there is widely-expressed approval of 
what is regarded as a public-spirited action, no 
less than an heroic attempt to circumvent a policy, 
which is out of accordance with our traditional com- 
mercial ethics. While the storm of abuse, which 
not uncommonly follows such a decision, rages 
it is both useless and dangerous to point out that 
there is another side to the question. Nevertheless, 
the loss which follows such a transfer of business 
from our own shops to those of a foreign competitor 
is not, in the long run, balanced by the few 
hundred pounds, which may be saved on a par- 
ticular account. Combines are not necessarily 
monsters of iniquity or even detrimental to 
national interests. Their products are often of 
higher quality than those which could be turned 
out under the stress of unrestricted competition, 
the service they provide is often better than could 
be given under the same conditions, and the prices 
which they charge are frequently no higher. The 
chief indictment against them is that they exploit 
the consumer; but that charge cannot universally 
be sustained and, when it is well founded, the 





consumer is by no means so powerless as is generally 
supposed. For he can, if he have sufficient energy, 
take effective steps to have the matter righted. 
Unrestricted competition, on the other hand, 
confers what is often a fictitious benefit on the 
consumer, at the expense of a real loss to the 
manufacturer of those profits which assist com- 
mercial development, and at the expense too of 
the well-being of the worker. In considering this 
question there is frequently a tendency to divide 
the community into two independent compartments, 
which are labelled producer and consumer. But 
even the largest organisation falls at one time 
into one and at others into the other category ; 
and the same is true of the individual with the 
most restricted resources, and even of that economic 
monstrosity, the middle-man. 

There is another good reason why the people of 
these islands as a whole, and still more such of them 
as are engaged in commerce, should not condemn 
trusts, without hearing the evidence that can 
be advanced in their favour. It is axiomatic 
that such combinations are in many respects in 
a stronger position to do business than is the 
individual. That is indeed one of the charges 
against them. But they are, at the same time, 
in a better position to resist competition. If, 
then, we find that our competitors in foreign 
markets are organised in this way and are, as a 
result, securing business which, other things being 
equal, would have come to us, there is considerable 
justification for the adoption in this country of 
the old policy of learning from the enemy and 
regarding combination not as harmful, but as 
beneficial. Any survey of this question, which 
may be undertaken with this end in view, must not, 
however, be limited to agreements on prices or 
interworking, which may have been entered into 
by firms engaged in the same line of business, 
It must also consider the organisations which have 
been built up not only to assist these firms with 
funds, but to finance large schemes to which 
__________ | they can supply plant and thus secure business. 
which could not otherwise have been obtained. 
This task, so far as it concerns the electrical 
industry in the countries from which we must 
expect the fiercest competition, has recently been 
undertaken by the British Electrical and Allied 
Manufacturers’ Association and the results are given 
in a book, entitled ‘‘ Combines and Trusts in the 
Electrical Industry,’* which was published yester- 
day, the 25th inst. 

In this book descriptions are given of recent 
developments in the formation of central price-fixing 
associations, manufacturing combines and financial 
trusts in the electrical industry, with special reference 
to Germany, France, Belgium, Switzerland, Italy, 
Austria, and Sweden. The study indicates that 
the movement towards the creation of powerful 
international groups is already far advanced in 
Europe and there is not, as is sometimes stated, 
an observance of the open market doctrine or 
an avoidance of combination. To collect the 
information given and to present it in this easily 
readable form must have meant a great deal of 
research and careful study. The result should 
be of the highest value to those whose business 
it is to frame the policies and to direct the actions 
of our electrical firms. 

The general position, as disclosed in this book, is 
that electrical manufacturers, both in the United 
States and in Europe, adopted very early the prin- 
ciple of large-scale productionandco-operativeaction, 
both in market and in price control. They recog- 
nised that the expansion of electrical power produc- 
tion and distribution would depend on the special 
organisations brought into existence to deal with 
it, and on the rapidity with which such organisations 
could be constituted in the principal countries 
of the world. There has resulted an interlinking 
of finance with power supply on the one hand and 
electrical manufacture on the other, the elimination 
of competition in the home market by the absorption 
of competing firms, the elaboration of price-fixing 
rings and, lastly, a combination of all three, so 
that practically without exception the electrical 
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manufacturers in Europe and the United States 
fall into one of these four categories. .The free 
play of competition between firm and firm, in 
fact, belongs to history. 

The truth of these assertions is born out by a 
careful analysis of the conditions in the various 
countries we have mentioned, the results of which 
are given in the book. For instance, in Germany 
the market for telegraphic and telephonic apparatus 
is covered by two groups working in close association 
—Siemens and Halske and C. Lorenz A.-G. As far 
as it is possible to judge at the moment, the world 
market in this field will in a short time be dominated 
by two combines, the International Telegraph and 
Telephone Corporation of the United States, 
working through its subsidiary the International 
Electrical Corporation, and the Siemens and Halske 
A.-G. In the lamp market again, competition is 
already abolished, and the same state of affairs is 
rapidly approaching with regard to the heavier plant 
so that “‘ it is only necessary for the General Electric, 
Westinghouse, Siemens-Schuckert, A.E.G., Inter- 
national Standard Electric Corporation and the 
Brown-Boveri Company to come together, for 
competition to be largely eliminated in many 
markets of first-rate importance.” 

As it is, there has been a partial limitation of the 
key firms, and the world market in electrical goods is 
already falling into the hands of a few combines. For 
instance, in the United States three firms account 
for the greater part of the annual electrical exports, 
which are valued at 17,000,000/. The danger to 
British industry that may arise from such ‘ramifi- 
cations is obvious. It would be possible for a 
combination of this kind to concentrate on certain 
markets, to underbid competitors and to push them 
out, so as to leave the field clear for itself, the 
prices being subsequently raised to make good 
previous losses. This was in fact, done in South 
America before the war, and that its repetition is 
not chimerical is evident when it is pointed out 
that there is every indication that within a short 
time something like an international combine, 
linked up with American interests, may govern the 
electrical industry of Europe. 

It may be argued that the fears, to which a 
perusal of the foregoing must naturally give rise, 
are unfounded, that British industry does not need 
such aids to progress, as those of which we have 
given an indication, and that our future will depend, 
as our past has done, on the quality of our goods 
and upon our justifiable reputation for commercial 
integrity. These are, it is true, factors which it 
would be wrong to discount, and which we do not 
in fact wish to discount. But it must be remembered 
that in a fight between David and Goliath, it is 
usually Goliath who comes off victorious. If it were 
not so, the Bible story would not be so popular as it 
is. There is, therefore, good reason to consider 
sympathetically the contention put forward in this 
book that the British electrical industry has two 
possible moves left—either to form closer associa- 
tions with German and American manufacturing 
concerns, or to tighten up its own organisation, 
form a compact group of manufacturers with a 
common policy, both as regards production and 
finance, and at the same time to strengthen the 
central association. It is perhaps hardly necessary 
to express our preference for the latter course, nor 
to state our expectation that that preference will 
be shared by most British electrical concerns. If 
we must have a combination we should have our 
own, not only because we have played a great part, 
both technically and commercially, in the electrical 
development of the world, but because the Empire 
forms a potential market to which we have a pre- 
scriptive right, and which it is worth great efforts 
to retain. 

The same applies to the financing of power 
schemes, to the possibilities of which, as an aid to 
there own progress, it cannot be said that British 
manufacturers are yet fully alive. The organisa- 
tions that do exist should be developed, so that 
they may be capable of dealing with any power 
scheme, however, large, in any market. How 
important this is is evident from the fact that 
Belgium, France, Italy, Germany and Switzerland 
are already closed preserves, so far as the British 
electrical exporter is concerned. In them practic- 





RING. 


[AuG. 26, 1927. 





ENGINEE 


ally the entire national output of electricity is con- 
trolled by manufacturing groups, some of them 
international in character; so that even if all tariffs 
were swept away, the British manufacturer would 
benefit very slightly, as far as his heavy engineering 
products are concerned. To ensure that this does 
not happen in the other parts of the world, which still 
remain open, it is necessary for there to be a change 
in the financial policy of our banks, which at present 
assist the foreigner at the expense of British industry. 
Otherwise, the industry must evolve its own financial 
system to meet the needs of the situation. 

We have said enough to show that this book is 
worth the close study, not only by those who are 
engaged in the electrical industry itself, but by 
financiers and politicians. That all is not well with 
British industry is plain enough. The electrical 
section is, it is true, in a better state than many 
other branches, but those who are in it realise that 
the position is unstable and are searching for methods 
of securing it against a period of leanness, if not of 
collapse. To ascertain what policy should be 
pursued, in order to secure that desirable end, it is 
wise to obtain the fullest information about every 
factor, which may affect the situation. In perform- 
ing that difficult task, this book should prove of the 
greatest utility. 

In conclusion, we have two criticisms to make. 
The book, as we have said, deals very fully with 
the present position, as regards trusts, in seven 
European countries. It, however, ignores the 
United States altogether, except in its relations 
with combinations in the other countries dealt 
with. Not only, however, is that country the 
home of trusts, but it is one of our two greatest 
competitors in the export markets. It should have 
been included, if onty for the sake of completeness. 
For the same reason something might have been 
said about the position in Great Britain. If closer 
combination is the remedy for our present disabili- 
ties, it would have been useful to know how far 
that remedy has already been applied. Finally, 
at the risk of being accused of anti-climax we protest 
that the price of the book is too high. We should 
like to see it widely read. Are we to presume that 
its publishers wish otherwise ? 





PROGRESS IN AERONAUTICAL 
RESEARCH. 


ALTHOUGH no outstanding developments have 
resulted from the work of the Aeronautical Research 
Committee during the year 1926-27, the report for 
which has just been issued, progress has been made 
in both theoretical and experimental work which 
may lead to useful advances in the future. The work 
on the Cierva autogiro and on the Hill tailless 
aeroplane, which formed perhaps the most interest- 
ing feature of the report for the previous year,* has 
been continued, and both types of machine are being 
developed, but the work has not yet reached the 
stage at which any important progress can be 
recorded. The tailless aeroplane has, however, 
been taken up by an aircraft manufacturing firm, 
and the Committee has been requested to assist in 
investigating the stability characteristics of the 
machine. With regard to the autogiro, a theory of 
its action has been developed by Mr. Glauert at the 
Royal Aircraft Establishment, Farnborough, and 
model experiments have been carried out in a wind 
tunnel at Teddington; observations have also 
been made on models dropped from the roof of an 
airship shed at Farnborough. In most respects, 
the theory is in close agreement with experiment, 
but there is still a discrepancy between free-flight 
experiments and the vertical rate of fall as predicted 
from wind-tunnel tests; further experiments will 
be made to clear up this point. 

The Committee, we note with regret, has not yet 
been able to decide whether or not the variable- 
density wind tunnel, referred to in last year’s 


report, shall be constructed. The American National |. 


Advisory Committee for Aeronautics has, however, 
carried out a series of tests on three wing sections in 
a wind tunnel of this type, in order to ascertain the 
possibility of determining, by laboratory methods, 
the scale effect on the maximum-lift coefficient, 





* See ENGINEERING, 1926, vol. cxxii, page 237. 





and it is hoped, as a result of these tests, to come to 
a definite conclusion as to the desirability of con- 
structing a similar tunnel for use in this country. 
Another matter for regret, in connection with 
equipment, is that it has not been possible to make 
provision for a high-speed tank to be installed at 
Teddington, and research work on seaplanes has 
been hampered for this reason; it is possible, 
however, that a small high.speed tank will be 
provided at Farnborough. 

In connection with the matter of stability and 
control of aeroplanes, we note that progress has 
been made by the Air Ministry in fitting the slot-and- 
aileron control to a number of machines. The 
results show that the device can be made to give 
adequate control when an aeroplane is stalled, 
without greatly affecting the performance in normal 
flight; in the case of the Bristol Fighter, the 
reduction of the maximum speed did not exceed 
2 m.p.h. The question of rudder power is also of 
importance in this connection, and the Air Ministry, 
with the concurrence of the Committee, have issued 
a memorandum to aircraft-designing firms giving 
a formula for the rudder area required to give 
adequate control on any aeroplane. The report 
points out that if all aeroplanes were designed so 
as to give powerful control for orientation after 
stalling, many serious accidents would be avoided. 
It is also suggested that an instrument to warn the 
pilot of the approach of the stall might well be 
tried out ona large scale.. During the period covered 
by the present report, consideration has been given 
to the control characteristics of aeroplanes having 
thick wings. In the case of a monoplane of this 
type, the controls were found to be exceptionally 
light and well balanced in normal flight, and the 
machine had the additional important advantage 
that the change of attitude when approaching the 
stall was especially marked, thus warning the pilot. 
In connection with the matter of lateral stability, a 
report has been issued during the year in which 
attention is drawn to the importance of employing 
adequate dihedral angle; and if this angle is 
insufficient, the machine will be more fatiguing to 
fly and may, in some cases, be dangerous. Much 
attention has also been given to the problem of 
spinning, and a monograph on the subject has been 
prepared for publication. The further development 
of the subject, by the complete representation of a 
spin on a model in the wind tunnel, is progressing, 
and it is hoped that this work, in conjunction with 
that carried out on full-size machines at Farn- 
borough, will elucidate the points which still remain 
obscure. 

The work carried out by Professor Callendar on 
the subject of detonation in aero engines, referred 
to in the report, has already been dealt with very 
fully in our columns, but, in addition to this, the 
report makes reference to some independent work 
on the same subject by Mr. A. C. Egerton at the 
Clarendon Laboratory, Oxford. Mr. Egerton’s 
work shows that the ignition temperature of liquid 
fuels is considerably lower when they are in the 
form of a spray than when they are vaporised, and 
that anti-detonating compounds raise the ignition 
temperature in air by preventing the formation of 
intermediate partially-oxidised products of combus- 
tion. So far, however, it does not appear that any 
practically important result has been achieved by 
research on this subject, as no more effective anti- 
detonator than iron-carbony] or lead-ethyl has been 
discovered. The matter is, however, of such 
importance, from the point of view of thermal 
efficiency, that the experimental work is to be 
continued. We deal elsewhere in this issue with 
the work of Prof. G. Ferreri on anti-detonators. 

The question of supercharging is also being 
investigated by the Engine Sub-Committee, 
and as exact data on the fuel consumption of 
supercharged engines are not available, the Com- 
mittee has arranged for the construction of a single- 
cylinder unit which will be capable of being super- 
charged to several atmospheres, and will enable 
questions of fuel consumption, detonation and heat 
transfer to be examined. From work carried out 
on normal engines at Martlesham, it appears that 
the power of such engines at great heights is a 
function of the two-thirds power of the pressure 
and the one-third power of the density, more nearly 
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than a function of the pressure only, as has been 
generally assumed. Further experiments on this 
matter are, however, being carried out. 

Work on the strength of materials to resist 
crippling, according to the report, has demonstrated 
the unsuitability of the British Engineering Stan- 
dards Association proof test as an acceptance test 
for thin sheet metal. According to the theory of 
Southwell and Skan, the elastic crippling load for a 
thin metal sheet should vary as the square of the free 
width, but experiment shows it to vary directly as 
the free width ; the matter is, however, being further 
investigated. The failure of thin metal tubes on 
metal aeroplane spars has also been studied experi- 
mentally and theoretically. The work on aluminium 
alloys, referred to in last year’s report, has been 
continued at the National Physical Laboratory, and 
a report has been published on the subject of burnt 
aluminium. Brittleness, produced by . re-melting 
low-grade aluminium, has been found to be due to 
the presence of impurities or gaseous inclusions, 
but considerable improvements have been effected 
by annealing or by bubbling an inert gas through 
the molten metal. 

An interesting point in connection with the work 

’ of the Air Transport Sub-Committee is that con- 
sideration has been given to the question of employ- 
ing pusher airscrews on passenger-carrying aero- 
planes, in place of the tractor airscrews generally 
used. The former have the advantage of producing 
less noise in the cabin, but are generally regarded as 
being less efficient. A preliminary investigation of 
the matter suggests, however, that the efficiency of 
a pusher screw can be made equal to that of a 
tractor screw, provided that the nacelle in front of 
it is suitably designed. In connection with airships, 
we note that the analysis of the full-scale pressure 
plottings on the hull and fins of the R.33 have been 
completed by the Cardington staff, and the results 
have been found to be in good agreement with those 
obtained from model experiments. Another airship 
matter referred to in the report relates to the 
methods of stressing for airworthiness of the two 
5,000,000 cub. ft. airships now under construction. 
After consultation with the Committee, it is under- 
stood that the Air Council has decided to employ the 
principles outlined in the reports of the Airship 
Stressing Panel and of the Airworthiness of Airships 
Panel (R. & M. Nos. 800 and 970, respectively), 
leaving the application of the principles to individual 
experts. 

The importance of stalling in connection with 
accidents has been referred to above, and attention 
is also directed to this matter in the part of the 
report relating to the work of the Accidents Investi- 
gation Sub-Committee. This Committee has also 
been considering the question of fire resulting from 
aircraft crashes and a report on the subject is in 
course of preparation. The most useful precaution 
against fire, in the case of a single-engined aeroplane, 
appears to be the provision of a fireproof bulkhead 
between the engine and the cockpit, and the exclu- 
sion, as far as possible, of all inflammable material 
from the engine side of the bulkhead. In the case of 
multi-engined machines, the problem presents greater 
difficulties, but its solution is worthy of the best 
efforts of all concerned in the development of 
aviation. The work of the sub-committee on the 
subject of wing flutter has been already referred to 
on page 173 of our last volume. Theoretical investi- 
gations on this matter are still in hand at the 
National Physical Laboratory, and it has recently 
been found possible to demonstrate at will in the 
wind tunnel, all types of flutter predicted in the 
theoretical analysis. According to the present 
report, it is desirable, in order to reduce the risk of 
wing flutter, to design the ailerons so that their 
centre of gravity comes on the hinge, and to arrange 
for a part of the ailerons to be on the inner side of the 
outer interplane struts. The scientific aspects of 
wing flutter have now been referred to a specially- 
constituted sub-committee for consideration. 

It is satisfactory to note, in conclusion, that the 
Aeronautical Research Committee keeps in close 
touch with the Society of British Aircraft Con- 
structors, and that careful consideration is given to 
any suggestions put forward by the representatives 
of the Society. One of the points raised by the latter 
body has been that of collecting all available aero- 


nautical data in order to discover any gaps in 
existing knowledge. It is suggested that this should 
be written up in the form of critical surveys or 
résumés on special subjects, which would be of 
considerable value to the aeronautical industry. As 
a preliminary step in this direction, it is understood 
that the Society is preparing an index to published 
papers on aeronautical research. 





THE NETHERLANDS’ MARKETS. 


THE shrewdness and stability of our Dutch 
neighbours are well known, and it does not seem 
fantastic to expect the study of their affairs to 
yield instructive lessons. An occasion for such a 
study is suggested by two reports recently published 
by H.M. Stationery Office on behalf of the Depart- 
ment of Overseas Trade. One of these, by the 
Commercial Secretary to H.M. Legation at The 
Hague, Mr. R. V. Laming, O.B.E., deals with the 
economic, financial and industrial conditions of 
the Netherlands during the year 1926, and the 
other, by the British Commercial Agent for" the 
Netherlands East Indies, Mr. H. A. N. Bluett, 
with the economic situation of the Netherlands 
East Indies in 1925 and 1926. Holland is 
conspicuous. among those countries of which the 
commercial importance is quite out of proportion 
to their size. Its total area is a good deal less than 
half that of Ireland and only about half as much 
again as that of Wales, while its entire population 
is about the same as that of greater London. Its 
East Indian possessions, on the other hand, are 
nearly half as large as the Empire of India, and 
the reports under notice show that each of the 
countries with which they deal has been enjoy- 
ing a steady and increasing prosperity. Both 
the home and the colonial Netherlands markets 
are elements of trade that British engineering 
manufacturers cannot afford to neglect. It may 
therefore be to their interest to consider some 
information given in these reports in regard to 
the relations of British firms with purchasers, both 
in Holland and in the Netherland East Indies, 
and also some advice suggested independently in 
each report. For some reason, in the home report, 
partly because a change in statistical methods 
has made comparison between different years 
impossible, the figures of these markets are not 
given with the same fullness as has been usual 
hitherto in the reports of the Department. They 
are, however, sufficiently. explicit to show how 
the conclusions of the writers have been reached, 
and to give ground for thinking that they may rest 
on a sufficient foundation. 

In substance, each of them declares that British 
manufacturers are much behind their competitors 
from other countries in the connection they main- 
tain with their agents and possible customers and 
in the facilities they give them. This has long 
been a common criticism in the reports of the 
Department from markets in many parts of the 
world, and it may, of course, be quite justified 
without implying that British makers would find 
it profitable to alter their practice. Many con- 
siderations would have to be taken to account by 
the industries affected before they could decide 
such a question. The reports referred to, however, 
go far enough to show a prima facie case for believing 
that the markets in question deserve serious atten- 
tion. Both at home and in their East Indian 
colonies, the Dutch appear to have overcome entirely 
the depression that followed on the war, and to be 
enjoying an increasing prosperity, which, in the 
Netherlands East Indies at least, is based on the 
steady development of their great national resources. 
Part of these resources, such as tin and petroleum, 
must, doubtless, be limited in extent, though to a 
degree that does not appear to be material in consi- 
dering the immediate future. They are, moreover, 
owned largely or entirely by foreign capital, and 
automatically a large part of the proceeds must be 
diverted from the country in which they are made. 
The same, doubtless, is true in respect to much 
rubber and gutta-percha and tobacco production ; 
but it appears that, side by side with these enter- 
prises of foreign capital, the favourable balance 





of trade enjoyed for the last three years is likely to 





be strengthened by an increasing practice among 
natives of fostering their agricultural industries 
for themselves instead of leaving them to be deve- 
loped by foreign limited companies. It is to be 
remarked, moreover, that the commodities exported 
from the Netherlands East Indies are neither 
articles of luxury nor manufactured goods of which 
the use is optional, but tropical products which are 
now essential to modern life. These products, 
moreover, are of considerable variety, and are 
exported to many different markets, thus distributing 
the risk that trade may be bad and improving its 
prospects of stability. The percentage of the world’s 
production of rubber supplied by the Netherlands 
East Indies was more than half as large again in 
1925 a8 it was in 1919, and practically the whole 
of this increase has been made in the native rubber 
gardens, owned not by limited-liability companies 
but individually by the native inhabitants of the 
island, who will keep the spending of the profits 
in their own hands. 

In neither of these prosperous countries can it 
be said that British engineering manufactures have 
yet taken their proper place. In the year under 
notice, the coal strike, of course, showed its perni- 
cious influence on imports from Great Britain, both 
of coal and iron, but, with few exceptions, the 
tendency of British imports into the Netherlands 
from this country in other branches of the engi- 
neering trades was downwards. The total imports, 
for instance, of passenger motor-cars rose by over 
20 per cent., but the increase came from Belgium, 
France and Italy, while British supplies fell off. In 
motor-cycles, imports from Great Britain remained 
stationary, though the total number imported 
from all markets rose by about 10 per cent. In 
bicycles, of which the whole number imported 
rose by nearly 70 per cent., Germany was the 
principal source, but it is to be remarked, in 
favour of British manufacturers, that, while the 
number supplied by Great Britain was only about 
a third of the German supplies, the values of the 
imports from the two countries were nearly equal. 
The only notable increase in engineering imports 
from Great Britain appears to have been in elec- 
trical machinery. In machine tools and similar 
products, which increased by over 10 per cent., 
the imports from Great Britain were little more 
than 5 per cent. of the whole. In a few lines, the 
British position in the markets of the Netherlands 
East Indies seems to be particularly strong. It 
supplies, for instance, more than two-thirds of the 
demand for galvanised sheets, which is said to be 
increasing, and more than seven-eighths of the 
tin plate, which is imported in large quantities for 
the use of oil-refining companies, and in fair and 
increasing quantities for general importers, who 
supply the requirements of Chinese and native 
tinsmiths and other consumers. Over 40 per cent. 
of the considerable imports of bicycles come from 
this country, though it is remarked that parts 
of the cheaper cycles marked “‘ British” are recog- 
nised as of inferior Continental make, and the report 
observes that such a practice may be injurious to 
the high reputation British cycles enjoy in the 
market. 

When, however, it comes to heavier- manu- 
factures, the British position seems to be far 
less satisfactory. The demand for machinery for 
sugar factories, for example, is said to have been 
good, but the British share of the trade was only 
about 10 per cent. Motor-cars are a necessity 
rather than a luxury to the many Europeans 
constantly travelling about this tropical country 
on private or Government business, and even busy 
Orientals are said to find them a profitable invest- 
ment. Motor lorries, too, are being used in 
increasing number, and it is anticipated that, at 
the present rapid rate of increase, the imports of 
motor-propelled vehicles, tyres, and accessories 
will soon be second only to textiles in their order 
of importance. As usual,, British makers are 
prominent in motor-cycles, which, however, are 
far less used in the country than motor-cars. Great 
Britain also has about an eighth of the trade in 
motor accessories, but in the considerable and 
rapidly increasing trade in motor-cars and lorries, 
its share seems to be all but negligible. Of motor- 





cars it supplied, in 1925, just over 1 per cent. of the 
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total imports, and of motor lorries, of which 856 
were imported, none whatever. 

Both reports give attentive consideration to these 
regrettable conditions. One explanation, given in 
the report for the Netherlands, of the reason why 
British tenders and quotations sometimes prove too 
high, does not appear in the other report, and may 
be worth attention. It was found that foreign 
competitors in machinery made a practice of 
adhering strictly to the specification, without any 
provision for overload unless it was distinctly 
requested. British manufacturers, on the other 
hand, have consistently provided for overload, so 
placing themselves at a considerable disadvantage 
when competitive figures were compared. It is 
suggested that, in future, a clear specification should 
be obtained before quoting, and should be taken 
to represent the customer’s requirements so far as 
concerns the allowance for overloads. Both reports, 
however, concur in suggesting that British makers 
are at a considerable disadvantage, as against their 
foreign competitors, in their sales and advertising 
arrangements, and in their local service. In 
motor-cars, for example, it is not uncommon in 
the Netherlands to seek to effect sales on the 
mere strength of catalogues, without either adver- 
tisement or demonstration cars. Neither in the 
Netherlands nor their colonies do British manufac- 
turers keep as intimate a touch as their competitors 
with their possible agents and customers, neither do 
they give their agents an equal support in terms of 
credit and contribution to the expenses of local 
propaganda and service. In each report it is 
suggested that if manufacturers do not feel able 
to incur the expense and risk involved in giving 
these facilities, they should at least consider whether 
it might not be worth the while of manufacturers, 
whose products do not compete too directly with 
each other, to establish branch selling agencies 
and depots for demonstration machinery and spares 
in co-operation with each other. It is natural that 
those who are on the spot where sales have to be 
effected have more clearly before their mind the 
facilities that purchasers demand rather than the 
cost to which manufacturers would be put if they 
decided to provide them. The suggestion, for 
instance, that a representative of the British tin- 
plate industry should visit the Netherlands East 
Indies periodically, in order to attend to the fair 
and increasing demand from general importers, 
may, perhaps, raise the question of the cost of such 
journeys and its relation to the profit to be expected. 
The similar suggestion that personal relationships 
should be cultivated in the Netherlands is, of course, 
less open to such criticism. But, whatever may be 
the rights of the matter, there seems little doubt 
that the extra facilities requested are being given 
profitably by manufacturers in other countries, 
and may be found suitable for the co-operative 
selling action that is proposed. This may also be 
true in respect to other markets, but it is to be 
remembered that the markets here in question have 
the advantage not only of being prosperous and 
apparently stable, but also of being open and quite 
free from preferential duties. 


THE LEEDS MEETING OF THE 
BRITISH ASSOCIATION. 

By the invitation of the City and University 
of Leeds, the British Association will this year 
hold its annual meeting, the 95th of the series 
which has been twice interrupted since 1831 
during the late war, at Leeds, meeting there for 
the third time in its history. The president elect, 
Sir Arthur Keith, M.D., LL.D., F.R.S., will 
deliver his inaugural address on Wednesday next, 
August 31, in the Majestic Cinema theatre, 
and the meeting will conclude on the following 
Wednesday, September 7. The subject of the 
address, ‘‘ Darwin’s Theory of the Descent of 
Man as it Stands To-day,” recalls the first Leeds 
meeting of 1858. The president of that year, Sir 
Richard Owen, a predecessor of Sir Arthur Keith 
as conservator of the Museum of the Royal 
College of Surgeons, took the chair in critical 
times. A few weeks previously, Alfred Russell 
Wallace and Charles Darwin had presented papers 
on natural selection and the origin of species to the 
Linnean Society. Owen spoke of continuous 











creation in his address, and the doctrine of evolution 
soon divided biological science into two camps. 
Sir Frederick Abel, the president of the second Leeds 
meeting in 1890, made, in his very long address 
on technical advance with special regard to explo- 
sives, a more direct appeal to the scientific and 
industrial interests of Leeds, an old-established 
manufacturing centre, from which men like Joseph 
Priestley, Smeaton, William Hirst and John Mar- 
shall, John Fowler, Peter Fairbairn and Isaac 
Milner, the weaver and mathematician, had come. 
At present, Leeds employs workers in 97 out of the 
100 trades which are listed by the Ministry of Labour 
for insurance purposes. Many of these industrial 
establishments will be open to members of the 
British Association during the meeting week, but 
the long lists of sectional agenda will not leave the 
visitors much time to avail themselves of the 
facilities offered. 

We gave the full programme of Section G, Engi- 
neering, which section has made special arrange- 
ments for visits to works, on page 188 of our issue 
of August 5. The full title of Sir James B. Hender- 
son’s address is: Invention as a Link in Scientific 
and Economic Progress. We omitted to mention 
the report of the Earth Pressure Committee to be 
taken on Wednesday. No additional papers have 
been accepted since, but the discussion of textile 
problems will not take place as announced. The 
section was to sub-divide on Tuesday, September 6, 
for this discussion and similar sub-divisions were 
arranged for Sections A and B on other days. 
It has, however, been found convenient to arrange 
for special sessions for textile subjects to be 
held on the Thursday, Friday, Monday and Tuesday 
of the week, in connection with visits to the Depart- 
ment of Textile Industries of the University of 
Leeds and to the Laboratories of the British Research 
Association for the Woollen and Worsted Industries 
at Torridon. The communications to be presented 
comprise, in addition to matters of a more biolo- 
gical nature, papers by Dr. 8. G. Barker, on Fading of 
Dye Stuffs ; Dr. J. J. Hedges, on Moisture Relations 
of Colloidal Fibres; Mr. A. T. King, on Chemical 
Aspects of Wool Research; Mr. H. R. Hirst, 
on Ultra-Violet Radiations in Textile Analysis ; 
Messrs. H. Priestman and A. W. Stevenson, on Higher 
Drafts in Worsted Spinning (all on Thursday) ;_ by 
Mr. J. B. Speakman, on Intercellular Structure of 
the Wool Fibre (on Friday) ; by Dr. Barr and Miss 
Hadfield on the Action of Sunlight on Cotton ; and 
by Mr. F. T. Peirce, on Textile Testing, Variability 
and Time Effects (on Monday); and by Mr. A. L. 
Wykes, on Physical Properties of Artificial Silk ; 
Mr. J. A. Matthews, on Extensibility of Flax Yarns, 
and Dr. Ezer Griffiths, on Air-Conditioning Experi- 
ments and Special Forms of Hygrometers (on 
Tuesday). 

Owing to this arrangement, Section A, Mathe- 
matical and Physical Science, will only sit in two 
departments instead of three, the mathematicians 
holding special meetings of their own on the three 
first days ; the department of Cosmical Physics will 
discuss the Climates of the Past, together with the 
geologists and botanists,on the Tuesday. The sec- 
tional transactions will be limited to the mornings 
of the four days, Thursday, September 1, Friday, 
Monday and Tuesday, except for a lecture on Mon- 
day afternoon, by Professor R. Whiddington, on 
Luminous Discharge in Rare Gases. On _ the 
Thursday, the main body of the Section will, dis- 
cuss papers on Spectra and Ionisation, by Pro- 
fessor R. A. Millikan (of California) and by Dr. 
A. C. Menzies (Fuse Spectra). Dr. W. Heisen- 
berg will then review Recent Progress in Quantum 
Mechanics, and Mr. H. Jones, in his paper on Elec- 
tron Impacts and the new Wave Mechanics, will 
take the standpoint of the other new mechanical 
theory linked with the name of Schrédinger. On 
the Friday, the Section is to discuss the Structure 
and Formation of Colloidal Particles in a joint 
meeting with Section B; after that reports on 
Seismological Investigations and on the Preliminary 
Results of the Solar Eclipse of June, 1927, will. be 
presented. On the Monday, Professor E. T. Whit- 
taker, of Edinburgh, will deliver his presidential 
address on Outstanding Problems in Relativity. 
Professor Peter Debye will then raise the question 
of Polar Properties of Molecules; Dr. Kolhérster 





(Berlin) will describe some experiments on highly 
Penetrating Rays (possibly cosmic), which will also 
be the subject of one of the evening discourses 
by Professor Millikan; Professor J. J. Nolan will 
speak on the Ionisation of the Lower Atmosphere. 
On Tuesday, Professor Barkla will read a paper 
on the Coherence of X-Rays and the J-Phenomenon 
(which has so far remained unconfirmed except by 
his collaborators); Dr. F. W. Aston will give a 
paper on a New Mass Spectrograph and the Whole 
Number Rule; Dr. E. F. Brett will speak on 
Phenomena accompanying the Passage of Electrons 
through Fine Apertures; and Mr. D. Brown on 
Electron Reflections in Vacuo. Dr. C. R. Davidson 
will explain the Determination of Stellar Tempera- 
ture, and Professor Andrade will present a note on 
a Molecular Theory of Liquid Viscosity. Reports on 
Tides, the Upper Atmosphere, and the Earth’s 
Gravitation will conclude the programme. There will 
be little time for the discussion of so many highly 
controversial problems. 

In Section B, Chemistry, the presidential address 
by Dr. N. V. Sidgwick, of Oxford, on Co-Ordination 
Compounds, is to lead directly to a discussion in 
which Drs. G. T. Morgan, C. K. Ingold, 8. Sugden 
and F. G. Mann will take part. To the already 
mentioned joint discussion with Section A on 
Colloidal Particles, Sir W. Bragg, Professor Freund- 
lich (Berlin), Professor R. Whytlaw Gray, Dr. F. L. 
Usher, Mr. N. Desai and Mr. J. Ewles will 
contribute papers from different standpoints. All 
Monday is to be devoted to a discussion on Hor- 
mones ; on Tuesday, papers on New Developments 
in Acid Catalyses (by Professor H. M. Dawson) and 
on the Adsorption of Ions and Interfaces of Mercury 
and Electrolytes in Electric Fields (by Dr. J. A. V. 
Butler) are to be presented, in addition to other 
purely chemical communications. 

Section C, Geology (President, Dr. H. H. Thomas), 
will have a very busy time in the geologically 
interesting district of Leeds. The subject of the 
presidential address to Section D, Zoology (President 
Dr. G. P. Bidder), will be the Ancient History of 
Sponges and Animals. The president of Section E, 
Geography, Dr. R. N. Rudmose Brown (Sheffield), 
will deal in his address with Problems of Polar 
Geography which he has himself studied in expedi- 
tions to the South Pole and to Spitzbergen. Dr. 
Jansma will describe the Reclamation of the 
Zuiderzee, and Sir Matthew Nathan will discourse 
on the Great Barrier Reef Expedition of 1928, and 
the physiography of coral reefs. Section F, Economic 
Science and Statistics, will be addressed by Dr. 
D. H. MacGregor on Rationalism of Industry, and 
the problems of the Instability of Our Economic 
System (by Professor J. Schumpeter, Bonn), Fallacies 
of Non-Statistical Economics (Dr. P. Sargant 
Florence), Recent Course of Prices (Sir Alfred Yarrow 
and others), and the Theory of Co-Partnership (by 
Mr. C. J. Hamilton) will be discussed. A joint 
discussion on Innate Differences and Social Status 
will be held with Section J, Psychology. 

The Englishman of the Future is the title of the 
presidential address of Professor F. G. Parsons to 
Section H, Anthropology, and Dr. C. J. Douglas 
will address Section I, Physiology, on the Develop- 
ment of Human Physiology. The section will also 
discuss Colour Blindness in connection with papers 
by Dr. F. W. Edridge-Green, Professor H. E. Roaf, 
and others. Further subjects for discussion in 
Section J, Psychology, already mentioned, are the 
Psychology of Special Scholastic Disabilities, Back- 
wardness, Self-Consciousness and the Self (the 
author, Dr. H. Rutgers Marshall, of New York, died 
quite recently, but his paper will be read), Time and 
Motion Study (by Dr. G. H. Miles), Machine Speeds 
and Output (by Mr. S. Wyatt), and Stoppage 
Analysis in Weaving (Mr. J. A. Fraser). Dr. W. 
Brown’s presidential address is on Mental Unity 
and Mental Dissociation. 

Both Section K, Botany (president, Professor 
F. E. Fritsch), and Sub-Section K*, Forestry, 
have long programmes, We may mention papers 
in the latter by Professor Fraser Story on the 
World’s Timber Supply and Consumption; by 
Mr. R. S. Pearsons, and by Mr. A. C. Forbes on 
Utilisation of Soft Woods ; by Mr. W. Dallimore on 
Minor Forest Products: by Dr. T. F. Chipp on 
Forestry in Relation to Climate and Erosion; by 
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Mr. C. E. P. Brooks on Forests and Rainfall; by 
Dr. A. W. Borthwick on Forestry and Water 
Catchment Area ; and by Mr. W. Raitt on Paper Pulp 
from Bamboo. The subject of Sir Peter Clutterbuck’s 
address on Forestry and the Empire will be dealt 
with further by Mr. R. L. Robinson in his paper 
on British Forest Policy, and by others. 

In Section L, Education, the Duchess of Atholl, 
M.P., will be in the chair. Her address is on the 
Broadening of the Outlook in Education, and the 
subject will be further taken up by Mr. J. Wickham 
Murray, by Mr. E. Wallis in his paper on the 
Educational Needs of Industry, by Mr. J. H. 
Everett on Technical Colleges, their Courses and 
Problems, by Dr. H. Schofield on Engineering 
Training on Production, and by Mr. A. P. M. 
Fleming on Educational Facilities offered by 
Industry. School Examinations, the Report of the 
Overseas Committee, and a discussion on Educa- 
tion in Tropical Africa are also on the agenda. 
Agriculture and National Education will be the 
subject of Mr. C. G. T. Morison’s address to 
Section M, Agriculture; the address is to be 
followed by a discussion. 

Sections A, B, C, D and K* will be quartered 
in the University buildings, and Sections G and 
K in the Emmanuel School nearby. The other 
section rooms will be nearer the Reception Rocm, 
which is in the Town Hall. The usual two evening 
discourses will be delivered in the Albert Hall ; 
the first, on the Friday, by Professor Millikan on 
Cosmic Rays, and the second by Dr. F. A. E. Crew 
on Germplasm and its Architecture, on the Monday. 
The Saturday, in most sections, will be reserved 
for excursions, several being made by special 
sectional arrangements to the many places of 
geological, scenic, historical and technical interest 
in the neighbourhood. A civic reception by the 
Lord Mayor, Mr. Hugh Lupton, will be held on the 
Thursday evening in the Art Gallery. The general 
officers are Dr. E. H. Griffiths, treasurer ; Professor 
J. L. Myres (Oxford) and Dr. F. E. Smith, general 
secretaries ; and Mr. O. J. R. Howarth, secretary, 
Burlington House, Piccadilly, W.1. The honorary 
local officers are Mr. James Mitchell (city treasurer) 
and Mr. James Graham and Professor A. Gilligan 
(secretaries). The offices are in the Education 
Department, Calverley-street, Leeds. 





NATIONAL PHYSICAL 
LABORATORY. 


(Concluded from page 244.) 


Photometry.—The continued work on_photo- 
electric photometry and colour matching, which was 
discussed at the Optical Convention in connection 
with papers by Dr. J. W. T. Walsh and others, 
shows that, although in the photo-electric method 
of colour-matching lamps with energy-distribu- 
tion curves, which are identical within 0-1 per cent. 
can be employed, electric lamps, as now made, 
do not fulfil this condition. In other words, 
errors due to the photo-electric measurements are 
more easily eliminated than errors in the mechanical 
and electrical lamp adjustments. For the establish- 
ment of an international scale of heterochromatic 
photometry, the colour-temperature scale of 
tungsten, and also the infra-red radiations from 
a carbon-tube furnace, at temperatures up to 
2,400 deg. K., are being determined. In the inter- 
national comparison of light standards, gas filled 
standards with festoon filaments are now used. 
The effect of glare on the . brightness-difference 
threshold, 1.e., the ability of the eye to distinguish 
brightness differences, and the general problems of 
glare, are receiving much attention. In making the 
threshold measurements, the observer looks through 
a rectangular aperture into an entirely enclosed 
cabinet about 4 ft. square. A screen on the wall 
opposite the observer is illuminated from his side 
by lamps, which he does not see. In the centre of 
the screen is a small circular test spot, which is 
independently illuminated and may be brighter 
or darker than the screen, and a glare spot can be 
produced on any part of the screen. The test spot 
and the glare spot are compared for different degrees 
of screen illumination. By similar means, the 
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reflection from road materials are being investi- 
gated. Road surfaces shine chiefly at grazing 
incidence, which is troublesome to drivers and 
pedestrians. 

Metrology. Length Standards. Invar.—The re- 
determination, by Mr. J. E. Sears (Superintendent), 
of the thermal-expansion coefficient of the Invar 
tape, No. 28, which is used for connecting the 
24-m. and 100-ft. lengths and other measuring tapes, 
throws some doubt on the stability of the expansion 
coefficient. The coefficient, — 0-64 x 10-® per 
deg. C. in 1925, became — 0-20 x 10-® in 1926, 
and it would appear that the heat treatment 
applied for ageing in 1925 had altered its value. 
Guillaume’s formula for the expansion of Invar 
bars is also applicable to wires and tapes ; but tapes 
kept at 30 deg. C. in the tropics may differ some- 
what from tapes kept at 15 deg. The 24-m. 
tapes are now being tested at 30 deg. and at 60 deg. 
On the other hand, the Invar pendulum of the 
standard clock was found to have an expansion 
coefficient practically equal to zero in 1912, and 
had the same coefficient 15 years later, in 1927. 

Rusting. Block-Gauge Wringing. Interference 
Methods.—In connection with the work on end 
standards, the problem of rusting has been investi- 
gated by Mr. G. A. Tomlinson. When two surfaces 
of polished hard steel, e.g., a micrometer anvil and 
a spherical abutment, are brought into contact 
under the apparently light pressures of measuring 
machines, though these pressures are really high 
owing to the small surfaces in contact, spots of fine 
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powdery rust are apt to develop. These have been 
attributed to moisture, frictional heating, and 
electrolysis. Pure rolling, Mr. Tomlinson finds, 
does not produce this rusting; some relative 
movement of the parts, rotational or particularly 
tangential, is required, and the real cause seems to 
be the immediate oxidation of the iron particles, 
which are torn off, on breaking contact, by the mole- 
cular cohesion between the highly-polished surfaces. 
Oil films may prevent the oxidation, as long as the 
films are not ruptured by a pressure beyond a 
critical value, which may be exceeded locally ; this 
pressure seems to be much the same for steel-steel 
surfaces as for glass-glass surfaces. 

When five 4-in. block gauges were wrung together 
and measured by mechanical and by interference 
methods, the two sets of results were in agreement 
within less than one part in a million, but the 
optical method (previously described in ENGINEERING 
and illustrated by Mr. F. H. Rolt in the Journal of 
Scientific Instruments of November, 1926) seems to 
be the more reliable. The thickness of the paraffin 
film between plane gauge surfaces was 1-1 x 10-8 in. 
Determinations of the film thickness between glass 
and steel by the area method (based upon deter- 
minations of weight, area and density) gave 6, 7 
and 8 x 10-7 cm., respectively, for paraffin, vaseline 
and heavy lubricating oil. When eight blocks with 
lapped surfaces were wrung together, however, 
the three oils gave practically the same results. 
Calculations of the radius of molecular attraction 
yield a minimum film thickness of 6 x 10-7 cm. 
for paraffin. Further investigations indicate that 





273 





oil, the high spots on the surface come into direct 
contact and the liquid enters the hollows and lapping 
scratches; a definitely continuous film can only 
exist between polished surfaces, and the kind of oil 
makes little difference. Under the microscope, it 
can be seen that the oil runs up to a scratch, fills it, 
and then stops temporarily, while it spreads readily 
over larger areas which are free from scratches. 
The calibration, by the interference method, of a 
machine measuring to a millionth of an inch will be 
dealt with in a special article. 

Surface-Plate Testing. Quartz Threads.—The true 
planeness of a surface plate, 14-in. in diameter, was 
tested with the aid of a level tube having a radius of 
curvature of 750 ft., supported on a steel block, 
which was moved step by step across various table 
diameters. The surface plate had been guaranteed 
by the manufacturer to be a true plane to within 
+0-00001 in. ; the measurements, gave even 
better results, the departure from a true plane not 
exceeding + 0-000005 in. over the central 13 in. 

We illustrated, last year, Mr. Tomlinson’s 
apparatus for determining the diameters of fine 
wires. This method would not be applicable to the 
finest quartz threads used for suspensions ; neither 
would direct optical measurements, owing to 
diffraction difficulties. Mr. Tomlinson therefore 
uses a projection method for measuring quartz 
threads, the breakage of which would be very 
annoying, in a novel way. About 1 m. of the 
thread is stretched horizontally in a lantern beam 
and weighted, at its centre, by a small weight m, ; 
it sags at the centre by an amount s, measured on 
the screen. A larger weight m, is then applied, 
and the sag s, is again measured. From these data 
and Young’s modulus, the thickness of the thread 
is deduced. 

Miscellaneous. Barometers. Weights. Watches. 
Standard Clock. Hydrometers—Measurements on 
screws show that the tolerance limits are generally 
not exceeded, whilst the nuts are frequently above 
the upper limits for core and effective diameters. 
Mercury barometers are to be compared side by side 
with the standards in an air-tight chamber of glass 
and cast iron, in which different constant pressures 
can be maintained by barostatic control. In the 
control barometer, the contact of the mercury with 
a fine tungsten wire closes a circuit through which a 
very small current (0-03 milliampere) passes. 
This current is sufficiently magnified by a valve to 
work a relay actuating a pump, which draws in- 
to, or expels from, the chamber a puff of air when the 
required pressure is deviated from. This arrange- 
ment, due to Mr. F. A. Gould, operates quite satis- 
factorily. In order to test the suitability of stainless 
steel as a material for the cisterns of marine baro- 
meters, three of the six barometers of a set are taken 
out to sea and three are kept under observation at 
Teddington. Mr. Gould’s continued observations 
on materials for standard weights confirm the 
conclusion that nichrome (80 per cent. nickel, 
20 per cent. chromium ) is the most satisfactory 
material, being preferable to Tobin bronze and also 
to stellite. Examinations of balances have shown 
that the knife edges can be corrected for parallelism 
and that agate bearing planes, which have become 
hollow in use, can be repolished with advantage. 
Balance beams of Invar steel were not found to be 
superior to gunmetal beams.. In the Class A watch 
tests, a watch of the Zenith Watch Company, of 
Le Locle, Switzerland, obtained the highest marks 
ever recorded, viz., 97-2. The watch tests for the 
Air Ministry are made at six temperatures between 
— 20 deg. and + 50 deg. C. The new standard 
clock of the Laboratory has been supplied by the 
Synchronome Company, and has been constructed 
on Mr. W. H. Shortt’s system. It consists, essenti- 
ally, of a master pendulum, swinging in a vacuum of 
0-5 in. mercury and receiving only a small gravity 
impulse every half minute, and a slave pendulum 
electrically maintained in synchronism. 

Certain irregularities observed in hydrometer test- 
ing induced Mr. V. Stott to devise the apparatus 
illustrated in Fig. 21 for the circulation of the ther- 
mostat liquid. The tube A is connected with the 
bottom of a barrel containing a reciprocating piston. 
When suction is applied at A, the valve B lifts and 
C closes, so that liquid passes from D to E. On the 
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return stroke, B closes and C opens, and liquid 
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passes into F and through the holes in F into the 
tank. The level GH ‘is then raised and liquid 
overflows into D. This liquid is drawn from the 
surface, where it is cooling, and transferred to the 
main contents, providing a more efficient circulation 
and a better temperature regulation than the 
former stirring. The discrepancies observed, how- 
ever, were greater than before, and it would appear 
that the source of the trouble, viz., the downward 
pull of the hydrometer due to surface tension, was 
greater with a continuous renewal of the surface 
than with hand stirring. As the old discrepancies 
could be corrected, hand stirring is applied as 
before. 








NOTES. 
Hypro-Etrectric PowEr In TASMANIA. 


CoMMENTING on the financial position of the 
Tasmanian Hydro-Electric Department in _ his 
report for the year ended June 30, 1926, Mr. Harry 
A. Curtis, chief engineer and general manager, 
points out that though the net debit balance on 
the year’s working amounted to 5,952I., full 
depreciation charges have, contrary to the usual 
practice, been imposed ever since the department 
commenced operations ; and that the amount held 
to the credit of this fund on that date was 139,2651. 
The position of the department must, therefore, be 
considered satisfactory, even if no allowance be made 
for the benefits that have accrued to the State, from 
the attraction of new industries to the country, owing 
to the presence of cheap electric power. Among 
the principal consumers of the department is the 
Electrolytic Zine Company, whose maximum 
demand and consumption during the year were 
26,830 kw. and 219,412,425 kw.-hours respectively. 
It is this and other equally satisfactory loads, 
which have doubtless enabled the Waddamana 
power station to be operated at the extraordinarily 
high load factor of 94-6 per cent. This station 
had a total output of 276,314,500 kw.-hours, and 
a peak load of 51,322 h.p. during the year. The 
total connections to the Department’s mains were 
58,814 kw., compared with 54,877 kw. in the pre- 
vious year, and the total electricity generated was 
279,322,550 kw.-h., compared with 284,125,900 
kw-h. In the Hobart District, where the Com- 
mission carries on a retail supply business, the total 
number of consumers at the date of the report was 
12,180, or an increase of 6 per cent. over the previous 
year’s figures, while the electricity sold was 
13,511,172 kw-h., an increase of 15 per cent. At 
present the power load is comparatively small, 
but an interesting feature is the increasing use, 
which is being made of electricity for heating water. 
The revenue from this service amounted to 12,190/., 
out of a total of 104,782/., and the number of new 
connections made during the year was 137. The 
total number of electric ranges connected during the 
same period was 150. The operating results were 
entirely satisfactory. The total stoppage of plant 
amounted to only 9 minutes, and with one 
exception, due to a heavy gale, all the lines gave 
uninterrupted service. Good progress was made 
with the new constructional work. This included 
the diversion of the River Shannon, so that the 
building of a dam in the dry river bed could be 
proceeded with, and the completion of more than 
half the work on the concrete-lined sections of the 
canal. 


REPORT ON THE ACTON EXPLOSION. 


By Section 38 of the Electric Lighting (Clauses) 
Act of 1899 notice of any accident due to explosion 
or fire, or which has caused Icss of life or personal 
injury, must be sent by an electrical undertaking to 
the Electricity Commissioners, who are empowered, 
if they think necessary, to hold an inquiry into the 
matter. The report of the first of such inquiries, 
which has been held by the Commissioners, has 
now been published by the Stationery Office (price 
6d.), and relates to a fatal explosion which occurred 
in a house at Acton on February 19, 1927. Mr. G. 
Scott Ram and Dr. J. S. Haldane acted as inspectors 
on this occasion, holding the inquiry and presenting 
the report. The explosion, which caused consider- 
able material damage and one death, was at first 
suspected to be due to an escape of coal gas, but the 
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peculiar smell and irritant action of the fumes and 
the fact that they were visible as a blue haze, indicated 
that the gas originated from the bitumen round an 
electric main. This view was supported by occur- 
rences at the sub-station, from which this part of the 
area was supplied, and by indications that a short- 
circuit, lasting for 15 or 16 minutes, had taken 
place on the system. As soon as possible after the 
explosion, the feeder on the other side of the road 
from the house affected was dug out, and it was 
found that at a place almost opposite the latter 
the three dialite insulated cables, which formed the 
feeder, and the bitumen which surrounded them, 
had entirely disappeared. The ground was warm, 
so that steam rose from it when it was opened. The 
adjacent main distributor, which lay parallel to 
the feeder in an earthenware pipe, was not affected, 
but a branch distributor, which crossed the feeder 
at right angles and supplied the other side of the 
street, had suffered considerable damage, and 13 ft. 
of it had melted. The service joint just outside 
the house was covered with a black sooty material, 
which was found to consist largely of lead and 
copper. The earthenware pipe, through which the 
service wires were carried into the house, had been 
stopped by clay plugs, but these had been forced 
out by the gas pressure. This evidence indicates 
that the primary short-circuit was on the feeder, 
and that the heat from it caused damage to the 
branch distributor. From the quantity of bitumen 
found missing from the trough, it was estimated 
that more than sufficient gas could have been 
generated to produce an explosion, which would 
easily account for all the damage done. As no 
open light or anything else in the house at the 
time could have caused the ignition of the gas, 
several theories as to its production are advanced, 
but no definite conclusion is reached, beyond the 
statement that the explosion shows that firing 
does occur in the absence of any of the ordinary 
sources of ignition. As was pointed out in the 
report of the Board of Trade Committee on Electric 
Mains Explosions, 1914, all the serious explosions, 
which have occurred owing to short circuits on 
mains, have taken place on direct-current mains 
laid in bitumen. The Metropolitan Electric Supply 
Company have been gradually replacing this type 
of protection, and this was the only feeder of its 
kind left. The inspectors condemn the practices 
of laying service cables in pipes and of not giving 
the sub-station attendant discretion to switch off 
in the case of a heavy fault on a bitumen main. 


ELECTRICAL PROPAGANDA. 


The avowed object of the British Electrical 
Development Association is to increase the consump- 
tion of electricity throughout the country. To do 
this in the power field is a matter for personal negotia- 
tion between principals or plenipotentiaries ; and 
in any event the relative advantages and disadvan- 
tages of this system of driving are well known. The 
Association is, therefore, wisely devoting itself 
to stimulating the employment of electricity for 
lighting, heating and cooking or in a word, mainly 
doing its’ best to interest the small consumer. 
This necessitates the use of more spectacular 
methods than are general in engineering commerce, 
but their undoubted success during the last few 
years is a more than sufficient justification for 
their employment. Last year, it will be remem- 
bered, the Association organised a national com- 
petition, the principal reward for success in which 
was an “all-electric”? house, but whose secondary 
and, hardly less important, aim was to educate 
the public in the potentialities of electricity in the 
home. With this end in view, 123 “ circles”? were 
formed throughout the country to control various 
activities, and we understand that these bodies are 
to be utilised during the coming winter (in connection 
with widespread national advertising), to wage a 
campaign of propaganda which, it is hoped, will 
serve to speed up the number of domestic connec- 
tions. A slogan ‘For Health’s Sake—Use Elec- 
tricity’ is to be adopted, and, it is hoped, that 
the results will benefit all classes of the industry. 
We have received a series of seven pamphlets, each 
containing a working programme for one phase 
of this campaign, and we learn that as far as the 
London District is concerned, activities are to 
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commence with a luncheon at the Hotel Cecil on 
Monday, October 3. Further information can be 
obtained by communicating with the Director and 
Secretary at 15, Savoy-street, London, W.C.2. 





THE LATE MR. W. H. WHITING. 


A LARGE circle of naval architects and engineers 
will learn with regret of the death of Mr. William 
Henry Whiting, which occurred at his home at South 
Corner, Duncton, Sussex, on August 22 last. 
Mr. Whiting, who, until his retirement in 1917, 
had been Superintendent of Construction Accounts 
and Contract Work at the Admiralty, was the son 
of the late Mr. William Whiting, of Porchester and 
Gosport, and was born on December 25, 1854. 
He received his early education at a private school 
at Gosport, and, in 1869, at the age of 15, he became 
a shipwright apprentice at H.M. Dockyard, Ports- 
mouth. He remained at Portsmouth for 44 years 
making excellent progress at the Dockyard school, 
and, in 1873, he was selected for a higher course 
of training in naval architecture at the Royal 
Naval College, Greenwich, then recently opened. 
Mr. Whiting was one of the first to complete the 
three years’ course at the College, passing out 
in June, 1876, with a highly creditable professional 
certificate. Amongst those who completed their 
studies at the same time were two other ex-dockyard 
apprentices, Mr. T. C. Read, later a distinguished 
member of the surveying staff of Lloyd’s Register, 
and Mr. Philip Jenkins, later Professor of Naval 
Architecture at the University of Glasgow. Having 
completed his scientific education, he returned to 
Portsmouth Dockyard in order to take up the 
position of supernumerary draughtsman, and, during 
the years from 1876 to 1878 he was engaged in 
the construction of H.M. ships Thunderer and 
Dreadnought. The young engineer was then 
appointed draughtsman in the Controller’s Depart- 
ment at the Admiralty, and continued to occupy 
this position until 1883. While in this capacity 
he was engaged on warship drawings, designs 
and calculations. 

On the formation of the Royal Corps of Naval 
Constructors in 1883, Mr. Whiting was appointed 
an Assistant Constructor, Second Class. From 
October, 1884, to July, 1886, he was junior instructor 
in naval architecture at the Royal Naval College, 
Greenwich, and, on rejoining the Admiralty staff at 
the end of this period, he was appointed visiting 
instructor at the college. In August, 1890, he 
proceeded to Chatham to take up the position 
of constructor at the Royal Dockyard in that town. 
He remained there for four years and, during 
this time, was engaged upon the construction of 
H.M. ships Hood, Empress of India, and Barfleur. 
Mr. Whiting was then sent to Devonport Dockyard 
as constructor, but only remained there for a short 
time. He was promoted to the rank of constructor- 
in-charge at H.M. Dockyard at Hongkong, and 
left England in 1895. The Hongkong yard was 
increasing in importance at that time, and it was 
decided that, for administrative purposes, the senior 
constructive officer should have the rank of Chief 
Constructor. As a consequence Mr. Whiting served 
as a constructor at Hongkong for one day and 
was promoted to the higher rank the next. He 
returned to this country in 1897, and was employed 
at the Admiralty in the capacity of assistant to 
the late Sir William White. In 1902 Mr. Whiting 
became Assistant Director of Naval Construction, 
a position he continued to occupy until 1912; 
he was for some years assistant to the late 
Sir Philip Watts. During the years from 1912 
to 1917 Mr. Whiting was Superintendent of Con- 
struction Accounts and Contract Work at the 
Admiralty. A reorganisation of Admiralty Depart- 
ments in May, 1917, resulted in the abolition of 
the post which Mr. Whiting occupied, and, as 
he had already passed the age limit, he retired, 
after having been forty-eight years in the service 
of the Admiralty. At various periods during his 
active life he served on several Admiralty com- 
mittees, including those set up to consider floating 
docks, and submerged torpedo discharge. He was 
also a member of the Court of Inquiry into the loss 
of the Barrow airship in 1912. 

Mr. Whiting, who was created a Companion of 
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the Order of the Bath in 1914, became a member of | 
the Institution of Naval Architects as long ago as | 
1887. In 1903 he was awarded the Gold Medal 
of the Institution, and a premium, for his paper on 
“The Effect of Modern Accessories on the Size 
and Cost of Warships.” He was elected a member 
of the Council in 1904, and a vice-president in 1916. 

He was a frequent speaker in the discussions at the 
meetings of the Institution and, at its recent visit 
to Cambridge, spoke at length on the paper, 
‘** Ships from Pepys’s Manuscripts,” by Mr. G. S. 
Laird Clowes. Mr. Whiting was elected to full 
membership ‘of the Institution of Civil Engineers 
on December 6, 1910; he was also a Fellow of the 
Royal Society of Arts. His kindly and genial 
personality will long be remembered by all those 
with whom he came into contact. 





BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882 
and 1890, preliminary inquiries have recently been 
conducted by Board of Trade officials into a number 
of explosions. Of some of these we give brief summaries 
below :— 


Rupture of a Tee Piece in a Steam-Pipe Range.— 
The fracture of a cast-iron tee piece forming part of a 
steam-pipe range in a Birkenhead shipyard formed the 
subject of an inquiry held recently. A drain valve 
was located on the tee piece, and, on the morning of 
August 12, 1926, a stoker was sent to open this drain 
valve. It was intended that the drain valve should be 
open before steam was turned on, but, either owing to 
miscalculation in the time required to reach the 
drain, or overestimate of the time the stoker had been 
on the way, the boiler stop valve was opened first. 
An explosion due to water-hammer action ensued and 
the tee piece was cracked. The tee piece had been in 
use for a period of about 20 years. 

Explosion from the Main Boiler of a Trawler.—An 
accident which occurred to the one main boiler of the 
210-ton steam trawler St. Leonard No. 1, on October 5, 
1926, when the vessel was at sea off the Tyne, was 
recently investigated. The explosion, which was 
not of a violent nature, was caused by the wastage, 
on the water side, of the centre combustion-chamber 
back plate, and a hole was formed, about }-in. wide 
and about 1 in. long, immediately beneath the lowest 
stay. Through the hole, the contents of the boiler 
escaped. The vessel and her boiler were about 13 
years old at the time of the explosion. No thorough 
examination of the boiler appears to have been made 
during a period of about 18 months prior to the accident. 
The nature and extent of the wastage, however, were 
such that it is considered that the weakness should 
have been discovered at the last inspection. 

Explosion of a Steam Trap.—An inquiry held recently 
in London dealt with the explosion of a steam trap 
at a works in Battersea. The trap was of the auto- 
matic float type ; the cast iron body was of rectangular 
section, having a length of 20 in., a breadth of 12 in., 
and a depth of 19 in. It was intended for use with 
pressures not exceeding 60 lb. per square inch, but, 
by a misunderstanding, it was fitted to a steam pipe 
on which the pressure was 90 Ib. per square inch. 
Consequently, the inevitable explosion occurred, and 
the cover and body of the vessel were fractured. 
In his observations, the Engineer Surveyor-in-Chief 
remarks that it would be well for makers of steam 
fittings of this character to mark them with particulars 
of the maximum steam pressure for which they are 
intended. 

Explosion from a Steam-Wagon Boiler.—A serious 
accident which occurred to the boiler of a steam wagon 
in a Greenwich street, formed the subject of a second 
inquiry held in London. The boiler was of the loco- 
motive type, having an overall length of 6 ft. and a 
barrel diameter of 2 ft.; it was constructed for a 
working pressure of 200 lb. per square inch. The | 
fusible plug, fitted to the furnace crown, had been 
leaking slightly for some time and, apparently, an 
attempt was being made to tighten it when it was 
blown out into the firebox. It was subsequently 
ascertained that the plug had been damaged when 
put into place. It had been fitted by inexperienced 
men, and, in the process, the screw threads had been 
crossed. The attempt to tighten the plug further had 
caused stripping of the threads. 





TURBULENCE IN Arr HEATING.—As a result of exten- 
sive experimental work, Professor Robert W. Angus, 
of the University of Toronto, has found that the action 
of @ multi-stack air heater may be greatly improved by 
the use of baffles in front of the first stack of tubes to 
cause turbulence of the air reaching the heater. With 
careful design of these it is possible to counter-balance 





the losses due to the extra friction. 


LETTERS TO THE EDITOR. 


AN AEROPLANE STATION IN 
MID-ATLANTIC. 
To THE Eprror or ENGINEERING. 

Srr,—Those interested in commercial aviation will 
read with keen interest Professor Hovgaard’s suggestion 
of vast moored pontoons as alighting places for trans 
Atlantic aeroplanes. From a naval architect’s aspect, 
the scheme appears to be quite sound and practicable ; 
however, viewed from the point of view of a pilot who 
has to land a heavy machine on such a floating platform 
as suggested it does not seem quite so hopeful. 

The pontoon is free to swing on its moorings in the 
direction of the current or prevailing wind, whichever 
is the stronger. In a fresh, steady breeze the vessel 
will ride head to waves, that is, head to wind; but 


| if the wind is boxing the compass and veering rapidly, 


it could be blowing at, say, 30 m.p.h. or more almost 
abeam. Then the pilot has either to land across wind 
(not at all a desirable proceeding in a high wind) 
to take advantage of the 1,000-ft. run in order to 
pull up; or, should he land into wind, with the 
longitudinal centre line of the ship at an angle of 
45 deg. to the direction of the wind, he has only 
about 180 ft. in which to pull up—a quite inadequate 
distance. Professor Hovgaard appears to consider 
that only land machines would be used on a trans- 
Atlantic route. Surely it is unquestionably the job 
for flying boats? In this case, as a repairing and 
refilling station, such a huge vessel would not be 
required, and the cost of the scheme would come 
very much nearer a practical commercial possibility. 

Yours faithfully, 

R. J. HEATHCOTE. 
67, Chichele-road, Cricklewood, N.W.2. 





OIL FUEL FOR DOMESTIC HEATING. 


To THE EpiITorR oF ENGINEERING. 


Smr,—As a result of the letter you published in 
ENGINEERING on the subject of the economies effected 
by oil-burning as compared with coke-burning, we 
have had correspondence with several of your readers, 
and one of them has raised an aspect of oil-burning 
which draws our attention to still further economies 
that may be obtained by its use. Where head-room is 
limited for the installation of boilers (as it frequently 
is in stores, hotels, &c., where the basement has often 
to be used), the use of a superheater or fuel economiser 
where coke is being burned is impossible. This is 
due to the fact that the flue pipe connecting the main 
boiler to the superheater or economiser has not 
sufficient head-room in which to be set at a position 
where combustion would be possible. It is well known 
that the flue pipe must be set at no greater angle than 
25 deg. from the vertical, otherwise the escape of the 
gases produced by combustion is impeded. Even if 
this: difficulty could be overcome, however, there is 
the further consideration to be borne in mind that 
the deposit resulting from coke combustion will soon 
begin to choke the flue pipe, which consequently 
requires continual and, therefore, impracticable 
cleaning. 

With oil-burning both these difficulties are over- 
come, and two or even three boilers may be set side 
by side with horizontal flue pipes conducting the 
heat in the escaping gases from one to the other, so 
that at their exit to the chimney they are so cool 
that, in smaller installations, an ordinary large diameter 
cast-iron fall pipe would serve to carry away the 
products, provided that due precautions had been 
taken for the avoidance of nuisance and smell. 
Such a cast-iron fall pipe would be low in cost and 
unobtrusive. 

Such an ideal is obtained by the burning of oil 
as a result of the fact that an automatic heater, such 
as the Parwinac, is a forced-draught oil burner. 
Accordingly resistance to the escape of the gases is 
overcome and flue pipes may be fixed horizontally, 
thus securing great economy in space. Furthermore, 
oil is burned cleanly. It leaves no deposit so that the 
impracticable cleaning of the flue pipe is obviated 
thereby. 

We have details of an economiser that may be 
installed in such a manner with an ordinary boiler 
in which oil is being burned by the Parwinac system. 
The manufacturers have proved that by its use the 
temperature of the escaping gases, by utilising the 
heat in the main boiler, is reduced from 400 deg. to 
1,000 deg. to 140 deg. to 240 deg. The system results 
in an increase of the useful heating surface obtained 
from 40 sq. ft. to 115 sq. ft. 

Yours faithfully, 
for Parker, Winder and Achurch, Limited, 
J. GREIG, Sales Manager. 
Broad-street, Birmingham, August 17, 1927. 
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THE NAG HAMMADI BARRAGE. 


In the carrying out of the Nile irrigation scheme’ 
begun in 1899 with the construction of the famous 
Assouan Dam, followed by the Esna Barrage nine 
years later and the opening of the Sennar Dam in 
January of last year, it has been decided to build 
a further barrage of over half a mile in length at 
Nag Hammadi, which is situated some 500 miles 
up the river between the existing barrages of Assiut 
and Esra. This barrage will enable 500,000 acres 
to be irrigated at all seasons of the year, which are 
now only reached at a time of high flood, thus enabling 
two crops per annum to be grown instead of one, while 
risks of incomplete irrigation, due to low levels, and 
consequent failure of crops, will be avoided. As previ- 
ously stated, Messrs. Sir John Jackson, Limited, have 
received the contract for the new barrage, and it is 
now reported that Messrs. Ransomes and Rapier, 
Limited, of Ipswich, have received an order for the 
sluice gates and operating machines in connection 
with the scheme. The latter contract consists of 
roller-type gates for the 100 openings on the main 
barrage and the six openings at the head of the 
irrigation canal, each opening being provided with 
two gates of 6 m. span running in parallel grooves, 
with depths of 6-1 m., 7-1 m. and 8-1 m., respectively, 
according to their position in the barrage. Two 
power-driven machines, travelling on rails on top of 
the barrage, will operate the gates to regulate the 
flow of water, or remove the gates when necessary, 
while a third machine will work on the canal head 
for the regulation of the gates controlling the flow of 
water into the canal. The contract price for the work, 
which will occupy about two and a half years, is 
approximately 170,000/., which includes the complete 
manufacture of the gates and all accessories at Ipswich 
and the final erection at the site. 





THe User or Woop Waste ror Parse Pup.—An 
investigation has been conducted by the Imperial Insti- 
tute to discover the possibilities of using waste Kauri 
wood in New Zealand as a paper-making material, 
either in its natural state or after the extraction of its 
resin. It was found that the samples tested were com- 
pletely satisfactory for conversion into paper-pulp in 
both conditions. Where, however, there was much 
resin present, there was a low yield of pulp, and the process 
might not prove remunerative unless the resin could 
be extracted and marketed at a satisfactory price. It 
seems to be possible that wood containing less than 10 
per cent. of resin could be converted into pulp without 
the previous removal of the resin, but, for higher percent - 
ages of resin, advantage would accrue from the removal 
of the resin before pulping. The resin was found to be 
best extracted by the use of acetone, ethyl alcohol or 
methyl alcohol, in which it is completely soluble. 


Lioyp’s REeGIsteR WRECK STaAtisTiIcs.—The quarterly 
wreck returns of Lloyd’s Register show that, during the 
three months ending December 31, 1926, 142 vessels, 
having a total gross tonnage of 142,909, were totally lost 
or condemned in consequence of casualty or stress of 
weather. Of these, 93 were steamers and motorships, 
and 16, having a total tonnage of 35,289, belonged to 
Great Britain and Ireland. Ships otherwise broken up 
numbered 141, aggregating 333,595 gross tons. Included 
in this total were seven steamers and motorships, making 
18,972 tons, belonging to British or Irish owners, The 
statistical summary for the whole of 1926 of ships totally 
lost, broken up or condemned, recently published by 
Lloyd’s Register, shows that the gross reduction in the 
mercantile marine of the world during the year amounted 
to 838 ships of 1,343,943 tons (excluding all ships of less 
than 100 tons). Out of this total, 656 ships, of 1,226,873 
tons, were steamers and motorships, and 182, of 117,070 
tons, were sailing ships. The tonnage of ships owned in 
Great Britain and Ireland which were broken up or 
dismantled during 1926 amounts to 153,318. 





STANDARD SPECIFICATION FOR FLAME-PRooF PiuG§ 
AND Sockets.—The British Engineering Standard§ 
Association has recently issued a specification for a 
flame-proof type plug and socket for heavy duty, 
carrying 100 amperes, and for a maximum voltage of 
660. The plugs and sockets described are primarily 
intended for use in connection with portable apparatus 
used in mines, such as coal cutters. The specification 
contains no detailed designs, giving only those dimensions 
which are necessary for interchangeability between plugs 
and sockets ; certain electrical and mechanical require- 
ments are, however, dealt with. The publication is 
divided into three main sections, the first of which 
defines the terms used, and this is followed by full 
instructions for connecting the plug and socket to the 
supply system; the remaining section deals with the 
construction under the three headings of General, Plug 
and Socket. Appendices give notes and diagrams of 
gauges, and recommendations for interchangeability of 
interlocking pin and socket, while, in order to make the 
specification complete, the British standard definition of 
flame-proof enclosure for electrical apparatus from the 
British standard specification No. 229-1926, is included. 
Copies of this new specification, No. 279-1927, may be 
obtained from the B.E.S.A., Publications Department, 
28, Victoria-street, London, S.W.1, price 2s. 2d. post free. 





RAILWAY RATES AND THE 
“APPOINTED DAY.”’’ 
By J. W. Parker, A.M.Inst.T. 


WHEN it was decided shortly after the war to revise 
the railway rating system, few people thought that 
it would be 1928 before the new arrangements could be 
put into effect. Although the Railways Act of 1921, 
the measure responsible for the rates revision, has 
been long enough on the Statute Book to be almost 
forgotten, the “‘ Appointed Day” for giving effect 
to most of the provisions will only fall upon January 1 
next. 

In the first place, the goods classification, which is 
the foundation of the charging system, is extended from 
8 to 21 classes. This means 13 additional sets of class 
rates, and the re-learning of the classification of all 
kinds of goods. Perhaps the change will be better 
appreciated by observing that such articles as girders, 
blooms and boiler plates, now in ‘‘ C,”’ will in future be 
in Division 7. Class ‘‘ C” is split up amongst the new 
Divisions 7, 8, 9 and 10; hence something more than a 
mere reshuffling of numbers is involved. To-day, 
iron packing for shipbuilders, boiler plates and crane- 
work have the common classification division and rate 
**C,”’ but in future they will be 6, 7 and 10, respectively, 
or three different rates. Dredging buckets, now in 
Class 1, go to Class 11, rudder or steering wheels from 
3 to 18, ropes from 2 to 16, and tubes (constructional 
ironwork) from 1 to 15. Moreover, in the lower 
divisions, the minimum truck load is increased by 50 per 
cent. or 100 per cent. Where for decades it has been 
customary to send, say, joists in wagon loads of 2 tons, 
the doubling of the load requirement is likely to create 
difficulty, at the outset at all events. An entirely 
new requirement concerns a minimum wagon load of 
2 tons for Class 11 goods. The existing equivalent 
of this division has never previously had any weight 
stipulations, so that whether a ton or a couple of cwt. 
were forwarded, the class rate was the same. Under 
the new order, such articles as cart, ’bus, motor and rail- 
way springs, dredging buckets, &c., must be sent in 
loads of 2 tons or more to secure the Class 11 rate, 
otherwise the next higher charge becomes applicable. 
This weight requirement manifests itself in connection 
with machinery, which is to have an elaborate classi- 
fication of its own under the letters A to K. Conden- 
sers, flywheels, heavy castings, dynamos, locomotive 
axles, transformers, capstans, &c., are charged at Class 
16 rates if forwarded in small lots. If 2-ton loads are 
available, the charges are reduced to No. 14, whilst 
5-ton loads qualify for No. 12 Class. From the rail- 
way’s point of view, the emphasising of the weight factor 
is long overdue, but the rail user can take comfort from 
the fact that the principle is not carried to anything 
like the extent prevailing on Continental and American 
lines. 

Concerning the actual rates, the arrangement of 
statutory maximum charges brought into use by the 
various Confirmation Orders of 1891-92, is to give 
place to the new principle of ‘ standard revenue,” 
whereby an attempt is to be made to fix charges so as 
to attain an exact revenue. This sum is known as 
“‘ standard revenue,” and is to be equal to the net 
revenue obtained in 1913, plus several allowances and 
provisos as to efficient working. In theory, if not 
in practice, the revenue is independent of the amount 
of traffic, so that the tendency will be for rates to fall 
during busy periods when carryings are plentiful, 
and rise in the depressed times of scanty forwardings. 
Control of charges, in some measure, passes from the 
railways, as the responsibility for securing the “ stan- 
dard revenue ”’ falls to the Railway Rates Tribunal, a 
court specially set up to administer the financial side 
of the 1921 Act. Many other duties come within its 
scope, viz., alterations to the classification, institution, 
variation or cancellation of different rates, powers as 
to terminal amounts, private-siding agreements, tolls 
and charges outside rates; in short, it has jurisdiction 
upon nearly all the commercial relations of railways 
and their customers. 

The court consists of three members, a lawyer, a 
railway expert and a business man, and, through the 
last named, rail users have secured a share in deter- 
mining what they shall pay for carriage. Although a 
privilege, this is at the same time a responsibility, as the 
tribunal’s foremost duty is that of securing an efficient 
and successful railway system. The court is intended to 
be accessible to all responsible traders having legitimate 
grievances. Itis, first and foremost, a business tribunal, 
its findings upon questions of fact being final ; appeals 
to higher courts can only be made on points of law. 
In addition, in proceedings before the tribunal, costs 
will not, as a rule, be awarded, consequently the main 
difficulties in respect of grievances have now been 
removed. Thus, there is every possibility of the court 
being the recognised medium for the settlement of 
practically all railway and trader disputes. 

Owing to the necessity for safeguarding “ standard 
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revenue,” the all-important question of exceptional 
rates received much attention in the 1921 Act. The 
intention is that all these figures shall be cancelled by 
the ‘‘ Appointed Day ” unless they are more than five, 
but not more than 40 per cent. below the corresponding 
class or standard rates. At one time, it was thought 
possible to reduce drastically the quantity of exceptional 
figures ; in fact, the new classification was introduced 
for this purpose. By bringing in the new sub-classes at 
the points where exceptional rates were most frequent, 
it was argued these lower quotations would be greatly 
reduced, but subsequent experience has disproved this 
theory. 

The control to be exercised over exceptional charges 
contrasts strongly with present practice, as railways now 
possess complete freedom to reduce such figures 
to any extent they like. In competition with coastal 
and inland waterway transport, the reduced or *‘ cut” 
rate has proved the most effective method for the rail- 
ways. This may be judged from the fact that about 80 
per cent. of the traffic conveyed by rail passes under 
the lower quotations. After the ‘“‘ Appointed Day,” the 
percentage, it is estimated, will be as high as 60 or 65. 
If it is considered that exceptional rates are being 
conceded in such a manner as to endanger standard 
revenue, the tribunal, after investigation, may cancel 
the offending figures. On the other hand, any trader 
will be entitled to appeal to the court to fix a new 
exceptional charge for him. Hitherto the railways 
have had complete discretion as to the granting or 
withholding of any figure of this kind. 

At the present time, many rates are upon a “Cand D”’ 
basis, that is, they include the services of collection 
and delivery, but, under the Railways Act, they may 
all be quoted as “station to station.” The new arrange- 
ment will be advantageous to heavy engineering and to 
possessors of private signs, as they will be spared the 
trouble of claiming cartage, &c. rebates, but opposition 
from other industries has been so strong that the com- 
panies have had to compromise by agreeing to continue 
a portion of ‘“‘C and D” rates in future. Where the 
railways are willing to undertake cartage services, 
they will not be compelled to deliver to anyone who, 
for a period, does not agree to the whole of his traffic 
being handled by the companies. 

The general level of rates will be very much the same 
as to-day during the initial stages of the new rating. 
One of the objects of the 10 per cent. general increase 
of February last was to anticipate the rating level of 
the ‘“‘ Appointed Day.’ Changes in the charges for 
individual commodities will, of course, be inevitable, 
owing to the altered classification and the loss of certain 
exceptional rates, but, broadly, charges will be around 
60 per cent. over the pre-war figures. The months 
between now and January next will afford a much- 
needed opportunity of comparing the old and the new 
charges in preparation for the changeover. 





HIGH-PRESSURE WATER-TUBE MARINE BorLeR: ERRA- 
tTuMm.—In an article on the subject of high-pressure water- 
tube boilers, which appeared on page 236 of our issue of 
last week, we stated that ‘“‘ These boilers are constructed 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Newcastle-upon-Tyne, under the Hawthorn- 
Armstrong patents.” This should have read “‘ constructed 
by Messrs. Werkspoor, Amsterdam, under the Hawthorn- 
Armstrong patents.’’ We regret the error and take this, 
the earliest opportunity, of rectifying the matter. 


LAuNCcH OF THE §.S. “ Kepau.”—Built and engined 
by Messrs. Vickers, Limited, Barrow-in-Furness, to an 
order placed by Messrs. Alfred Holt and Company, 
of Liverpool, on behalf of The Straits Steamship Company, 
of Singapore, the twin-screw S.S. Kedah was launched 
recently at Barrow. The vessel, which is intended for 
express cargo and passenger service between Singapore 
and Penang, is being built under special survey of the 
British Corporation, and has a length, between perpen- 
diculars, of 310 ft., a breadth moulded of 50 ft. 3 in., a 
depth, moulded to main deck, of 17 ft. 9 in., and a designed 
load draught, moulded, of 14 ft. 8in. She is designed for 
a sea speed of not less than 18 knots in fully-loaded 
condition. Cargo is carried in three holds, and the total 
carrying capacity, exclusive of ’tween-deck space, is 
equivalent to 68,000 cub. ft. (grain), or 60,000 cub. ft. 
(bale). Cargo is dealt with by six 2-ton steam cranes, 
two at each hatch. Native deck passengers, namely, 
Malays, Chinese and Indians, will be carried in the 
*tween-deck and shade-deck spaces, and, in addition, 
accommodation of the most luxurious kind has been 
provided for upwards of 70 first-class passengers. Special 
attention has been given to the bath and lavatory accom- 
modation, and to ventilation. The propelling machinery 
comprises two sets of Parson’s turbines with single- 
reduction gearing, designed for a working pressure of 
200 Ib. per square inch at the H.P. turbine inlet, with 
steam at 150 deg. F. superheat. The machinery is 
capable of maintaining a total combined shaft horse- 
power of not less than 5,800 on ordinary sea service, 
when the turbines are running under normal conditions, 
and 6,200 shaft horse-power maximum overload con- 
ditions. The four Babcock and Wilcox water-tube 
boilers installed are fitted for oil burning on the Wallsend- 
Howden system. 





CATALOGUES. 


Milling Cutters.—A new list giving particulars of all 
the usual forms of milling cutters and hobs, as well as 
of chucks, collets, spacing pieces, etc., is to hand from 
Messrs. Alfred Herbert, Limited, Coventry. 

Electric Motors——Mr. Walter F. Higgs, Witton, 
Birmingham, has issued a new list of electric motors, 
motor-generator sets and control gear, &c. 

Ball and Roller Bearings.—Two catalogues, one of 
ball bearings and the other of roller bearings, are to 
hand from Messrs. Lidképings Mekaniska Verkstads 
Aktiebolag, Sweden. 

Lathes.—We have received some illustrations of the 
Hartness turret lathes for bar and chuck work from 
Messrs. Jones and Lamson, through their London office, 
at 21, Water-lane, Queen Victoria-street, E.C.4. 

Ball and Roller Bearings.—A new catalogue giving 
full particulars of ball and roller bearings, is to hand from 
Messrs. Ransome and Marles Bearing Company, Limited, 
Newark-on-Trent. Several types additional to those 
shown in previous catalogues are included. 

Blue-Printing Apparatus.—The C. F. Pease Company, 
821, North Franklin-street, Chicago, U.S.A., have sent us 
a catalogue illustrating a full range of blue-printing 
machines and apparatus, blue-print paper, and other 
instruments and furniture for the drawing office. 

Metal- Faced Plywood.—Messrs. Venesta, Limited, 1, 
Great Tower-street, London, E.C.3, have issued a second 
handbook dealing with the applications of their metal- 
faced plywood, Plymax, to coachwork and motor-vehicle 
body work. 

Thermometers.—The Budenberg Gauge Company, 
Limited, Broadheath, Manchester, have issued a new 
edition of their catalogue of thermometers, including 
dial and stem types, with special forms for boiler flues, 
superheaters, bakers’ ovens, hot rollers, etc. 

Thrust Bearings.—A special catalogue of thrust bearings 
for marine propeller shafts is to hand from Messrs. Michell 
Bearings, Limited, South Benwell, Newcastle-upon- 
Tyne, illustrating and describing two series of units for 
shafts ranging from l}in, to 7 in. diameter and from 
6 in. to 20 in. diameter, respectively. An indicator for 
measuring the propeller thrust is also described. 

Motor Cycles.—The new issue of the catalogue of 
motor cycles made by Messrs. Douglas Motors, Limited, 
Kingswood, Bristol, shows a two-cylinder machine of 
350 ¢.c. capacity made in several models, and a more 
powerful type in similar variations. Particulars are also 
given of a range of side-cars and necessary fittings, 
including a list of prices. 

Portable Tools.—A catalogue of electric and pneumatic 
portable tools has come to hand from the Consolidated 
Pneumatic Tool Company, Limited, 170, Piccadilly, 
London, W.1, together with special leaf catalogues of 
grinders, paint scrapers, and coal picks operated by com- 
pressed air. A separate catalogue of Boyer pneumatic 
tools for concrete breaking, digging and tamping, has also 
been received. 

Flue-Dust Collectors.—A catalogue describing apparatus 
for collecting dust from flues is to hand from Messrs. 
Davidson and Company, Limited, Belfast, and will be 
found of interest to all who operate industrial chimneys. 
On test runs, these collectors have extracted from 90 Ib. to 
250 lb. per hour from the flue gas, so that atmospheric 
pollution can be very largely remedied by simple mecha- 
nical means. 

Rope Driving.—A catalogue of pulleys and accessories 
for rope drives, issued by Messrs. Crofts (Engineers), 
Limited, Bradford, deals with the fittings for round 
cotton and steel ropes, vee ropes and a number of link 
and other ropes which, though running in grooves, are 
generally classed as belts. The catalogue deals very 
completely with its special subject and includes much 
practical and technical information. 

Electrical Supplies.—We have received new editions 

of a number of catalogues from British Insulated Cables, 
Limited, Prescot, Lancs., including a general descriptive 
list for contractors, and special catalogues dealing 
with cables and accessories for mine installations, ceiling 
fans with direct-current motors, cable equipment supplied 
for Indian railways, and paper-tooth pinions. In all 
cases, dimensions and full technical information are 
given. 
Wood- Working Machines.—Messrs. A. Ransome and 
Company, Limited, Newark-on-Trent, have issued a new 
catalogue, illustrating a selection of the wood-working 
machines made by them, including examples of machines 
for sawing, planing, moulding, boring, mortising, sand 
papering, etc., together with a universal or “ general 
joiner ” machine, which may be used for any of these 
operations. Several machines for sharpening and correct- 
ing the various cutters are also shown. 

Pipe Joints.—The Victaulic Company, Limited, Kings- 
buildings, Dean Stanley-street, Millbank, London, 8.W.1, 
have issued a new catalogue of their pipe joints, giving 
full particulars of applications and illustrating several 
large contracts in which they have been used. The 
standard sizes are suitable for all kinds of piping from 
lin, to 2in. bore, but the joints are made to suit any 
pipe. Several new forms are shown for adaptors, valves, 
plugs, bends, &c., and for pipe lines liable to sink or 
to become distorted after being laid. 

Steam Pipes.—A new edition of their catalogue of 
steam pipes has been received from Messrs. Stewarts 
and Lloyds, Limited, 41, Oswald-street, Glasgow. It 
deals with welded and weldless pipes for main steam 
lines, including flanges, branches, expansion joints, 
and all the usual connecting pieces. Particulars are 
also given of coils, traps, superheater parts, hanger 
fittings, &c. The technical information includes the new 
British Standard flange tables, tables of properties of 
steam, and an alignment chart for calculating the flow of 
steam in pipes. 
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RECENT PROGRESS IN HYDRO- 
DYNAMICS.* 
By G. Darrizvs. 


UP till quite recently theoretical hydrodynamics was, 
not altogether unjustly, regarded as a purely speculative 
science dealing with unattainable ideals, having no 
point of contact with reality, and consequently devoid 
of any great practical utility. Hence technical schools 
almost ignored it, save as a preliminary to the empirical 
science of hydraulics, which took from the rational 
science only a few elementary concepts, such as Ber- 
noulli’s principle. In short, save for certain classical 
problems relating to the flow over weirs or through 
orifices or to the propagation of waves, theoretical 
hydrodynamics, owing to its disregard of viscosity, 
had proved powerless to account for the commonest 
factsof observation, such as the resistance to motion 
experienced by totally immersed solids. It is only 
lately that hydrodynamics has freed this impasse 
and, as was to be expected, the accord now achieved 
between theory and experiment has been effected less 
by a revision of the rational theory than by a juster 
appreciation of its real significance. Science, in fact, 
deals only with limiting cases and has to discover and 
define the range within which its deductions hold 
good, and when these limitatiozs are borne in mind 
there is probably no theoretical result, however strange 
or bizarre it may appear, which will not ultimately 
prove applicable in some special field. Parallel to the 
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development of the theory of the motion of perfect 
fluids, other sciences have arisen of similarly restricted 
range, based on such physical properties as viscosity, 
compressibility, and surface tension. Hence, if the 
various motions of real fluids are classified under the 
appropriate heading, according as one or other of the 
above properties becomes of predominating importance, 
there is scarcely any case which cannot be explained, 
to at least a first approximation, by one or other of 
these special sciences. 

As matters now stand, nothing justifies the discredit 
hitherto attached to classical hydrodynamics, since the 
startling successes achieved by it during recent years 
go far to justify the prophetic dictum of Helmholz, 
who asserted that ‘‘ So far as I can see, there does not 
exist any reason why the equations of hydrodynamics 
should not be regarded as exact expressions of the 
laws which really regulate the motion of fluids.” 

Nevertheless, if the elementary laws which determine 
the motions of real fluids, and the differential equations 
in which they are embodied, can no longer be considered 
doubtful, the solution of even the simplest problems 
leads almost always to insurmountable difficulties in 
integration. Fortunately, the structure of these laws 
is such that by simple dimensional reasoning the infinite 
variety of problems presented by nature can be classified 
into families, with corresponding solutions. 

The most important of these laws of similitude is 
that of Osborne Reynolds, which holds good when the 
compressibility of the fluid can be neglected. This 
law is of dominating importance in hydraulics 
and aeronautics, where it has been responsible for 
much of the progress made during the past’ few years. 
It expresses the conditions which must be satisfied 
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Posed 28, 1926, before the Société Ingenieurs Civils de 
rance. 








if two fluid systems which are geometrically similar 
are to be also dynamically similar. Thus, let v 
denote the speed of the fluid at any point of one of two 
systems of flow: let d denote a characteristic dimension 
of the system, and let « and p be respectively the vis- 
cosity and density of the fluid. Further, let accented 
letters denote corresponding elements in the second 


system of flow and let us also denote by vy = © the 


kinematic viscosity of the fluid. Then, the force com- 
ponent taken normal to any stream line is, at each 


point, equal to es per unit of volume, where 7 denotes 


the radius of curvature at the point considered. The 
tangential force per unit of volume at the same point, 
due to the viscosity, is built up of terms having the form 
a2 
be a and the ratio of this tangential force to the 
centrifugal force already given must be the same in the 
two systems if they are to be dynamically similar. 
Now geometric similarity implies that the radii of 
curvature r and 7? are proportional to the characteristic 
parameters d and d! whilst if the differentials 62 and ga? 
are also proportonal to d and d? the second differentials 
o*v and ¢’v! must for kinematic similarity be propor- 
tional to the speeds v and v? at corresponding points. 
For dynamic similarity therefore it is necessary that 
pw wv _v 
ad 


for both systems the ratio . 
shall be a purely numerical quantity. This condition, 
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whilst necessary, is also sufficient, for it is easy to show 
that the solution deduced by similarity from the first 
system, since it satisfies the hydrodynamic equations, 
represents a possible motion, and consequently also 
the real motion if this be uniquely determined by the 
initial and boundary conditions. 

Reynolds’s number plays thus the réle of a single 
parameter, sufficing to characterise each of the 
infinite number of types of flow possible in a system 
of which only the geometric configuration is given. 
Each term of the expression representing the flow 
is a function of this single parameter, and if, the form 
of the function has almost always to be determined by 
experiment, once this has been thus ascertained we 
have, for every speed and every kind of fluid, the com- 
plete solution of corresponding problems in all systems 
geometrically similar to that used in the experimental 
determinations. Thus if the loss of head in a 
conduit in which the mean speed is v, whilst its 
diameter is d, be expressed in terms of the wall friction 
on a length proportional to d, it can be represented 


in the form pa s(2), where the speed v and 


kinematic viscosity v are both involved in f, but 
solely as constituents of Reynolds’s number (which 
is a dimensionless quantity). Thus it is. only necessary 
that experiments shall be made with a single fluid flowing 
at different speeds through a smooth-walled pipe of 
diameter d. Hence from experiments made with 
water the loss of head can be deduced for conduits 
conveying air or oil. This conclusion has been very 
satisfactorily verified by experiment, and the problem 
of the resistance of a smooth pipe may be considered 
as completely solved. Similar considerations apply 
to the resistance experienced by submarines and 
dirigibles. 

Experiment has shown that when Reynolds’s 
number is varied different types of flow appear in 





succession. Up to a certain critical value, which 
depends upon the particular form studied, the motion 
of the fluid is steady and independent of the time. 
Within this range, as the velocity is increased, several 
different forms of flow appear in succession. Thus 
Fig. 1 represents the flow round a rod when the speed 
is very low, whilst Fig. 2, which also refers to a steady 
motion, shows what occurs at a higher speed. Here 
the motion is still laminar, but at still higher speeds 
turbulence comes in and then at each point speeds and 
pressures oscillate about mean values. It may be 
moted in passing, that there is a close connection 
between Reynolds’s number and the rate of heat 
transfer between a pipe and a fluid traversing it. 

When Reynolds’s number is very small, either 
owing to the small dimensions of the system, to very 
low speeds, or to great viscosities, the inertia of the 
fluid can be neglected and the motion is determined 
wholly by the boundary conditions. Illustrations of 
this fact are provided by Poiseuille’s law for the loss 
of head in capillary tubes and by Stokes’s formula 
for the speed of droplets falling through air. This 
latter formula has been the subject of much experiment 
during recent years, and has been found to hold good, 
provided that the sizes of the spheres and the speed 
of fall are both small; and secondly, if the size of the 
spheres although small, is not comparable with the mean 
free path of the molecules. If this second condition be 
violated the formula requires a correction, for which 
Millikan found an empirical expression which he was 
subsequently able to confirm by theory. 

The most important practical application of the theory 
of viscous flow is its application by Reynolds to the 
theory of lubrication. This led to the development of 
the pivoted segmental type of thrust bearing, which, 
under the name of Michell, Kingsbury or Brown-Boveri, 
has everywhere replaced both multiple collar blocks 
and those in which the thrust is taken by a piston 
backed by oil under pressure. The segmental block 
carries higher loads than its rivals, with more safety and 
smaller losses. 

Poiseuille’s law as to the flow in capillary tubes, 
which for long appeared of interest only to physicists, 
can be extended by the principle of similitude to pipes 
of large diameter used for industrial purposes at ordinary 
speeds of flow, provided that, as is the case with crude 
oil and molasses, the viscosity is so high that Reynolds’s 
number is less than the critical value, which many 
experiments have shown is, in the case of cylindrical 
pipes, about 2,000. The considerations set forth above 
demonstrate the inevitable failure of the oft renewed 
attempts to compress highly rarefied vapours by a 
centrifugal pump. The kinetic theory of gases, led 
Maxwell to predict that the viscosity of a gas would be 
independent of its pressure, and this theoretical con- 
clusion was soon experimentally verified. Hence, 
effects which are of secondary importance at ordinary 
pressures may become preponderant at low-pressures 
and small densities. In such condition the inertia 
forces on which the effectiveness of the centrifugal 
pump depends, fall off rapidly, whilst the viscous 
forces remain undiminished. The attempt to compress 
highly rarefied gases in this way is, in fact, analogous to 
the use of a centrifugal for pumping molasses. In both 
cases the kinematic viscosity ; is very large and Rey- 
nolds’s number very small. 

Cases of fluid flow in which neither the inertia of the 
fluid nor its viscosity can be neglected are amongst 
the most important. Their complexity is such, how- 
ever, that it is but seldom that they can be solved by 
calculation, even when the speed of flow is below the 
critical value at which turbulence makes its appearance. 
Still, even if resort to experiment is inevitable, 
Reynolds’s law of similitude makes it possible to 
extend greatly the range of any observations made. 
In particular, it fixes the conditions in which experi- 
ments on models are valid, and it has furnished an 
explanation of discrepancies, formerly unintelligible, 
in the results observed at different aeronautical 
laboratories. The influence of the size of surfaces 
which Eiffel sought to explain as an edge effect is 
entirely accounted for by Reynolds’ law. This law 
was also responsible for the Washington experiments 
with a wind tunnel in which the air circulated was 
highly compressed. In order to secure corresponding 
conditions between a model and its prototype, it is 
necessary that Reynolds’ number should be the same 
for both. Since d is small in the model, either the speed 
must be increased or the kinematic viscosity reduced. 

In many aerodynamic experiments it is, however, 
impossible to increase v without approaching the 
speed of sound. If this be done Reynolds’ law becomes 
invalid. Since, however, by Maxwell’s law the value 
of « is independent of the pressure the value of v = e 
can be diminished by increasing p, the density of the 
air, by compressing the latter. 

It might be suggested that a similar end could be 
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secured by making use of a heavier gas such as carbon- 
dioxide, but the preferable solution would seem to 
consist in making the model tests in water, which at 
20 deg. C. has a kinematic viscosity one-fourteenth that 
of air. Hence, in order to maintain Reynolds’ number 
constant the product vd might be one-fourteenth that 
of the full-scale machine. 

Amongst the phenomena—at first sight highly 
dissimilar—for which the law of similitude furnishes 
one and the same explanation is the Eolian harp, the 
sound of the wind acting on telegraph wires, and 
the accidental vibrations of heavy transmission lines. 

Experiments made by Von Karman and Jowkowski 
have, in fact, shown that when Reynolds’s number 
lies between 200 and 3,000 (corresponding in the case 
of water to speeds of a few decimetres per second 
when d is of the order of a centimetre) the wake 
behind a cylindrical obstacle moving transversely is 
composed of a double chain of eddies, which originate 
alternately on opposite sides of the cylinder and trail 
away as indicated in Fig. 3. The eddies are staggered 
as shown. Stability considerations have made it 
possible to calculate a priori the proportions of the 
chain of eddies and the results appear to be confirmed 
by observation. The pitch of the eddies in each chain 
is 2-74 times the distance between the two files, 
and is thus about 1} times the diameter of the 
cylinder. ‘This discontinuous generation of eddies 
results, as we shall see later, in an alternating lateral 
push on the obstacle, the frequency of which, for a 
given Reynolds’s number, is inversely proportional 
to the square of the diameter of the wire. It is also 
(when vd is constant) directly proportional to the 
pitch of the eddies and to the speed of the flow. In 
the case of telegraph wires, therefore, the phenomenon 
is observed when the wind is fresh and the frequency 
may be 1,000 persecond. With the heavier transmission 
cables, or also with the telegraph wires coated with 
ice, the phenomenon is observed only when the wind 
is almost insensible, and the frequency of the vibration 
then produced is very low, perhaps 10 per second. 

These vibrations were first noted long ago, but 
received no rational explanation. More recently they 
have been studied anew, having acquired importance 
owing to the breakage of overhead cables of heavy 
section and of long span. In such cases the frequency 
of the impulses received from the wind may be the 
same as the natural periodicity of the cable hanging 
from its supports, where failure occurs through fatigue. 
The remedy consists either in using flexible supports 
or in spreading the bending action over a greater 
length of the conductor. 

When speeds of flow approach the speed of sound 
the changes of density due to the compressibility 
of a gas can no longer be ignored. It can, however, 
be shown that systems, dynamically similar, can 
exist, but Reynolds’s law must be supplemented by 
a new restrictive condition. With liquids, absolute 
pressures are unimportant save in cases of cavitation. 
All that is necessary is that the pressure gradient 
shall at every point satisfy the equations of motion. 
With gases, however, the density varies from point 
to point, and the absolute pressure is proportional 
to the density. In any one system the density of 
the gas at any point is fixed, because it must satisfy 
the equation of continuity, and since the absvlute 
pressure is proportional to this density, two systems 
will be comparable only, when the law of expansion is 
the same for each. With perfect gases this condition 
will be satisfied for two similar systems if y, the 
adiabatic index, is the same for each. 

At corresponding points of twc comparable systems the 
pressure forces, acting on unit volume of the fluid, are 
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similarity it is necessary that the ratio of the pressure 
forces to the centrifugal forces shall be identical for 
the two systems. Since r and +! are, respectively, 
proportional to d and d', this condition will be satisfied 
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before, this ratio is a dimensionless quantity or mere 
number. As already pointed out, the adiabatic index 
must be the same for the two systems under compari- 
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son. Hence must be the same for the two systems 
if they are to be dynamically similar, but if we denote 
by V the speed of sound, we have the relationship 
2: YP 


From this it follows that + must be the 


same for both systems. 
This is the new restrictive condition by which 





Reynolds’s law must be supplemented when v 
approaches the speed of sound. It is, in general, 
difficult to satisfy simultaneously both Reynolds’s 
law and this new restriction, but the two may 
be reconciled if compressed air be used in ex- 
perimenting on the model, and air at atmospheric 
pressure for the full-scale machine. Fortunately, in 
many cases, and especially when Reynolds’s number 
is very high, the effects due to compression, as, for 
example, the pressure wave at the head of a high- 
velocity bullet, and the resistance of the latter, are 
very much more important than those due to the 
viscosity of the air. Hence it is often possible to 
arrive at useful results from the study of model 
experiments in which Reynolds’s rule is ignored, 


and the law ¥ = constant is alone obeyed. 


The restrictive condition, above cited, was deduced 
by Sarrau from considerations of homogeneity and 
was taught by him at the Ecole Polytechnique in 
1884. It was subsequently rediscovered in England 
by Bairstow and Booth, and is at times called by 
their names. It long remained a dead letter in 
ballistics, where use continued to be made of a 
formula, for the resistance experienced by projectiles, 
which failed to satisfy the necessary conditions of 
homogeneity. 

The utility of Sarrau’s law of comparison was 
markedly demonstrated towards the end of the war, 
when a new range table correction, at times very 
important, depending on air temperature, was found 
to be necessary. The value of this correction was 
deduced by the above law of similarity from the range 
tables already in existence, and without the necessity 
of fresh experiments ad hoc. 

Whenever the relative speed of flow past an obstacle 
exceeds the speed of sound, a wave of discontinuity 


Fig. 3. | , } 
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originates at the head of the obstacle. At the wave 
front there is a sharp rise of pressure, and, since the 
apex of this wave remains attached to the head of 
the obstacle, it moves through the surrounding fluid 
with a speed in excess of that of sound. This 
condition of affairs is observed with high-speed 
projectiles, where the wave of compression in the imme- 
diate vicinity of the head makes a larger angle with 
the trajectory than is represented by the expression 


sin a = This is the angle of the conical wave 


front found everywhere save in the immediate vicinity 
of the head. 

The production of such waves always involves a 
dissipation of energy. This dissipation is not effected 
by an immediate transformation of high-grade energy 
into heat, as happens when viscous resistances are 
concerned, but the wave of compression carries away 
to a distance the energy expended in forming it. There 
is thus, as it were, a ceaseless radiation of energy from 
the head of the projectile, and this loss can be dimin- 
ished only by improving the form of the bullet. 

These waves of compression were first studied by 
Hugoniot, but have since been the subject of numerous 
other researches, particularly in France, where explosive 
waves, and waves of detonation have been studied by 
M. E. Jouguet. 

Corresponding phenomena are also met with in the 
case of certain steam turbines, in which for econo- 
mical reasons, speeds of efflux in excess of the speed of 
sound are at times employed. Standing waves may 
then be produced which have been investigated by 
Stodola, Prandtl and others, who have succeeded in 
photographing the successive expansions and com- 
pressions which arise, from the reflection at the boun- 
daries of the jet, of the waves of discontinuity generated 
at the exit from the nozzle. 

As matters stand to-day, this particular phenomenon 
is mainly of academic interest. 

The complex, and consequently, still badly under- 
stood phenomena, which occur at the partial admission 
stages of an impulse turbine, such, for example, as the 


are merely manifestations of losses which can and 
should be avoided. Their main interest is that they 
illustrate a deceptive phase in steam turbine history, 
remarkable, however, for certain fine tours de force. 
To-day, however, a more rational evolution has led 
builders to adopt speeds of efflux below that of sound, 
which are more favourable to efficiency. Here the 
fundamental theories are much simpler, surer and 
more fertile. 

In the classical hydrodynamics which is concerned 
with the motion of perfect fluids the effects of viscosity 
are regarded as negligible in comparison with those due 
to pressure and inertia. The simplicity of its assump- 
tions led rapidly to the establishment of doctrines now 
highly developed, although many of the results attained 
appeared to be in direct conflict with experience. 
Nevertheless, in practical hydraulics there are a very 
large number of problems for which a very good 
approximate solution is provided by this ideal or limit- 
ing theory. These are all cases in which Reynolds’s 
number is high in comparison with its critical value 
at which laminar flow, where viscosity is predominant, 
is replaced by turbulent flow. With water and air this 
critical limit is generally exceeded in industrial 
hydraulics. Experiment shows that the effects of 
viscosity and of turbulence are then restricted to the 
immediate neighbourhood of the solid surfaces washed 
by the fluid. Adjoining these walls is a transition or 
limit layer of fluid, the thickness of which is smaller 
the higher the value of Reynolds’s number. This layer 
of transition is to-day being studied both experimentally 
and as a model for extending the theory to a second 
approximation. In the bulk of the fluid, on the other 
hand, the turbulence is small* and the motion of the 
fluid conforms to the classical hydrodynamic equations. 

Tf the circulation round a closed contour be defined 
by the length of this contour multiplied by the average 
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speed of the fluid round the contour as measured at 
each point by the component velocity along the tangent 
there, Lagrange showed that this circulation remained 
constant during all subsequent time, provided that (1) 
the system of forces acting on the fluid formed a conser- 
vative system or, in other words, could be derived from a 
potential. Such forces would, in fact, have no tendency 
to set any portion of the fluid into rotation. (2) The 
density of the fluid either remained constant or was a 
function solely of the pressure, such as when a gas 
expanded isothermally or adiabatically. 

If the circulation. as above defined, is zero round every 
closed contour which can be drawn in the fluid, and can 
be reduced to a point without passing outside the fluid, 
then the motion of the fluid is said to be irrotational. 
The velocity at every point can be derived from a 
potential, and is thus normal to a system of equi- 
potential lines or surfaces, and this velocity is, moreover 
inversely proportional to the differential spacing of 
successive equipotential surfaces. 

The speed of flow moreover increases as the curvature 
of the stream lines increases, and each element of the 
fluid undergoes in each instant a deformation unaccom- 
panied by rotation. (See Fig. 4.) 

In the highly important case of plane flow, the 
velocity potential lines and the stream lines cut each 
other orthogonally, forming a curvilinean network 
the differential meshes of which can be regarded as 
rectangular cells. The problem of determining the 
stream lines in any case is thus reduced to the purely 
geometrical one of conformal representation, that is to 
say, to the theory of functions satisfying the two- 
dimensional form of Laplace’s equation. Many other 
problems in mathematical physics, such as Fourier’s 
theory of the flow of heat, and the theories of electro- 
statics, magnetism, and of the distribution of current 
in a homogeneous conductor can be represented in the 
same way. To these may be added the viscous flow 
of a fluid between parallel plates, as also certain 


~ * This rule holds good for the motion of a fluid round 
an obstacle, but in the case of turbulent flow through 
a long pipe the turbulence commonly fills nearly the 





divergence of the jet from the geometric blade angle, 





whole of the cross-section.—Epb. EN«@. 
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parts of the mathematical theory of elasticity. Hence, 
results obtained in any one of these branches of science 
can be applied directly to hydrodynamic problems and, 
in any new case, the problem may be solved in that 
particular branch, which is the most convenient expe- 
rimentally. The results thus attained are immediately 
applicable to the hydrodynamic problem. 

The determination of the stream lines round a wing 
form may thus be effected by studying the electric field 
in an electrolytic bath in which stands a cylindrical 
conductor having a cross-section similar to that of the 
wing, and in the same way the stresses due to the torsion 
of a prism of any section may be deduced from the 
study of soap films deformed by a slight air pressure. 

It is, moreover, always possible by means of such 
methods as have been developed by T. Lehmann for 
the study of magnetic fields, to map out by purely 
graphic methods approximations to the actual stream 
and potential lines of a fluid moving in a plane. 
The work may no doubt be laborious but as Prasil 
has shown, it yields results which in many cases are 
sufficiently precise but which could not have been 
attained analytically. This method promises to be 
of particular service in tracing out blade forms for 
turbo pumps and also the lines of draft tubes. 

Amongst the cases for which the classical theory 
provides complete solutions are those relating to the 
discharge from orifices and to wave motions and surges 
in canals. The temporary failure of the theory in 
other regions should not render us forgetful of these 
successes. Other problems such as the discharge over 
weirs also depend on this theory, although solutions 
may encounter serious arithmetical difficulties. 

In all similar problems where the fluid has a free 
surface, its weight enters explicitly into the equations 
of motion. The form of Bernoulli’s equation, or that 
of Torricelli v* = 2 gh, suggested a law of similitude 





to Reech, which was subsequently rediscovered by 
Froude. According to this law, in ship model experi- 
ments, the speed should be reduced in proportion to 
the square root of the scale. This relationship cannot, 
in general, be reconciled with that of Reynolds, accord- 
ing to which vd should be identical for the model 
and for the full-scale ship. Possibly, the two laws 
could both be satisfied by using a different fluid for the 
model experiment, or by changing the intensity of the 
weight by appropriate centrifugal forces. This latter 
proposal is subject, however, to practical difficulties. 
In the meantime, the difficulty is got over by dividing 
up by semi-empirical methods, the total resistances 
into wave motion resistances and those due to surface 
friction. 

In many highly-important practical cases the space 
occupied by a fluid in irrotational motion is traversed 
by vortex cores extending to infinity or closed on 
themselves as vortex rings. In that case, amongst the 
closed contours, which can be drawn in the mass of 
irrotational fluid, there are sure to be some which can- 
not be reduced to a point without cutting these cores. 
Such a space is said to be multiply connected. 
A potential still exists, but it is polytropic, that is to 
say, its value at each point can be fixed only to integral 
multiples of one or more quantities representing the 
various circulations around the vortex cores which 
confer on the space its multiple connectivity (see 
Fig. 5). 

Thus, in the simpler cases of a single cylindrical 
vortex around which the circulation is Ir, if the speed 
of the fluid at infinity be zero, the equipotential lines 
are radii and the lines of force concentric circles. 

The speed at a distance r from the vortex line is 


evidently equal to an which is equivalent to the 


law of Biot and Savart in electrodynamics. If the 
cores traversing the irrotational region belong to the 
fluid of which they represent the part in rotational 
motion, it is possible at every point of the fluid to 
define a vortical vector w=curl v. According to 
a general theorem, due to Stokes (but which had already 
been used by Ampere to establish the equivalence of 
magnetic shells and currents of electricity), the line 
integral of the velocity around any contour (i.¢., the 
circulation) is equal to the total flux of the above 
vector across any continuous surface or cap formed on 
the given contour as basis, i.e. having this contour as 


the edge of the opening. The fact that this total flux 
depends solely on the contour and in no way on the 
particular surface considered, follows from the property 
that the flux is conservative, that is to say, is algebraic- 
ally zero across any completely closed surface, just as 
a current of electricity is. 

The vortex lines (tangent at every point to the above 
vector), into which the whole of the non-irrotational 
part of the fluid can be divided up, consist always of 
the same fluid particles. Helmholtz has shown from 
the above theorem that in a perfect fluid vortices can 
never be produced by a conservative system-of forces, 
and that once produced, they are indestructible, their 
intensity as measured by the circulation they produce 
being everywhere and at all times conserved. 

The above properties apply in strictness only to a 
perfect fluid, but nature provides, in cases where 
Reynolds’s number is very high, such as it is in atmo- 
sphere depressions, cyclones and water spouts, and 
also with large smoke rings, many examples in which 
vortices persist for very considerable periods of time.* 


(To be continued.) 





DUST RESPIRATORS. 


In their primitive forms, devices for keeping the 
dust out of the lungs probably go down to remote 
ages. Pliny the Elder mentions that the workers in 
vermillion mines covered their faces with loose bladder 
skins, which allowed them to see while protecting them 
against the dust. Patented devices for these purposes 
began to multiply in the latter half of the past century, 
especially after governments interceded in works 
practice in the interests of hygiene. But dust respirators 
have never become popular. A respirator is a filter 
which impedes the air currents, it is to purify, and 
thus the breathing; if the respirator fits tightly, it 
heats the parts of the face covered, and irritates the 
skin ; and if it does not fit tightly, it is useless. Workers 
may be aware of the risks they run, but their aversion 
to dust respirators is intelligible. 

In the recent experiments on “ Dust Respirators, 
their Construction and Filtering Efficiency’ of the 
United States Bureau of Mines [Technical Paper 394 ; 
Washington: Government Printing Office; price 15 
cents], Messrs. S. H. Katz, G. W. Smith and E. G. 
Meiter made use of tobacco smoke—in addition to 
powdered silica and other dusts—not because it is 
considered particularly objectionable, but because it 
supplies a very delicate test. Mixed with a little 
potassium nitrate and resin the tobacco is moulded into 
sticks with an axial central wick, and the sticks are 
burnt ; the measured volume of smoke passes through 
tubes of rectangular section, a cotton filter and the 
respirator into a Tyndall box for estimating the restant 
turbidity of a beam of light. It was found that indus- 
trial respirators had a filtering efficiency for tobacco- 
smoke ranging from 5 per cent. to 33 per cent. in air 
flowing at the rate of 32 litres per minute, when a gas- 
mask canister with two filters of absorbent cotton gave 
an efficiency of 63 per cent. and a Fogler flat felt filter 
(two layers of a dense felting) showed 97 per cent. 
In silica dust of particles of 1 micron (four times the 
diameter of most smoke particles) the efficiency was 
about twice as large. "Thus, most respirators would 
stop a good deal of the mineral dust, but not all, and 
in no case can a respirator be considered a final safe- 
guard. The resistance of respirators to air flow ranged 
from } to 1} in. of water; the Fogler felt had a resist- 
ance of 2} in., the gas-mask canister of 3-6 in. A man 
wearing such a mask could work hard for half an hour ; 
the respirators did not cause serious discomfort until 
they became really clogged. That happened more 
quickly with filters of paper and of closely-woven 
muslin than with loose textures, like cheese cloth. 
The filtering efficiency of these materials naturally 
increased with incipient clogging. 

The report describes a new respirator designed in 
the Bureau. It consists of a cylindrical cap, fitting 
the head, and a rubber tube with a metal spiral inside 
leading over the forehead to the wire frame of a nose 
cap; the mouth remains uncovered, which is much 
appreciated by workers, The cap is made of Canton 
flannel, with the fleecy surface outside, and the whole 
surface is used for filtering, the filtering area thus being 
very large. Underneath the three layers of flannel is 
a filter of sterilised curly hair, and then an inner im- 
pervious lining of fabrikoid pyroxylin. On the top of 
the head the cap contains a mica-disc check valve from 
which the rubber tube starts; this valve forces the air 
to be exhaled to pass out through a flutter valve of 
rubber attached to the nose cap. The entire respirator 
weighs 22 ounces ; the filtering efficiency is 70 per cent. 
and the resistance 1-2 in. 





* The author some years since was able to watch for 
half an hour a smoke ring 45 m. in diameter formed by 
the bursting of a bomb from a trench mortar. In 
similar systems having the same kinematic viscosity 





the times of evolution vary as the square of the scale. 





WEAR TESTING OF METALS.* 
By H. J. Frencu. 


Wits the problem of the wear of metals so widely 
distributed and of such general interest, it is, perhaps, 
difficult to understand why more attention has not been 
paid to wear testing. Probably one of the principal 
reasons lies in the complexity of the problem and the 
expense and patience required to secure information of 
value. When an elaborate series of tests has been 
completed it is often, even then, not possible to say that 
one material is more resistant to wear than another, 
but only justifiable to point out that, under certain 
restricted conditions, one has been shown to be superior 
in certain respects to another. The object of this 
paper is to point out certain important features that 
have been observed in experimenting with a number of 
wear-testing machines. Particular attention will be 
given to the relation of these features to methods of 
wear testing, and not to a detailed discussion of the 
wearing properties of the different metals used. 

Taking everything into consideration, it would seem 
justifiable to recommend that the study of the wear of 
metals be carried out under actual service conditions 
pending the development of more fundamental informa- 
tion relating to laboratory technique. But even this 
procedure may be accompanied by difficulties, as in the 
case of the wear of plug gauges, recently studied by the 
author and some of his associates.t| An attempt was 
first made to secure comparisons in actual service, but 
the results obtained from a moderate number of gauges 
were not convincing, by themselves, and were suspected 
of having been affected by variables not readily con- 
trolled in ordinary shop practice. It is not difficult 
to visualise why this should be so in this case. Parts to 
be gauged, ordinarily, vary in size and, hence, the 
clearance between the gauge and the work will vary from 
piece to piece. Some may come to the inspector clean 
and dry, while others may contain abrasives, cutting 
compounds, &c. Where gauges are used by hand, 
as they generally are, the personal equation may have 
an important bearing upon gauge life. Under such 
conditions, convincing comparisons can only be secured 
by a statistical study.of the performance of a relatively 
large number of units. Where it is practicable to come 
close to the conditions of service, it will generally be 
possible better to control important variables in the 
laboratory, and results will usually be forthcoming in a 
shorter time. Furthermore, all carefully controlled 
laboratory tests add to the fund of knowledge which will 
some day make it possible to interpret results of wear 
tests, made under one set of conditions, in terms of 
other and quite different conditions. However, to-day 
it is advisable to consider each application by itself, 
until it can be shown that classification with other 
applications is justified. 

Wear-Testing Machines.—At the present time, there 
is no “universal” wear-testing machine available, 
and few models on the open market from which to 
choose. It is, therefore, frequently necessary to con- 
struct special equipment for each application, and 
already a host of machines of varied design have been 
employed or are now, to the author’s knowledge, under 
construction. It is not considered within the scope 
of this paper to take up the advantages of one or 
another of these different units. However, to illustrate 
specific applications in some detail, attention will be 
given to two of the wear-testing machines which the 
author and his associates have used in studying the 
wear of widely different metal products. 

The first of these machines, designed by the author 
and by Mr. H. K. Herschman, has been used in the 
study of the wear of plug gauges.t This machine 
provides for the automatic insertion and removal of 
gauges from the “ work,” consisting of split rings, under 
conditions which permit the maintenance of constant 
contact pressure. It simulates the “ wringing ” action to 
which plug gauges are frequently subjected in practice, 
and has given results consistent with practical experi- 
ence. So far, two types of tests have been made: (1) 
“‘metal-to-metal ” tests, in which the gauge rubs directly 
in contact with the metal of the ‘“ work,” and (2) 
“abrasive ” wear tests, in which the wear is produced 
by finely divided emery kept in suspension in oil, The 
wear is measured both by the changes in diameter and 
in the weight of the gauge, and wear resistance is 
computed on the basis of the number of gaugings 
(holes gauged) per unit of diameter decrease in the 
gauge. The second, and an entirely different type of 
wear-testing machine, is one built by Messrs, Alfred 
J. Amsler and Company, Schaffhouse, Switzerland ; 





* Paper presented at the annual meeting of the 
American Society for Testing Materials, French Lick, 
Ind., U.S.A., June 20-24, 1927. Abridged. 

+ H. J. French and H. K. Herschman, “ Wear of 
Steels, with Particular Reference to Plug Gauges,” 
Transactions, American Society for Steel Treating, Novem- 
ber, 1926, vol. x, No. 5, page 683. 

¢ For a detailed description of this machine, see 
H. J. French and H. K. Herschman, loc. cit. 
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it has been largely used by the author and his associates 
in the study of the wear of railroad bearing bronzes. 
Essentially, this machine provides for the rotation of 
two discs in contact ; the two discs revolve in the same 
direction, but at slightly different speeds, so that there is 
a positive slip between them. Two main driving 
speeds are provided, and the contact pressure may be 
controlled within a fairly wide range. The machine is 
further equipped with a friction dynamometer and 
torque indicator, which have been most useful in inter- 
preting the results of wear tests. The machine is 
also provided with a cam to give the upper specimen 
a lateral oscillating motion which promotes more 
uniform distribution of wear. However, such oscil- 
lating motion is optional, and may be eliminated in 
any test if desired. Tests may be made dry or with 
lubricants or cooling media, and, when desired, one of 
the two specimens may be modified in form and kept 
stationary so that the other rubs against it in much the 
same manner as a shaft rotates in.a bearing. Wear is 
determined by weight losses, or decrease in diameter 
of the discs, or both. By the addition of a suitable 
heating furnace, tests have been made at temperatures 
up to about 175 deg. C. (350 deg. F.). 

Wear Test Procedure.—It has been customary, in most 
of the investigations that have been noted, to determine 
weight losses in specimens run for a limited time in 
a single test. Infrequently, a preliminary run has 
been made to “ prepare the surface’ of the specimen. 
This has been disregarded, and the weight loss in a 
second, but equally short, interval is then taken as a 
measure of the wear. It is only natural to attempt to 
minimise the time and effort, and hence the cost, of 
making wear tests, but considerable evidence is now 
available to demonstrate that such abbreviated tests 
may not give a correct criterion of wear, and in 
many cases are misleading. Two of the important 
reasons for this will be considered briefly in this paper, 
and are related, respectively, to the initial surface of 
an test specimen and the tendency of metals to 
ad fi m. , 

Ordinarily, wear takes place by the displacement and 
detachment of metal particles from the surface of the 
specimens. With two perfectly smooth surfaces in 
contact, the first step in producing wear, penetration 
or displacement of small particles, is more difficult 
than when the contact surfaces are rough. From the 
standpoint of wear and wear testing, a ground-metal 
surface is not smooth, but rough. When two such 
surfaces are moving in contact, some of the projections 
of the one will, at least momentarily, find the depres- 
sions in the other and set up an increase in the resistance 
to further movement. If the driving force is sufficient 
to maintain movement, the interlocked projections are 
deformed, and, if of sufficiently brittle material, may 
break or be torn off to produce wear. The average 
contact pressure over the surface does not have to be 
very high for such effects to be produced, for the small 
sizecof the projections and of the particles which are 
torn off, results in a localised stress concentration 
which can quite readily exceed the strength of the 
metal. 

Such localised changes proceed until a new surface 
is produced, which is representative of the metal and 
the conditions to which it has been subjected. If a 
typical bearing bronze, having a ground surface, is 
run for a long period in contact with a ground-steel 
specimen in the presence of oil in the Amsler wear tester, 
under either high or low contact pressure, a smoothing 
of the surface is observed. Starting a test with two 
surfaces of this nature, a very low rate of wear is 
observed, for there are not many projections which 
can interlock and be torn off. If, on the other hand, 
the bronze and steel are run dry, the surface may become 
very rough or fairly smooth In neither of the cases 
cited does the original surface closely resemble that 
produced through frictional wear, and it is, therefore, 
not difficult to understand why the single short wear 
test, made on a surface finished by one of the usual 
shop methods, will not necessarily give a correct 
indication of the wearing characteristics of a metal. 
Such procedure is often more a test of the original 
surface finish than of the metal itself. 

The case of bearing bronzes is not the only one 
that can be cited in support of the importance of initial 
surface condition of specimens in relation to the results 
obtained in wear tests. Another case is that of 
precision plug gauges. It is now more or less generally 
recognised that, for close tolerance work of the order 
of a few ten-thousandths of an inch, the life of a gauge 
is partly, and in some cases quite largely, dependent 
upon the smoothness of the original finish. The wear 
resistance of the metal is probably a larger factor 
where greater tolerances are permitted. There are, of 
course, conditions where the original surface is not so 
important, and among these are the cases in which 
wear is brought about by particles having a relatively 
high cutting or penetrating power in comparison with 
the resistance to penetration of the metals—such, for 


example, as wear by sand, rock, emery, &c., previously 
called ‘‘ abrasive wear.” 

“ Filming” of Metals—One of the important 
features sometimes encountered in wear tests, which 
has so far received comparatively little publicity, 
is “filming.”” The formation of a coating which 
was not present at the start of the test may radically 
change the wearing properties and completely upset 
comparisons obtained in one of the abbreviated tests 
which have heretofore been so generally used. In 
first using the gauge wear tester designed by the 
author and Mr. H. K. Herschman, an attempt was 
made to run dry, but a coating was soon formed 
on the contact surfaces which tended to cut down 
wear, produced erratic results, and caused the gauge 
and ring to seize. This film looked like iron oxide, 
and was ascribed to the fact that the small metallic 
particles torn from the contact surfaces were pyro- 
phoric—that is, the particles were of such small mass, 
in proportion to the energy required to tear them 
from the body of the metal, that they burned or at 
least oxidised,: and when forced against the metal 
formed a coating or film. Carrying out the wear 
tests in the presence of water eliminated such 
coatings. 

A more important illustration of filming has 
been found in the dry wear tests of bearing 
bronzes in the Amsler machine. The composition 
of the films produced is not known with certainty, 
but they have apparently been of two types. The 
first of these, comprising films which look like copper 
oxide, have occasionally been observed in the copper-tin 
alloys which are practically free from lead. These 
same films also have occurred in the high-lead bronzes, 
but they are not so easy to see in the latter alloys, 
due to the more frequent formation of a second type 
of coating, a black film which is either lead or a lead 
compound. Tests so far made, including X-ray 
analysis, have failed to reveal its exact nature. The 
conditions favouring formation and control of such 
films are not yet known, but they have occurred 
most often in alloys containing from 15 per cent. to 25 
per cent. of lead, cast in sand moulds. 

Such films exert a very marked effect on the 
bearing properties and wear of the bronzes. With 
the formation of film, there is a variation, and 
frequently a noticeable drop, in the torque, and the 
wear drops to very low values, When the wear test 
has been continued for sufficiently long periods, this 
film has generally, though not always, broken down 
with an accompanying change (frequently an increase) 
in the torque and an increase in the rate of wear. 
The time of formation, duration of ‘existence, and 
the breakdown have varied, not only in different alloys, 
but in duplicate specimens taken from the same 
casting and tested under what were believed to be 
like conditions, The effects described constitute 
another reason why great care must be used in the 
interpretation of short-time wear tests, why studies 
should be made under conditions approximating as 
closely as possible to those to which the metals will 
subsequently be subjected in service, and why 
specimens must frequently be subjected to friction 
for long periods to obtain a reasonably correct idea 
of their wearing properties, There are other important 
reasons than those given, but the majority have 
received somewhat more attention and are better 
recognised than those which have been considered 
here. 

Reproducible Wear Tests——The emphasis that has 
been placed on the need for care in making wear 
tests and the interpretation of results, as. well as the 
complexity of the problem of wear testing, is not 
to be taken as indicating that reproducible wear 
tests cannot be made or that results cannot be 
obtained in the laboratory which will be consistent 
with practical experience. The ordinary practice 
in making Amsler wear tests has been to measure 
weight losses in a number of successive runs, each of 
10,000 revolutions, and subsequently to plot the 
weight loss for each run against the frictional work. 
Subsequent to a wearing-in period, and providing 
no unusual circumstancs arise, the wear-work 
curves have been found to be straight lines and the 
slope of this line expressed in grams per kilogram-metre 
(wear per unit of work) has been taken as a measure 
of the wear rate of the metal. In all dry wear 
tests on the Amsler machine, to which reference is 
made in this paper, copper scrapers have been used 
—that is, copper strips have been so placed on the 
machine that they continually bear against the ro- 
tating specimens. These were originally used in an 
attempt to overcome difficulties with film formation 
by removing particles torn from the surface of the 
specimens almost as soon as they were detached. The 
scrapers have been shown to have no measurable 
effect upon the wear of the bronzes or steels here 
considered, and since originally used it has been 
found that they are not always effective in preventing 





the formation of films. However, they probably assist 








in this direction, and have not been discarded pending 
a more detailed study of their effectiveness. 

As an illustration of the possibility of getting in 
the laboratory results consistent with practical 
experience and service wear tests, reference can be 
made to results of investigations which have already 
been published in detail.* 








DISINTEGRATION TEST FOR BLAST- 
FURNACE SLAG. 


BLAST-FURNACE slag to be used for making concrete 
should be hard and firm, as it generally is. Occasion- 
ally, however, the slag, which is hard in the fresh 
state, tends to disintegrate and crumble in the 
course of time. Last autumn, Dr. A. Guttmann, of 
the Cement Research Institution at Diisseldorf, 
described a simple laboratory test for the detection of 
any such tendency. A considerable number of blast- 
furnace masters and slag-utilisation firms took the 
matter up at once, and found the test reliable, but 
there were a few disappointing cases, to which Dr. 
Guttmann refers in Stahl und Eisen of June 23 last ; 
his original paper appeared in the same journal for 
October 21, 1926. The new test consists of examining 
a piece of the slag under a microscope, the stage of 
which is enclosed in a box illuminated by the filtered 
beam from a quartz-mercury lamp. A piece of fresh 
slag, or of old slag which is stable, then fluoresces a 
light or dark violet colour. When the slag is liable 
to disintegrate, groups of bright spots of yellow, 
brownish or cinnamon colour are seen. A few very 
small yellowish specks, equally distributed over the 
surface, do not appear to be objectionable. The 
suspicious spots are ascribed to the gradual change 
of « and £ di-calcium silicate into the y modification ; 
the change may take years, and is accompanied 
by a volume increase of about 10 per cent. These 
characteristic fluorescences, which may persist after 
the illumination has been cut off, are not observed, 
however, when the slag is rich in iron, especially in 
the metallic or tervalent (not divalent) state. For this 
reason, the new test should be combined with the old 
test, of placing a piece of the slag in water and noticing 
whether it breaks up in crusts. The disintegration due 
to the modification of the calcium silicate yields a 
powdery mass. The water test had been omitted in the 
special cases investigated. A slag which passes both 
tests is considered safe for use in concrete for roads and 
for railway track ballasting. When a tendency to 
instability is noticed in a blast-furnace slag, some MnO 
or MgO should be added to the charge, in order to 
reduce the calcium proportion and to favour the forma- 
tion of olivine, which is a stable compound. 





Tuomas Gray Memorrat Trust.—Under the will of 
the late Mr. Thomas L. Gray, the Royal Society of Arts 
has been appointed residuary legatee of his estate for the 
purpose of founding a memorial to his father, the late 
Mr. Thomas Gray, C.B., who was for many years assistant 
secretary to the Board of Trade (Marine Department). 
The objects of the trust are “‘ The Advancement of the 
Science of Navigation and the Scientific and Educational 
Interests of the British Mercantile Marine.”” The Council 
of the Society accordingly offer a prize of 100/. to any 
person who may bring to their notice a valuable improve- 
ment in the science or practice of navigation, proposed 
or invented by himself in the years 1927 and 1928, 
Competitors must forward their proofs of claim on or 
before December 31, 1928, to the Secretary, Royal 
Society of Arts, John-street, Adelphi, London, W.C.2. 
A prize of 50/. will also be awarded for an essay on “ 'Fhe 
Practice of Navigation in the Mercantile Marine.” 
Competitors must send in their essays not later than 
December 31, 1928, to the Secretary, from whom further 
particulars may be obtained. 





THE GERMAN Coat Ovutrut.—The Comité des Forges 
de France, quoting from German sources, states that the 
coal output in Germany in 1926 amounted to 145,362,900 
tons, an increase of 12,633,805 tons over that for the 
preceding year, due largely to the British coal strike. 
The German coal output in 1913, within the present 
boundaries of the country and not reckoning the Saar 
district, was 140,758,158 tons, and was therefore less than 
the 1926 output by 4,609,742 tons. The output of the 
Ruhr collieries accounts for 77-1 per cent. (112,118,000 
tons) of the total German output for 1926. The Ruhr out- 
put for 1925 was 104,106,000 tons, or 8,012,000 tons less. 
This increase in 1926 is attributed to various causes, among 
which are mentioned increased discipline, the development 
of mechanical means for winning coal, a better selection of 
workmen, and the strike in this country, which helped the 
Ruhr collieries out of a difficult situation at a time when 
their stocks of coal equalled the output of one whole 
month. Germany, the report adds, was_ benefited 
directly by the strike here more than any other country ; 
her coal exports were 13,645,850 tons in 1925, and were 
more than doubled in 1926, reaching as much as 29,244,064 
tons. She has thus acquired markets which hitherto 
had been supplied only by British coal and also supplied 
us with a quantity. 


* H. J. French and H. K. Herschman, loc. cit. 
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THE CAMBRIDGE MAGNETIC BRIDGE 
PERMEAMETER. 


Two years ago, Dr. Edward Hughes, of the Technical 
College at Brighton, read before the Physical Society 
a paper on the hysteresis loop of cobalt, for the investi- 
gation of which he had made use of a magnetic bridge 
of the Iliovici type. In this permeameter, the currents 
in two coils, providing the magneto-motive forces of a 
magnetic circuit containing the specimen, are adjusted 
until there exists no magnetic potential difference 
between a selected pair of fixed points on the specimen. 




















meter G. The bridge is balanced for a given value 
of the magnetising current by altering the resistance 
CR, and thus adjusting the current in the compensating 
winding, until there is no kick of the galvanometer 
when the test yoke is brought up to the specimen. 


Fig. 1. 
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the yokes M and N and the compensating and magnet- 
ising windings W and U. The specimen is passed 
through the brass spool O and clamped across the two 
yokes by the specimen clamps JJ. The spool O has a 
slot on each side of the magnetising winding to permit 
the test yoke Y to be brought up. The two guard 
windings EE, carried on the ends of the spool maintain 
an even distribution of the flux in the specimen. The 
test yoke is carried on the spindle D, which passes 
through a bush in the ebonite lid and is actuated by 
a knob F from the top; it can be reversed, lifted and 
rotated, in order to test for complete demagnetisation 
of the yoke. The switch P automatically short-circuits 
the galvanometer resistance. The main magnetising 
coil is designed for currents up to 4 amperes in air 
and 10 amperes in oil. Values of H, varying from 








































































































The absence of magnetic potential was tested by press- 
ing a yoke down upon the two points; at the proper pi a) et I " 
adjustment, the approach of the yoke would induce Y 
no-;current in a search coil wound on the specimen 
ENGINEERING” 
Fig.2. 
M 
con ae ol é; 
= Pa High Resistance Box 
S see | 
} i a wind. 
7 == ee {@ ) 
ds at = a) lee 
"rT 4 1p 
N 
M.S MR. 
A 
@ 
CR. rar * 
(202.8) ail 
“ENGINEERING” 
Fig.4, 
a 
10 
Ww 
Si--. » 7, ; e 
YO) (OR 
nw’? J Hi ¢ 
“ENGINEERING” 
and connected with a galvanometer. The permea- Fig. 5. 


meter used did not require careful machining of the 
specimen to reduce the reluctance of the joint; neither 
had the yoke to be of comparatively very low reluctance. 
The Cambridge Instrument Company, Limited, 45, 
Grosvenor Place, London, 8.W.1., took up the 
construction of this form of bridge permeameter, 
and showed the instrument, illustrated in Figs. 1 to 6, 
on this page, for the first time at the Physical and 
Optical Societies’ Exhibition last January. 

The diagram, Fig. 1, is an electric analogue of the 
magnetic circuit of the Iliovici permeameter. If we 
first imagine the yoke Y to be a heavy copper bar of 
negligible resistance, and the auxiliary battery U to be 
removed, the current, I will flow from the battery A via 
M, 8, U, S,, N back to A, and S will be at higher 
potential than S,. When the yoke is brought up, the 
section SS, is short-circuited and when the battery U is 
placed in the circuit the two currents will oppose one 
other, and the potential difference SS, may be balanced 
by adjusting the e.m.f. of battery A. After the balance 
has been established, the approach or withdrawal of 
the yoke will make no difference in the galvanometer 
G, the coil of which is the secondary of a small mutual 
inductance coil on § §,. 

In the new permeameter, Fig. 2, the soft-iron core 
MN wound with the compensating coil W takes the 
place of the main circuit and battery of Fig. 1 and forms 
a rectangle, together with the specimen, which is 
clamped across the two limbs and fits loosely in 
the magnetising winding U and the two guard-ring 
windings EE,. The actual length SS, of the speci- 
men which is being tested, is fixed by the distance 
between the prongs of the test yoke Y. With this 
arrangement, the magnetic joints at the two ends of 
the specimen are outside the section under test, and 
their reluctance is compensated for by the winding 
of the core. A search coil is wound directly on the 
specimen and is connected, through the short-circuited 
resistance R, with the sensitive low-resistance galvano- 
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The whole of the magnetising current is then expended 
in forcing the magnetic flux H through the test section. 
The true value of H can be deduced directly from the 
current and the number of turns in the coil; this 
number, in the actual instrument, is so arranged that 
H=100I. The total flux of the specimen is found 
by measuring the quantity of electricity induced in 
the search coil on reversal of the main current by the 
switch T; this measurement is effected by means of 
a ballistic galvanometer or by a flux meter and in the 
latter case the flux can be read directly. In order to 
facilitate the determination of the hysteresis loop, two 
extra resistances, MS and CS, are joined in series with 
resistances MR and OCR, which can both be short- 
circuited by the double-pole switch Q. Evershed’s 
method of loop determination can then be applied 
after adjusting the value of CR for magnetic balance 
under the new condition. 

The parts are contained in an aluminium tank, filled 
with oil, in the manner indicated in the diagrams, 
Figs. 3, 4 and 5, and the parts removed from the tank 
are illustrated separately in the photograph reproduced 
in Fig. 6. The lid L on the top of the tank K supports 





Fig. 6. 


1 to 1,000 c.g.s. units cah be measured on specimens 
of 2 in. square, 44 in. long, or smaller. 





TELEVISION DEVELOPMENTS. 
(Concluded from page 250). 

At the receiving end the signals are first passed 
through amplifiers, which are similar to those used 
in the final stages at the transmitting end. As, however, 
the electric signal wave, which is transmitted through 
the various amplifier circuits, differs from the initial 
luminous wave, in that the direct-current component 
has been eliminated, this must be restored before the 
changes in light intensity at the receiving end will 
follow those at the transmitting terminal. Moreover, 
no current flows through the neon lamp until the break- 
down potential of about 210 volts is reached, though 
from this point on the current increases linearly with 
respect to a voltage somewhat below the breakdown 
point. The circuits must therefore be so arranged that 
the current through the lamp is at all times proportional 
to the illumination at the transmitting terminal. This 
is done by using a resistance, across which is shunted 
the neon lamp and a biassing battery, instead of con- 
necting the valve and neon lamp in series. When no 
current is flowing through the valve, the potential of 
the biassing battery is insufficient to break down the 
neon lamp, and no current flows through the circuit 
containing it and the plate-current resistance. When, 
however, the potential drop across this resistance 
reaches such a magnitude that, together with the poten- 
tial of the biassing battery, it is sufficient to break 
down the neon lamp, the latter will take a current, 
which will thereafter increase linearly with the voltage 
across the external resistance. The desired correspon- 
dence between the instantaneous values of the signal 
and of the light has therefore been obtained. It has 
been found that there may be a lag between the time 
when the potential is applied and the time when the 
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gas breaks down. This is overcome by the use of a 
small pilot electrode, which is kept glowing all the time 
out of the view of the audience. 

The fifth and last paper in this symposium was by 


for synchronising, and one for the speech and music 
currents. The second of these operated from New 
York to Whippany, and the other two in the reverse 
direction. The various phases of the transmission 





Fig. 8. ExPrrRiIMENTAL Rapio Station; BELL TELEPHONE LABORATORIES. 


Fig.9. SCHEMATIC OF RADIO TRANSMITTER FOR TELEVISION CHANNEL. 
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Fie. 11. 


Mr. E. L. Nelson, and described the apparatus employed 
for demonstrating the possibilities of establishing 
television between New York and Whippany, New 
Jersey, some 22 miles distant, by radio means. Three 
separate channels were used, one for the picture, one 


TRANSMITTER AND POWER BOaArRDs. 


problem have already been discussed, and it will be 
gathered that an interference-free band, rather greater 
than 40,000 cycles in width, was required. Two bands 
somewhat wider than this were available at about 
1,575 and 1,750 kilocycles. Owing to the presence of 





two broadcasting stations in the neighbourhood, it was 
decided to transfer the synchronising channel to a 
frequency of the order of 185 kilocycles. 

A general view of the exterior of the Whippany station, 





Fie. 10. TRANSMITTING APPARATUS UNDER TEST. 


showing the main antenna system, is given in Fig. 8. 
This system consists of two 250-ft. steel towers with a 
buried earth. It is some 500 ft. from the building. 
A separate structure, located 500 ft. on the other 
side of the laboratory, was used for the voice channel, 
100-ft. masts being employed. In order to eliminate 
disturbance from the radio-frequency fields which are 
produced within the transmitting equipment owing 
to the relatively high amplification employed with the 
photo-electric cells, the terminal apparatus was placed 
in a.special shielded studio, while the are was installed 
in a separate room. 

The television transmitting apparatus is a 5-kw. 
unit, working on carrier output without modulation 
and designed for use in the 500-1,500 kilocycle band. 
It will transmit signal components ranging from 50 to 
5,000 cycles without discrimination. The transmitting 
circuit isshown diagrammatically in Fig. 9, while a photo- 
graph of some of the apparatus is reproduced in Fig. 10. 
The circuit was of the master oscillating, modulating 
amplifier, power amplifier type. The master oscillator 
employed a 50-watt valve operating in a circuit designed 
to afford a high degree of stability. This was connected 
to the input of the modulating amplifier through two 
radio-frequency stages, which prevented the oscillator 
frequency from being appreciably altered by modula- 
tion effects. The modulating amplifier employed two 
250-watt valves in parallel, which were operated on the 
Heising system. A specially constructed three-stage 
amplifier was substituted for the ordinary arrangement 
and, as shown in Fig. 9, this consisted of two 50-watt 
resistance-coupled stages and a final power stage, 
based on a 5-kw. water-cooled valve, which raised the 
signal currents to about 0-5 kw. For checking the 
performance, a monitoring rectifier was coupled to the 
output circuit of the radio-frequency power amplifier. 
A circuit was run back to the control panel, so that 
either the output of the photo-electric cell amplifiers 
or the rectified output of the radio transmitter could be 
impressed on the pilot lamp of the television transmitter. 
By comparing the two images thus obtained, any serious 
defect in adjustment could be detected. 

The transmitter for the speech channel consisted 
of a piezo-electrically-controlled master-oscillator, 
employing a 50-watt valve, directly followed by a 
50-watt modulating amplifier. Modulation was by the 
Heising system, employing one 50-watt and one 
250-watt valve in the audio stages. The output of 
this amplifier was amplified by three ‘ push-pull ”’ 
neutralised radio-frequency stages, the last of which 
employed six water-cooled valves, working at 17,000 
volts. This set could deliver 50 kw. of unmodulated 
carrier to the antenna, and peaks approaching 200 kw. 
were obtained during modulation. The principles of 
the apparatus for synchronising signals from New 
York have already been dealt with, and its design 
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possesses no other features of interest. A general view 
of the operating room at Whippany is given in Fig. 11, 
which shows the transmitter for the television channel 
on the right, and the power-supply unit and the radio 
transmitter for the speech channel in the centre and 
on the left, respectively. 

The arrangement of the receiving apparatus at New 
York gave rise to some difficult problems, owing 
to the wide-frequency band, and the necessity of pro- 
viding maximum discrimination against interference. 
After much consideration, recourse was had to a 
triple detection arrangement, by which the desired 


the relative suitability of the 1,575 and 1,750-kilocyele 
bands, field-strength measurements were made, which 
showed that the lower-frequency band suffered con- 
siderably less attenuation, and gave much more stable 
transmission. Marked fading was experienced at 
times, especially when the high-frequency band was 
used, It was decided, therefore, to employ the low- 
frequency band and to confine the demonstration to 
the afternoon, when reasonably stable conditions 
prevailed. A number of modifications were made in 
the transmitting antenna, with the result that a 
measured field strength of 2,500 micro-volts per metre 





Fug.7Z. SCHEMATIC OF TRIPLE DETECTION RECEIVER FOR TELEVISION CHANNEL. 
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Fie. 13. Recrtvinc EquipMENT FOR WIRELESS TELEVISION. 


g.14. MEASURED CHARACTERISTICS OF TELEVISION CHANNEL . 


Transmission Units. 
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signal was raised to 5,000 kilocycles, when it passed 
through sharply-tuned coupled circuits. It was then 
reduced to 120 kilocycles, amplified, filtered, rectified 
and passed through a suitable low-pass filter, audio 
amplifier and output transformer to the television 
reproducing apparatus. The arrangement of the 
circuit is shown in Fig. 12, while a photograph of the 
equipment for the television and speech channels is 
reproduced in Fig. 13. The transmitting equip- 
ment. for the synchronising channel was of the 
broadcasting type, modified to operate at 185 kilo- 
cycles. Its method of working has also been dealt 
with above. 

Mr. Nelson’s paper concludes with an account of 
@ comprehensive series of transmission tests, which 
were undertaken on this system. In order to determine 
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was obtained for an antenna input of 5kw. A similar 
choice of wave-length was made for the speech channel, 
and after the height of the antenna had been increased 
the field strength at the receiver was raised to 2,500 
micro-volts per metre. 

In order to ensure that the reproduction of the 
picture should not suffer from serious discrimination 
against essential frequencies, very careful tests were 
made on the individual units and on the system as 
a whole. The experimental characteristic curves 
are shown in Fig. 14, where the abscisse represent 
cycles per second and the ordinates departure from 
the 1,000-cycle value in TU. As will be noticed, at 
the lower frequencies the overall characteristic was 
only 2 TU deficient at 10 cycles, and only 6 TU 
deficient at 3 cycles. On the other hand, a loss 








of approximately 13 TU was observed at 20,000 
cycles, probably due to tuned circuits in the receiver. 
Since modifications of these circuits to obtain a 
flatter characteristic would have been difficult and 
would have meant a sacrifice of selectivity, a com- 
pensation network was designed for use in the 
600-ohm output circuit of the receiver, which intro- 
duced a negligible loss at 20,000 cycles, a substan- 
tially constant loss of 13 TU at frequencies below 
2,000 cycles, and for intermediate frequencies losses 
measured by the height of the ‘“ overall-normal ”’ 
curve above the horizontal line representing — 13 TU. 
With this network connected between the receiver and 
the television equipment, the average level throughout 
the band was, therefore, reduced some 13 TU, 
but the resulting characteristic, as measured beyond 
the network, was that which is termed “ overall 
equalised” in the curves. Above 20,000 cycles, 
the characteristics all fell very rapidly, which is 
an indication of the degree of selectivity attained. 
This was contributed to by the radio-frequency tuned 
circuits, the band-pass filters in the intermediate 
frequency amplifier, and the 20,000-cycle low-pass 
filter between the final detector and the audio ampli- 
fier. 

At times when marked fading occurs, the reproduction 
is marred by “ ghosts” or additional images, which 
fade in and out erratically, sometimes appearing as 
positives and sometimes as negatives. These secondary 
images are reproductions, which are “ out of frame ” 
by a greater or less amount, owing to wave components 
being transmitted upwards at a comparatively sharp 
angle and reflected back to the receiving station 
from the Heaviside layer, in accordance with the 
more or less generally accepted view of fading. The 
difference in framing is due to the longer time of 
transmission. 

The production of secondary images may also 
be explained by the lag of the reflected wave 
behind the basic wave. If these components are 
in phase, a major image and a secondary positive 
image will result. If they are completely out of 
phase, the resultant will consist of the main signal 
with its amplitude reduced, thus producing a gray 
background. The secondary image will be formed 
by two small peaks and will be lighter than the back- 
ground or negative. Some experiments were also 
made to determine the problems involved in trans- 
mitting both voice and image by the same apparatus, 
but the results obtained were not so satisfactory as 
with the system described. This is due to two factors : 
In order to transmit both signals with the same valves, 
the individual current amplitudes must be reduced 
to at least one-half, resulting in too weak a signal 
to overcome the prevailing noise. In spite of these 
reduced amplitudes, however, a certain amount of inter- 
modulation is experienced in the transmitter, which 
results in cross-talk. 

The logical trend of development is towards a 
finer picture structure, involving the use of parallel 
scanning schemes and multi-channel transmission. 
As it is, when one channel is employed a wider frequency 
band is employed than with two separate channels, 
and this band is less effectively utilised. The experi- 
ments show, in fact, that television by wireless requires 
a discrete and fairly wide frequency band. Hence 
the predicted introduction of television as an adjunct 
to wireless broadcasting is extremely unlikely without 
extensive changes in the existing channel arrangements. 





STANDARD SPECIFICATION FOR IRON AND STEEL 
TELEGRAPH PoLes.—After due consideration of all the 
various types of steel telegraph and telephone poles, it 
has been decided to standardise the following :—Type A, 
tapered tubular pole in two or three parts; Type B, 
riveted (seam) tapered pole in multiple sections ; Type C, 
one or two-piece pole in reduced parallel steps; and 
Type D, multiple-section pole in parallel steps. As a 
result of this decision, a specification, No. 134-1927, 
has just been published by the British Engineering 
Standards Association, which contains the standards for 
all the four types mentioned. The specification deals 
very thoroughly with the construction of iron and steel 
poles, and a useful list of standard lengths and test loads 
is included, which may be applied equally to all types. 
Overall lengths, ranging from 18 ft. to 44 ft., have been 
adopted, and the crippling loads range from 300 lb. to 
2,200 lbs., applied 6 in. from the.top of the pole. Genera] 
clauses in the specification cover all four types, and deal 
with such points as protection from corrosion, mechanical 
properties and calculated stresses, actual lengths, &c. 
These are followed by four groups of clauses, each group 
being devoted to one type of pole and dealing very fully 
with standard lengths and test loads, tubes and bands, 
mechanical tests of tubes, bases, buckled plates, finial 
spikes, &c.; fully-dimensioned diagrams are included. 
Two appendices specify an alternative type of cast-iron 
base for use with poles of types A, C and D, and a special 
top section and special base for type B poles. Copies of 
the specification, which is bound in cloth, may be 
obtained from the Publications Department, B.E.S.A., 
28, Victoria Street, London, 8.W.1, price 10s. 6d., or 
post free 11s. 
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‘* ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communic:ted from abroad, the Names, §c., 
of the communicators are given in ttalics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

date of the advertisement of the acceptance of a Complete 
Svecification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed”’ is appended. 

Any person may, at any time within two months from the date of 
tne advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


271,944. A. Reyrolle and Company Limited, of 
Hebburn-on-Tyne, and F. Coates of Cleadon. 
Electric Fuses. (1 Fig.) March 3, 1926.—The 
invention relates to electric fuses, its object being the 
provision of a fuse useful in a situation where it is desir- 
eble that the circuit should be broken not only when 
the current is abnormally heavy but also when the 
temperature of the apparatus to be protected rises above 
a permissible limit. An electric fuse, according to the 
invention, has in combination an element, such as an 
ordinary fuse wire F, adapted to fuse when the current 
exceeds a predetermined amount, and another element 











(271,999) 


D formed of some metal or alloy having a low melting 
point adapted to melt when the temperature of the sur- 
rounding medium exceeds a predetermined limit regard- 
less of the current through such other element, the two 
elements being electrically connected in series with each 
other. The fuse unit consists of a glass tube A having 
metal end caps B and C cemented, or otherwise fixed, to 
it and serving as contacts to be held in clips or other 
holders. Mounted within the cap B is an element con- 
sisting of arod D. This rod D is connected through a 
helix E to the fuse wire F, which, in turn, is joined to the 
cap C. The helix E may act as a spring to keep the fuse 
wire F in slight tension. (Accepted June 15, 1927.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


272,026. Humphreys and Glasgow, Limited, 
London, and J. C. Stelfox, London. Water- 
Gas Manufacture. (1 Fig.) May 18, 1926.—The 


invention has reference to the manufacture of water 
gas by what are known as complete gasification pro- 
cesses. In water-gas manufacture what are known as 
“back run”’ methods of working are now used, these 
methods being distinguished by the a of fresh 
gas-making steam, with or without gas, backwardly 
through a recuperative chamber heated by the combus- 
tion of gases, whereby the steam is superheated and 























(272.026) 


heat transferred to the generator. According to the 
invention, in addition to a limited back run with steam 
superheated in the recuperators, which steam may be 
admixed with some gas, gas alone is circulated through 
the recuperators and the generator, so that the circu- 
lated gas carries back heat to the generator, the circu- 
lated gas being passed through the entire fuel bed so 
that it assists in the carbonisation of the coal in the 
complete gasification processes. The drawing illus- 
trates apparatus adapted for carrying out the invention 
by being provided with a blower 0, the inlet of which is 





| Mersey. 


| lathe face plate a has slots 6 therein disposed parallel 





connected by a pipe p with the discharge to storage 
pipe h and the outlet of which is connected by a pipe 
q with the top of the superheater c. When gas alone 
is to be circulated by the blower o, the valve / being 
closed, steam is cut off from the inlet k and the valves 
el! and g' are opened so that the gas withdrawn from 
the pipe h is passed through the recuperators and the 
generator a successively and returned to the pipe h ; 
during this circulation of gas, steam may be admitted 
to the generator ati. (Accepted June 15, 1927.) 


LIFTING AND HAULING APPLIANCES. 


271,989. H.F.H. Shields, Bexley, Kent. Aerial 
Ropeways (7 Figs.) April 8, 1926.—The invention 
relates to aerial ropeways of the kind wherein the buckets 
are supported by a moving cable which also serves for 
driving the buckets. A main cable 10, moving in the 
direction of the arrow, supports a bucket 11 pivotally 
mounted in a hanger 12 clipped at 13 to the cable 10. 
The bucket tends to tilt over and dump its load, but, when 
travelling towards the place of discharge, is norma'ly 
prevented from so doing by a stop 14 pivoted on the 
hanger 12. Tripping mechanism for operating the 
release 14 comprises a vertical sheave 20 fast on an axle 
21 journalled in a vertical frame plate 22 mounted on the 
hanger near the middle thereof, a pinion 23 fast on the 
axle 21, and a vertical circular cam plate 24 journalled 
in the frame plate 22 vertically above the axle 21 and 
having a toothed periphery meshing with pinion 23. 
The cam plate 24 has, on its face remote from the sheave 
20, a spiral cam 25. A connecting rod 26, for tripping 
the release 14, has one end pivoted to the latter, and its 
other end has a slot 27 through which the axle 28 of 
the cam plate extends. This connecting rod can thus 
move endwise, and it can also rock about the axle 28 
to accommodate the angular movement of. the stop 14. 
A lever 29 is pivoted between its ends on the rod 26 so 
as to rock in a general plane containing both the rod 
26 and the lever 29. The lower end of the lever 29 is 








provided with a handle 31, and its other end is turned 
towards the cam plate to provide a hook 32 that enters 
the spiral groove in the cam plate and normally bears 
against the cam 25 at that part thereof nearest the 
release 14. A coil spring tends to rock the lever 29 
so that its end 32 is retained in the spiral groove of the 
cam. A light auxiliary cable 40, for operating the cam, 
is arranged to drive the sheave 20; as illustrated, the 
cable 40 is given one turn round the sheave. The 
tripping mechanism operates as follows :—Assuming 
that the main cable 10 is travelling in the direction of 
the arrow, that the auxiliary cable 40 is fixed and that 
the loaded bucket is to be tipped at the end of its travel, 
the sheave 20, pinion 23, and cam plate 24 will be 
rotating in the direction of their arrows, and the end 
32 of the lever 29 will remain at the outside of the 
rotating cam 25 in the position shown in Figs. 1 and 2. 
When the cable 10 is stopped and reversed, the cam 25 
will rotate in the opposite direction and will at once 
draw the end 32 of the lever 29 into its central portion 36, 
whereby the release 14 will be tripped by the endwise 
movement of the connecting rod 26, and the load will 
be dumped. During the return journey of the bucket, 
the lever 29 will remain in its bucket-releasing position 
and can be reset by hand at the loading station by rock- 
ing it against its spring and pulling the rod 26 endwise 
to reset the stop 14. (Accepted June 15, 1927.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


272,055. Craven Brothers (Manchester), Limited. 
Reddish, near Stockport, and C. D. Andrew, Heaton 
Manchester. Wheel Lathes. (3 Figs.) 
July 2, 1926.—The invention relates to the wheel chuck- 
ing and driving arrangements of wheel lathes. The 


to lines passing through the axis of the face plate, and, 
by means of such slots, a bracket c, which forms the base 
of the wheel-driving means, is clamped in position at the 
desired distance from the face plate axis to suit the size 
of wheel d being operated upon. The bracket c carries 
the block e with the push bar f, which, in association 
with clamp plate g, embraces a spoke of the wheel d 
being turned. The tyre grip comprises a block k pivot- 
ally attached to the lower end of the push barf. Within 
a slot in the block k a serrated gripping plate J is pro- 
vided. This plate / is forced against the tyre by a stud 
m (Fig. 3) screwing into the block. The pressure applied 
to the tyre grip reacts upon the clamp plate g of the 
spoke grip, and is not transmitted to the machine face 
plate. When it is desired to face the side of the tyre 
to which the grip is applied, the pressure on the latter 
is removed by turning the screwed stud m. The block 
containing the grip is then turned about its pivot until 














the grip points towards the face plate a, when the stud 
can be turned to clamp the grip against the plate in the 
out-of-service position. The wheel is now turned by 

















at (272.055) 


the spoke grip only. When operating on the tyre 
profile, both spoke grip and tyre grip are in service 
and ensure a steady cutting action. (Accepted June 15, 
1927 

MOTOR ROAD VEHICLES. 


272,061. The Standard Motor Company, Limited, 
Canley, Coventry, and R. W. Maudslay, Canley, 
Coventry. Roofs of Closed-Vehicle Bodies. (5 Figs.) 
July 28, 1926.—The invention relates to closed-vehicle 
bodies, the roofs of which are formed with a sliding 
portion or hatch so as to enable a closed body to be 
converted into one which is partially open. According 
to the invention, the hatch carries a transverse shaft, on 
each end of which is mounted a pinion which runs on 
a stationary rack on the side cant rail of the roof. This 
transverse shaft is geared to a rotating handle arranged 
in the transverse centre of the hatch. The hatch 2 is 























at the extreme front of the roof and the front edge 20 
constitutes the front cant rail of the roof. This front 
cant rail may be hollow and contain a transverse shaft 3, 
each end of which carries a pinion 4 mounted in bearings 
on the hatch. Each pinion meshes with a rack 5 
running lengthwise along the side cant rail 6. The rack 
may rest upon a ledge 7 on the side cant rail, and be 
secured laterally to the rail. Fixed centrally to the front 
cant rail 20, is a rotating handle 8, which is so mounted 
that it can easily be operated by the driver, and this 
handle is geared to the shaft. For example, the handle 
may carry a worm 9 engaging a worm wheel 10 on the 
shaft 3, as shown in Fig. 3. (Accepted June 15, 1927.) 


PRINTING AND ALLIED MACHINERY. 


270,818. The Goss Printing Press Company, 
London. Mechanism. (3 Figs.) February 
15, 1926.—The invention relates to inking mechanism 
for printing machines. According to the invention, the 
ink is supplied by means of a pump to a series of valve- 
controlled nozzles B, which are automatically opened by 
the pressure of the ink supply to allow the ink to pass 
through the same, so as to be directed on to the required 
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inking drum or cylinder A. For the purpose of con- 
trolling the nozzles, valve mechanism adapted to be 
opened by liquid pressure is employed, and, according to 
the invention, each ink supplying nozzle B is normally 
closed by a valve C having associated therewith a piston D, 
which is under the influence of the pressure of the ink 
supply. When the pressure of the ink supply exceeds that 
of a spring C', the piston D is moved against the action of 
the spring and the valve C is withdrawn from and opens 
the nozzle B, thereby allowing the ink to be forced through 
the nozzle and directed on to the inking roller or drum A. 
(Accepted May 25, 1927.) 
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THE APULIAN AQUEDUCT. 


TRAVELLERS by the overland route to Brindisi 
cannot fail to observe the contrast between the 
fertile lands of the North, and the comparatively 
sterile region to the south-east of Italy, which is 
entered shortly before reaching Foggia. This 
region, which roughly corresponds with the Divi- 
sion of Puglia, and includes the large provinces 
of Foggia, Bari, and Lecce, has an area of about 
4,000 square miles. Within its boundaries are 
situated a number of important towns, of which 
perhaps the best known are Brindisi and Taranto, 
although the most important of all is Bari, a large 
centre of industry with a university and a popula- 
tion of about 140,000 people. The chain of the 
Appenines, which extends through the greater part 
of Italy, forms a junction with the mountains of 
the Murge about the latitude of Naples, and a 
glance at the physical map will show that the 
latter mountains form the western border of the 
provences of Foggia and Bari, while Lecce is bounded 
in the same direction by the Gulf of Taranto. The 
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number of branches, or subsidiary aqueducts, 
feeding into networks, service reservoirs being intro- 
duced where required. With the exception of an 
important modification in the great syphon, work 
has been proceeding substantially on the original 
scheme since its inception, the progress of the 
work at the end of 1926 being shown on the 
accompanying map. During the war, the demand 
for an adequate supply of water at Brindisi became 
imperative, and as the main aqueduct had been 
completed as far as Villa Castelli, the supply was 
obtained by laying down a special pipe line between 
that point and Brindisi. Since the war, work on 
the scheme as a complete whole has been resumed, 
with slight modifications to include the Brindisi 
line, and the present position may be summed up 
by stating that an adequate supply is assured to 
all the more important centres embraced by the 
original scheme, with the exception of the extreme 
south-eastern area already referred to. The supply 
to the latter offers the greatest engineering difficul- 
ties, but even in this case the work is in an ad- 
vanced state. The location of the aqueduct and 
its branches is shown on the map below. 





average height of the plain of Lecce is about 150 ft., 
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but there is a marked rise in the land forming the 
heel of Italy, a height of over 600 ft. being reached 
in the tableland adjacent to Cape S. Maria di Leuca. 

The rainfall over the whole area of Puglia is 
relatively light, and it is particularly scanty in the 
province of Lecce, where the more important 
towns are situated. In the province of Bari, it 
reaches from 15 in. to 23 in. per annum, but in 
this region the water is rapidly restored to the sea 
by the steep slopes of the Murge mountains, and 
by the great permeability of the soil, formed by 
very fractured limestones. The problem of an 
adequate supply of water to the region of Puglia, 
both for drinking and commercial use, has engaged 
the attention of the authorities for many years, and 
in 1902 Signor Maganzani, Signor Bruno and Signor 
Michele Maglietta drew up a comprehensive scheme 
for obtaining a supply from the source of the river 
Sele, situated at Caposele, in the province of 
Avellino, about 50 miles due east of Naples. This 
river has its outlet in the Gulf of Salerno, and is 
therefore situated for the whole of its length on 
the side of the Murge remote from Puglie, that is, 
on the opposite side of the Appenines. 

The original scheme embraced an aqueduct 
to carry the water from Caposele as far as Villa 
Castelli, a small town lying about 8 miles north-west 
of Francavilla in the province of Lecce; and 
from this point to carry it across the plain of Lecce 
by a syphon over 100 miles long, to the higher land 
of the extreme south-east. The direct distance 
between Caposele and Villa Castelli is about 120 
miles, and it was proposed to supply the various 
provinces adjacent to the aqueduct by a large 





To appreciate the scope of the scheme as a 
whole, the aqueduct may be compared with others 
already in operation. The Catskill aqueduct on 
the New York service, which was described in 
detail in our columns in 1911, has a length of 110 
miles and a capacity of 915 cubic ft. per second ; 
the Coolgardie aqueduct in Australia is 352 miles 
long with a capacity of 10-5 cubic ft. per second ; 
while the Pugliese aqueduct with its branches, 
but excluding networks, has a total length of 
1,668 miles, the capacity of the principal canal 
being 195 cubic ft. per second. After ‘leaving 
the impounding works at Caposele, the aqueduct 
traverses the Appenines through a series of tunnels 
having a total length of 34 miles, and afterwards 
passes through the Murge in a single tunnel 10 
miles long. Throughout the length of the principal 
canal, the water has a free surface, and flows at a 
rate varying between 3 and 4 ft. per second. As 
already stated, the total length of this canal is 
approximately 150 miles, and in this there are 
99 tunnels with a collective length of 68 miles, 77 
bridges with a total length of over 4 miles, and 
6 syphons. The bridges are either in stonework 
or reinforced concrete, the more important being a 
14-arch bridge over the Torrente Bradano with a 
length of 690 ft. and a height of 105 ft., and a 33-arch 
bridge over the Fiumara di Atella, with a length of 
1,370 ft., and a height of 76 ft. Where the aque- 
duct is at ground level, the heat generated by the 
sun in summer is intercepted without difficulty, but 
in the case of the bridges, precautions had to be 
taken to avoid excessive pre-heating of the water 
from this cause. With this object, special athermic 


arrangements have been adopted. The more im- 
portant syphons on the main aqueduct are those of 
Calcarai, with a length of 1,520 ft. and a pressure of 
3-2 atmospheres ; of Locone with a length of 3,550 
ft., and a pressure of 5-3 atmospheres; and of 
Palazzo S. Gervasio, with a length of 14,400 ft., and 
a pressure of 2-3 atmosphere. 

A conception of the subsidiary aqueducts may, 
perhaps, best be given by referring in some detail 
to the group supplying a particular area, such as 
the provinces of Bari and Matera. These provinces 
are traversed by the principal canal throughout 
their length, the canal being roughly parallel with, 
and distant about 17 miles from, the coast. There 
are some eighteen branch aqueducts leading off 
the principal canal. Many of these again branch, 
as indicated by the fact that they serve 50 different 
reservoirs. The latter have a total capacity of 
over 35,000,000 cubic ft., and serve 57 distributing 
centres. The principal canal runs along the lime- 
stone formations of the Murge at a mean height of 
1,150 ft., and as the great majority of the centres 
of habitation lie at a lower level, they are supplied 
by gravity. There are a few towns on the higher 
points of the Murge, and on the slopes of the latter 
towards the Appenines, which are at a higher 
level than the principal canal, and these are served 
by electrically-driven pumping plant, supplied 
with current either from a power house below 
Villa Castelli, where the turbines are driven by the 
water leaving the aqueduct, or from smaller stations 
on the line of the principal canal itself. 

Turning now to the arrangements for supplying 
the elevated region which lies beyond the plain 
of Lecce, it has already been mentioned that the 
original proposal was to supply this area by a 
single syphon with its inlet at Villa Castelli. It is 
unnecessary to emphasise the difficulty of this 
scheme, which would have involved a syphon 
having a length of about 112 miles, and a head 
of about 656 ft. A number of alternative schemes 
were considered, and it was finally decided in 
1919 to employ a shorter syphon in conjunction 
with pumping plant. The end of the principal 
canal is about 1,000 ft. above sea level, and from 
this point a pipe line is taken to the hydro-electric 
station at Contrada Battaglia, the fall between 
the canal and the station being 390 ft. The syphon 
originates in the discharge chamber of the turbines, 
and enters a reserve reservoir near S. Pancrazio, 
where it bifurcates. One portion, called the 
Adriatic branch, serves Cellino and Lecce, and 
has its termination in a reservoir and pumping 
plant at Galugnano. The second portion, called 
the Ionian branch, serves Zanzara and Nardo, 
and terminates in a reservoir and second pumping 
plant at Galatone. The two pumping plants obtain 
their power from the Contrada Battaglia station, 
and between them pump 84 gallons of water per 
second to serve the centres on the Salentina uplands, 
immediately inland of Cape S. Maria di Leuca. 
By this means the length of the syphon is reduced 
to 75 miles. It is made up of reinforced concrete 
pipes, with a diameter varying between 3 ft. 3 in. 
and 2 ft. 3 in., and is subject to a maximum pressure 
of 5 atmospheres. A most interesting feature of 
the syphon is that it is fitted with a series of 
interruption towers. These are constructed in 
reinforced concrete, and serve to carry a number 
of tanks on the line of the hydraulic gradient. 
The water passes up a pipe to the tank on the 
top of each tower, over a weir, and down a second 
pipe to continue on its course through the syphon, 
which is thus sub-divided into detached sections. 
The water supply for the centres on the plain of 
Lecce is taken from the tanks, where the water has 
a free head, and the syphon is thus protected 
throughout from surging effects in the networks. 

No reference has yet been made to the sources, 
which consist of a number of springs flowing 
from the calcareous ramparts of Mount Paflagone, 
at a height of from 1,380 ft. to 1,500 ft. above 
sea level. The collecting works are in general of 
normal type, and consist of a concrete dam which 
raises the level of the water in the impounding 
basin to 1,390 ft., a collecting canal with a length 
of 180 ft., and the usual head works. Space does 
not permit of any reference being made to many 





other interesting features of the scheme, or to 
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the various difficulties which have been overcome 
in the course of the work. These difficulties were 
greatest in the case of the tunnels, three of which, 
due to their great length and the exceptional 
nature of the beds through which they pass, can be 
compared with the most difficult ever undertaken. 
It may be mentioned, that an interesting paper on 
the aqueduct was read by Senatore Professor Luigi 
Luiggi, M.Inst.C.E., at the Institution of Civil 
Engineers in 1921 in a course of six lectures to the 
students of London University, and another by 
Signor Gaetano Postiglione before the graduates of 
the Padova School of Engineering, « short descrip- 
tion of the aqueduct, also by Senatore Professor 
Luiggi, will be found in our contemporary Water 
and Water Engineering for August 20, 1925, and 
further references by the same author appear in 
the Giornale del Genio Civile. 





THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 


By Brysson CunnincuaM, D.Sc., M.Inst.C.E. 


IJ.—TueE Port or Niw York. 


No one can approach the Port of New York 
through its magnificent fairway and entrance 
channel without being struck by the remarkable 
endowments which Nature has conferred upon the 
locality. With a naturally sheltered, easily-acces- 
sible and commodious harbour, equalled by few 
others, in conjunction with a moderate tidal range 
and equabie climatic conditions, it is eminently 
suitable for the huge volume of seaborne commerce 
which passes in and out of its portals. One of the 
most favourably situated ports in the world, it is 
unquestionably the greatest port on the American 
continent, and though standards of comparison are 








various and conflicting, it may justifiably be claimed 
that, in all essential respects, New York is foremost 
among the ports of the two hemispheres. 

The Port District.—The jurisdiction of the Port 
of New York Authority covers an area of 1,463 
square miles, roughly comprised within a radial 
sweep of 25 miles round the Statute of Liberty in 
the harbour; the boundary so defined was drawn 
for the specific purpose of enclosing all the principal 
railway and waterside facilities in the port. The 
five boroughs (Manhattan, The Bronx, Queens, 
Brooklyn and Richmond) of the city of New York, 
cover only 229 square miles. Within the Port 
Authority’s boundary, there are 400 square miles 
of water area, and nearly 500 lineal miles of shore 
line; if the sides of the rivers representing avail- 
able berthing space be included, the aggregate of 
frontage would run to about 650 miles. 

But the Port Authority is only one of several 
bodies having control over the port accommodation 
and facilities, and, indeed, its control is more of an 
advisory than of an executive nature, though it has 
certain compulsory powers which it: is able to exer- 
cise. The harbour and its navigable channels and 
approaches are directly under the supervision of the 
United States Government, which has carried out 
a series of improvements by dredging, and, in the 
case of East River, by rock-blasting operations, 
since the middle of the last century. The water 
front of Manhattan Island, which is the central unit 
and the most important part of the port land area, 
is administered by the New York City Department 
of Docks, which has constructed thereon a large 
number of piers, in addition to those originating 
from private enterprise. Some of these are leased 
to various steamship lines, and a large number to 
the New Jersey Railroads for pier stations, while 
a very few have been retained for general public 








use. The river frontage of Jersey City is similarly 
under the administration of the State of New Jersey 
Board of Commerce and Navigation, though this 
body does not own any of the piers. They belong 
mainly to the railway companies serving the port. 
A plan of the harbour and surrounding district is 
given in Fig. 1 above. 

Port Approaches.—The port is approached from 
the Atlantic by a strait between Sandy Hook and 
Coney Island, in which there are three navigable 
channels, viz., the Ambrose Channel on the north 
side, the Gedney Channel on the south, with the 
Swash Channel between. The first is the most 
direct, the best in width and depth, and the one used 
by the largest class of vessels. It has been dredged 
by the United States Government so as to provide 
throughout a uniform width of 2,000 ft. and a 
depth of 40 ft. This width and depth are con- 
tinuously maintained. The Gedney Channel was 
formerly the chief approach, leading successively 
into what were called the Main Channel and the 
Main Ship Channel—a route involving several 
quick and inconvenient bends. The. channel is 
still available for moderately-sized vessels, and is 
maintained by dredging to a depth of 30 ft., with 
a width of 1,000 ft. The Swash Channel is a minor 
natural channel, having a navigable depth of 25 ft. 

All three channels enter the Lower Bay or Outer 
Harbour, a triangular shaped sheet of water, about 
120 square miles in area. From the Lower Bay, 
the Inner Harbour is reached through a passage 
between Staten Island and Brooklyn, called the 
Narrows. This affords natural depths of 50 ft. 
or more, and a minimum width of 4,000 ft. The 
Inner Harbour consists of Upper Bay, the lower 
Hudson (or North) River, East River, Long Island 
Sound and their tributary influents and waterways. 

There is another approach to the port from the 
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THE PORT OF NEW YORK. 














Fia. 3. 


: sea by way of Long Island Sound and East River, 
used chiefly by coasting vessels for transit in a 
north easterly direction to and from the Northern 
States and Canada. It is not otherwise so direct, 
nor so convenient for navigation. East River, 
which is a tidal strait about 16 miles long and from 
600 ft. to 4,000 ft. in width, is tortuous in course and 
beset with reefs of rock, some of which have had 
to be dealt with by blasting, in order to provide 
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a safe passage. The notorious Hell Gate was a 
fruitful source of shipping disaster until a gigantic 
explosive charge disposed of its more formidable 
peaks and ridges, some 60 years ago. The river 
is continuously under treatment, and is now being 
deepened so as to provide a channel 40 ft. deep and 
1,000 ft. wide, from deep water in the Upper Bay 
to Brooklyn Navy Yard, and a channel, 35 ft. deep 
and from 550 ft. to 1,000 ft. wide, from the Navy 
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Yard to Throg’s 
Island Sound. 

Tides and Currents.—The tidal range at the port, 
so far as the Hudson River and the southern portion 
of East River are concerned, is very moderate, the 
mean being only 4-7 ft. In other parts of East 
River, it is more pronounced; beyond Hell Gate 
the mean rises to 7 ft. The extreme range may be 
put at about 9 ft. Tidal currents, as might be 
expected, are fairly strong in the East River, where 
in places they exceed 5 statute miles per hour. 
Elsewhere they diminish, and generally in the Hud- 
son River and Ambrose Channel, the maximum 
velocity lies between 2 and 3 statute miles per hour. 
The relatively slight tidal range is a great boon to 
the port from the point of view of operation. It 
enables it to dispense with enclosed docks and all 
their complicated paraphernalia of entrance locks, 
gates, bridges and machinery and to maintain a 
constant accessibility to the shipping berths at all 
stages of the tide. 

Berthage Accommodation.—Accommodation for 
shipping is provided at a long series of piers, or ~ 
jetties, projecting more or less at right angles from 
the shore, or bulkhead line, into the two main 
waterways of the Hudson and East Rivers as well as 
at certain coastal recesses and frontages, such as 
Newtown Creek, Gowanus Bay and Canal, and 
Upper Bay. These piers are very numerous ; alto- 
gether, they number 868 and, in addition there are 
56 ferry landing piers and 93 car float bridges, or 
pontoons. All these projections impart a serried 
or comb-like appearance to the river frontage, 
as is well shown in the general view given in 
Fig. 44 on page 300. In length, they vary from 
500 ft. to well over 1,000 ft. At Brooklyn, there 
are five piers with lengths of 1,740 ft. Many of the 
older piers have been extended beyond their original 
limits in order to meet the requirements of modern 
vessels. Unfortunately, it has not been possible 
to provide them with widths commensurate with 
their increase in length, with the result that the 
piers are unduly narrow and the sheds which stand 
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upon them are cra mped and inconveniently restricted 
for the effective handling and sorting of cargoes. 
The narrow alleyways, which are all that can be 
afforded for the passage of trucks and carts, are 
soon blocked, and roadside delivery vehicles are 
kept waiting for long periods, a circumstance 
which not only causes delay, but adds materially 
to the cost of distribution. A typical New York 
installation of piers is shown in Fig. 2, on page 287, 
which illustrates the Bush Terminal, Brooklyn, 
which, in addition to shipping piers, includes 
facilities for industrial and warehousing purposes in 
the rear. The train ferry and car floats can be seen 
in the foreground on the left. An interior view of 
one of the sheds of this terminal is given in Fig. 3. 

An interesting feature of the piers is their 
relatively slight and flexible construction, compared 
with the massive quay walls of concrete and masonry 
which are largely characteristic of English ports. 
The method of construction at New York has to a 
large extent been rendered compulsory by the 
physical conditions obtaining in the harbour—more 
particularly, of course, along the east and west 
shores of the Hudson. There, the soft mud of the 
river bed lies to so great a depth that a sufficiently 
firm foundation stratum, even at the margin of the 
rocky outcrop which forms the base of Manhattan, 
can with difficulty be attained by piles as much as 
90 ft. to 100 ft. in length. In the centre of the 
channel, glacial and stream action have jointly 
produced an accumulation of silt which, in places, 
extends to a depth of 250 ft. 

Another reason is the necessity for maintaining 
unimpaired, as far as possible, the free flow of tidal 
currents along the banks, partly as a preventive 
of siltation in the water spaces, but mainly, perhaps 
for sanitary reasons, to avoid the accumulation of 
sewage and refuse, deposition of which solid pier 
construction would inevitably cause. With open 
piled piers, such objectionable matter is carried 
away by, and disseminated in, the tidal flow. Piers, 
therefore, carried on long timber piles have become 
the essential type of berthage in New York harbour. 

The earliest piers were entirely of timber construc- 
tion. Although so close to the ocean and subject 
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to tidal action, the harbour is singularly free from 
the attacks of teredo and other marine boring 
organisms. Without asserting absolute immunity, 
there is very little evidence of damage, and most piles 
are practically permanent below the water line in 
almost all parts of the harbour. 

The oJder timber piers were generally built with 
a deck foundation of yellow pine planking, 4 in. 
thick, laid on a system of yellow pine rangers and 
stringers. This planking, in turn, was overlaid 
by a second layer of sheathing, either 3 in. or 4 in. 
thick, laid diagonally, or at right angles to the 
under decking, in order to form a wearing surface 
for traffic. 

This type of construction had its drawbacks. 
Constant repairs and renewals were required on 
account of the friability of the wearing surface, 
augmented by moisture, animal urine and other 
agencies, which, in turn, affected the underlying 
timbers. The average life of the top sheathing 
for most busy piers was about six years, involving 
an annual expenditure of 17 per cent. of the cost 
of the sheathing. As this is, or was, about 12 per 
cent. of the whole cost of the pier, the net annual 
expenditure under this head came to 2 per cent. of 
the whole capital outlay. 

The underlying framing gave relatively little 
trouble ; the average life of the structure (rangers, 
caps, stringers, piles and bracing) above mean low 
water line was from twenty years to twenty-five 
years. Below low water line, the piles display a 
remarkable and practically unmeasurable longevity. 
After a period of twenty-five years, it has only 
been necessary to renew defective parts in the 
framing above water level. It was realised that 
much greater durability could be obtained and the 
annual cost of maintenance reduced, by substituting 
for the top timber sheathing some denser indurated 
material, which would be impervious to moisture 
and prevent its transmission to the underlying 
parts. 

An improved system was accordingly evolved 
by which a decking of reinforced concrete is super- 
imposed on the transverse framing over the wooden 
piles. The concrete, in the form of slabs, is laid 
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direct on to the cross and longitudinal bearers. 
This simplicity of construction led to its cost being 
little, if anything, greater than that of the elaborate 
double sheathing and ranger system which it dis- 
placed. In recent examples, the slab is 10 in. to 
10} in. thick, extending from centre to centre of 
the transverse pile rows, placed generally 10 ft. 
apart. The slab is designed to carry a live load of 
500 Ib. per square foot and is reinforced with 
g-in. square section steel bars. The rods run 
longitudinally with the pier, are 6 in. apart, and are 
staggered, so that only alternate rods terminate on 
the same row of piles ; the separating rods are 3 in. 
by % in. The slab is of 1:2:4 mix of Portland 
cement concrete with ? in. broken stone, surfaced 
with } in. of Portland cement mortar, finished 
smooth. The deck is designed with a rise of 8 in. 
to the centre for drainage purposes. 

As typical of the construction of a modern Manhat- 
tan Pier, the illustrations on Plate XVII and on this 
page have been prepared from drawings courteous- 
ly furnished by Mr. T. F. Keller, M.Am.Soc.C.E., 
Chief Engineer of the Department of Docks. 
They relate to a pier constructed in 1924, known 
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Fia. 42. Carco SHED on WEsT 44TH St. PrerR, MANHATTAN. 


as West 44th St. Pier, located at the extremity of 
that thoroughfare on the West side of Manhattan. 
The pier is 135 ft. wide, with shipping berths on 
both dsides, and it projects 700 ft. forward from 
the bulkhead line into the river Hudson. As 
will be seen from the plan shown in Fig. 4, on 
Plate XVII it is formed of piles set out in parallel 
rows across the pier, 10 ft. apart longitudinally, 
as a general rule, with clusters of varying numbers 
beneath the shed column foundations, at outer 
corners and at other places where special strength 
is required. 


trusses are shown in general outline in Figs. 22 to 
24. Figs. 36 and 39 on page 288 give details of 
these and of the vertical supports or (cargo masts) 
on each front for the cargo beams. These cargo 
beams as will be seen presently, are an essential and 
distinguishing feature of cargo handling operations 
in America. Figs. 26 and 27, on Plate XVII, are 
part elevations at the inner and outer ends of the 
shed respectively. A general view of the shed in 
its concluding stage of erection is given in Fig. 42 
above. 





Pile cappings are provided to take the bases of 


The piles, illustrated in Fig. 5 & 6, are of pine | the shed columns. These consist of grillages of 
{according to specification, either of yellow or|timber 12 in. square, as shown in Figs. 9 and 30. 
white, Douglas Fir, Norway Pine or Cypress) and| Upon the caps is placed a platform of 4 in. by 


are of the natural circular section of the log with 


10 in. planking to support a bed of concrete, 


the bark stripped off above water level. In length,|41 in. in thickness, in which is embedded a 


they vary from 69 ft. to 89 ft., and they are| double row of steel beams set crosswise. 
As cut off| outer columns are carried on groups of 11 piles 
| and the inner columns on groups of 14 piles. 


driven with the butt end uppermost. 
in the work after driving, the diameter is 15 in. 


in the double row and in the next interior row, | 


The 


The pier decking consists of a slab of reinforced 


and 14 in. in the remainder. A number of the| concrete 10 in. thick, on which is laid a covering 


piles are lagged, that is, flanked with slips, or 
streaks, of wood to increase the side friction. As 
regards lagging, piles are in two classes. Fully 
lagged piles, as shown in Fig. 5 have four streaks of 
lagging, each streak being in two lengths of 15 ft., 
of 5 in. by 6 in. timber. The lagging is fastened 
tight through the pile in pairs, with three 1 in. 
screw bolts in each piece of timber. For the half 
lagged piles, there are only two streaks of timber 
on opposite sides of the pile, extending to within 
2 ft. 6 in. of the toe as shown in Fig. 6. The piles 
are driven with a hammer of 3,000 lb. weight, 
having an effective fall of 12 ft. Unlagged piles 
were driven until the last ten blows did not produce 
@ penetration greater than 12 in. The lagged piles 
were specified to be driven to grade, that is, to the 
specified level, but if, in so driving, the penetration 
in the last ten blows exceeded 3 ft., longer piles 
were to be used. 

The piles are braced by 5 in. by 10 in. horizontal 
and inclined timbers as shown in Figs. 7 to 9 and 
also in Figs. 29 to 32. The side rangers of the pier 
are 10 in. by 12 in. The outer corners of the pier 
are rounded to a radius of 14 ft., for details of which 
and the strengthening arrangements, reference may 
be made to Figs. 14 to 19. 

Erected upon the pier is the shed superstructure, 
which is 950 ft. 6 in. in length, extending inshore. 
beyond the bulkhead line by about 250 ft. It has 
a width of 135 ft., leaving two side margins of 6 ft. 
6 in. each between the shed front and the edge of 
the pier. The shed is divided into three longi- 
tudinal bays, two of which at the sides are 44 ft. 10 
in. wide, while the central bay is 32 ft. 4 in. in width. 

There are two fire-proof walls dividing the sheds 
into three compartments longitudinally. The shed 
has two floors, the upper floor being 22 ft. 3 in. 
above pier deck level. Plans of these floors are 


|of 2-in. asphalte blocks, laid on a bed of cement 


| }-in. thick. The upper floor is covered in a similar 
/manner. A specially noteworthy feature is the 


|arrangement of the waterside doors of the shed, 
|shown in Figs. 37 and 38, on page 288, which are 
contrived in folding halves, swinging inward and 
upward to the underside of the floor girders, or of 
the roof trusses, as the case may be. The shed is 
furnished with four goods lifts and with com- 
municating stairways between the floors. The 
floor plans given in Figs. 20 and 21 show the offices 
and general accommodation for the staff and the 
public, including sanitary arrangements and means 
of access to the shed business section. 

Figs. 29 to 35 show the method of forming the 
inner return ends of the pier, where it joins the 
shore or bulkhead line. The rock surface here rises 
to an extent which enables cylinders to be sunk 
and founded upon it to form the quay frontage. The 
remainder of the construction follows the system 
described above. 

As regards the general lay-out of the piers, it 
should be pointed out that there are two guiding 
lines established by the United States Government 
for the development of the river frontage. These 
lines are known as the bulkhead line and the pier- 
head line respectively. The first limits the extent 
of outfilling from the shore, or land reclamation 
from the river ; the second determines the distance 
to which the piers may project beyond the bulk- 
head line. Such lines are generally established at 
United States river ports, or wherever it is desir- 
able to control the encroachment on the navigable 
waterway, which otherwise would soon become 
even obstructed for safe and convenient naviga- 

tion. , 
| The ownership of the water-front is partly vested 
|in the contiguous States of New York and New 





shown in Figs. 20 and 21. The girder work of| Jersey, partly in the municipalities on its banks 
the upper floor and the arrangement of the roof|and partly in private hands. The City of New 





York leases its piers to the steamship and railway 
companies for five-yearly periods, which are renew- 
able on terms depending on the capital invested 
in improvements by the lessees. 

Prior to 1870 there appears to have been no co- 
ordinated system of port development. Piers and 
wharves were constructed by the municipalities and 
by private investors, without reference to the 
development of the water-front as a whole, the 
result being a heterogeneous mixture of good and 
bad work, of all dimensions and appearances. In 
1871, following the creation of a Board of Docks, a 
concordat was arrived at, by which no wharf, pier 
or bulkhead was thereafter to be constructed which 
did not conform to a plan approved by the Board. 
In accordance with this agreement, a number of 
piers were constructed to type, until it became 
evident that, with the lapse of time, these pierheads 
were proving inadequate for the needs of modern 
shipping, which in dimensions and tonnage had 
expanded very considerably. In 1919, the Depart- 
ment of Docks prepared a thoroughly revised and 
comprehensive scheme of pier development and 
construction along the Manhattan frontage, and 
this has been in force since that date. 

But there were obvious limits to an increase in 
the number and size of the piers ; the space available 
proved inadequate for increasing demands. In 
default of available sites on Manhattan, attention 
was turned to Staten Island, and, in 1918, a project 
had been mooted for the construction at Stapleton 
of a group of a dozen piers of thoroughly modern 
design. The physical and economical conditions 
were favourable. The frontage along a tract of 
foreshore, over a mile and a quarter in extent, 
afforded scope for the construction of piers, 1,000 ft. 
in length, with a natural depth of 40 ft. alongside, 
and the site could be acquired on eminently reason- 
able terms. The only drawback was the distance 
and detachment from Manhattan, the business 
centre of the port. On the other hand, there was 
the possibility for connecting up directly with all 
except two of the main railway goods lines entering 
the port. The question arose whether the steam- 
ship companies would be disposed to occupy and 
lease piers located so far from the commercial dis- 
trict of Manhattan; but the Commissioner of 
Docks found little difficulty on this score. He was 
able to obtain, and to exhibit for the satisfaction 
of the City Council, leases signed in advance for 
eleven of the twelve proposed piers, at rentals 
which represented 74 per cent. of the total cost, 
including land and foreshore purchase. The piers, 
accordingly, were constructed. They range in 
length from 1,000 ft. to 1,160 ft. Eight of them 
are 125 ft. in width, and have single-storey steel 
framed superstructures, with railway tracks down 
the centre. Two of them are 130 ft. in width, and 
have double-storey steel-framed structures, also 
with railway tracks down the centre of the pier. 
The remaining two are 209 ft. in width, and are of 
a slightly different type. They have double- 
storey shed superstructures occupying the central 
width, leaving two pierside margins, each accom- 
modating two lines of tracks spanned by semi- 
portal gantry cranes. The whole installation cost 
in the neighbourhood of 25 million dollars. 

But the continuous and rapid development of 
the port traffic, and the insistent demand for further 
expansion, has led to the investigation of even 
more ambitious programmes of construction. The 
frontage of Manhattan and its adjacent shores 
affording no further scope for development, certainly 
not on a scale which is essential to the proper 
provision for the needs of the future, inquiries have 
been pushed farther afield, and a detailed study 
has been made of those districts which, lying outside 
the present congested areas, admit of a system of 
treatment which will afford permanent benefit 
to the shipping and commercial interests of the port. 
The more notable of these schemes are those which 
are associated with Jamaica Bay and Newark Bay. 


(To be continued.) 





Exectric PowreR PropucTION IN Evurope.—The 
comparative figures for power production show that 
Switzerland heads the list in output per head of the 
population. There, 800 units per annum are consumed, 
as compared with 250 units in France, 182 in Germany, 
180 in Italy and 177 in Great Britain. 
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HYDRO-ELECTRIC POWER IN 
ONTARIO. 


In commenting on the eighteenth annual report 
of the Hydro-Electric Power Commission of Ontario 
we remarked that, while it contained plenty of 
facts, the reader was too often left to discover their 
significance for himself. We are glad, therefore, to 
see that in the nineteenth report, which deals with 
the year ended October 31, 1926, an improvement 
has been made in this respect, and that in the 
covering letter, with which Mr. Charles A. Magrath, 
the chairman of the Commission, submits the 
report to the Lieutenant-Governor, a successful 
attempt is made to summarise the technical and 
financial data, which is contained in the main 
document. 

From this letter it would seem that the work of 
the Commission during the year was characterised 
by steady growth. The generating capacity in- 
creased by 100,000 h.p., and amounted to 
1,023,339 h.p., which was housed in 23 stations, of 
which that at Queenston is the largest. This 
increase somewhat exceeded the growth in load 
during the year, and established for the time being 
a reasonable margin between the capacity avail- 
able and the demand for power. This resulted in an 
improved service, and enabled the generating 
equipment to be maintained in a high state of effi- 
ciency. The result was that there was no failure 
of the supply during 1925-26. Nevertheless, 
future supplies of power are constantly being 
arranged for. The immediate requirements of the 
Niagara system are to be provided for by taking 
260,000 h.p. at 220 kv. from the Gatineau Power 
Company, while the completion of a new storage 
dam on the Hollow Lake storage reservoir has added 
substantially to the hydraulic capacity of the 
Georgian Bay system. A new station on the 
Nipigon river was started on the Thunder Bay 
system, while on the Central Ontario and Trent 
systems special attention was given to the problem 
of increasing and conserving the flow of various 
streams by the erection of dams and storage reser- 
voirs. 

Of the eight systems, or districts, into which the 
Commission’s area of supply is divided, the largest is 
that of Niagara, where the maximum demand during 
the period under review was 800,000 h.p., compared 
with 683,646 h.p. in the previous twelve months. On 
the Georgian Bay system the demand dropped from 
18,261 h.p. to 17,109 h.p., but has since shown a 
rising tendency. On the other systems, of which the 
Thunder Bay and Central Ontario and Trent systems 
are the largest, satisfactory increases were recorded. 
Financially, the position was equally satisfactory. 
The capital of the Commission, invested in power 
undertakings and railways, was 203,442,758 dols., 
while the capital value of the various municipal dis- 
tribution undertakings which it supplied amounted 
to 74,692,541 dols. The total revenue in 1926 was 
32,682,653 dols. and of this sum 20,555,179 dols. 
was collected by the Commission for power sold. 
After meeting all charges there was a net surplus 
of 565,413 dols. The total reserves of the Commis- 
sion and its associated municipal electric under- 
takings amounted to 55,471,213 dols. 

It is interesting to find that during the past two 
or three years substantia: progress has been made 
with rural electrification and that about 4,000,000 
dols., of which 2,000,000 dols. was provided by 
the Ontario Government, was at October 31, 1926, 
invested in transmission lines and equipment for 
this purpose. About 2,300 miles of line had been 
constructed up to the end of the period covered 
by the report, of which 750 miles were approved 
in 1925-26. There were neerly 19,000 consumers 
in the rural power districts. 

As already mentioned, the Commission oper- 
ates 23 stations, the output of which during 
the year was 3,603,445,400 kw.-h.; in addition, 
192,172,303 kw.-h. was purchased, making a grand 
total of 3,796,157,703 kw.-h., an increase of 
582,400,549 kw.-h. over the previous year. A portion 
of this power was, however, exported. During the 
year a 62,000 h.p. generator was placed on load at 
Queenston, bringing the normal operating capacity 
of that station up to 522,000 h.p. One of the 110-kv. 
lines between Queenston and Niagara was connected 
at the latter place with a new 110-kv. line from 





Toronto. At Queenston four transformer banks 
were equipped with special disconnecting switches 
on the high-tension side to facilitate the rapid 
change-over of these banks from 60 to 110 kv., so 
that the 60-kv. load can now be supplied either 
from Queenston or Toronto. This has enabled the 
operating load factor to be increased. At the 
Toronto station Kingsbury thrust bearings were 
installed on nine of the generators, in place of those 
of the oil-pressure type. The old type bearings 
were continually breaking down, and on the average 
one had to be replaced each year. This trouble is 
practically unknown with the Kingsbury type and 
much less oil-pumping equipment is required. 
Owing to the consequent reduction in the staff, a 
saving of over 12,000 dols. per year has been made, 
a sum which amounts to more than the total 
cost of the new bearings. The individual unit 
system of oil supply for operating the turbine 
governors was changed over to a central pumping 
system and a bye-pass valve was added to each 
governor dashpot to enable it to operate automatic- 
ally and quickly as the load changes. These 
alterations will increase, it is hoped, the reliability 
of the plant and result in further savings in wages. 

The generating capacity of the Georgian Bay 
system was increased 1,120 kw. by the inauguration 
of a station at Hanna Chute, which is controlled 
automatically from South Falls. This station 
allowed a better control of the water used at the 
latter place, where the station was operated at a 
high-load factor, thus obviating the purchase of 
power. Considerable maintenance work had to be 
carried out on the Carleton Place dam owing to 
erosion. Large holes extending for some 5 ft. under 
the base of the south and east walls, and the corner 
toe of the dam were found. These were thoroughly 
chipped and reinforced, and a concrete fill was made 
which extended in the form of an apron wall 8 ft. 
over the rock on the stream bed. As mentioned in 
the last report, trouble was experienced with the 
supervisory cable between the automatically remote 
controlled stations at Dams and Campbellford, and 
the main plant at Ranney Falls. It was found that 
during severe storms and line surges, this cable 
tended to act as a stabiliser of the fault current, and 
that the resultant voltage impressed on it probably 
rose to as much as 5,000 volts, though it was only 
insulated for 600 volts. The trouble was overcome 
by the installation of neutralising transformers at 
each station and by extending the neutral of the 
high-tension transformers at Ranney Falls about 
1,000 ft. and permanently earthing it in the river. 

Considerable additions were made to the 110-kv. 
transmission systems, a notable example being a 
new line between the Queenston station and the 
Niagara-Lockport system in the United States. 
This line has sufficient capacity to handle all the 
power exported from Queenston. An interesting 
feature of the transmission system are the two short 
wave radio stations, which were placed in operation 
for providing direct communication between the 
Commissions’ head office and the Thunder Bay 
system. These stations are licensed to operate on 
29-94 m. and 50 m. as well as on the experimental 
amateur bands. Communication is by telegraphic 
code, though experiments have shown that tele- 
phony could be satisfactorily employed. 

The Commission acts in an advisory capacity in 
connection with the operation of various municipal 
undertakings, with which it has contracts, and a 
large portion of the report is devoted to a 
detailed account of its activities in this direction. 
An interesting contract entered into during the year 
was with the contractors of the new Welland ship 
canal for the operation of dredges and shovels. 
The demand was about 3,000 H.P. and was supplied 
at 4,000 volts. 

In conclusion, attention may be drawn to that 
portion of the report, which deals with the various 
laboratories maintained by the Commission. These 
include a section in which the various devices which 
it is proposed to employ on circuits in buildings in 
Ontario are approved. Other departments comprise 
high-tension and general electrical laboratories 
and a meter and standards laboratory, as well as 
laboratories for illumination, engineering materials, 
chemistry and photography, in all of which useful 
work is carried on. A considerable amount of out- 


side work is done in supervising the carrying out of 
the rules and regulations which govern installations 
in Ontario, and generally the electrical requirements 
of the province seem not only to be in safe hands, 
but to be adequately met. 
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A Short History of Physics. By H. Bucxtey, M.Sc., 

F.Inst.P., London: Methuen & Co., Ltd. [Price 

7s. 6d. net.). 5 
Some day in the dim future, when East and West 
really begin to look upon one another through 
spectacles of the same shade and focal length, a 
writer on the history of physics may have to go 
back a good deal further than the periods of Thales 
and Pythagoras, Plato and Aristotle. Like most of 
his predecessors, Mr. Buckley begins with the wise 
men of Greece, after briefly alluding to ancient 
astronomers and the Saros cycle. The dark ages 
which followed the decline of the Roman Empire 
in the Mediterranean dominions, and in the rest. 
of the world, which was not yet supposed to have 
passed out of the dark age, were probably not 
quite so dark as religious intolerance has stamped 
them. In a measure the scientific historian may 
almost be glad that this darkness, has left him little 
cause to dread the unexpected disclosure of much 
important ancient knowledge. His task is for- 
midable enough as it is. We still meet Ben Akiba 
everywhere, in the field of ideas, at any rate, if not- 
of achievements. 

Mr. Buckley, who is working in the photometry 
division of the National Physical Laboratory, has. 
spared neither time nor labour to give an instructive 
and attractive historical account of the development: 
of physical science from its earliest origins to the 
present day. He need not fear, as he says, that: 
histories of science are not popular. It is the 
enormous range of the subject which may frighten 
the reader. The theory of atoms, once considered 
the chemist’s concern, has now almost passed into 
the charge of the physicist. Mr. Buckley devotes 
four of his 15 chapters to atoms. Two of them are 
headed Atoms of Electricity; they deal with 
what we may briefly call the rays of recent dis- 
coveries as studied by electric methods: the title 
is not well chosen. The corpuscular and wave 
theories of light and the elastic solid theory of light 
have chapters of their own, and there are further 
chapters on radiation and on the quantum theory. 
The division adopted indicates the great difficulties of 
the matter. Only five of the thirteen pages on rela- 
tivity actually deal with Einstein’s work, and there 
is no mention of the space-time continuum. In 
Perrin’s deduction of Avogadro’s number from 
Brownian movements it is not stated that the 
quantitative determination would not have been 
possible without Einstein’s formule. One might 
also point out that Newton’s conceptions did 
approach relativity. It is probable, however, most 
of us have only learnt this on the occasion of the 
recent Newton bicentenary, and the chief thing is 
that Mr. Buckley has succeeded in presenting an 
intelligent review of the progress of physical thought. 
He was, perhaps, wise in refraining from general 
comments upon the revolution which the discoveries 
of electrons and X-rays and the perfection of 
vacuum technics have caused in physical science ; 
but he should not have omitted all reference to 
pumps. His references are mostly to books, not to 
special papers. An excellent feature of his volume 
is that every man is allowed his date, e.g., Van 
der Waals (1837-1923) and Planck (b. 1858). This 
is particularly useful in the case of physicists who 
have dropped out of the scientific “‘ who’s who ?” 
but have not yet been noticed in biographical 
dictionaries. 


Statische Probleme des Tunnel-und Druckstollen baues und 
thre gegenseitigen Beziehungen. By Dr. Hanns 
Scumip. Berlin: Julius Springer. [Price 8 m. 40 pf.} 

Der Bau langer tirfliegender Gebirgstunnel. By C. 
ANDREAE. Berlin: Julius Springer. [Price 13 m. 
20 pf.] 


THE business of a civil engineer is described by 
Dr. Schmid as being that of combining sufficient 
safety with the widest possible economy. The 





phrase perhaps hardly exhibits the two qualities 
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in the perspective that most engineers, including 
the author, understand them to be necessary, 
but no doubt will be felt of the correctness of 
the statement that the combination cannot be 
attained without an accurate knowledge of 
the prcnerties of the materials with, and in, 
which the work has to be done, and of the 
forces to which it will be subjected. In few 
problems is this knowledge as incomplete and 
uncertain as in those of the construction of tunnels, 
whether intended or not to support internal, 
as well as external, pressure, and the deficiency 
is felt most impressively in the case of the long 
and deep-lying tunnels that from time to time 
have to be driven under mountains. Many such 
works have been carried through and remain 
monuments of engineering skill, but up to now 
they have not led to the evolution of any general 
principles on which future work can be based 
with the certainty that it will embody the 
combination of safety and economy desired. 

In the first of the above works the author 
has endeavoured to express mathematically the 
forces that act in the neighbourhood of artificial 
subterranean passages, discussing the subject 
with the help of the theory of elasticity, and he 
compares the results so obtained with data derived 
from existing tunnels. His intention is in this 
way to provide a coherent mathematical foundation, 
which will increase the safety with which an 
engineer can fill in such parts of his work as cannot 
be defined otherwise, and in some instances may 
enable problems to be solved by actual calculation. 
No claim, of course, is made to attaining numerical 
accuracy in matters such as tunnelling through 
brittle material, but the hope is expressed that 
the provision of a constructive basis for calculating 
the forces in question may lead to a clearer appre- 
hension of their mutual relations, and eventually 
perhaps to a more complete understanding of 
the problems involved. In particular the methods 
are likely to be found useful in dealing with works 
which pass through compact rocks, where the 
natural conditions may conform closely to those 
that have to be assumed as the basis of calculation. 
If, indeed, tunnels had always to be driven through 
such formations, the data would be much less 
uncertain than they are. This, however, is not 
usually the case; and apart even from questions 
such as permeability and temperature, it is now 
recognised that all formations of which the material 
is liable in some way to disintegrate are subject 
to plastic as well as elastic stresses, which come 
into operation so soon as the removal of subter- 
ranean material has disturbed the equilibrium 
that existed previously. After an introduction 
setting out the problem and describing the geological 
point of view in the light of modern theory, the 
work deals separately with the original system of 
forces operating on a disc within the undisturbed 
mountain; the theory and experimental results 
relating to linear extension both with free and 
constrained cross sections, including the light 
that these considerations throw on the elastic 
quantities; and the forces due to the super- 
incumbent pressure of the mountain after excavation 
of the tunnel, the internal pressure within the 
tunnel, and the thermal and allied effects. 

Professor Andreae’s work, though apparently 
an entirely independent production, is a valuable 
complement to that of Dr. Schmid, and indeed 
may be of use to a wider circle of readers. It is 
prompted by the reflection that for the moment 
a halt seems to have been called in the succession 
of great tunnelling works in France, Italy and 
Switzerland, and that it is desirable to record 
the various and very special experience of such 
works, so that those who in the future are called 
upon to construct exceptionally large and deep- 
lying tunnels may have the benefit of it without 
having to pay the price of experience for the 
second time. The book is not a general manual 
of tunnelling, nor is it even a description of the 
great mountain tunnels that have been carried 
out, which is to be found elsewhere in literature. 
The author’s special aim is to give the results, 
both technical and _ scientific, to be derived 


from the experience of those works, by which 
those who have to make future tunnels will have 








to be guided, at least at the outset. A sufficient 
account is given of more general aspects, as, for 
example, excavation and lining, to make the 
exposition continuous. Separate sections deal with 
the application of mechanical means and explosives 
to excavation, with the fundamentally important 
methods of removing the soil, ventilation and 
cooling, with a special chapter on the arrangement 
of the primary air circuit, and a detailed description 
of the sequence of operations over the cross-section 
of the tunnel in excavating and lining and their 
arrangement, together with that of the removal of 
the spoil along the longitudinal section. Other 
chapters deal with lining, sanitary measures and 
costs, and give a general account of the geological 
considerations involved, including the pressure, 
or more exactly the phenomena of motion, found 
on constructing the tunnel, and the heat and 
subterranean water that have to be dealt with. 
The work includes a large number of illustrations 
and data, and is characterised by the fact that 
they are taken almost entirely from the experience 
of specified tunnels, including the Fréjus, Gotthard, 
Simplon, Létschberg, Ricken, Albula and Hauen- 
stein works. 





Bridge Architecture. By Witsur J. Watson. New 
York: Messrs. William MHelbourn, Ine., [Price 
17°5 dols.] 


We have lately read in the daily papers the 
speeches made at the opening of the new bridge 
at Buffalo, which has been alluded to as a tangible 
sign of the friendship of the two great English- 
speaking nations, a friendship not to be seriously 
ruffled by little experiences like the failure of the 
Geneva Conference, which occurred only a few days 
before the ceremony to which we refer. In a 
similar strain this volume opens with three verses 
on the friendliness and helpfulness of bridges— 
symbolic in a more than ordinary sense, of difficulties 
overcome, as well as of adventure beyond. 

The very handsome quarto volume under notice 
introduces to one, examples of bridge architecture 
of all times. The work is almost wholly devoted to 
plates giving reproductions of photographs, the 
examples chosen all being still in existence at the 
present time, as far as we have been able to check. 
Drawings are practically absent, so that it will be 
evident the author does not go into the technique 
of architectural design. The object, we take it, is 
rather, by select examples and a few notes, to convey 
an impression of what proves agreeable and, to the 
general mind, suitable, under various conditions. 
Naturally, deriving his examples from all existing 
structures, ancient and modern, the author’s choice 
may at times be questioned. But it may for all we 
know be justified as regards the particular bridges 
chosen, as his classification is by periods. As an 
example of the difficulty of dealing fairly in these 
matters we may refer to the wooden cantilever 
bridge in Bhutan. This is an undated structure of 
great picturesqueness. The type of bridge is known 
to have been in use all over the Orient in early times. 
A modest modern example may even be found 
spanning a gorge in the Zermatt Valley in Switzer- 
land. A development of this class of bridge of a 
particularly interesting type is to be found at 
Srinagar. In this city there are several bridges 
which cross the Jhelum by a number of spans. The 
piers are of timber crib work from which wooden 
cantilevers project, after the manner of the Bhutan 
bridge illustrated. Curiously enough, although the 
author gives a plate of one of the bridges at Srinagar, 
it is to our mind of a bridge of a type of much less 
interest. 

From early types, the author carries matters down. 
to the most modern structures, many of them it must 
be admitted rather poor examples of art of any kind. 
It is difficult often to define the essentials to a good- 
looking structure. The Brooklyn Bridge, for 
instance, strikes many as far more pleasing than the 
Williamsburg Bridge, New York. The profile of the 
Forth Bridge affords more pleasure than that of the 
Quebec Bridge, while beautiful examples can be found 
in Germany alongside others which may serve their 
purpose as engineering works, but, which certainly do 
not possess amenity ofform. Exactly why a modern 
straight plate girder railway bridge over a street at 
Cleveland is illustrated, it is hard to say. The 





structure is plain and honest, but possesses no 
distinctive feature, and is of a type which would 
commonly be considered hardly satisfying enough in 
design for modern city work. On the other hand, the 
volume shows many examples of the very fine arch 
bridges which have been constructed in the United 
States in recent years, some of which are as beautiful 
in proportion as are to be found anywhere. 

The notes accompanying the illustrations are, 
if anything, on the scanty side, but the author does 
not pretend that he has compiled a volume of 
engineering data. The notes are largely historical, 
but in every case are brief. The main instruction 
lies in the plates, for which the author has been 
fortunate in securing, in most cases, excellent photo- 
graphs, while his publishers have ably seconded his 
efforts, having produced a notable volume of 
beautiful illustrations, excellently printed, at what is 
a moderate price for the present day. 





Experimental Researches and Reports. Vol. IX. 1926. 
Sheffield: Department of Glass Technology, The 
University. 

Defects in Glass. } 
London: Glass Publications, Limited. 
net. ] 

Or these two volumes the first is the latest. volume 

of collected papers drawn from the Journal of 

the Society of Glass Technology, the Reports of 
the Progress of Applied Chemistry, the Journal 
of the Chemical Society, and the Journal of the 

American Ceramic Society. The volume contains 

nineteen papers, representing the joint labours of 

Professor W. E. S. Turner and his associates at 

Sheffield. The subjects dealt with cover a wide 

range, comprising, among others, certain aspects of 

the function of arsenic, of devitrification, of the 
effects of moisture on working, and other properties 
of some glasses, and of the relationship of physical 
properties of glasses to chemical composition and 
mode of preparation. Other interesting and 
important topics discussed are the influence of 
boric oxide on the properties of chemical and 
heat-resisting glasses, the effects of chlorides and of 
water on the working properties of some glasses, and 
the effect of composition on the viscosity of glass. 

Other papers cover glasshouse tests for the purpose 

of determining differences in the general character- 

istics and in the working properties of molten glass, 
and on uses of commercial sillimanite in glassworks. 

The book is printed in good type, and forms a 
handy volume for reference. Even those who 
happen to have all the publications in which the 
various papers originally appeared would find the 
present issue very useful. To all who hold respon- 
sible positions in the glass industry it is likely to 
prove practically indispensable. 

In regard to Dr. Peddle’s treatise, so far as we 
are aware, no book hitherto published has been 
devoted entirely to the consideration of defects in 
glass. Indeed, such a publication was hardly 
possible previously, bearing in mind the compara- 
tively recent development of systematic scientific 
research in connection with the production and 
testing of glass. That is not to say that good glass 
was not made even centuries ago, but until quite 
recent times glass works used their own formule, 
which had been derived for the most part on em- 
pirical lines, and defects as they arose were dealt 
with by the manufacturers as best they could in 
the light of their individual experience. It was 
not until the unprecedented conditions arising from 
the great war provided a stimulus to concerted 
action that systematic research on a considerable 
scale was instituted, and the results pooled so as 
to avoid waste of effort. The co-operation between 
manufacturers for research work has since been 
continued, to the great benefit of the glass industry 
in general. 

It is a happy circumstance that the book in ques- 

tion has been produced by one who has been him- 

self actively engaged in glass research, not only in 

the laboratory but also in the glasshouse on a 

manufacturing scale. Dr. Peddle has thus become 

well acquainted with the troubles glassmakers are 
liable to meet, and at the same time has had 
excellent opportunities for studying the best means 
of dealing with them. In this well-printed, well- 
illustrated, and well-indexed book of more than 
200 pages the various defects—bubbles, seeds, 


By Dr. C. J. Peppte, F.I.C., &e. 
[Price 8s. 6d. 
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LOCOMOTIVE WITH BEARDMORE-CAPROTTI VALVE GEAR; L.M.S. RAILWAY. 


(79.8) 


admission cam rollers is made out of two symmetrical 
pieces, so that a solid frame for the rollers is formed. 
As will be seen from our illustrations the simple 
reversing lever is retained and as the effort required to 
obtain reversal is small, the gear is easily and quickly 
controlled. 
It may be as well to recall that the ‘‘ Claughton ” 


SumMaARyY oF RESULTS OF DYNAMOMETER CAR TESTS 
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grate area is 30-5 sq. ft., 
and the tractive force 
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23,000 lb. This engine 
was tested against an- 
other of the same class 
(No. 5917), which was fitted with the ordinary valve 
gear, between Euston and Crewe on January 18, 1927, 
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on ENGINE Fittep with Caprott1 GEAR on L.M.S. 



































RaILway. 
Coal per 
Wetebs Total po nd a 
eigh " y rawbar | including 
Engine Class. Route. Date of behind weight | Coal per | “horse- engine, | Average 
No. test. . including mile. 
tender. engine power excluding | speed. 
‘ hour. shed 
duties. 
1927 Tons. Tons. Ib. Ib. Ib. miles 
r hour, 
5908 | Claughtonengine, | Crewe to Euston| January 18 389-6 500-1) 53-8 
fitted with Cap- 38-5 4:0 0-078 
rotti valve gear| Euston to Crewe} January 19 380-6 491-1 51°4 
5917 | Claughton engine | Crewe to Euston| January 20 375-6 486-1 ( 55-0 
fitted with nor- 48-75 5-18 0-099 |< 
mal gear Euston to Crewe} January 21 384-6 495-1 | 53-0 
5908 | Claughtonengine, | Crewe to Carlisle} January 25 315-6 426-1) ( 53-4 
fitted with Cap- f 33-3 3-82 0-078 |< 
rotti valve gear| Carlisle to Crewe| January 26 317-6 428-1 L 48-0 
5917 | Claughtonengine, | Crewe to Carlisle | February 8 315-6 426-1 ( 51-1 
fitted with nor- 44-5 4-86 0-1043 |< 
mal gear Carlisle to Crewe | February 9 315-6 426-1 “TL 48-5 





engines of the London Midland and Scottish Railway, to 
No. 5908 of which the Beardmore-Caprotti gear has 
been fitted, are of the six-coupled type with four cylin- 
ders, to which steam is supplied at a pressure of 175 lb. 
per square inch, All the cylinders drive on to one axle, 
and are 16 in. in diameter by 26 in. stroke. The driving 
wheels are 6 ft. 9 in. in diameter. The evaporative 





surface, including the superheater is 1,987 sq. ft. The 


and three following days. Each engine made the up 
journey on one day and the return journey on the follow- 
ing day on the same trains. On January 25 and three 


following days the test was repeated with the same 
engines in the same way between Crewe and Carlisle, 
which is of course a more trying road. The results of 
the tests are given in the accompanying table, from 
which it will be seen that the coal consumption on the 





° 
fo) ' 
, \ 


journeys between London and Crewe averaged 0-078 lb. 
per ton-mile in the case of the engine fitted with the 
Caprotti gear and 0-099 Ib. in the case of the engine 
fitted with the standard gear. On the journeys 
between Crewe and Carlisle the difference was more 
marked, for while the consumption in the case of the 
engine fitted with the Beardmore-Caprotti gear 
remained the same, that of the engine fitted with the 
ordinary gear increased to 0-1043 lb. This represents 
a saving of some 22 per cent. in favour of the Caprotti 
gear, a figure which, if it can be obtained, is obviously 
worth the while of railway administrations to do 
something to achieve. For if the average annual 
yearly coal bill of the British railways be taken at 
15,000,000/. such a saving would represent an economy 
of some 3,000,0001. 
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INSTITUTION OF Nava ArcHITECTS.—The Council of 
the Institution of Naval Architects has awarded the 1851 
exhibition post-graduate research scholarship in naval 
architecture for 1927 to Mr. L. C. Burrill; this scholar- 
ship has an annual value of 2501. The Institution of 
Naval Architects Scholarship for the present year, which 
is worth 130/. per annum, has been awarded to Mr. F. V. 
Cross. The Ear! of Durham prize has been gained by 
Mr. V. W. Hall. 





THE PRopucTION or Pia Iron AND SreEet,—The 
monthly report issued by the National Federation of 
Iron and Steel Manufacturers, Caxton House (East), 
Tothill Street, London, 8.W.1, shows that the number of 
furnaces in blast at the end of July was 174, a net 
decrease of two since the beginning of the month. The 
production of pig iron during July amounted to 
645,800 tons, compared with 651,300 tons during June, 
and 720,100 tons during May. The output of steel ingots 
and castings totalled 682,900 tons in July, compared with 
747,300 tons in June and 884,600 tons in May. 
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RECENT PROGRESS IN HYDRO- 
DYNAMICS.* 


By G. Darrievs. 
(Continued from page 279.) 


Ir is remarkable that the above notions provide 
& very simple interpretation of the working of turbines 
and centrifugal pumps. This explanation, moreover, 
is limited by no hypothesis as to the form, to the 
thickness, or to the number of the blades, or to the 
relative dimensions of the waterways. The motion 
of the fluid at inlet is irrotational, and must, therefore, 
remain so, save in relatively narrow turbulent regions 
adjoining the walls or forming the wakes of the blading. 
The essential function of the blades is precisely to 
make the space traversed by the fluid multiply- 
connected, so that circulation may be established. 
This circulation (see Fig. 6+) has a uniform value in the 
interspace between the guide blades and the buckets. 
This value may be expressed as n [ where n denotes 
the number of the guide blades and r the circulation 
attributable to each. 

Throughout this space, if the number of blades is large 
enough to be regarded as a good first approximation 
to infinity, the distribution of tangential velocities 
round the shaft is that represented in Fig. 6, which 
is what would be due to a single vortex line of strength 
nT at the axis of the shaft. The tangential velocities, 
due to such a vortex, are inversely proportional to the 
radius. Let the analogous circulation due to the wheel 
be represented by n’ r’. Then if n’ [ =n Pr the 
circulation becomes zero again in the draft tube, in 
which, therefore, the fluid recovers its original simply 


may be the simplest, but when the streamlines actually 
formed in real fluids became the subject of direct 
observation, instead of being deduced from fantastic 
hypotheses, it turned out that, regarded from the hydro- 
dynamic standpoint, these forms were really amongst 
the most complex. Even as matters stand to-day, 
some of the problems, to which they give rise, are far 
from being elucidated. 

For the rest, none of these simpler forms, a priori, 





connected constitution. If, on the other hand, 
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nT —n’ TY” is not zero, as is likely to happen at low 
loads, the fluid is discharged with this residual circu- 
lation. Such a circulation, however, is only possible 
in a multiply-connected space, and consequently 
a cavity spontaneously forms in the centre of the 
draft tube.t This cavity is filled with air or water 
vapour, and to avoid possible damage by water hammer, 
should the cavity collapse, as well as damage by erosion 
or corrosion, it is well to give the draft tube a solid 
centre (as in the Moody spreading draft tube). This 
permits the recovery not only of the axial component 
velocity of the fluid, but also of the residual tangential 
velocity retained by the water as it leaves the wheel. 

The theory of Euler on the angular momentum, com- 
municated to the wheels, by the fluid can be very simply 
expressed along the lines of the foregoing train of 
ideas. The energy given up to the wheel by unit mass 
of the fluid is simply equal to » Tr’ where f’ repre- 
sents the circulation round each blade, and y is equal 
to the product of the number of revolutions made per 
second, multiplied by the number of the blades. 

It may well be asked how the blades of a turbine 
which, from the above point of view, can, as centres of 
an irrotational circulation in the fluid, be characterised 
by any circulation whatever in their surroundings ; 
give rise, in fact, to a perfectly determinate value of this 
circulation. 

This result follows from a property of streamline 
forms, which, although many examples of these 
exist in nature, has only quite recently been fairly 
recognised. D’Alembert showed that a moving 
solid totally immersed in a perfect fluid should meet 
with no resistance whatever. The discrepancy between 
this theoretical conclusion and actual experience has 
been one of the principal reasons for the discredit with 
which the classical theory has been regarded by practi- 
cians. In spite of appearances, however, d’ Alembert’s 
principle embodies a deep-seated truth, which for long 
failed to be recognised. The vcrror made has lain 
essentially in the preconceived opinion thattestsshould be 
made in the first instance with the solids which, a priori, 
appear to be simplest, such as thin flat plates, spheres, 
and cylinders. Geometrically considered, such bodies 





* Translation (slightly abridged) of paper read on 
May 28, 1926 hefore the Société Ingenieurs Civils de 
France. 

+ By an engraver's error in Fig. 5, page 
issue r was substituted for [. 

t Lord Kelvin, in view of the fact that the total energy 
in the ideal Rankine free circular vortex must be 
infinite, maintained, as long as fifty or sixty years 
ago, that all vortices in natural fluids must have the 
above constitution, and he wrote a great deal on the 
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subject of these coreless vortices.—Ep. E. 








thus calculated. The theory, moreover, required that 
the wake should be motionless and should show no fall 
of pressure. Experiment, on the contrary, proved that 
there was actually a marked lowering of the pressure, 
due to the inductive action of the fluid streaming past 
the dead water space. This gave rise in general to 
a double circulatory motion of the water, and to a 
counter-current at the central region. A better agree- 
ment between theory and experiment might perhaps 
be found with very high Reynolds numbers, but 
there is, as yet, no experimental evidence that this 
is actually the case. 

With streamline forms, on the other hand, there is 
no similar breakaway of the moving fluid, save 
perhaps at the back of the wing, at a point near the 
tail—always provided, of course, that the angle of 
attack is not too large. In such cases the wake 
consists almost exclusively of a prolongation of the 
two layers of transition, which bound the surface of the 
wing, as already explained. 

The whole of the turbulent part of the fluid is 
concentrated in these layers, which increase in 
thickness in passing from stem to stern. Their 
thickness is always very small when the Reynolds 
number is very large. This thickness depends on 
the wetted perimeter, and on the speed of the 
adjacent streamlines. It is thus, in general, some- 
what thicker at the “ midship section,’ with which 
it has otherwise no direct relationship. It is this 
property which explains the low resistance, which 
is observed, even in the case of thick profiles, 
provided that they are good streamline forms. The 
relativeinferiority of such thick profilesas compared with 
the thinner is, in fact, not attributable to the greater 
‘“‘midship section,’ but is due to the fact that the 
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are to be found amongst beings adapted to live and 
move in air or water. All the latter have streamline 
forms, with a rounded head and an easy run, hollow near 
its finish, where the opposing surfaces terminate, not 
in a wedge but with a tangent common to both. 

For other than streamline forms, d’Alembert’s 
conclusion is merely a grossly erroneous paradox, even 
in the case of fluids almost free from viscosity. For 
streamline forms, however, experiment shows that it is 
valid as a very good first approximation. This will 
be evident on comparing the two forms represented in 
Fig. 7, which although of very different dimensions. 
offer the same resistance to motion. 

With other forms the system of streamlines, 
deduced from the mathematical theory, cannot be 
realised in practice. According to this theory the 
fluid, as it approaches the obstacle, is first slowed 
down, and there is a corresponding rise of pressure, 
which represents the head resistance. The velocity 
increases from the prow up to the midship section, 
and then falls again as the fluid passes away down 
the run. In this latter part of its course the pressure 
rises again by exactly the amount required to com- 
pensate for the pressure at the prow. Actual observaton 
—at least in the case of large Reynolds’ numbers— 
shows that in place of following the ‘stern lines of 
the obstacle the fluid breaks away from the surface 
at two points, with the result that dead water spaces 
are formed in the neighbourhood of the stern (see Fig. 8), 
The introduction of these surfaces of discontinuity into 
hydrodynamic theory made it possible for Kirchoff, 
Helmholtz, Lord Rayleigh, Brillouin and Villat to 
escape from d’Alembert’s paradox, and in some cases, 
particularly in that of a thin plane, to account for 
the major portion of the observed resistances. 
Nevertheless, the experimental value was some 
30 per cent. to 40 per cent. higher than the values 








irrotational motion of the main mass of the fluid 
compels the streamlines, bounding the transition layer, 
to move at a higher speed at the thicker “ midship 
section.” 

From this standpoint it is evident that the stern 
lines of a hull or wing form should not meet at an angle, 
as in Fig. 9, but should end in a common tangent. 
Otherwise the two sets of streamlines meeting at the tail 
are first slowed down and then accelerated. Both 
experiment and the rough theory of the transition 
layer given above show that such a condition of affairs 
is apt to lead to the formation of dead water spaces. 

If, as has been assumed so far, the obstruction 
to fluid flow, whether wing or blade, is of indefinite 
length or ends in solid walls, it renders the surrounding 
space multiply-connected, and can form a core 
with a circulation r without destroying the irrotational 
motion of the fluid, but the irrotational motion then 
obtained has a polytropic potential. 

An extension of d’Alembert’s theorem shows that 
in this case an obstacle, placed in a moving fluid, will 
no longer experience a zero thrust. If V be the 
velocity of the fluid the direction of this thrust will 
be at right angles to the direction of the flow, and 
will thus offer no resistance to the advance of the 
wing, nor occasion loss of energy. 

Kutta and Jowkowski have shown that in the 
case of an indefinitely long cylinder, this thrust is 
equal to pVr,* where p denotes the density of 
the fluid. The velocity due to the circulation is 
added algebraically to the uniform motion of the 
fluid, so that by Bernoulli’s theorem the pressure 





* See ENGINEERING, 1924, vol. cxvii, page J, or the 
reprint, ‘‘ The Elements of the Lanchester-Prandil theory of 
Aeroplane Lift and Drag.” Offices of ENGINEERING. 
[Price 2s. 6d.]} 
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on one side of the obstruction is increased, and on 
the other diminished. Fig. 10 shows the streamlines 
round a cylinder in the absence of circulation. There 
is absolute symmetry between the upstream and down- 
stream sides of the cylinder, and were this realisable 
in practice the solid would experience no resistance 
whatever when moving through the fluid. In practice, 
however, the streamlines break away, as already 
explained. 

If on the stream lines represented in Fig. 10 we 
impose a circulation, the motion will still be irrota- 
tional, but the stream lines will be deformed, as 
indicated in Fig. 11. 

In this figure the two points of zero velocity have 
been displaced below the horizontal axis of the circle. 
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In practice, this set of stream lines is also unattainable, 
since deadwater spaces are formed. By increasing 
the intensity of the circulation the two points of 
zero velocity may be fused into one, as indicated at 
C in Fig. 12. This point marks the separation of 
stream lines passing respectively above and below the 
circle, and a certain mass of fluid limited by the closed 
line CMNC turns indefinitely round the solid without 
getting away from it. This regime, in broad outline, 
corresponds to the Magnus effect,* a term which is 
commonly applied to the side thrust experienced by a 
rotating cylinder immersed in a current of air or water. 


(To be continued.) 





Exrectric Power IN THE UNITED StaTEs.-—According 
to figures contained in a recent issue of The Guaranty 
Survey, a journal published by the Guaranty Trust 
Company of New York, the average daily output of 
electric power in the United States during 1926 amounted 
to nearly 201 million kw.-hours. This is an 11} per cent 
increase over the daily output during the preceding year 
is nearly double that of 1919, and is almost seven times 
as large as the output in 1912. The year-to-year growth 
has been uninterrupted during the last 15 years, except 
in 1921, a period of great depression. The amount of 
power generated during the first four months of the 
present year was about 9 per cent. higher than that 
generated during the corresponding period in 1926. 





THE INDIAN WIRELESS TELEGRAPHY BEAM SERVICE.— 
The short-wave wireless beam stations at Grimsby and 
Skegness, which were built for the Post Office by Messrs. 
Marconi’s Wireless Telegraph Company, Limited, for 
high-speed telegraphic communication between this 
country and India, have recently passed their seven 
days’ official test, and it is understood that the Post 
Office are issuing the preliminary certificate of acceptance. 
The stations, from which the beam service between this 
country and Australia is also worked, were illustrated 
and described on page 354 of our 123rd volume, where 
full particulars of the equipment will be found. During 
the official test, we are informed, an average speed of 
between 130 and 150 words a minute was maintained 
for 18 to 21 hours a day, figures greatly in excess of 
the contract requirements, which were for a minimum 
speed of 100 words a minute over a daily average period 
of 12 hours. When the Indian service is opened for 
regular traffic, the scheme for linking up Great Britain 
with Canada, Australia, South Africa and India by high- 
speed wireless-telegraph services, decided upon by the 
Government in 1923, will have been completed. Its com- 
pletion, however, by no means limits the prospects of 
further developments in Empire communication. Recent 
experiments have demonstrated the possibility of carrying 
on wireless telephone conversations by means of the beam 
stations, simultaneously with the operation of the 
telegraph services, and, according to the Marconi Com- 
pany, it is probable that before the end of next year it will 
be possible for telephone subscribers in this country to 
call up subscribers in any of the Dominions. 





* Originally discovered in the eighteenth century by 
Robins, and described in detail in his “ New Principles of 
Gunnery.”—Eb, E, 
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THE DEMAG ROLLER STRAIGHTEN- 
ING MACHINES. 

GREAT improvements have in recent years taken 
place in the main plant in steel works, but in some 
shops, the ancillary plant has not received the same 
attention. This is particularly the case with machines 
for straightening curved bars of different sections 
coming from the rolling mills, and it is still not 
uncommon, in small works, to find eccentric straight- 
ening presses employed for this purpose. Such 
machines are relatively slow in action, and involve 
a high labour charge, particularly when large sections 
are being dealt with. In addition, straightening under 
the press requires a considerable degree of skill, and the 
work finally turned out is apt to present a slightly 
irregular surface. In modern practice, the bars are 
straightened by means of rollers by a process similar 
to that employed in sheet-metal straightening machines. 
The working time is then reduced to that required for 
one or two passages through the rolls, a second opera- 
tion on the press only being necessary in isolated cases. 
Two distinct types of machine are employed, one having 
rolls supported on one side only, and the other with 
rolls supported at each end between columns. In 
Figs. 1 to 4 on page 300, and 5 to7 on page 296, we 
illustrate a number of machines of both types, which 
incorporate the latest developments in Continental 
practice. 

These machines are manufactured by the Deutsche 
Maschinenfabrik “‘ Demag,” of Duisburg. In all 
cases the work to be straightened passes through a 
number of rolls of suitable shape, the distance between 
the individual rolls, and their speed of rotation, being 
adjustable according to the size of the sections being 
dealt with. For small sections, a working speed up to 
200 feet per minute is usual, while for larger sections 
this is reduced to between 100 and 130 feet per minute. 

Dealing first with the machines whose rolls are 
supported on one side only, it may be mentioned that 
in the smaller machines, in which the rolls are relatively 
close together, both the upper and lower rolls are 
positively driven, as otherwise it is difficult to ensure 
that even pulling through of the work is attained, and 
that the section does not shift in the rolls. Prism driv- 
ing, similar to that used on rolling mills, is very generally 
adopted. The upper straightening rolls are adjustable 
in both the vertical and longitudinal directions, while 
the lower rolls are either fixed or provided with longi- 
tudinal adjustment only. The longitudinal adjust- 
ment of the upper rolls is effected by means of hand- 
wheels, and this may, if necessary, be effected while 
the machine is in operation. This arrangement 
results in a marked saving of time, as compared with 
the older type of machine, in which the adjustment 
was made by sliding the bearing blocks along by hand, 
and locking them in the required position by bolts and 
nuts. Machines with side-supported rolls are built by 
the Deutsche Maschinenfabrik in three sizes. The 
smallest has a roller distance of 12 in., and is suitable for 
straightening square sections up to 2} in. across flats, 
and round sections up to 2} in. in diameter. Channel 
sections or angles up to 4 in. deep can also be dealt 
with. The straightening speed is from 100 to 200 ft. 
per minute, and the horse-power required from 18 to 
20 b.h.p. The largest machine, with side-supported 
rolls, has a roller distance of 1 ft. 6 in., and will deal 
with square sections up to 2{ in. across flats, 13-in. 
round bars, or channels and angles up to 5 in. deep. 
Railway lines up to a weight of 24 lb. per yard can be 
straightened. The horse-power required for this 
machine is 35 b.h.p., and the straightening is effected 
at about 130 ft. per minute. 

On the machines, in which both the upper and lower 
rolls are driven, the drive is effected from an electric 
motor, through a gear-box mounted on a separate base 
plate, and from the gear-box to the machine, by a 
shaft, fitted with a universal joint at each end, to each 
roll, the practice thus being similar to that adopted in 
large rolling mills. One of the larger machines, in 
which only the lower rolls are driven, is shown in 
Fig. 4. The driving motor is not shown in the illus- 
tration, but is mounted on the left-hand end of the 
base plate, as viewed in the figure. The seating and 
holding down bolts for the motor are clearly visible in 
the illustration, together with the coupling on the gear- 
box. The transmission shaft, from the gear-box to 
the motor, does not appear clearly in the photograph, 
but is just visible below the lower roll in the fore- 
ground. A pinion on the transmission shaft engages 
with spur wheels on two of the roll shafts, and one of 
these spur wheels can be seen in the figure. The third 
roll shaft carries a similar spur wheel, and is driven from 
the centre roll shaft through an intermediate pinion. 
In the particular. machine shown, the three lower 
shafts are fixed in the standards, and cannot be adjusted 
in either direction. To effect the longitudinal adjust- 
ment of the upper rolls, the shaft is bored out and has 
an internal thread, which engages with a ring nut at 
the back of the standard. This nut is turned by 
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means of the star wheel, visible in the figure behind 
the left-hand column. The vertical adjustment of the 
rolls is effected in the usual manner, the bearing heads 
of the roll shafts being fitted with lead screws, which 
are raised or lowered by a nut, operated by the star 
wheels on the right-hand column. The machine is 
provided with discharge rolls in a special bracket, as 
shown in the illustration. This bracket slides on the 
base plate to permit of adjustment, according to the size 
of the section being straightened, and the upper roll can 
be adjusted in the vertical direction by the horizontal 
star wheel visible at the top of the bracket in Fig. 4. 

Various machines with the rolls supported at each end 
are shown in Figs. 1, 2, 3and 5. In each case one of the 
end frames is movable to permit the rolls to be changed 
for different classes of work. The machine shown 
in Fig. 3 is in its working position, while that shown 
in Fig. 5 has been photographed with the end frame 
withdrawn from the rollers. The time taken to change 
a machine over from one section to another is important, 
and should not as a rule exceed that required to set the 
rolling mill trains. In order to fulfil this condition, 
and to secure the shortest possible time for setting, the 
bearings, in which the rolls are supported in the fixed 
end frame, are sufficiently long to hold the rollers in their 
true position, when only supported from one end. All 
the machines of this type operate with three upper and 
two lower horizontal rolls and, in addition, there are two 
vertical rolls on the inlet and two on the outlet side, 
so that the bars can be straightened in the horizontal 
as well as the vertical direction. The three upper 
horizontal rolls are driven by an electric motor through a 
gear box, the arrangement being clearly visible on the 
machine shown in Fig. 2. The vertical rolls are also 
positively driven from the same box, while the lower 
horizontal rolls are actuated by friction. 

While the three upper straightening rolls are rigidly 
supported, the lower rolls are adjustable in the vertical 
direction, the adjustment being effected by means of 
hand wheels located at the side of the machine. These 
hand wheels can be seen on the ends of the inclined 
shafts of the machine illustrated in Fig. 3. In the larger 
machines, such as that shown in Fig. 5, these controls 
are brought to the outlet side of the machine, so that 
the operator can make the necessary adjustments, 
without having to pass from one side of the machine to 
the other. The vertical rolls are supported so as 
to permit of movement in both directions, thus 
enabling them to follow any unevenness in the material. 
Sliding friction clutches are provided in the roller drives 
to permit compensation of speed differences. The 
vertical rolls can be changed without loosening 
any machine parts, and the same applies to the 
arrangements for setting the main rolls longitudinally. 

To facilitate rapid adjustment of the straightening 
rolls, measuring tools mounted on swivelling and 
adjustable supports are provided, and dials are fitted 
to the various motions to afford an exact indication of 
the effect of each adjustment. In the machine shown 
in Fig. 5, which is intended for the heaviest sections,the 
roll shafts are carried on roller bearings, the arrangement 
being shown in Fig. 7. In the smaller machines, plain 
bearings are fitted, as shown in Fig. 6. The provision 
of roller bearings on the larger machines is claimed to 
reduce the power required in operation by about 25 per 
cent. A power drive is fitted for the adjustment of the 
lower rolls on the machine shown in Fig. 5, suitable 
stops being provided to prevent incorrect handling of 
the control lever. 

The construction of the machines is most clearly 
brought out in Figs. 1 and 2, which show a machine 
generally similar to that illustrated in Fig. 5. The 
drive is taken from the motor through a flexible coupling 
to the two-speed gear-box shown in Fig. 1, and from the 
gear-box to the upper rolls by the usual coupling 
shafts. Details of the roll mountings are given in Fig. 7. 
The longitudinal adjustment of the roll is made by the 
screwed plug shown at the left-hand end. The nut is 
provided with a toothed flange, and the pawl shown in 
the illustration registers with the teeth to give an 
exact indication of the setting. End thrust is taken up 
by ball races, as shown in the left-hand bearing in Fig. 7. 
As shown in this figure, the spindles are fitted with 
guide rolls and distance rings for straightening channels. 

The front view, Fig. 1, shows the two charging guide 
blocks. These are adjustable in the horizontal direction 
by a screwed spindle and handwheel, and are equipped 
with wearing plates. This view also shows the charging 
rolls between the guide blocks. These rolls are 
adjustable in the vertical; direction, by turning the 
screwed spindles on which the roll spindles are mounted 
at each end. 

The discharge arrangements are shown to the left 
of Fig. 2. The large discharge roll visible in this 
illustration is mounted on a separate bracket, and is 
adjustable in the horizontal direction, by means of the 
hand-wheel shown on the extreme left. It will be 
observed that, besides being connected to the bracket- 
traversing shaft by a wheel train, the shaft on which 





this wheel is mounted can also be coupled to a lead 
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screw, which raises or lowers the bearing blocks of 
the discharge roll. When this wheel is turned, it 
therefore adjusts the discharge roll in either the vertical 
or the horizontal direction. The lever immediately be- 
hind the hand-wheel actuates a clutch on the inter- 
mediate shaft, so as toengage one or other of the motions. 
The hand-wheels for adjusting the height of the lower 
roll bearing heads can be seen below the rolls in 
Fig. 2. The heads are carried on screw spindles, and 
the nuts, with which they engage, are actuated by 
chain and worm drives from the hand-wheel spindles. 
The transmission shaft from the gear-box is shown 
dotted within the bed-plate in Fig. 1, the end being 
visible to the right of the discharge-roll bracket in 
Fig. 2. From this shaft, the drive is transmitted 
by two pairs of bevel gears to two short shafts, on 
which pinions are mounted which engage with racks on 
the movable standard. Details of this arrangement 
are shown in Fig.2. The motion is engaged by means 
of clutches which are operated by a suitable lever. 

In order to utilise the larger machines over the 
greatest possible range, the gear-box is fitted with two 
speeds, giving traversing speeds of 65 ft. per minute 
and 130 ft. per minute, respectively. The machines, 
with the rolls supported at each end, are made in 
nine different sizes. The smallest has a roll distance 
of 1 ft. 6 in., and will deal with square sections 2{ in. 
across flats, and other sections in proportion. The 
straightening speed can be varied between 82 and 165 ft. 
per minute, while from 30 to 35 brake horse-power 
are required to drive the machine. The largest 
machine has a roll distance of 4 ft. 3 in., and can deal 
with I-section beams 24 in. deep, or with the heaviest 
rail sections. The straightening speed is from 65 to 
100 ft. per minute, and the power required is from 
240 to 250 brake horse-power with plain roll bearings, 
or 180 brake horse-power with roller bearings. 

Besides the economical working of the machine, the 
cost of repairs is an important factor. In this connec- 
tion the actual straightening rolls, which are exposed 
to the greatest wear, demand first consideration. 
Although only high-grade steels, which have undergone 
special treatment, are used in the manufacture of such 
rolls, the cost of maintenance—as a result of the use of 
such high-grade material as well as of the large diameter 
of the straightening rolls—amounts to a considerable 
sum. For this reason, on the Demag machines a 
special arrangement was resorted to, the straightening 
rolls themselves being bandaged, so that in case of 
wear, the bandages only and not the complete rolls 
have to be replaced. 

Another very important factor is the time required 
to change the rolls from one section to another. 
This sometimes amounts to between 5 and 6 hours, but 
can be reduced to 2 or 3 hours, if a complete set of spare 
shafts is available. As such spare parts are, however, 
very expensive, appliances were developed for the 
Demag machines, by means of which the complete 
sets of rolls can be accurately mounted outside the 
machine and inserted without exchanging the shafts. 
There isno need for the operator to employ rules, outside 
calipers, or other measuring tools, in order to adjust 
the rolls accurately, as he is always able to make 
sure of the exact position of each roll by means of 
the dials, and can set the machine in a few minutes. 
Providing suitable lifting devices are available, 
the machine can be altered from one section to 
another in about an hour, even when changing from 
rail rolls to section-iron rolls. The setting of the rolls 
from one rail section to another is naturally effected 
in a much shorter time, for in such cases only a few 
strips have to be placed on the halved rolls. In straight- 
ening rails, the driven vertical rolls can be used for a 
great variety of sections, as experience within shows 
that it is not necessary to carry the rolls to the full 
height of the frame. It is only when changing over 
from rail straightening to section straightening that 
the vertical rolls have to be altered. With normal 
treatment of the rails in the hot chamber, it is 
claimed that a skilled workman should be able to 
straighten 90 to 95 per cent. of the rails in such a 
manner as to eliminate re-straightening. 

INDUSTRIAL PrRopucTION IN AMmERICA.—The total 
manufacturing production of the United States of 
America has increased about 65 per cent. in volume from 
1914 to 1925, according to the National Industrial 
Conference Board. During the same period the increase 
in population was slightly less than 18 per cent. Iron 
and steel production showed an increase of 86 per cent., 
and the chemical industries of 99 per cent. 

Triat Trip or THE §.S, “ Unpaneta.”—The twin- 
screw oil-tank steamer Urdaneta, which was built at 
the Hebburn shipyard of Messrs, Palmers Shipbuilding 
and Iron Company, Limited, to the order of the 
Venezuela Gulf Oil Company, of Caracas, on the Isher- 
wood system of longitudinal framing, was recently taken 
to sea for her trial trip. This proved quite successful, 
and the vessel was afterwards handed over to her owners. 
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A New TECHNICAL JOURNAL FOR THE IRON AND STEEL 
InpustryY.—Until recently it has been the practice to 
publish the technical theses of the memberstof the 
Verein deutscher Eisenhuttenleute in pamphlet form and 
also to reproduce them in the colums of our contemporary 
Stahl und Eisen. The amount of matter has, however, so 
largely increased that it was decided a short time ago to 
inaugurate a monthly journal, entitled Archiv fur das 
Eisenhuttenwesen, which will be devoted to the more 
technical aspects of iron and steel manufacture and thus 
allow the older journal to confine itself to general topics. 
We have received copies of the first two issues of the new 
publication and notice that it is to be divided into six 
sections, which will deal respectively with the production of 
crude iron (including matters relating to ores and coke and 
blast furnaces), steel production, rolling mills, power, 
heat and plant economy, properties of materials and 
operating questions. Each article will be begun on a 
right-hand page and, as stitches are not employed in the 
binding, can be easily detached, so that those relating to 
the same subject can be collected. The publishers are 
the Verlag Stahleisen G.m.b.H., of 27, Breite Strasse, 
Dusseldorf, Germany, and the price of each issue is 
5 marks, 
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THE Marconrt Auto AtArM.—The latest application 
of wireless to the safety of life at sea is the Marconi Auto 
Alarm. ‘This is already being fitted to over 200 British 
ships belonging to the Royal Mail Steam Packet Company, 
Messrs. T. and J. Brocklebank, Ellerman Lines, Clan 
Line, Messrs. F. C. Strick and Company, Limited, Messrs. 
Elders and Fyffes, Limited, &c. By means of this 
device ships can be “rung up,’’ when the wireless 
operator is off duty, by any other ship in the vicinity 
needing assistance. ‘This is effected by means of a special 
apparatus, which, on receiving the alarm signal, sets 
bells ringing in various parts of the ship, and when the 
vessel in distress has thus attracted the attention of all 
ships in the vicinity, the distress call and message is then 
sent out. The alarm signal consists of a series of 12 
dashes sent in one minute, the duration of each dash 
being four seconds with a one second interval between 
them, the alarm operating on the termination of the 
third consecutive dash received. Besides being on view 
at Marconi House and at the various depéts of the Marconi 
company throughout the country, the auto alarm appara- 
tus will be demonstrated on the Marconi stand at the 
Shipping, Engineering and Machinery Exhibition at 
Olympia which opens next week. 
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INK AND COLOUR MIXING MACHINES. 
CONSTRUCTED BY MESSRS. JOSEPH FOSTER AND SONS, ENGINEERS, PRESTON. 


(For Description, see Page 298.) 
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INK AND COLOUR MIXING 
MACHINERY. 


A LITTLE reflection will show that the dissemination 
of knowledge, the pursuit of pleasure, commercial 
development, and indeed the interchange of human 
activities in all their multitudinous phases depend, to a 
large extent, on one simple substance: ink. For both 
the present degree of intercourse and the record of past 
occurrences, which may be summed up in the one 
word experience, would be impossible without those 
conventional marks on paper, which printing and 
printing ink render possible. If that intercourse is 
to be untrammelled and that record clear, easy and 
permanent, it is obvious that considerable care must 
be taken to determine the best compositicn of the ink 
used, and to carry out its manufacture in such a way 
that it may completely fulfil the various conditions 
which may be imposed upon it. Ink is, of course, a 
substance, which is made in various forms, depending 
on whether it is to be used for writing, marking, type- 
writing or printing. Each form can also be made in 
various colours, so as to provide the necessary degree 
of emphasis, distinction or artistry. Of these, probably 
the most important are the inks used in printing, 
because, to be of any real value, they must possess the 
qualities both of clarity and permanence. Such inks are 
produced in great variety, and in the past were made 
chiefly from lamp black and linseed oil. The former 
substance has now become too expensive, and it has 
been displaced by resin black, soot, shale black and 
other mineral matters, aniline colours or iron or 
manganese compounds, while linseed and castor oils 
have also largely been displaced by tar oils and mineral 
oils. For good and medium quality ink, however, 
polymerised or boiled linseed oil is still used, together 
with resin oil, soap or resin soap and various pigments. 
Bitumen, asphalt or stearin pitch are also employed in 
admixture in some inks, particularly those used 
for rotary press work, as they improve the covering 
properties and prevent the ink piercing the paper. 

Whatever substances are employed, however, an essen- 
tial factor in the manufacture of successful ink is their 
thorough admixture, so that there is complete incor- 
poration of one in the other, and so that the resulting 
substance is quite homogeneous. Among the firms who 
have devoted considerable attention to the design of 
machinery, which shall ensure these results, are Messrs. 
Joseph Foster and Sons, Soho Foundry, Preston, two 
of whose mixers are described below and illustrated 
on page 297. 

The first of these, which is illustrated in Figs. 1, 2 
and 3, has been specially designed for mixing and dilut- 
ing inks, but it can also be employed for dealing in a 
similar fashion with enamels, paints, patent foods, 
pastes or any substance in which an intimate degree 
of admixture of the constituent elements is required. 
As will be seen, two sets of stirrers are provided, and 
these revolve in opposite directions. One set of 
stirrers is secured to a hollow outer shaft, and the other 
to an inner shaft, both being driven through machine- 
cut bevel gearing, either from a motor mounted direct 
on the mixer itself, or from a belt. The stirrers can 
be lifted out of the pan by{means of a handle and 
& wire rope attachment, or, alternatively, by means 
of a direct-coupled vertical shaft and handle opera- 
ting through skew gearing, which is visible on the right 
of Fig. 3. In both cases, the’ stirrers are prevented 
from falling down into the pan by the employment of 
worm gearing. 

The direct-coupled vertical shaft allows the stirrers 
to be forced down into the pan. This is essential 
when a highly viscous material, such as bronze-blue, 
has to be mixed, and special attention has been paid 
to making these machines of massive construction to 
allow this to be successfully done. All the gearing is 
enclosed in an oil-tight case and the pan is provided 
with castors, so that it can easily be slid into position 
without lifting. When belt driving is employed the 
possibility of the stirrers revolving when the belt is 
on the loose pulley is prevented by bolting the brass 
bush, on which the pulley revolves, to the body of the 
mixer. An important feature is that-the whole surface 
of the pan is scoured at each revolution, thus pre- 
venting the accumulation of unmixed material. 
The surface of the blades is finished perfectly smooth so 
that they can be easily cleaned. The total content of the 
pan is 39 gallons, the maximum amount of material 
under treatment at any time being 25 gallons. To 
operate the machine successfully a 5 h.p. motor is 
required, 

A machine of somewhat different design and smaller 
capacity is illustrated in Figs. 4 and 5. It will be 
noticed that this pattern consists essentially of a 
V-shaped casting, which carries both the mixer and 
the pan, the latter being mounted on trunnions and 
provided with a handle for emptying the contents. 
As before, either a motor or belt drive can be employed. 
Two sets of stirrers are provided, which revolve on 
their own axes, and also rotate round the centre of the 





pan. As before, the stirrers can be lifted out of the | 
pan by means of a direct-coupled vertical shaft, which | 
is operated by a handwheel and spur and bevel gearing. 
But in this case, the spur gearing for driving the 
stirrers is enclosed in the pan cover, the latter being 
held in position while the mixer is in use by means 
of the stirrers’ elevating gear. The stirrers are there- 
fore prevented from being lifted out of the pan while 
they are in motion. The capacity of the pan, in this 


case, is 30 gallons, the working capacity being 20 gallons. 
A 3}-h.p. motor is employed for driving purposes. 








ENGINEERING TRAINING AND 
EDUCATION. 

Sir John Cass Technical Institute.—We have received 
from the Principal, the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, a 
copy of the syllabus of classes for the 1927-28 session. 
The departments of the Institute comprise physics and 
mathematics, inorganic and pbysical chemistry, 
organic chemistry, metallurgy, and arts and crafts. 
Language and trade classes are also held, and instruc- 
tion in navigation and seamanship is given in the 
nautical school. The classes of the Institute are 
arranged to meet the requirements of students preparing 
for the degree of B.Sc., or for higher degrees of London 
University, in experimental science, and for the degree 
of B.Sc., in metallurgy. The Institute is also a 
recognised institution for the training of candidates for 
the examinations of the Institute of Chemistry. Copies 
of the syllabus may be obtained on application to the 
Principal, at the address given above. The autumn 
term will commence on September 19 next. 

South Wales and Monmouthshire School of Mines.— 
Established by the principal coalowners of the South 
Wales and Monmouthshire coalfield, the South Wales 
and Monmouthshire School of Mines, at Treforest and 
Crumlin, is supported and maintained solely by them for 
the purpose of providing technological instruction in 
all branches of coal mining. The school is open to all 
grades of colliery officials over 16 years of age. Full- 
time coursés in mining and colliery engineering are 
proviied, as are also part-time day courses for mine 
managers, surveyors, mechanics, electricians, and 
chemical assistants. Full particulars regarding the 
above courses will be found in the Calendar, for the 
session 1927-28, which may be obtained from the 
Secretary, 4, Mount Stuart-square, Cardiff. The autumn 
term will commence on September 27 next. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig iron is 
selling a little better to local firms and to Scotland, 
but home buyers at a distance and abroad are still 
holding off this market. Expansions of transactions are 
on a disappointing scale, and supply is very ample. 
To home users No. 1 quality remains at 70s.; No. 3 
g.m.b. at 67s. 6d.; No. 4 foundry, 66s. 6d.; and No. 4 
forge, 66s.; but an alteration has to be recorded in 
quotations for despatch to Scotland and overseas. For 
smal] lots for such destinations makers have been charging 
half a crown premium, but they are now quoting on the 
basis of No. 3 quality at 65s. for parcels of any size. 

Hematite.—Business in East Coast hematite iron shows 
some little improvement, and the small output is stated 
to be not quite equal to the moderate home and export 
needs, but producers have rather considerable quantities 
stored at their works, and in their anxiety to reduce 
stocks, they offer Nos. 1, 2 and 3 freely at 75s. 

"oreign Ore.—There is no new business in imported ore, 
and in fact consumers are not only off the market but 
they are endeavouring to prevent augmentation of their 
already heavy stocks by staying deliveries against old 
contracts. Nominally market rates remain on the basis of 
best rubio at 21s. c.i.f. Tees. 

Blast-Furnace Coke.—Local users of Durham _blast- 
furnace coke are disinclined to pay figures asked, and 
with supply abundant, downward movement is looked for. 
Up to 19s. is named for good average qualities delivered 
here, but consumers claim they can cover their require- 
ments on lower terms. 

Manufactured Iron and Steel.—Finished iron and steel 
quotations are steady, but orders are difficult to secure. 
The terms of the scheme reintroducing rebates to con- 
sumers who buy steel solely from British makers over a 
stated period are issued to consumers this week, and 
hope is entertained that they will result in expansion of 
trade. Common iron bars are Ill. 5s.; best bars, 
11l. 15s.; best best bars, 12/. 5s.; iron rivets, 110. 15s. ; 
steel rivets, 12/.; packing (parallel), 8/.; packing 
(tapered), 11/.; steel billets (soft), 7/. 12s. 6d.; steel 
billets (medium), 8/. 2s. 6d. ; steel billets (hard), 81. 12s. 6d. 
steel ship plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d. ; 
steel joists, 7/. 12s. 6d.; heavy steel rails, 87. 10s. ; and 
galvanised corrugated sheets, 141, 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Taken as a whole, this month has been 
the quietest of the year. Orders have not been coming 
forward at the rate desired, but with the prices of materials 
at rock bottom, a forward buying movement is likely to 
develop in the near future, though no rush of orders is 
expected, especially in railway and ship steel. Foreign 
competition in the majority of products continues 
severe, and in some instances, Belgian and French 
makers are offering ordinary and semi-finished steels at 
the lowest prices since the war. Rail and plate mills 
are fairly active, while axles, tyres, and other railway 
accessories are in improved demand. Even in armour 
plate there is a stronger call, but whether it will be 
maintained is doubtful. Inquiries from abroad for 
various classes of machinery are more numerous than for 
a considerable time past, and there is every prospect of 
good business accruing. The lighter trades are indiffer- 
ent. 'Those engaged in the manufacture of various parts 
of motor cars and cycles are responsible for a considerably 
increased output. Automobile tools are still in keen 
demand. South Africa, New Zealand and Australia are 
proving valuable customers in garden and agricultural 
implements, but home requirements are very restricted. 
Engineers’ tools have revived somewhat, and further 
improvement is anticipated. Plantation tool-makers 
are great sufferers from the force of German competition. 
Saws and like goods are doing better. Inquiries are in 
circulation from Finland and other lumbering centres. 
Builders are providing the lighter foundries with orders 
for stoves, grates and general ironmongery. 

South Yorkshire Coal Trade.—The position, compared 
with the previous week or two, is more hopeful, there 
being an improved demand for most classes of fuel. The 
call for industrial sorts is largely regulated by the amount 
of business being booked at steelworks, which at present 
is very limited. Steam coal is finding a good market 
abroad, and important business is being done with 
South America. The housecoal market has improved 
considerably, householders in London and country 
districts being good customers. The coke position is 
much the same. Foundry and furnace coke maintain the 
recent improvement both on home and overseas account. 
Quotations :—Best Branch Handpicked, 27s. 6d. to 
28s. 6d.; best house coal, 2ls. to 22s. 6d.; screened 
house coal, 19s. to 21s,; screened house nuts, 16s. to 
17s. 6d. ; Yorkshire hards, 16s. to 17s. ; Derbyshire hards, 
16s. to 17s.; rough slacks, 9s. 6d. to 10s. 6d.; nutty 
slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 6d. 





MANCHESTER ASSOCIATION OF ENGINEERS.—Mr. T. 
Makemson has been appointed secretary of the Man- 
chester Association of Engineers in succession to Mr. F. 
Hazelton, who has resigned. The newly-appointed 
secretary commenced his duties in July last. At this 
same period the offices of the association were removed 
from 16, Albert-square, to St. John-street Chambers, 
Deansgate, Manchester, to which address all commu- 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Though dull conditions continue to 
prevail in the Welsh steam-coal trade, there are signs 
of an expansion in the inquiry. Inquiries for steamers 
to load for the Mediterranean are certainly much more 
active, and this should result in increased shipments— 
a fact which should give more regular employment at the 
collieries, the majority of which are working inter- 
mittently because of the lack of trade. The potential 
output of the coalfield can, however, be considerably 
increased, and, consequently, buyers are not expecting 
any material change in prices, which remain unaltered 
because salesmen refuse to entertain any modifications 
on current values. Supplies of large coal remain more 
than sufficient to meet requirements, and best Admiralty 
classes are available at 20s. to 20s. 6d., with Monmouth- 
shires down to 17s. 6d. and drys from 18s. Smalls, 
owing to the lessened output of large, are somewhat 
difficult, and steady in price up to 14s. 6d. for the best 
bunker sorts and down to 12s. for the inferior classes. 
Bought in conjunction with large, however, concessions 
of 6d. to 9d. per ton can be secured. Sized coals are also 
scarce and steady. Shipments of coal as cargo foreign 
from South Wales in the past week amounted to 423,020 
tons, compared with 398,570 tons in the preceding six 
days. Exports at Cardiff totalled 251,890 tons, at 
Newport 64,780 tons, at Swansea 57,500 tons, and at 
Port Talbot 48,850 tons. The South Wales coal owners 
have decided to seek an interview with Sir Felix Pole, 
general manager of the Great Western Railway, in 
reference to the question of exceptional rates for shipment 
of coal from collieries in Monmouthshire and South Wales. 
Negotiations have taken place on the matter between 
the Commercial Committee of the Coalowners’ Associa- 
tion and the Great Western Railway without a settlement 
being reached. It is understood that the Great Western 
intend giving effect to their powers under the Railways 
Act to fix a standard exceptional rate of 6d. per ton for 
the South Wales coalfield, but to apply the increase in 
revenue towards lowering the rates in the Western 
district. The collieries mainly affected by the increase 
will be those in the Rhondda and Rhymney Valleys, but 
it is calculated that the rates in the Western district will, 
in many cases, still be in excess of 6d. per ton after 
benefiting from the Great Western scheme. 


Coal Trimmers’ Hours and Wages.—A request has been 
made to the South Wales Coal Trimming Board by 
Mr. Ernest Bevin, secretary of the Transport and General 
Workers’ Union, that the coal trimmers at the South 
Wales ports should be allowed to revert to continuous 
day shifts instead of day and night work as at present. 
Failing this, extra payment was asked for night work. 
The employers have been unable to accede to either 
request, the first being turned down because, in their 
opinion, despatch was facilitated and trade attracted, 
while the increased rates of pay were not granted as the 
shipping industry could not bear any extra burden. 





Mrine-LaAyInG SUBMARINE.—We have received from the 
Société Anonyme des Chantiers et Ateliers Augustin 
Normand, 67, Rue du Perrey, Le Havre, France, a 
handsome collotype engraving depicting the mine-laying 
submarine built by the firm under the Fernand Fenaux 
patents. The vessel is shown under way in the act of 
dropping amine. In the drawing a portion of the hull is 
removed in order to show the internal machinery and 
appliances. 


TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Hunter District Water Supply and Sewerage 
Board, Newcastle, Australia, is inviting tenders, to be 
presented in Newcastle by October 5, for additional 
sewage pumping plant for No. 1 pumping station. Con- 
tract No. 239. (Ref. No. AX 5117).—The Ministry of 
Public Works, Cairo, is calling for tenders, to be pre- 
sented by October 26, for turbo-alternators, boilers, &c., 
for the 7,500-kw. thermal power station for Belqas. 
(Ref. No. BX 3748.) 


Contracts.—The following orders for bore-hole pumps 
have recently been received by Messrs. 'The Mirrlees Watson 
Company, Limited, Scotland-street, Glasgow, C. 5: One of 
75,000 gallons per hour capacity against a head of 207 ft., 
for the Mid-Kent Waterworks ; two of 40,000 gallons 
per hour capacity against a head of 258 ft., for the Har- 
penden Waterworks, Herts. ; all three of these are to be 
driven by Mirrlees Diesel engines ; and one bore-hole pump 
for the Chiltern Hills Water Company, of 30,000 gallons 
per hour capacity against a head of 242 ft.; this will be 
driven by an A.C. vertical motor. In addition, the 
contract for the Mid-Kent Waterworks includes four 
turbine pumps, giving a total capacity of 124,000 
gallons per hour; these will also be driven by Mirrlees 
Diesel engines.—Messrs. Worthington-Simpson, Limited, 
Queen’s House, Kingsway, W.C.2, have received an 
order from Messrs, Sir Robert McAlpine and Sons for the 
complete electrically-driven pumping plant required by 
the Port of London Authority for the Tilbury docks. The 
plant includes two impounding pumps, 80 in. diameter, 
each capable of handling 6,100,000 gallons per hour ; 
two 60-in. dewatering pumps, each capable of handling 
4,350,000 gallons per hour; and two drainage pumps, 
together with sluice valves, suction and delivery piping, 
and electrical equipment. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The steel works in this area are 
still experiencing a very quiet demand for practically 
all classes of material, and short time is quite common. 
Inquiries are also of little account at present. The new 
scheme of rebates which it is intended will be in force 
for September is likely to stimulate buying, but it will 
probably take some time before any benefit is felt by 
the local makers, as much of the work on hand is already 
covered, and some of the consumers are understood to be 
already committed for a fair tonnage of foreign steel. 
The shipyards have not been sending out many specifica- 
tions recently, but an increase from that direction is 
expected in due course, as some of the Clyde shipbuilders 
have quite a number of ships booked. In the black 
sheet trade, heavy material is still very dull, but the 
business already booked for the lighter gauges of black 
and galvanised sheets amounts to a large tonnage, and 
ensures a good run for the next few months. Prices are 
unchanged, and are as follows :—Boiler plates, 111. per 
ton ; ship plates, 8/. 2s. 6d. per ton ; sections, 7/. 12s. 6d. 
per ton; and sheets, under 7 into ¢ in., 10/1. 5s. to 111. 5s. 
per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—No change of any kind can be 
reported in the malleable-iron trade of the West of 
Scotland since last report. The general demand is very 
poor, and output is now on a very low basis. Not only 
is there little doing in bar iron, but re-rolled steel bars 
have failed to respond to the recent reduction in price. 
The current quotation for ‘‘ Crown ”’ bars is unchanged 
at 10/. 15s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade movement is of a limited nature. A fair amount 
of hematite is going to the steel works, but foundry iron 
is being dealt in on a small scale only. Prices are again 
tending easier, and the following are the current market 
quotations :—Hematite, 78s. per ton, delivered at the 
steel works; foundry iron, No. 1, 80s. 6d. per ton, 
and No. 3, 75s. 6d. per ton, both on trucks at makers’ 
yards, 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, August 27, amounted to 432 tons. 
Of that total, 400 tons went overseas and 32 tons coast- 
wise. For the corresponding week of last year the figures 
were 318 tons overseas and 32 tons coastwise, making 
a total shipment of 350 tons. 


Shipbuilding.—A fair amount of work is now being 
done in the different shipyards in Scotland, although a 
few have still only a very limited number of orders on 
hand. Owing to the high costs of construction, which 
still prevail, owners are placing orders with much reserve. 
The output during the past month constitutes an 
average tonnage and shows that work has been progress- 
ing steadily. The details for the various districts are 





as follows :— 
Vessels. Tons. 
The Clyde ce aaa ere 17 37,695 
The Forth ve oar + 840 
The Tay sua _ — = 
The Dee and Moray Firth 3 2,379 
24 40,914 


The total Scottish output for the year to date is now 
194 vessels of 225,339 tons, against 143 vessels of 
222,694 tons for the corresponding period of last year. 
The Clyde total for the year is now 203,175 tons, which 
is very similar to that for the first eight months of last 
year. New contracts reported fixed during the past 
month only number 10, and an improvement in this 
direction will be necessary if the present activity in the 
yards is to be maintained. 








First-Aip Boxes or CuPpBOARDS.—We have received 
from the Home Office, Whitehall, the following note 
relative to first-aid boxes or cupboards. The Chief 
Inspector of Factories gives notice that by Order dated 
June 27, 1927, the Secretary of State has prescribed that, 
as from October 1, 1927, all materials for dressings con- 
tained in the first-aid boxes or cupboards, which are 
required to be provided in pursuance of Section 29 (1) 
of the Workmen’s Compensation Act, 1923, or Regulation 
4 (a) of the Docks Regulations, 1925, or Regulation 47 of 
the Building Regulations, 1926, shall be those designated 
in, and of a grade or quality not lower than, the standards 
prescribed by the British Pharmaceutical Codex, 1923. 





THE CROMPTON—PARKINSON AMALGAMATION.—In con- 
nection with the amalgamation of Messrs. F. and A. 
Parkinson, Limited, Guiseley, Yorkshire, and Messrs. 
Crompton and Company, Limited, Chelmsford, Essex, 
we have now received details of the organisation of 
Messrs. Crompton, Parkinson, Limited. The removal 
of the entire accounts and sales departments from 
Salisbury House, London-wall, C.2, has now been 
completed, and these departments are now located at 
the head office at Guiseley, from which address the policy 
and activities of the new company will, in future, be 
directed. The existing well-equipped works will be 
maintained both at Guiseley and Chelmsford, and under 
the new policy, considerable improvements will be 
effected in organisation to ensure greater efficiency in 
manufacture. Additional branch offices have been 
established in all important centres, and the sales per- 
sonnel of both organisations has been retained almost in 
its entirety. In keeping with the policy of decentrali- 
sation, the contracts and exports departments remain at 
Salisbury House, London-wall, London, E.C.2. 


NOTICES OF MEETINGS. 

THE InstiruTIoN oF MvNICIPAL AND CoUNTY 
ENGINEERS: SoutH Eastern Dzistrict.—Saturday, 
September 3, at 2 p.m., at the Royal Hotel, Sheerness. 
** Sheerness,” by Mr. W. P. Puddicombe. ‘ Sheerness 
Main Sewerage,” by Mr. F. W. S. Stanton. 


Tue Institute or Merats.—Autumn Meeting, 
Tuesday, September 6, to Friday, September 9, at 
Derby. Tuesday, September 6, at 8 p.m., Sixth 
Autumn Lecture, by Dr. L. Aitchison, on ‘“‘ Non- 
Ferrous Metals in Modern Transport,” in the Muni- 
cipal Technical College. Wednesday and Thursday, 
September 7 and 8, at 10 a.m., each day, general meeting 
in the Municipal Technical College ; papers to be read 
and discussed: “‘'The Copper-Magnesium Alloys. Part 
II,” by Messrs. W. T. Cook and W. R. D. Jones; “ Re- 
searches on Intermetallic Compounds. VI. The Reac- 
tion between Solid Magnesium and Liquid Tin,” by 
Dr. W. Hume-Rothery; ‘ Age-Hardening Tests with 
Elektron Alloys,” by Dr. K. L. Meissner; “ The Equi- 
librium Diagram of Copper-Tin Alloys containing from 
10 to 25 per cent. of Tin,” by Mr. A. R. Raper; “* Note on 
Cathodic Disintegration as a Method of Etching Specimens 
for Metallography,” by Dr. C. S. Smith ; ‘“‘ The Protection 
of Aluminium and its Alloys against Corrosion,” by 
Messrs. H. Sutton and A. J. Sidery; ‘“‘The Nature 
of the Film Produced by Anodic Oxidation of 
Aluminium,” by Messrs. H. Sutton and J. W. W. 
Willstrop; ‘‘Grain Growth in Compressed Metal 
Powder,” by Dr. C. J. Smithells and Messrs. W. R. 
Pitkin and J. W. Avery; ‘‘ The Undercooling of Some 
Aluminium Alloys,” by Dr. M. L. V. Gayler; “The 
Constitution of Alloys of Aluminium with Silicon and 
Iron,”’ by Dr. A. G. C. Gwyer and Mr. H. W. L. Phillips ; 
“Effect of Work and Annealing on the Lead-Tin 
Eutectic,” by Mr. F. Hargreaves; ‘“‘' The System Mag- 
nesium-Cadmium,” by Dr. W. Hume-Rothery and 
Mr. S. W. Rowell; ‘The Constitution and Physical 
Properties of Some of the Alloys of Copper, Zinc, and 
Cadmium,” by Mr. C. H. M. Jenkins. 

THE INsTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: EAsTERN District.—Saturday, September 10, 
at 11 a.m., at the Town Hall, Lowestoft. Paper by 
Mr. S. W. Mobbs. 





Triats or S.S. “ Teakwoop.’’—The oil-tank steamer 
Teakwood, which has been built by Messrs. Sir W. G. 
Armstrong-Whitworth and Company, Limited, to the 
order of Messrs. The Teakwood Steamship Company 
(1926), Limited, recently completed a successful trial 
trip at sea. We gave a brief description of this vessel 
in our issue of July 8 last, on page 64. 

INTERNATIONAL EXHIBITION OF AGRICULTURAL MACHI- 
NERY.—The seventh Salon de la Machine Agricole 
(International Exhibition of Agricultural Machinery) 
will be held in Paris, in the Exhibitions Park at the 
Versailles Gate, from January 21 to 29, 1928. Applica- 
tions for space should reach the Comité d’Organisation, 
Salon de la Machine Agricole, 8, rue Jean-Goujon, Paris, 
8e, France, before October 15 next. 

ELEectTRICAL SupPLY AND WIRING REGULATIONS.— 
His Majesty’s Trade Commissioner at Wellington, New 
Zealand, has forwarded to the Department of Overseas 
Trade a copy of the supplement to the New Zealand 
Gazette of July 7 containing the electrical supply and 
electrical wiring regulations, 1927. United Kingdom 
firms interested may consult this supplement on applica- 
tion to the Department (Room 3), 35, Old Queen-street, 
London, 8.W.1, quoting Ref. No. CX 2400. 

PERsONAL.—The name of the firm of Messrs. Walworth- 
Munzing, Limited, has been changed to Messrs. Walworth, 
Limited, 90-96, Union-street, Southwark, London, 8.E.1. 
There is no change in ownership or management.—A fter 
30 years’ service with Messrs. Clarke, Chapman and 
Company, Limited, for 10 years of which he was manager 
of the boiler department, Mr. A. R. Clemitson is taking 
up consulting work and engineering agencies, at Milburn 
House (E floor), Newcastle-on-Tyne, and will represent 
the following firms: Messrs. The Albion Drop Forgings 
Company, Limited, Coventry; Messrs. The Carrier 
Engineering Company, Limited, London ; Messrs. The 
Crosthwaite Sngineering and Furnace Company, 
Limited; Messrs. The Electroflo Meters Company, Limited, 
London; Messrs. Poulton and Son, Reading, Messrs. 
The Riley Stoker Company, Limited, London ; Messrs. 
J. Shaw, Son and Greenhalgh, Limited, Huddersfield ; 
Messrs. Geo. Turnbull and Company, Limited, Bonny- 
bridge; Messrs. Charles Wicksteed and Company, 
Limited, Kettering.—Sir Vincent Caillard, who for 27 
years has been a director of Messrs. Vickers, Limited, 
and who was mainly instrumental in arranging for the 
reconstruction of the company, which is now practically 
completed, has tendered his resignation from the Board, 
as from September 1. His colleagues have accepted his 
resignation with great regret.—An alliance has been 
formedi.betweean the firms of Messrs. John Bennie, 
Limited, Glasgow, and Messrs. Marryat and Scott, 
Limited, Hatton Garden, London, E.C.1, both of 
whom are well known as makers of lifts. The alliance 
will facilitate the production by Messrs. Marryat and 
Scott of extra heavy machines, while the Scottish 
firm will benefit in the matter of electrical and mechani- 
cal aid. The two businesses will be run as_ before, 
separately and in competition with one another.— Messrs. 
Petters, Limited, Westland Works, Yeovil, will be 
represented in Scotland as from September 1 by 
Engineer-Lieut.-Commander J. K. Gibbon, R.N., Water- 
loo Chambers, 19, Waterloo-street, Glasgow, C.2. 
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commercial 
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INVENTION AND DISCOVERY. 


PRESIDENTIAL addresses are commonly of maxi- 
mum interest when they are concerned with 
matters on which the speaker has special, and it may 
be even exclusive, information. So long as it 
deals with work for which its author has been 
personally responsible, an address is certain to be 
both interesting .and instructive. The profession 
is now divided up into so many branches that the 
commonplace in the one may be far from familiar 
to, and highly appreciated by, those whose activi- 
ties have been directed in another direction. Un- 
fortunately the confidential character of much of 
the work on which he has been engaged made it 
impossible for Sir J. B. Henderson to pursue this 
preferable policy in the address he delivered at Leeds 
yesterday to Section G of the British Association. 
Prudence compelled him to choose a theme free 
from the possibility that the ill-defined line between 
what is confidential and what is common knowledge 
might be overstepped inadvertently, and he devoted 
his address therefore to a general discussion of 
invention and discovery. Probably not every one 
will agree with the distinction he makes between 
the two. For our own part we are inclined to think 
that the one fundamental distinction lies in the 
fact that an invention is never accidental though 
it may originate in an accidental discovery. The 
inventor is, however, always endeavouring to 
attain some practical end, whilst a discoverer by 
intent, is generally motived solely by curiosity. 
Not infrequently, no doubt, the inventor makes 
discoveries, for the most part unwelcome and 
disconcerting, in the course of practicalising his 
ideas. The discoverer seldom reaps much material 
benefit from his labours, but this also holds true 
of the great majority of inventors. The few who 
attain success, in this sense of the term, generally 
purchase it very dearly at the cost of many anxious 
days and sleepless nights. Financial worries pile 
themselves on top of unforeseen technical difficulties. 
Partners and associates become depressed and dis- 
couraged. They urge the abandonment of the 
venture and the return to safe and humdrum manu- 
facturing operations. It is said that the original 


Provision may be made for what is thought to be 
every possible contingency, but when the new device 
is entrusted to alien hands the apparently impossible 
seems at times to happen. An instance of this was 
provided by the Lee—Metford rifle, which the com- 
mittee responsible for it believed they had rendered 
foolproof. They had, they thought, submitted it to 
every conceivable test of reliability, yet Mr. Tommy 
Atkins quickly demonstrated that they had not 
exhausted the possibilities of the situation and that 
he could go one better. 

Sir James Henderson was well advised in emphasi- 
sing the necessity for nursing an invention during 
its earlier years. That class of politician who finds it 
easier to invent what is plausible than to discover 
what is true, seems to be under the impression 
that an invention develops itself. This certainly 
appears to be the opinion of Mr. Philip Snowden, 
who speaking at Truro last Saturday claimed that 
no new discovery in science or chemistry should be 
allowed to pass into the hands of capitalists to be 
exploited for private profit. Were such a rule 
established in this country, all past experience shows 
that none of these discoveries would be brought to 
fruition here. We should have to purchase from the 
foreigner, who would then alone be able to develop 
new ideas, all the experience and knowledge obtained 
during the pioneering period. This, in fact, is what 
happened in the conditions established by the 
Tramways Acts and the early Electric Lighting Acts. 
Parliament, in its unwisdom, declared that the 
new scientific discoveries involved must not be 
developed in this country so as to afford a reasonable 
profit to those who took the risks. As a consequence 
the lead in the heavy electrical industries passed 
from us to others. The pioneering was accordingly 
done elsewhere, and this accomplished, our local 
authorities had to spend tens of thousands, per- 
haps millions, in paying foreign firms for the “‘ know 
how.” There is, of course, a class of politician 
that maintains that history has nothing to teach 
us in such matters. One of the so-called intelli- 
gentia, giving evidence before the coal enquiry, 
maintained this very definitely, and asserted that 
history only told us what had happened, not 
what might happen. It is of interest to note that 
this contempt for historical studies has seldom been 
shared by great military commanders, who, in spite 
of revolutionary changes, not only in the matter of 
arms and equipment but also in transport facilities, 
have generally attached a very high value to the 
study of the campaigns of their predecessors. 

So far as we know, no government department 
has ever been responsible for any fundamental 
improvement in any branch of science or art. 
In recent years hopes and anticipations ran high 
in certain political circles, that the great national 
wireless station at Rugby was going to demonstrate 
once and for all the superiority of public over private 
enterprise. The most that can now be said for 
this station is that it represents quite a good piece 
of work, but its designers and engineers have made 
no contribution of fundamental importance to their 





art. Indeed, there seems a possibility that the 





302 


ENGINEERING. 


[SEPT. 2, 1927. 





station may prove a white elephant. The beam 
system, which originated with a private company, 
takes but a fraction of the power to cover equal 
distances, and it is the American engineers attached 
to the Western Union Company who have practical- 
ised trans-oceanic telephony. 

Great inventions are, in fact, never made by 
second-class intellects, though a great discovery 
may be, since an element of chance is involved in 
discovery which is nearly absent from invention. 
The man of genius is never happy or comfortable in 
a government office. It is interesting in this con- 
nection to recall that Bismarck, who, whatever may 
be thought of his ethical standards, was the one 
man of genius amongst the politicians of his genera- 
tion, had a most unsatisfactory record as a subordi- 
nate official. In a work recently published the 
author, whilst admitting that ‘Self and Partner ” 
had individually second class intellects, suggested 
that by supplementing each other they had been 
able to do first-class work. This absurdity seems 
to be somewhat widely accepted in certain circles, 
including some which should assuredly know better. 
Certain promulgations of the National Union of 
Transport Workers seem indeed, to indicate that the 
view in question is prevalent amongst the members. 

No doubt, Beaumont and Fletcher, the dramatists 
of the reign of James I, had complementary qualities 
from which their plays benefitted, but the combina- 
tion effective though it might be, never succeeded 
in approaching the peaks attained by Shakespeare 
and Christopher Marlowe. Similarly, a Michael 
Faraday can never be equated to any conceivable 
committee of ordinary bachelors of science. The 
individualist character of really first-class scientific 
work has been strikingly demonstrated by the two 
great concepts of Einstein and Planck, which are 
guiding and directing much of the work now in 
progress in the laboratories of the world. Planck’s 
quantum broke entirely new ground and involved 
such a break with classical tradition that it was re- 
garded in some quarters with little less than horror. 
In his reference to this matter, Sir James Henderson 
seemed rather to imply that the quantum was a 
quantum of energy, whereas of course, it is an 
“action” quantum, having entirely different 
dimensions. Planck was, in fact, more cautious than 
some of his disciples and successors. He merely 
maintained that the exchange of energy between 
radiation and matter, or say between matter and 
the ether, were discontinuous, and characterised 
by a certain atomicity. It was Einstein who 
extended this to other phenomena by assuming 
that the same law held good for exchanges of 
energy between molecule and molecule. He thus 
obtained a formula for the specific heat of hydrogen 
which was in approximate agreement with experi- 
ment. More careful research has however, shown 
that the agreement is by no means perfect, and it 
may well be that this extension and generalisation 
of Planck’s quantum theory may have to be aban- 
doned. It is certainly repugnant to our mechanical 
intuitions. 

In the course of his address Sir James Henderson 
said a word in defence of experiments which have led 
merely to negative results. That a negative 
result may be of extraordinary interest and impor- 
tance is no doubt true, and of this the classical ex- 
ample is the famous Michelson-Morley experiment 
where the attempt was made to find the rate at which 
the earth moved through the ether and nothing was 
found. In general, however, we are inclined to 
think that negative results are seldom of much 
interest or value, even when the experimenter is a 
Faraday. This great experimentalist and scientific 
thinker tried to find what is now known as the 
Zeemann effect, but failed, and this negative 
result helped in no way to unravel the relationship 
between light and electricity which Faraday felt 
certain must exist. 

Sir James Henderson drew attention quite rightly 
to the fact that really important inventions require 
so much time to practicalise, that under our existing 
laws, the term of the patent may have almost run 
out before the inventor begins to reap any substantial 
reward for his labours. ‘Trivial inventions, on 
the other hand, may become remunerative almost 
at once. He commended the American system by 
which an application can be kept alive for years, 





before the patent is finally granted. This boon has, 
however, been greatly abused in the past, and has 
led to extensive frauds on the public. One method 
of keeping alive a patent in America was to file 
an interference, in which the master idea of some 
particular patent was asserted to be found in 
another pending application. The rights to both 
applications were sometimes acquired by one and 
the same corporation, who periodically filed new 
protests on one side or the other—so as to keep the 
matter pending. In one case, if our memory 
serves, this game was kept up for 19 years before 
the matter was finally settled and the patent then 
ran for 17 years from the date of sealing. During 
the whole of the intervening period the firm in 
question had enjoyed the same monopoly as if 
the patent were already complete. 


ENGINEERING IN THE CIRCLE OF 
THE SCIENCES. 

In the days when domestic service was more 
common in middle class families than it is now, 
tranquility was sometimes disturbed by discovering 
that the job which wanted doing was not the 
duty of any particular person. Within limits 
there was something to be said for this view. The 
desire of each to have the ordering of her own 
work was natural, though it may not always have 
been convenient to gratify, and as a rule no anxiety 
was felt in an establishment for persons to practise 
each other’s arts when these lay in different 
directions. In the large and growing establishment 
which for some time past has been conducted 
jointly by industry and science, if great things 
may be compared with small, similar problems 
are apt to crop up. Questions arise as to whether 
a particular piece of work belongs to this or that 
art or science, and sometimes work may find its 
way into, as it seems, the wrong hands. Mischances 
of this sort are to be regretted, though usually 
they can be set right without much difficulty. 
For one instance, however, in which work finds 
its way into the wrong department, a dozen can 
generally be found in which the work has to be 
considered from the point of view of more than 
one or of many departments. Even when they 
are left to themselves, the sciences have a wonderful 
curiosity about each other’s business, and when 
they turn to investigating practical problems, 
they are found to be implicated with each other 
inextricably. 

In these days it would be difficult to find an 
art or a subject of industrial investigation which 
could not give immediate illustration of this 
condition of its existence. Perhaps none shows it 
more strikingly than the arts and sciences involved 
in the preservation of food. Like metallurgy and 
many other fundamental arts, the preservation of 
food began to be practised when there was very 
little scientific foundation on which it could be 
based. Man had to have food in store, and as he 
could not afford to waste it, had to preserve it as 
best he could. He could not help finding out 
some fundamental facts in regard to it, such as 
that meat was more apt to decompose when kept 
warm than cold; and, later on, that the use of 
artificially low temperatures would make it keep 
an inordinately long time. By what mechanism, 
however, cold exercised its preservative effect he 
did not know, and even now does not know 
completely. - As the world gets more people to 
feed and resolves increasingly to feed them better, 
it becomes of growing importance that the 
mechanism of preservative processes should be 
better understood, and some eight years ago the 
Department of Scientific and Industrial Research 
set up its Food Investigation Board, the last 
annual report of which for the year 1925 and 1926 
is the occasion of these observations (H.M. Stationery 
Office ; 2s. 6d. net). The present membership of 
the Board illustrates aptly the wide circle of the 
sciences which have been called in aid of its 
investigations, including as it does Sir Alfred 
Ewing, the Chairman of the Engineering Co- 
ordinating Board, and Sir Richard Threlfall, the 
Chairman of the Fuel Research Board. As the 
report points out, physiology and _ pathology, 
biophysics, biochemistry and pure physics had 





already furnished many essential data for the studies 
the Board had to undertake on its appointment. 
Between the phenomena and theories described 
in these pure sciences, however, and the practice 
of food preservation there were many lacune 
to be filled before the problems of practice could 
be solved, and though already much gratifying 
success has been recorded, a great deal still remains 
to be done. The results already obtained have 
appeared sufficiently encouraging to the members 
of the Imperial Economic Committee to induce 
the Empire Marketing Board, established to act 
as the Committee’s executive body, to offer the 
Research Department the sum of 25,0001. for the 
purpose of increasing the size of the Low-Tempera- 
ture Research Station, and 5,000/. a year for five 
years to meet the increased maintenance charges. 
In addition to its primary investigations into the 
many scientific questions involved, special investi- 
gations are undertaken for outside bodies, if of 
sufficient general interest, and in this way the 
Board appears to be kept in touch with the practical 
as well as the scientific questions that should be 
studied. 

A laboratory has also been established at Covent 
Garden Market, in which the conditions of produce 
after transport and storage will be studied, and 
a survey made of the sources of wastage and 
depreciation arising respectively in the orchard 
and packing and in the conditions of transport and 
storage. Similar action in respect to fish will 
have to be postponed until it is possible to erect 
a small research station at a fishing port, though in 
the meanwhile some special studies are being 
made in regard to methods of freezing particular 
kinds of fish, and a survey of the problems 
that should be attacked when opportunity offers, 
including by-products, such as fish meals, oils, &c. 
In addition to the work of the Board’s own stations, 
a number of important investigations have been 
made at the National Physical Laboratory into 
methods and data required for measuring essential 
physical quantities in various processes of preserva- 
tion. Of these researches an account is given in 
the present report by Dr. Ezer Griffiths and Mr. 
J. H. Awbery, which suggests once again the 
advantage that other arts may derive from studies 
made primarily in connection with food preserva- 
tion. It has been found possible, for example, 
to introduce considerable improvements into the 
design of resistance thermometer bulbs, whereby 
the time lag, often an important consideration, is 
reduced by nearly one-half, and the investigation 
of the effect of annealing on the resistance of nickel 
wire has indicated a means of abolishing almost 
entirely the alteration previously found in the 
constancy of nickel wire resistance thermometers. 
Among a variety of other results, an entirely new 
type of hygrometer has likewise been designed, 
based on the principle of fog formation when 
an atmosphere is expanded adiabatically, which has 
the advantage of being entirely free from time lag 
and secular changes in zero. 

It is needless to exhibit in detail the importance 
of the industries which it is sought to benefit by 
these researches. To take the industry of fruit 
and vegetables alone, as being by no means the 
most important but, perhaps, the most conveniently 
quotable, it is estimated that its total annual value 
is not far short of 100,000,0007. The researches and 
investigations include naturally a large number 
that have no direct relation to the profession and 
industry of engineering. To establish its results 
on a secure foundation the Board needs to obtain 
much more exact information than is available at 
the present time on the fundamental scientific 
facts that define the mechanism by which preserva- 
tion acts, and the changes it involves. When, 
however, these data have been obtained, probably 
further knowledge will be required on the manner 
in which this information can be applied with the 
most advantage. At this stage the further investiga- 
tion, if it is to be conducted to the best advantage, 
must in all probability pass into the hands of 
engineers. 

It is not always remembered that, in the same 
way as M. Jourdain talked prose without knowing 
it, competent engineers have to practise science. 
Industrial science often maybe as exacting as 














SEPT. 2, 1927.] 

















ENGINEERING. 








academic science, and sometimes even more diffi- 
cult. In industrial practice it is often impossible 
to vary only one condition at a time, as is done 
in the laboratory, or to define in advance by any 
previous measurement the respective effect of 
varying several factors at a time. Such effects 
have, as it is said, to be put in by eye, and for 
good practice it is of the first importance that the 
eye on which so much depends shall be expert. 
Some men of science are apt to undervalue practical 
experience. They imagine that, when a judgment 
has to be formed on a practical matter because 
unaided theory is unable to decide it, all judgments 
are of much the same value, and perhaps even that 
the judgment of the professional man of science, 
who in the industry is merely an amateur, is 
of greater value than that of the professional 
practical man. Sometimes without impertinence 
this view may be attributed to “the vicious pride 
of their youth,” but more generally it is the result 
of not recognising the meaning of practical experi- 
ence. An engineer who has been brought up in the 
practice of industrial science has had to become 
accustomed both to assessing the relative values of 
factors that vary simultaneously, and to standing 
by the practical consequences of his judgment 
when measurement is impossible. Such experience 
must give the judgment of a competent man who 
has had it a higher value than that of a laboratory 
man in assessing the data which cannot be assigned 
by men of theory. 

Clifford once observed that if mathematics itself 
had been discussed on the basis commonly adopted 
in metaphysics that every man’s opinion was as 
good as that of anyone else, both doctrines would 
probably have been in the same chaotic condition. 
Every man can doubtless form an opinion on 
matters of technical industry, but where a judgment 
is necessary, because the results of experimental 
science cannot provide a measurement, laboratory 
men cannot hope in the long run to produce the 
results which may be expected from engineers. 

Some problems of this type seem, indeed, to be 
already ripe for attack. To take from the report 
a definite instance, which may be typical of still 
wider questions, we notice that an investigation 
has been made into the best conditions for tran- 
sporting ham and bacon without the use of chemical 
preservatives. The result showed that the deter- 
mining factor was not the actual storage tempera- 
ture but its constancy, and that fluctuations of 
temperature, acting presumably through corre- 
sponding variations in relative humidity, were the 
main cause of deterioration. At a temperature, for 
instance, fluctuating between 0 deg. C. and 3 deg. C., 
152 colonies of moulds developed under given 
conditions, as against only 18 at a steady tem- 
perature of 3 deg. C. and only 4 at 0 deg. C. The 
effect of storage of fruit, again, in the hold of a 
ship has been worked out with great success, and 
enough seems to be known to enable the conditions 
of safe carriage to be defined with considerable 
certainty. Up to now, however, no method seems 
to have been discovered for securing a constant and 
assured temperature in the hold of a ship, and 
apparently also in other cold stores. According 
to the report, the variations of temperature under 
present conditions are so great that it is difficult to 
give a meaning even to the expression ‘‘ temperature 
of the hold,” and there may be as many different 
temperatures within the fruit in the hold as there 
are thermometers to take readings. This appears 
to be essentially a question of the practical type, in 
which several variables must necessarily change 
simultaneously, and it is to be hoped that it may 
now be referred to expert engineering investigation. 
Other questions, such as the processes and conse- 
quences of the freezing of meat, are still in the 
hands of biology and allied sciences, and it is too 
early to say whether they will present any fresh 
problem for engineers to solve. 








THE BRITISH ASSOCIATION AT 
LEEDS. 
Tue historical records of Leeds, a city of 458,320 
inhabitants according to the census of 1921, do 
not go back further than the Domesday Book. 


permanent Roman settlement, though there was a 
Roman station at Ilkley. It was not the capital 
of one of the kingdoms, founded after the withdrawal 
of the Romans, nor did it ever have a castle. Though 
it is now a cathedral city it had no ancient monas- 
tery, and Kirkstall Abbey, situated a little higher 
up the river Aire, was savagely stripped of lead 
and stone after the Reformation. The dales of 
western Yorkshire are beautiful, but the rivers 
are not navigable, and Leeds was not a medieval 
shipping centre. The poll-tax records for 1379 
gave it a population of 153 people above sixteen 
years of age, not counting clergy and mendicants. 
One of the two smiths had to pay one shilling, 
while the one dyer was taxed sixpence. Ponte- 
fract, to the liberty of which the village of Leeds 
belonged, York, Doncaster, and other towns in 
the West Riding, were all more important both in 
general and in textile activities. This however 
changed rapidly, as the result of the immigration of 
artisans expelled from the Continent. In the Tudor 
period the population exceeded five thousand, and 
in 1639 the town of Leeds petitioned—unsuccessfully 
—for a revised charter and two members of Parlia- 
ment, since the cloth trade of the town was then 
valued at 200,000/. yearly. 

Direct Parliamentary representation was granted 

in 1821, when the population had risen to 84,000 
The growth of the city was subsequently very rapid. 
By 1851 the population was 172,000, in 1891 it 
amounted to 367,000, and ten years later to nearly 
429,000. That the rate of increase has diminished 
in the last two decades is partly due to the fact that 
the city of Leeds is but a part, though the largest 
part of what Dr. C. B. Fawcett calls (in the instruc- 
tive general handbook published by the Local 
Committee of the British Association) the West 
Yorkshire conurbation, a great cluster of towns and 
villages forming, like Greater London and Greater 
Manchester, an urban Leeds—Bradford unit with a 
population of nearly one and a-half million people ; 
and the general tendency is to move outwards from 
the city areas. The fame of Yorkshire iron had 
already spread far in medizval ages, but the iron 
industry did not much develop before the nine- 
teenth century. At present wholesale clothing is 
the principal industry of Leeds. The number of 
insured workers in that trade was 30,814 in 1926, 
while distributive trades and general engineering 
gave employment to 19,511 and 15,063 people respec- 
tively. The building trade came next with 8,232, 
and then the woollen and worsted manufacture 
with 8,185 workers. These five industries, together 
with printing and bookbinding, employed two- 
thirds of the industrial population, but, as we 
pointed out last week, almost every branch of 
manufacture is represented in the city. 
As we write there is every prospect of a good 
meeting, as the attendances at the previous Leeds 
meetings, 1,695 members in 1858 and 1,775 in 1890, 
have already been far exceeded. Many of the 
sectional meetings at the Leeds meeting of 1890 
were held in the Yorkshire College, which, since 
1875, had been linked with Owens College, 
Manchester, and University College, Liverpool, 
to form the Victoria University. When this 
university complex was dissolved in 1904, Leeds 
was constituted a separate University by Royal 
Charter. The mining building of the university 
was completed in 1906, to accommodate both 
the mining and the coal gas and fuel depart- 
ments ; the cloth-workers’ building dates from 1880. 
The number of day students in the university was 
1,610 in 1926. The Association has imposing and 
commodious reception rooms in the Town Hall, 
in the crypt of which a noteworthy Exhibition 
of Scientific Apparatus is being held during the 
meeting; twenty-four firms are participating. 
The meteorological exhibit and the demonstration 
of weather forecasting by the Meteorological Office 
are also in the Town Hall. Mr. J. L. Baird is 
giving his demonstrations of television, noctovision 
and phenovision in the Offices of the Education 
Department. 


MESSAGE FROM THE PRINCE OF WALES. 


The inaugural meeting, which was held on Wed- 
nesday evening, in the Majestic Cinema, was presided 


absence of last year’s President, H.R.H. the Prince 
of Wales. The Association was welcomed to Leeds 
by the Lord Mayor, (Alderman Hugh Lupton) and 
the Vice-Chancellor of the University (Dr. J. B. 
Baillie), the latter of whom remarked that three 
former members of the professional staff had subse- 
quently been presidents of the Association. Sir Oliver 
then read a message from the President, in which, 
after regretting his inability to attend, the Prince 
remarked that the relations between Science and 
the State, on which he had addressed the Oxford 
meeting, and the value of research in relation to 
Imperial development, had been emphasised by the 
proceedings of the Imperial and Colonial Confer- 
ences of last year. The Prime Minister of Australia 
had stated that the applications of science to our 
primary and secondary industries were the most im- 
portant thing for the Empire. The Earl of Balfour 
had invited the attention of the House of Lords to 
the enormous value of the work given by men of 
science, withthe most lavish generosity, and Sir Alfred 
Yarrow had materially strengthened the power of the 
Association, the so-called parliament of science, by 
a generous gift of 10,0001. for the general purposes of 
the Association, which was to be expended within the 
next twenty years. The Prince then congratulated 
the Association on the choice of his successor, Sir 
Arthur Keith, remarking that the first instinct of 
anybody in this country on digging up a bone, was 
to send it to Sir Arthur (subject to the intervention 
of the police). 

After taking the chair, Sir Arthur Keith moved 
a message of humble congratulation to the Prince 
of Wales on the happy results which had attended 
his presidency. This ended with the words “ to-night 
we proudly add your Presidential banner to those 
of the great men of science, who have presided over 
this Association, since its inception at York ninety- 
six years ago.” 

PRESIDENTIAL ADDRESS. 

In the course of his address, Sir Arthur 
remarked that his predecessor in the chair at the 
Leeds meeting of 1858, Sir Richard Owen, had 
cited evidence for the appearance of man on earth 
at a much earlier date than that sanctioned by 
biblical records, but had poured scorn on the idea 
that man was merely a transmitted ape. Owen also 
dismissed Wallace and Darwin’s communications 
to the Linnaean Society in the briefest of paragraphs, 
and pointed out that he had hiniself already 
called attention to natural selection as an 
evolutionary force. The internecine strife between 
Owen and Huxley broke out two years afterwards, at 
the Oxford meeting of 1860, and Darwin’s great books 
were also published later, The Origin of Species, in 
1859; A Variation of Animals and Plants under 
Domestication, in 1868; The Descent of Man, in 
1871; and An Expression of Emotion in Man and 
Animals, in 1872. Darwin based his arguments 
largely on embryological studies and on the com- 
parative reactions of the living tissues of man 
and disease, drugs and environment. 

The fossil remains of an ape-man, the Pithecan- 
thropus in the Pliocene (Upper Tertiary), which was 
discovered in Java in 1892, ten years after Darwin’s 
death, showed a small and simple brain. Evolu- 
tion since those ages, said Sir Arthur, must have 
been very rapid, but the process was far more 
complex than was suspected in Darwin’s time. 
There was no single file of skeletons with the gibbon 
at one end and man at the other. Man was now 
represented by many diverse races, black, brown, 
yellow, white, some expanding, some disappearing. 
Those diversities had been greater in remote 
times, and evolution had not passed through an 
orderly file of stages, each of which was less ape-like 
and more man-like. Some parts had moved 
forward, another had lagged behind, and there were 
many blanks in the geological records. Sir Arthur 
mentioned that the evidence for the existence 
of a dozen great anthropoids living in the jungles 
in miocene times rested merely on discoveries of 
their teeth. He gave man an antiquity of about 
one million years. The evolution of the human 
brain was most remarkable; but the differences 
between an ape’s brain and a man’s brain were 
merely quantitative. Moreover, the blood of man 


and that of the great anthropoid apes gave almost 
-he same reaction. 








Leeds does not appear to have been the site of a 
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Darwin’s conception of brain evolution had 
resulted more from psychological than from 
anatomical considerations. For the sake of illus- 
tration, Sir Arthur Keith referred to the evolution of 
motor cars. The public selected cars on two grounds, 
utility and appearance, but had no direct hand 
in the design, or the production of modifications. 
In the factory, designers, managers, and appren- 
tices, co-operated with the aid of machinery. The 
biological workshop teemed with swarms of micro- 
scopic artisans, there were no designers, no foremen, 
no apprentices, each employee being born with fully- 
developed skill. Yet there was automatic co- 
ordination. Each part was a living society, the 
embryo itself a huge congery of interdependent 
societies. We knew enough about experimental 
embryology and the controlling action of glands to 
realise that it would take the work of many genera- 
tions of investigators to fit us for a discussion of 
the causes of variation and the machinery of evolu- 
tion. The President did not enter into details and 
avoided the réle of special pleader in presenting 
the evidence upon which the verdict was founded. 
But speaking as the foreman of a jury, his answer 
to the question : What is Man’s origin ? was : 
‘“* Darwin was right when he said that Man, under 
the action of biological forces, which can be observed 
and measured, has been raised from a place among 
the anthropoid apes, to that which he now occupies.” 

A vote of thanks to the President was proposed 
by Professor Sir William Boyd Dawkins. In ac- 
knowledging this, Sir Arthur Keith announced 
that the Association were considering the advisa- 
bility of purchasing for the nation the home, in 
which Darwin worked. 

(To be continued.) 





NOTES. 
Steet WorK FoR BUILDINGS. 


Tue Institution of Structural Engineers have just 
issued Part I of a report, prepared by their science 
sectional committee on Steel Work for Buildings. 
This report is intended to apply to the design of 
steel-framed multi-storey buildings. It specifies 
how the dead loads are to be estimated. To this 
must be added, for purposes of calculation, the 
imposed floor loads, which vary widely with the 
character and use of the building. The reporters 
consider that 40 lb. per square foot is enough to 
allow for the upper floors of private houses not 
more than four storeys high, whilst 80 Ib. is required 
in schools and offices. For general assembly 
rooms, dance halls and hotels, a figure of 100 Ib. 
per square foot is recommended, whilst a provision 
of 150 lb. per square foot suffices for garages taking 
cars up to 3 tons in weight. In cases where extra 
heavy goods have to be stored, it may be necessary 
to increase the figure to 200 lb. per square foot. In 
the case of flat roofs a load of 40 lb. per square foot 
is sufficient, whilst roofs of moderate slope should 
be designed for a vertical load of 25 lb. per square 
foot plus a horizontal load of 10 lb. per square foot. 
Wind loads on vertical surfaces are taken as 15 Ib. 
per square foot on walls up a height of 30 ft. At 
higher levels this must be increased to 20 Ib. per 
square foot, and towers should be designed for a 
wind load of 30 lb. per square foot. In regard to 
working stresses, 8 tons per square inch is allowed 
on structural steel both in tension and compression. 
In the case of the compression flange of a riveted 
girder this figure should, however, be reduced to 
6-8 tons per square inch, reckoned on the gross 
section. It would, we imagine, be difficult to justify 
this latter provision on the basis either of experience 
or experiment, and it would be ‘nteresting to know 
its genesis. A bearing stress of 12 tons per square 
inch is admitted on shop-driven rivets and of 
10 tons on field-driven. These appear reasonable 
limits, and are far higher than was considered 
permissible in certain ancient and now out-of-date 
American specifications, which were artlessly 
copied, generally without acknowledgment, into 
British text-books and regulations. In one Indian 
bridge a bearing stress of 18-8 tons per square inch 
has been found, whilst it reaches 13 tons per square 
inch in the old iron bridge erected by Brunel at 
Chepstow. In neither case has there been trouble 
from loose rivets. Several paragraphs are devoted 





to pillars and struts. A simple diagram is given, 
from which working stresses can be read off directly 
for different rates of slenderness. The concluding 
section of the report gives a list of the bearing loads 
permissible on different materials. The report is 
brief, but in most cases it requires much more 
thought to be clear and concise than lengthy and 
diffuse, and undoubtedly this rule has held good in 
the present instance. Its publication will be warmly 
welcomed by architectural engineers as an authori- 
tative guide on the loads to be provided for and 
on safe working stresses. It can be obtained from 
the offices of the Institution of Structural Engineers, 
10, Upper Belgrave-street, S.W.1, the price of 
issue being 33. 6d. 


ELEctTRICAL DEVELOPMENT IN Rurat AREAS. 


The layman is constantly being led to believe 
by well-meaning politicians and inspired paragraphs 
in the daily press that, asa result of the re-organisa- 
tion, which is now taking place, a supply of electricity 
will not only shortly be available in rural districts, 
but available at a price very much lower than that 
generally ruling at present. The average electricity 
supply engineer is not, however, so optimistic. 
In fact, if we are to judge by the numerous discus- 
sions, which have recently taken place, he sees in 
front of him two great obstacles to progress : The 
technical regulations, which insist on a standard 
practice so high as to preclude the erection of 
main lines on a profit-earning basis, and the 
intransigent attitude of local authorities and land- 
owners, on such matters as consents and wayleaves. 
For the existence of the first obstacle the Electricity 
Commissioners are widely blamed, and a spice of 
ironic comedy may therefore be found in the 
‘Memorandum on Electrical Development in 
Rural Areas, which this body has just issued. Its 
object is to make more widely known the principal 
considerations, which govern the successful commer- 
cial development of rural supplies, and it contains 
so much sound sense and argument that we hope 
every effort will be made to distribute it freely 
in those quarters where it can be of the most use. 
The irony is evident in that, with one exception. 
to which we shall refer below, the Commissioners 
show themselves definitely “on the side of the 
angels.” Speaking of the statutory position with 
regard to overhead lines, it is remarked that it 
would greatly conduce to the more expeditious, 
development of rural supplies, if local authorities 
as a whole would adopt the procedure of giving a 
general consent to the erection of overhead lines and 
confer the emergency powers necessary for ensuring 
speedy erection on their chairman, so as to avoid 
the delay now caused by infrequent meetings. 
Opposition to overhead lines, it is pointed out, 
often arises from a failure to appreciate the economic 
aspect of rural supplies, and from a mistaken idea 
that they are dangerous. As regards wayleaves 
the successful establishment of rural supplies on a 
comprehensive scale depends to a large extent on 
landowners granting the necessary facilities, for 
even though compulsory wayleaves can be obtained, 
the procedure leads to delay and expense, which 
should be avoided where possible. The action of 
the individual owner, who stands out for better 
terms than those usually accepted, may cause an 
important scheme to be held in abeyance, and the 
same applies to attempts to increase the rental 
above a certain basic figure. With all these 
arguments, electricity supply engineers will find 
themselves in general agreement. They are, 
however, likely to part company with the compilers 
of this publication, when they read the paragraph 
dealing with the costs of overhead and underground 
distribution or, at least, when they appreciate 
the ideas underlying it. For while it is correctly 
pointed out that the cost of underground distri- 
bution is often an absolute obstacle to its employ- 
ment in rural areas, they will disagree that the cost 
of overhead distribution is always as high as is 
stated, and still more with the inference that it 
need be as high as it is. For instance, the cost per 
mile of a 400/230-volt overhead distributor is given 
as from 4001. to 8007. There are lines in this 
country, which have been erected for a less sum 
than this ; and the cost could be much reduced, 
it will be generally argued, but for the regulations. 








Dr. Ekstrom has, in fact, stated that he has erected 
a 3,000-volt line in Sweden for as little as 1251. per 
mile, but that if he had had to comply with the 
British regulations it would have cost him three 
times as much. It would seem that some effective 
means should be taken to reduce this difference, and 
one way, not mentioned, is to remove the veto of the 
Post Office. 


Lasour Metuops In DENMARK. 

Recently 200 men employed at Messrs. Bur- 
meister and Wain’s works struck, in violation of 
their agreement, because one of their comrades had 
been dismissed on account of disobedience. They 
wished the employers to reinstate the man uncon- 
ditionally. Messrs. Burmeister and Wain took the 
matter to the Permanent Arbitration Court, which 
consists of three representatives chosen by the 
employers, three chosen by the men’s organisation, 
and an umpire, in this case a judge of the Supreme 
Court, appointed by the former (the Social-Demo- 
cratic) Government. The verdict was one that 
would hardly be likely in this country. The trades 
union in question, which had from the first dis- 
approved of the strike, was dealt with very leniently, 
being sentenced to pay only 300 kr. (close upon 
171.), but each of the 207 men involved had to pay 
50 kr. (21. 15s.) out of their own pockets for the 
satisfaction of a futile two days’ strike. The Court 
condemned in the most decisive manner the men’s 
breach of their agreement, calling it ‘‘ brutal and 
reckless violation” of the existing conditions and 
simply brushed aside their excuses, into which the 
Court found no occasion to enter. On former 
occasions the trades union itself has had to pay 
fairly heavy damages, one verdict of this nature 
having been confirmed in the most unmistakeable 
manner by the Supreme Court. 








THE LATE SIR JOHN BENTON. 

{CONOMISTS, when discussing the problems of 
population and food supply in undeveloped countries, 
rarely do anything like justice to the part played by 
the engineer in the production of the latter, with 
which the former is fundamentally involved. The 
work of the irrigating engineer in making it possible 
to grow grain and other crops on hundreds of 
thousands of square miles of land, previously 
practically desert, appears to be tacitly accepted by 
them as a quasi-automatic process, consequent 
upon the settlement of the country. The more 
practical man, however, makes no mistake in 
assessing credit for the contingent gigantic opera- 
tions, and we therefore proffer a tribute to the 
memory of an engineer, whose fine and bold work in 
irrigation has done so much for the Punjab and 
Burmah. Sir John Benton, who died on Monday 
last, August 29, was for 39 years employed in this 
branch of the profession, and at the time of his 
retirement in 1912 held the important post of 
Inspector-General of Irrigation for the whole of India. 

Mr. John Benton was born at Sheriffhaugh, Banff- 
shire, on August 5, 1850, and recieved his general 
education at Aberdeen. Leaving the University 
of that city he became a pupil to Mr. Wm. Smith, 
Civil Engineer of Aberdeen, with whom he remained 
one year. The subsequent year, spent in studying 
engineering at Edinburgh University, saw him 
already distinguished as a medallist, and with a 
promising University career, but the Royal Indian 
Engineering College at Cooper’s Hill, opened in 
1871, offered great attractions, and he entered it as 
fourth on the list of the remarkable first batch of 
men. Becoming a Fellow of the College, he was, 
in October, 1873, a year before the termination of 
the full course, appointed Assistant Engineer, 
second grade, to the Public Works Department of 
India, and allocated to the Punjab. 

By May, 1892, Mr. Benton had reached the rank 
of Executive Engineer, first grade, a position he 
retained until his transfer to Burma in 1897. The 
first period of twenty years was chiefly on the 
Sirhind and Bari Doab Canals, and included such 
works as the design and construction of masonry 
weirs, river diversions, girder bridges, sluice gates, 
and so forth, but the Madras famine, the Kabul 
War, and the financial situation in India placed 
difficulties in the performance of even such com- 
paratively routine duties by the younger engineers 
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who were raising irrigation from the neglected 
condition into which it had fallen. Yet Mr. Benton 
was not deterred from using his own initiative, and 
an example of his enterprise may be quoted in his 
plan, made while a junior officer, for the formation 
of what is now known as the auxiliary supply channel 
of the Upper Bari Doab Canal. This scheme, 
estimated to cost Rs. 8,00,000, was approved by the 
Chief Engineer and adopted. The Lyallpur station, 
a Civil station and the headquarters of the Lower 
Chenab Canal and colonies, owes much to Mr. 
Benton’s foresight, though the design originally 
caused much controversy. 

Mr. Benton’s promotion to Superintending 
Engineer, and subsequently to Chief Engineer, 
followed his transfer to Burma in 1897. Irrigation in 
that country was no new art, yet the practice of it was 
very crude. The canal at Mandalay was in course of 
construction, but difficulties had been met with and 
the cost was threatening to become formidable. 
With his customary energy and resource he remod- 
elled the design, and by similarly dealing with the 
Shwebo and Mén canals, and the old Kyankee 
canals he placed the irrigation system of Burma on 
a thoroughly satisfactory footing. Special attention 
was paid to keeping records, and the first annual 
revenue report was issued by him. He remained in 
Burma for five years, the value of his work being recog- 
nised at the end of that period by the bestowal of the 
decoration of the C.I.E. In 1902, he was re-trans- 
ferred to his old province, the Punjab, in the capacity 
of Chief Engineer, a post he retained till 1905. 

While Chief Engineer, Mr. Benton was responsible 
for several important schemes. Of these, the triple 
canal scheme may first be mentioned. This involved 
the construction of three great canals to carry 
27,000 cubic ft. of water per second for the irrigati n 
of 1,750,000 acres, canals totalling 433 miles in 
length, with 3,010 miles of distributaries and 20,000 
miles of water courses. The proposal was to carry 
water from the Jhelum river, which was running to 
waste, to the Chenab, and from the Chenab across 
the Ravi river to the lands beyond it. This implied 
the transport of water beyond its natural geographical 
boundaries, and embodied a bold conception. The 
scheme was sanctioned in 1905, and was completed in 
1917, the canals being the Upper Jhelum, Upper 
Chenab, and Lower Bari Doab. It was described ina 
paper read before the Institution of Civil Engineers 
by Sir John Benton, and entitled ‘The Punjab 
Triple Canal System.”’* 

Another outstanding scheme was the tapping of 
the Swat river into the Dargai valley, the com- 
municating canal having a tunnel, now known 
as the Benton Tunnel, 11,235 ft. long with 
a drop of 322 ft., the fall being utilised to 
generate electric power for various purposes. This 
was the last scheme upon which Mr. Benton was 
engaged, prior to his retirement from the post of Chief 
Engineer, a retirement which after thirty-two years 
arduous service only lasted a few months, for, in 
January, 1906, he was appointed Inspector-General 
of Irrigation for India. He threw himself into the 
duties of his new office with characteristic zeal and 
thoroughness, and besides being in constant touch 
with the progress of his own two schemes, mentioned 

above, he advised on many other projects, which were 
either in preparation, under examination, or in actual 
construction. His personal labour in such matters 
was immense, and he never left a subject till he had 
mastered its difficulties. 

Sir John Benton was made a Knight Commander 
of the Order of the Indian Empire in January, 1911, 
a year prior to his retirement from the Department. 
He became a member of the Institution of Civil 
Engineers in 1893, and was for some time a member 
of the Council. He was awarded an Indian Premium 
and the Telford Gold Medal for his paper on the 
triple canal system. His standing with the Institu- 
tion may be gauged by a quotation from Mr. 
Frederick Palmer’s Presidential address, November 2, 
1926, which is as follows :—‘ Of engineers con- 
nected with Indian work whose labours stand out 
prominently in my mind, those of James Berkley 
in railway work and John Benton in irrigation work 
could be engraved on the walls of this room with 
only added honour to the illustrious names already 
jnscribed thereon.” 


* See ENGINEERING, vol. c, p. 515. 








BRACKISH WATER AS FEED FOR 
WATER-TUBE BOILERS. 


THE engineers of the Anglo-Persian Oil Company, 
Limited, were recently confronted with an interesting 
problem, the solution of which might have entailed 
the expenditure of a large sum of money, much of which 
they now hope to save. At the Company’s power 
station at Abadan, in Persia, there are eight Vickers- 
Spearing boilers, each with an evaporative capacity 
of 25,000 to 35,000 lb. per hour and working at a pres- 
sure of 200 lb. persquareinch. These are oil-fired with 
Wallsend-Howden equipment, and supply steam to 
the turbo-generators in the main power plant. The 
make-up feed is obtained from the brackish water 
available, after passing through a water-softening 
plant, consisting of two units, each of 2,000 Ib. per 
hour capacity. In addition there are 40 Lancashire 
boilers, which supply steam to the refinery. With a 
view to economy in working, it was proposed to reor- 
ganise the whole power generating and refinery steam 
plant and to utilise Metropolitan-Vickers turbines for 
power supply, the exhaust at about 50 lb. per square 
inch being employed as process steam, Unfortu- 
nately this scheme would have necessitated the treat- 
ment of the whole of the feed water, instead of the 
make-up only and it was therefore decided to conduct 
large scale experiments to determine whether the 
brackish water could be fed into the boilers, if the 
Filtrator system of treatment was installed. 

The difficulty of employing this water supply as 
feed water will be appreciated when it is stated 
that it contains from 50 to 300 parts per 100,000 of 
sodium salts and thus may be described as brackish. 
It is also very changeable from season to season. A 
typical average analysis of the raw water supply gave 
the following figures :— 


Calcium carbonate.... 





13-00 grains per gallon, 


Calcium sulphate .... 31:00 ,, i 
Magnesium sulphate 7-61 _,, = 
* Magnesium chloride 6-68 ‘és , 


As it had to be fed into water tube boilers, on the 
tubes of which the flames impinge, the conditions 
must be regarded as severe. Filtrators, Limited, of 
Astor House, Aldwych, London, W.C.2, offered the 
use of one of their equipments, descriptions of which 
have already appeared in ENGINEERING (vol. exvii, 
page 623, and vol. cxxii, page 415), and tests were made 
on one of the existing Vickers-Spearing boilers. It 
will be remembered that the Filtrator system of 
treating boiler water, to prevent the accumulation of 
deposit on the tubes and plates, consists in introducing 
a colloid, obtained by the condensation of steam in a 
container, partially filled with linseed. This serves 
to prevent the adhesion of the particles of deposit 
produced during the evaporation of the water. 

For the test the boiler was started with cold water, 
treated by the Filtrator process, and the entire feed was 
taken from the brackish water, after softening-down 
to 4 grains in the existing plant. Charges of 30 Ib. of 
linseed were used every 24 hours and the trial was 
conducted for six weeks (from December 7, 1926, to 
January 18, 1927) or 1,006 hours. When the test 
was completed and the boiler was shut down for 
inspection it was found to be in a very satisfactory 
condition. The report shows that the tubes were 
found ito have less than ;!, in. of non-adhering scale. 
Six of them showed slight overheating and had on them 
loose scale to a slightly greater depth (0-026 in.). The 
steam drum was clean and the other drums were in good 
condition. In the feed drum there was some sludge 
on the bottom, and within the mud drum were found 
sludge and small pieces of thin broken scale. No grease 
or corrosion was found in the boiler and there was no 
signs of priming during the test. These results con- 
vinced the Anglo-Persian Oil Company, Limited, that it 
was possible to work their water-tube boilers with 
100 per cent. make-up of softened water of a brackish 
nature. 

The significance of this trial is that the use of the 
Filtrator system of treating boiler feed water renders 
unnecessary the installation of an extensive evaporator 
plant, which in the case of the Abadan works of the 
Anglo-Persian Oil Company, Limited, would have had to 
deal with about 2,500 tons of water per day. The cost 
of the Filtrator equipment and the additional softening 
plant, which will be used to deal with the feed water 
for the whole boiler installation, is but a fraction of 
what would be necessary for the only alternative, 
evaporators. In working costs substantial savings 
can also be shown. Taking the cost of evaporating a 
ton of water at 2s., the daily cost of evaporation of 
2,500 tons comes to 2501. as against 10/. for the raw 
materials for the Filtrator and softening plant. Upkeep 
costs also should also be much less than for an expensive 
evaporator plant. The importance of these tests to 
the engineering profession is appreciated by the Anglo- 
Persian Oil Company, Limited, who have, therefore, 





consented to the publication of the above results. 


CATALOGUES. 


Boiler-Water Circulator—A circular explaining a 
thermal syphoning water circulator for marine and other 
boilers is to hand from the Geyser Patentee, 10, Mersey- 
road, Rockferry, Birkenhead. 

Lifting Gear.—A list of worm and spur gear-lifting 
blocks, up to 25 tons lifting capacity, has been received 
from the Factory Equipment Company, 180, Victoria- 
street, London, S.W.1. 


Motor Van Bodies.—The British Aluminium Company, 
Limited, Adelaide House, London, E.C.4, have issued 
illustrations of advertising motor-van bodies constructed 
of aluminium, 


Steam Trap.—We have received from the Key Engineer- 
ing Company, Limited, Trafford-park Manchester, a 
catalogue of steam traps, with floating ball valves, made 
for pressures up to 10 Ib., 80 lb., or 250 lb. 


Electric Heater.—An electric-heating muffle, specially 
designed for heating soldering irons, is shown in a leat- 
catalogue received from Messrs. Automatic and Electric 
Furnaces, Limited, 173, Farringdon-road, London, E.C.1. 


Graphite.—Messrs. Graphite Products, Limited, 220, 
Queens-road, Battersea, London, S.W.8, have issued a 
14-page booklet, giving particulars of their various 
graphite preparations for lubricating, joint making, 
belt dressing, painting, boiler cleaning, etc. 


Screws.—Messrs. Charles Churchill and Company, 
Limited, 9, Leonard-street, Finsbury, London, E.C.2, 
have issued a price list of hollow set-screws and socket 
head cap screws, for which they are sole agents in this 
country. 

Roofing Materials—The Key Engineering Company, 
Limited, Trafford-park, Manchester, have published a 
circular of their roofing and wall felts, made of asbestos 
or of bitumenised asbestos, in several weights and 
colours. 


Machine Tools.—Two recent monthly bulletins are to 
hand from the United Machine Tool Company, Limited, 
14, Holborn Hall, Grays Inn-road, London, W.C.1, These 
describe lathes, grinding machines, drilling machines, 
&c., for railway workshops. 

Alarm for Lubrication Systems.—We have received @ 
four-page circular from Mr. G. L. Stokoe, Wallsend-on- 
Tyne, explaining his alarm instrument for indicating 
lack of pressure in a forced-lubrication system. The 
alarm may be given by an air or steam whistle or by 
electric contact. 


Electric Trucks.—Messrs. Wingrove and _ Rogers, 
Limited, 63, Queen Victoria-street, London, E.C.4, have 
sent us a sheet of illustrations of electric trucks and 
locomotives made by them and now in service in Austra- 
lia, chiefly in mines and workshops, but also in street and 
railway-platform service. 

Electric Hand Lamps.—The Deutsche Edison 
Company, Berlin, have sent us a catalogue of battery 
hand lamps suitable for watchmen, inspectors, etc., with 
batteries for 15 hours to 25 hours’ service. Messrs. A.F.A. 
Accumulators, Limited, 120, Tottenham Court-road, 
London, W.1, are agents for these lamps. 


Pulverised-Fuel Plant, &c.—A copy of the May Bulletin 
of the Power Specialty Company, New York, U.S.A., illus- 
trates plant for firing boilers with pulverised coal or 
—— tar pitch; superheaters, tube stills and water- 

ack boilers, are also dealt with. ‘The London office of 
the firm is at Aldwych House, Aldwych, London, W.C.2. 


Air Compressors.—aA list of ‘“‘ Boreas ” air compressors 
with electric motors, suitable for tyre inflation, spraying, 
operating pneumatic tools, etc., is to hand from Messrs, 
Lacy-Hulbert and Company, Limited, 91, Victoria- 
street, London, S.W.1. These compressors are made 
in l-h.p. and 3-h.p. sizes, for stationary or portable use, 
and are supplied with a high-pressure receiver if required. 


Electrical Machinery.—The Westinghouse Electric and 
Manufacturing Company, East Pittsburg, Pa., U.S.A., 
have sent us a number of catalogues describing the 
Baldwin-Westinghouse electric locomotives now in 
service, the electrification of the Philadelphia-Paoli 
railway, loom motors and control gear, paper-pulp 
beater drives and control, electric furnaces, lightning 
arresters, silent tooth wheels for timing gears, etc. 


Superheaters.—The Superheater Company, Limited, 
195, Strand, London, W.C.2, have issued three leaflet 
catalogues containing a specification of material for 
marine, locomotive and stationary superheater elements, 
a jet for cleaning locomotive tubes with a steam and 
sand mixture when the engine is running, and a jet 
for preventing carbon deposits on valves, steam chests, 
ports and cylinders. 


Road Machinery.—A_ catalogue of road-making 
machinery published by Messrs. Marshall, Sons and Com- 
pany, Limited, Gainsborough, gives particulars of the 
Cummer asphalt-making plant, portable steam and oil 
engines, steam rollers, and hand tools for road making. 
Increasing care is being given to the preparation of 
all road-making materials, and economy is found to 
result from the use of more elaborate machinery for 
mixing, drying, &c., than was formerly employed. 


Marine Engines.—Messrs. Plenty and Son, Limited, 
King’s-road, Newbury, have sent us a circular comparing 
the fuel costs of small coasting cargo ships. Taking a 
ship with engines of 270 i.h.p., making 8 sea-miles per 
hour, the fuel cost per sea-mile would be 10-8d, with 
steam engines and coal-fired boilers, 17-4d, with steam 
engines and oil-fired boilers, and 5-8d. with oil engines 
—assuming the costs of fuel per ton to be 30s. for coal, 





80s. for furnace oil and 100s, for engine fuel oil. 
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PROGRESS AND PROSPECTS OF 
AMERICAN AIRWAYS. 

Ir is often asserted that an abhorrence of the artificial 
stimulation of commerce by means of State subsidies was 
the cause of the arrest long suffered by civil aviation in 
the United States. While this contention may, in the 
main, be true, it is misleading if it induces the belief 
that this refusal of State aid is wholly due to the 
sturdy independence of the national temperament. 

The American Government’s refusal to adopt the 
subsidy method was due to the fact that the reasons 
which induced European Powers to follow this policy 
with such generous expenditure were of a military or 
political character, having no application to American 
conditions. Germany developed its astonishingly 
elaborate aerial network not simply for commercial 
purposes, but in order to keep alive the aircraft manu- 
facturing industry, threatened with extinction by the 
Allies’ prohibition of military aircraft. France has been 
concerned not only to assist its manufacturing industry, 
but also to consolidate its political relations with its 
African Empire, Syria, and the countries of the Little 
Entente, over which it has secured political influence ; 
Italy’s projected lines radiating from the capital city to 
Barcelona, Constantinople, Tripoli, Cagliari, Valona, 
and Zara have, obviously, political no less than 
commercial ends ; the policy pursued by the Union of 
Socialist Soviet Republics will be materially promoted 
by the completion of the services centred on Kharkoff 
and affording swift communication towards the Afghan, 
Indian, and Iraq frontiers; the British Empire hopes 
to achieve a greater measure of political and economic 
coherence by a system of Imperial air communications ; 
and similar considerations have actuated many of the 
smaller European nations. 

The United States is concerned with the military 
and political aspects of aerial development only in a 
much smaller degree. There is no Great Power, not 
excepting the U.S.S.R., which is less vulnerable to 
attack from the air than the United States. Proof of 
the fact that the administration is by no means indif- 
ferent to civil aviation is, however, to be found in the 
vigorous manner with which development is now being 
encouraged, but this official stimulus is to a greater 
extent unalloyed with political considerations than 
in any other country, and the adoption of the doubtful 
expedient of subsidy as a means of hastening economic 
self-sufficiency is therefore not justified. The prodigal 
expenditure of the European Powers having helped to 
bring aviation to a stage when its economic operation is 
in sight ; America has not been slow to share in the 
dividends accruing from this investment. 

Its own air mail services have, however, been 
extraordinarily successful and efficient. During the 
fiscal year which ended on June 30, 1926, 14 million 
letters were carried over the main transcontinental 
route, which enables a letter posted in New York to 
be delivered in San Francisco within 36 hours. Of 
the total mileage of over 2} million, nearly one million 
miles were flown at night. Of the flights begun, 
93-7 per cent. were completed according to schedule, 
two fatal accidents occurring. The steady increase 
in the revenue of the air mail lines indicates the growing 
public appreciation of the service they render, the re- 
ceipts for the months of July, October and December, 
1926, being 73,000, 90,000 and 122,000 dols., respec- 
tively. 

Few countries have so much to gain by the establish- 
ment of a system of internal airways. Its great spaces, 
its scattered and prosperous industrial areas, and the 
enterprising character of its people are guarantees both 
of sufficient support and economic operation. It is 
fully realised, however, that success is mainly depen- 
dent on the ability of the machines to fly continuously 
through the night. If operation is confined to daylight, 
much, if not all, of the advantage over rail transport 
in time saving accruing from the aircraft’s speed will 
be lost. 

Close attention has, therefore, been given to the 
perfection of lighting and other devices to make night- 
flying practicable and safe, and the credit for the world’s 





first regular commercial night-flying air service must | 
go to America for that inaugurated in 1924 between | and the time is, no doubt, coming when the possession 


Chicago and Cheyenne. 
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is lighted by one of these beacons, and has its boundaries 
marked by about twenty 15-watt white lights, a green 
light indicating the best approach and red lights 
marking obstructions. Each beacon, which is raised 
on a 50-ft. tower, indicates by an illuminated arrow 
the direction of the next light, while, if the power is 
derived not from an ordinary supply cable, but from 
a portable generating plant in charge of a caretaker, 
the number of the route and the number of the next 
beacon is painted on the roof of the shed, and illumi- 
nated at night-time. Flares will be used to warn 
pilots to descend, in the event of a sudden storm. 
Wireless navigational aids are also the subject of 
research, and it is contemplated to instal, at intervals 
of about 200 miles, radio beacons emitting a continuous 
series of dashes in beams directed along the route. 
If the pilot strays to the right of his course his receiver 
will pick up a dash-and-dot signal, with the letter 
‘““N” in morse, while, on the left, the signal includes 
the latter ‘‘ A.” The correction of the course until 
the steady dashes are again picked up is thus a simple 
matter, independent of the conditions of visibility 
obtaining. Smaller radio beacons, automatically 
transmitting signals indicative to the pilot of his 
precise position on the route, may also be installed 
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the latter undertaking becomes agent for the trans- 
mission of express traffic from New York to Texas, 
by way of Chicago. A bid is being made by the same 
enterprise to attract passenger traffic by the placing 
into service of a three-engined all-metal monoplane 
built by the Ford Motor Company. This machine, 
which is of Duralumin construction, has accommoda- 
tion for eight passengers. Its cruising speed is 95 
m.p.h., with a top speed of 120 m.p.h., while of its 
loaded weight of 8,000 lb., 2,500 lb. represent paying 
load. The power is provided by three of the 
ubiquitous Wright ‘‘ Whirlwind” engines, each of 
200 h.p., two of which are sufficient to maintain the 
machine’s height. 

There seems no reason why passenger traffic should 
not be as remunerative a portion of aerial traffic in 
America as it has proved in Europe, or, in more 
comparable circumstances, in Australia. What has 
hindered its development in America has - probably 
been that the form taken by the support accorded 
by the Federal Government has been that of contracts 
for the carriage of mail. The contracting companies 
have, therefore, specialised their equipment and their 
schedules for this traffic, employing comparatively 
small, single-engined open aircraft calculated neither 
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at intervals of about 30 miles, if experiments now 
proceeding show this to be desirable. 

Radio telephony will enable communication to be 
made with the pilot while in flight, but it has not 
yet ‘been decided to equip aircraft with transmitting 
apparatus, The aircraft receiving set will be simple 
and inexpensive, and the ground transmitting stations 
located at approximately 100-mile intervals. 

In the immediate future, however, progress is 
likely to be restricted by the three hundred thousand 
dollar allocation available, and the Aeronautics Branch 
of the Department of Commerce is concentrating on 
providing illumination to enable operation to take 
place in the marginal hours of twilight. 

The relations of the official authorities to the 
operating companies are similar in many respects 
to those obtaining in this country, except that the 
Government appears even more resolutely opposed 
to participation in operation. Financial support is 
extended, generally, through contracts for the carriage 
of United States mails, and the Federal authorities 
are precluded by the Air Commerce Act of 1926 from 
owning or operating airports. The extent of the 
Department’s responsibility is the provision of aids 
to pilotage and of intermediate landing fields, while 
encouraging municipalities to provide the terminal 
airports. The intense civic patriotism so highly 
developed in America is proving amply sufficient to 
impel city administrations to take the initiative, 


Already, over 2,000 miles of | of an airport will be regarded as a criterion of a town’s 


the great 2,665-mile transcontinental airway have | wealth and progressive spirit. 


been equipped witk lighting ins:allations, while a 
further 1,666 miles throughout the whole airway system 


| 


The grandiose transcontinental air mail service, 
hitherto operated directly by the Post Office Depart- 


will have been prepared for night-flying by the end of | ment, is being farmed out to independent operating 


the current year. 
8,656-mile system, shown on the accompanying map, 
will have been so equipped, although it is reasonable 
to expect that a very considerably increased mileage 
will then. be in existence. 

The 1927 programme is designed to provide 
revolving beacons, each of 2,000,000 candle-power, 


In 1928, all but 1,000 miles of the | 





companies, and the bid of 1-50 dols. per pound made 
by the Boeing Airplane Company for the operation 
of the longer western section from Chicago to San 
Francisco has been accepted. The operation of the 
shorter eastern stage from New York to Chicago has been 
allotted to the National Air Transport Incorporated. 
Mails have been the staple traffic of all the lines 


at intervals of 10 miles along routes on which the | as yet established, but the carriage of express freight 
present schedule demands that flying shall take place | is likely to receive an impetus from the agreement 
in the gloom of dusk and early morning. Each emer- | entered into between the American Railway Express 


gency landing field, spaced about 25 or 30 miles apart, | Company and National Air Transport, under which 
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to provide comfort nor to inspire confidence. The 
commission of multi-engined enclosed aircraft such 
as are becoming the standard passenger equipment 
on the European airways may be expected to open 
a new phase of civil aviation in the States. 

If impoverished Europe, with its highly-developed 
surface transport and its relatively short distances 
between cities and industrial areas, can provide so 
considerable a demand for the transport of passengers 
by air, prosperous America, with its great distances and 
the much-boomed enterprise and hustle of its citizens, 
should exert an even greater demand on the facilities 
capable of being afforded by the airway. 





LABOUR NOTES. 

AN interesting discussion is practically certain to 
take place at next week’s Trade Unions Congress in 
Edinburgh on the report of the General Council on 
trade union structure and organisation. The General 
Council do not advocate any definite policy. Resolu- 
tions may be passed, they say, and theoretical con- 
tentions advanced, but the fact remains that trade 
union organisation has assumed complex forms which 
are the growth of generations. In these circum- 
stances trade union organisation will have to be 
gradually remoulded, they claim, and its present form 
adapted, rather than transformed, to meet the new 
conditions, This adaptation is possible, it is stated, 
only in so far as individual unions express their desire 
to co-operate or merge with kindred organisations in 
order to meet the new conditions in the most effective 
manner. 


Each union affiliated to Congress is to be invited to 
consider its attitude towards ‘* greater consolidation,” 
and to state in writing to the General Council. (1) 
Whether it is prepared to participate in amalgamation 
negotiations with other unions. (2) The extent to which 
it is prepared to agree to joint working arrangements 
with other unions. (3) With which unions, in its opinion, 
is there the greatest possibility of progress being made 
in negotiations on either or both of the above questions ? 


On the larger question of the central direction of the 
movement, the General Council reports with even 
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greater caution. It suggests that ‘the extent to | 
which the Confederation of Employers’ Organisations | 
controls questions of general policy points | 
to the necessity for centralised negotiations to deal | 
with general questions for the whole movement,” and | 
recommends that ‘‘ this necessary co-ordination should | 
be in the hands of the Trade Unions Congress through | 
the medium of the General Council.” As against the | 
effective method of co-ordination used by the Con- | 
federation of Employers’ Organisations, it is pointed | 
out, ‘‘ the General Council, as the national co-ordinating | 
body of the trade-union movement, has never been | 
empowered to deal with general basic principles for the 
whole movement. The position has arisen time after 
time where individual unions have found themselves 
quite unable to move on matters of general principle 
because the section of employers with which they have 
been negotiating have been bound by the decisions of 
their Confederation. Under the circumstances, the 
General Council is convinced that this difficulty will 
become more marked in the future, and believes it 
will be impossible to make progress in regard to general 
questions until they are dealt with on a much wider 
basis.” The point is emphasised in the report that the 
general questions referred to do not include technical 
questions or the detailed application of matters affecting 
particular trades. ‘‘ Such matters must at all times,” 
it is added “‘ be dealt with by the unions themselves.”’ 





At a conference in Glasgow last week between 
representatives of the National Light-Castings Associa- 
tion and representatives of the Foundry Workers 
Trade Union, a proposal, submitted by the employers, 
to reduce the wages of men engaged in the manufacture 
of house baths was considered. A reduction was 
necessary, it was contended, owing to an increase of 
German competition. The original proposal was 
that the basic rate should be reduced by 124 per cent., 
but in the course of the negotiations it was modified 
to 10 per cent. on the earnings of pieceworkers. Eventu- 
ally a settlement was reached on the basis of a 7} per 
cent. reduction on piece prices, which will mean, it is 
reckoned, a lowering of the cost of production to the 
extent of 1s. 6d. per bath. 





The Monthly Report of the United Society of Boiler 
Makers and Iron and Steel Shipbuilders states that 
at the end of July 11,739 members were “‘ signing the 
books,” as compared with 12,740 at the end of June. 
The number in receipt of superannuation benefit in- 
creased from 4,119 to 4,215, and the number in receipt 
of sick benefit from 2,714 to 2,740. The expenses for 
June were 9,5701. lls. ; for July, in which there were 
five weeks’ outlays, they were 11,9641. 3s. 2d. 





In most of the agreements which the International 
Association of Machinists makes with American 
employers, a stipulation appears that only members 
of the men’s organisation are to be employed. An 
unusual clause is part of an agreement with a Chicago 
firm. It is as follows :—‘‘ Should an occasion arise 
at any time whereby the company would be unable to 
handle all its work, necessitating letting the work out 
to another firm, preference shall be given a firm having 
an agreement with the International Association of 
Machinists.” 





In the same agreement an automobile mechanic iS 
thus defined :—‘*‘ An automobile mechanic includes 
any person who dismantles or repairs or assembles 
any part of automobile or motor truck mechanical 
parts, aeroplane motors, electric cars or trucks, and 
steam cars or trucks, motor mowers, spray machines, 
tractors, weed cutters, motor cycles, cycle-cars, gas 
pumping engines, motor boats, gas-driven power saws, 
and all prime movers or motor-driven appliances 





(except electric), or has acquired a fundamental know- 
ledge of shaping, sizing, turning, boring or fitting any 
part of the mechanism applied to the automobile, 
whether gas, electric, or steam-driven, whether said 
metal be steel, iron, brass, lead, copper, aluminium or 
bronze, or any substitute used therefor, as well as 
automobile chauffeurs who, operating high-grade tour- 
ing cars, are expected to keep same in repair.” 





Addressing the fourth annual conference of the 
National Minority Movement at its opening sitting in 
Battersea Town Hall on Saturday last, Mr. Tom 
Mann said that the Movement was opposed root and 
branch to capitalism and all its works and was deter- 
mined to achieve the control of industry by the workers. 
That could not be done except by organisation, and the | 
present trade unions were not equal to it because they | 
lacked clearness of outlook with regard ito the objective | 
to be aimed at. The work of the Minority Movement 
in the unions, in the workshops, in the factories, and in 
the mines must be directed to so affecting the mentality 
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of the workers that they would see that objective clearly. 


Their movement was in a minority, but they were 
meeting with success, and the efforts of the reactionaries 
to stop their progress could only be temporary. They 
were fully alive to the opposition which came from the 
capitalist class and particularly from the Government, 
who had the Emergency Powers Act in continuous 
readiness, and who had passed the Trade Unions Act 
which was intended to destroy all that was essential in 
trade unionism. 





The National Executive Committee’s report recorded 
an increase in individual membership, but a decrease 
in the number of affiliated organisations. This decrease 
arose owing to the withdrawal of 22 trades councils on 
the recommendation of the Executive when the General 
Council of the Trade Unions Congress intimated that 
any trades councils affiliated to the Minority Movement 
would not be recognised or allowed to send delegates 
to the National Conference of Trades Councils. ‘* This 
position,” the report stated,‘‘ has in no way lessened our 
work inside the councils and many workers have become 
individual members of our movement as a result of this 
attack and the policy adopted to meet it.” 


The conference passed a resolution declaring for a 
campaign to secure 100 per cent. trade unionism, one 
union for each industry, one united trades union inter- 
national, popularisation and organisation of Workers’ 
Welfare Corps, and the building up of Minority groups 
in every industry as the best means of organising the 
trade union movement to fight on behalf of the working- 
class. Speaking on this resolution, Mrs. Moore (Co- 
operative group, Birkenhead) urged that they must get 
into the co-operative movement, get on its boards of 
management and definitely link up with it, and Mr. 
Pentney (Leicester) said that the demand for their own 
Workers’ Defence Corps was the natural sequel to such 
organisations as Scouts, Guides, and Territorials on the 
other side. 


Mr. A. Gossip, of the Furnishing Trades Union, moved 
a resolution protesting against the attitude of the 
General Council of the Trade Unions Congress towards 
the Anglo-Russian Joint Advisory Council, and 
demanding that the T.U.C., at its forthcoming meeting 
in Edinburgh, should censure the General Council 
and reverse its policy towards Russia. The resolution 
was adopted. 





At Sunday’s sitting, Mr. Harry Pollitt moved a 
resolution on international trade union unity. This 
urged the Trade Unions Congress to instruct the 
General Council to arrange for a conference between the 
British and Russian Unions, so that the two sections, 
one the strongest in the I.F.T.U., the other the strongest 
in the R.I.L.U., should themselves take the initiative 
in convening a world conference to create a united trade 
union international. The resolution also proposed that 
the General Council should encourage the formation of 
Anglo-Russian unity committees between the various 
trade unions, and that they should seek the co-operation 
of all trade union leaders, national and international, 
who were in favour of world trade union unity. The 
resolution, Mr. Pollitt said, was the final policy of their 
movement in regard to this question. He described 
the desire of the Amsterdam International that Moscow 
should come within its organisation as a desire that the 
R.I.L.U. through its entry should collapse. The 
Paris conference, he contended had shown the utter 
bankruptcy of the I.F.T.U., and it was the bounden 
duty of the British and Russian trade unions to come 
together and be prepared to co-operate with repre- 
sentatives from all movements where the leaders stood 
for unity. Several other speakers supported the resolu- 
tion, which was adopted. 





The Ministry of Labour states that on August 22, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,044,400, of whom 819,300 were men, 36,100 boys, 
155,400 women, and 33,600 girls. Of the total number, 
678,800 were wholly unemployed, 303,200 temporarily 


| stopped, and 62,400 normally in casual employment. 


On August 15, 1927, 676,684 persons were wholly 


| unemployed, 283,160 temporarily stopped, and 62,306 


normally in casual employment. Of the total number 


| unemployed on this date, viz., 1,022,150, 802,000 were 


men, 35,563 boys, 152,041 women, and 32,546 girls. 
On August 23, 1926, the number of unemployed persons 
was 1,558,938, of whom, 1,170,479 were men, 47,894 


| boys, 294,294 women, and 46,271 girls. The figures 


for August 23, 1926, were affected by the dispute in the 
coal-mining industry. 





On Tuesday, representatives of the shipyard trade 
unions had an interview at Montagu House, London, 
with officials of the Ministry of Labour on the wages 





question which has arisen in the shipbuilding industry. 
After the position had been explained by the represen- 
tatives of the men and a desire expressed that the matter 
should be dealt with at the earliest possible moment, 
the representatives of the Ministry undertook to place 
the facts before the Minister and communicate with the 
unions in due course. 





The German Federal Ministry of Labour recently 
extended to further classes of workers the provisions 
of Section 7 of the Order concerning hours of work, 
dated December 21, 1923. This Order states that 
extensions of the working day beyond eight hours shall 
be sanctioned only where it is urgently necessary in the 
public interest, and that they may, in no case, exceed 
half an hour per day for persons engaged in work 
involving particular danger to life or health, or who are 
ordinarily exposed to the action of heat, poisonous 
substances, dust and the like. The duration of the 
working day in coke works, blast furnace works, metal 
works, glass works and glass-cutting works has already 
been fixed at eight hours. 





Under a decision of the Federal Ministry, » normal 
working day of eight hours is now to be extended to a 
certain number of other classes of workers. Industrial 
and Labour Information, the organ of the International 
Labour Office, gives the text of the new Order. In 
large scale industry, the restrictions provided for in 
paragraph 7 of the Order concerning hours of work 
are to apply, without prejudice to the Order respecting 
hours of work in coke works and blast furnace works, 
dated January 20, 1925, in blast furnaces and metal 
tube foundries, to workers employed in connection 
with ovens and distributing rooms ; in Martin, Thomas 
and Bessemer steel works, electrical steel works, 
crucible steel works, to workers employed in connection 
with mixers, ovens and converters, including the entry 
of the molten metal into the mixer and the introduction 
of the matter to be melted in the ovens and converters, 
and the removal of the product, liquid or hot, from the 
moulds and slag; in puddling works, to puddlers, 
workers employed in connection with ovens, and 
shinglers (Luppenschmiede) ; in iron and steel-rolling 
mills, excluding cold process rolling works, to workers 
engaged in connection with underground re-melting 
ovens and rolling machinery, including the entry of the 
matter to be rolled and the cutting and pressing of the 
rolled metal when still hot ; in iron forging and pressing 
works, to workers engaged in connection with ovens, 
forging and pressing, including the conveyance of iron 
to the ovens and the removal of hot products; and in 
the undertakings mentioned in groups 1 to 5, to 
workers employed in connection with generators, 
provided that it has not been established by the factory 
supervisors that the installation is not specially 
dangerous to the life and health of the workers. 





Labourers and assistant labourers employed in the 
establishments mentioned in group 1 are to come 
under the restrictions mentioned in section 7, paragraph 
1, of the Order concerning hours of work, only if they 
are specially employed on work exposing them to the 
action of heat, poisonous substances, dust and the like. 
Where a worker performs one of the duties mentioned 
in groups 1 and 2 during a part of his day’s work 
only, the restriction embodied in Section 7, paragraph 1, 
is to apply only to the days when he is engaged for 
more than four hours in connection with such work. 





Distant Gas Supply IN GERMANY.—It is reported 
from Cologne that, according to the Deutsche Bergwerks 
Zeitung of August 7, the economic utilisation of surplus 
pit gas, which has just been started by the A.G, fiir 
Kohleverwertung, is meeting with such interest from 
industry and trades consuming heat, as well as from 
administrative circles, that the memorandum “ Deutsche 
Grossgasversorgung,”” which has been distributed free 
of charge with a view to acquainting the public with the 
facts, has reached its third edition, and the printing of a 
fourth edition is probable. 


TriaL Trip or THE §.8. ‘“ Brrxton.’”—The coal- 
carrying steamer Brixton, built by Messrs. 8S. P. Austin 
and Son, Limited, of Sunderland, to the order of the 
South Metropolitan Gas Company, Limited, was recently 
taken to sea for trials, when a mean speed of 10-24 knots 
was obtained on the measured mile. The vessel, which 
has been built to Lloyd’s highest class, will be used for 
the transport of coal from the north-east coast to the 
Thames. She has a length, between perpendiculars, 
of 244 ft., a breadth moulded of 36 ft. 3 in., a deptn 
moulded of 20 ft. 6 in., and a total deadweight carryihg 
capacity of 2,440 tons, on a mean draught of about 
18 ft. 34 in., with Lloyd’s summer freeboard. The 
propelling machinery consists of triple-expansion engines 
having cylinders 18 in., 30 in., and 49 in., in diameter, 
and a piston stroke of 36 in. Steam is supplied by 
two boilers working at a pressure of 180 lb. per square 
inch. After completion of the trials the vessel proc 
on her voyage to the Thames. 
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AUXILIARY FILE HANDLE. 


Tuer accompanying illustrations show a form of 
auxiliary file handle, which was constructed for use in 
connection with an awkward filing job by Mr. H. Moore, 
of Hamilton, Ontario, and may be found convenient by 
other workers. The arrangement was devised to assist 
in filing out the ends of a number of channel pieces 
used on pump work. The position was such that only 
the tops of the fingers could rest on the file, and pressure 
could not be brought to bear on it in the usual way. 
The method used to overcome the difficulty will be 

















clear from the figures. A clip of sheet metal was made 
to fit around the ferrule of the handle and a bridge 
piece, cut from No. 13 U.S. plate was pivoted to this 
on a bolt and nut. The bolt tightened the clip on 
the handle, and pressure could be brought to bear on 
the file tip by the bridge piece. As the bridge piece is 
jointed, any want of alignment between the file and 
handle can be accommodated. Fig. 1 shows the complete 
arrangement, and Fig. 2 the auxiliary handle in use. 





TRIAL TRE OF THE M.S, “ Port GisBorneE.”—The twin- 
screw meat and fruit carrying motorship Port Gisborne 
recently underwent successful trials off the Tyne. The 
vessel has been built at the Wallsend yard of Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, to 
the order of The Commonwealth and Dominion Line, 
Limited. A brief description of the ship will be found 
on page 712 of our issue of June 10 last. 


SINGAPORE WATER Suppiy.—The inauguration of one 
of the most important schemes in connection with the 
development of Singapore recently took place when 
the first water from Gunong Pulai was admitted 
to the new pipe line communicating with the Island. 
With the completion of this pipe line, what is known as 
the dry weather flow from the Gunong can be used at 
once, although the 120-ft. dam at Pulai, which has 
to be constructed before the full supply can be effective, 
will probably not be finished before the end of 1929. The 
supply recently inaugurated gives a minimum of approxi- 
mately 2$ million gallons of water a day, and this, added 
to that available from the old sources, reduces the 
possibility of a water famine in Sngapore, such as has 
been threatened, from time to time, during past years. The 
present reservoir, when the dam is completed, will give 
64 million gallons a day, and the second reservoir a 
further 13 million gallons, but it is not expected that the 
full capacity of the second reservoir will required for 
several years. The work is being carried out under the 
direction of the consulting engineers to the municipality, 
Sir Alexander Binnie, Son and Deacon, at a total esti- 
mated cost of over 2,000,0007. We understand that the 
whole of the water will be treated by coagulation and 
rapid filtration, by means of an installation for which the 
contract has recently been placed with Messrs. The 
Paterson Engineering Company, Limited, Windsor 
House, Kingsway, London, W.C2, who have already 
carried out water-purification works for the public 
supplies of many important cities throughout the world. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Meal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and “standard”’ metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


Middlesbrough prices are plotted 
The prices given, in the case of steel 
The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 1b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical linein the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








Mercuant-Suip Mopets at SoutH KeEnsineton.— 
The first of the engineering collections in the Science 
Museum, South Kensington, S.W.7—namely, that of 
marine construction—was formed in 1864, when the 
Royal School of Naval Architecture was established at 
South Kensington, and the ship models belonging to the 
Admiralty were transferred to the Museum from Somerset 
House, where they had previously been. With ‘the 
assistance of private donors and by purchase, the original 
collection of ships of war was rapidly increased by the 
addition of many models of mercantile ships, as well 
as of later ships of war. When, therefore, the Admiralty 
removed their models to the Royal Naval College, 
Greenwich, in 1873, an important collection still remained 
at South Kensington. Since that year the museum 
collection has been growing continuously, until it is now 
the most comprehensive collection of its kind in the 
Empire. A new sectional catalogue of the Museum, 
bearing the title ‘‘ Water Transport: II. Merchant 
Steamers,”’ has just been issued by H.M. Stationery Office, 
Adastral House, Kingsway, London, W.C.2. The 
exhibits in the section are divided into seven groups— 
namely, ocean-going passenger vessels ; ocean-going cargo 
vessels ; bulk-oil carriers; vessels for the narrow seas ; 
vessels for inland waterways ; steam yachts; and trawlers 
and tugs, The catalogue, which has been compiled by 
Mr. G. S. Laird Clowes, contains descriptive and historical 





notes about each exhibit, and, in addition, many full-page 
plates are included, The booklet is priced at ls. 3d. net. 


FEDERATED Matay States Rattways.—A system of 
train control introduced in 1922, over a busy section 
ot the line covering 105 miles, on the Federated Malay 
States Railways, has proved very satisfactory in 
controlling the movement of rolling-stock, checking 
unnecessary haulage, and, in cases of breaches on the 
line, expeditiously restoring communication. With the 
introduction of this system, the number of service 
telegrams has been greatly reduced. The system has 
been extended, and now controls the main line between 
Ipoh and Seremban. The annual report for 1926 of 
the Chief Secretary of the Malay States Government 
contains some highly satisfactory details of the progress 
made in railway operation. The receipts from all 
sources amounted to 2,524,730/., an increase of 15°46 per 
cent, over the total for the previous year. The expend- 
iture, chargeable to revenue, totalled 1,774,861l.; the 
net receipts for the year’s working amounted, therefore, 
to 749,868/., as compared with 556,526/. in 1925. The 
number of passengers carried was 14,555,190, as com- 
pared with 12,552,621 during the previous twelve months. 
The total receipts from passenger traffic showed an 
increase of 29-56 per cent., while those from goods traffic 
rose by 3-24 per cent. 
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INVENTION AS A LINK IN SCIENTIFIC 
AND ECONOMIC PROGRESS.* 
By Pror. Sir JaMEs B. HENDERSON, D.Sc. 


InvENTION and discovery are so closely allied that 
they are often confused. In our common speech the 
two terms are frequently used as synonymous, and 
if one seeks an exact line of demarcation between 
them one finds it difficult, if not impossible, to distin- 
guish one from the other in any but the most general 
terms. Both involve an increase in knowledge which 
may be great or slight, and may have an immediate 
effect or may take a lifetime or more to consolidate. 
Both involve scientific imagination. Each may be only 
a happy idea, the inspiration of a moment or in some 
cases, an accident, but the testing of the idea and its 
final enunciation as a physical truth or as a finished 
invention may occupy many years. Newton is reputed 
to have discovered the theory of gravitation on seeing 
an apple fall from a tree, but assuming that to have been 
the birth of the idea we know that the completion of 
his discovery and the proof of the universal law of 
gravitation took the best part of his lifetime and involved 
the invention of new branches of mathematics to 
complete the proofs. The record of Newton’s work 
has been so ably revised during the past year by Sir 
Oliver Lodge, Professor Turner, Sir Frank Dyson and 
others, in connection with the Newton Bi-Centenary 
Celebrations, that these matters must be fresh in 
the memory of all. 

Were I asked to distinguish between discovery 
and invention I would say, in very general terms, 
that the dividing line is the same as between theory 
and practice, between the abstract and the concrete. 
Discovery is essentially an increase in man’s knowledge of 
nature and its complexities, and is therefore intangible. 
It may be a discovery of a new principle, a new element, 
a new and hitherto unknown quality or characteristic 
of a known substance, and so on, but the discovery, 
per se, has no regard to any particular practical appli- 
cation of the new knowledge. Invention, on the other 
hand, has its sphere in the practical application of 
knowledge, and the knowledge used may be new or 
may be as old as the hills. It may be, and it is often 
the case, that invention involves other discoveries 
which may be complementary to the original discovery 
and form its completion, or-may be entirely unrelated 
to it and form the nucleus of a new branch of study. 
It is possibly this fact, that the difficulties encountered 
in developing an invention often lead to new discoveries, 
which makes it so difficult to separate discovery from 
invention. I think, however, that this distinction 
in general terms is sound, that discovery is mental 
while invention is material, and while it is true that in 
the large majority of cases an invention is in its origin 
a mental conception, it is a conception of something 
material and practical, while a discovery begins and 
ends in the realm of the mind. 

Discovery and invention are important links in the 
chain of progress, but neither marks the end of the chain. 
The discovery has to be proved or the invention has to 
be reduced to practice. This brings in a third link, 
finance. The Einstein theory, for instance, could 
never have been tested and established without the 
assistance of capital to finance the extensive eclipse 
observations which converted it from a pure mental 
conception to a working theory. The assistance of 
capital in the development of great inventions of recent 
years is a necessity too well known to need description. 

Here, then, we have a series of operations. First 
comes the fundamental discovery laying bare one 
more of nature’s secrets; then invention turning 
the discovery to practical use ; and lastly, the hand of 
finance to help dreams to come true. The first is a 
matter of genius or inspiration coupled necessarily 
with deep study. The second needs skill in the arts 
and crafts and generally a high degree of patience 
and courage to weather the disappointments and 
setbacks which we are too prone to call failures, 
The iast, though it may be allied with technical know- 
ledge, requires most of all the commercial instinct 
to sense to-day the needs of to-morrow, coupled with 
faith in the invention and inventor and courage to 
see the task through to the end. 

When one seeks to study the history of some of the 
great inventions, one begins to realise how exceedingly 
complex they are, despite their outward appearance of 
simplicity. As. an example take wireless telegraphy 
and telephony. No single person deserves the credit 
for its discovery and invention. Maxwell, Hertz, 
Lodge, Crookes, Branly, Marconi, Jackson, Fleming, 
de Forest, Fessenden and many others have contri- 
buted their share to its development, but the basis of 
wireless communication did not necessarily begin with 
Maxwell. What was it caused him to conceive the 
idea of the electro-magnetic theory of light ? Most 
probably he was trying to explain, like many others, the 
experimental fact that the ratio between the electro- 





* Presidential Address to Section G of the British 
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magnetic and electrostatic units was the velocity of 
light, and having conceived a possible explanation 
he proceeded to work it out and test it, and the electro- 
magnetic theory was the result. The original idea 
may have been a lightning flash of inspiration, but the 
complete mathematical theory was the work of years. 

Hertz was the first to produce apparatus for trans- 
mitting and receiving wireless waves, and this apparatus 
was improved by Branly, Lodge and many others, 
but for further progress finance was needed. The 
first steps to make a wireless telegraphic installation 
were taken in Italy by Marconi, and in Great Britain 
by the Admiralty experiments carried out by Admiral 
Sir Henry Jackson, who was than a captain. In 
this kind of competition money counts for much, 
and in the development of an invention having a 
commercial as well as a service aspect a commercial 
firm with good financial backing will always have 
a great advantage over a Government department 
with a strictly limited budget allowance for research. 
It says much, therefore, for the scientific direction 
of the Admiralty of that time that the Admiralty 
are to-day numbered among the pioneers of this great 
invention. 

Invention being generally concerned with the 
application of physical forces in the service of man, 
may at first sight appear to be a branch of physical 
science pure and simple. It is, however, actually 
concerned less with the scientific principles of physics 
than with the human element, with limitations which 
that element imposes, with peculiar conditions under 
which the forces of nature have to be applied, and 
with the unknown elements in physical science. It 
belongs, therefore, if treated as a science, by itself, 
rather to that group of sciences which are concerned 
with humanity and nature at large, the so-called 
historical sciences. Economic science, a typical histori- 
cal science, is studied by thousands as a science, 
yet it has no fundamental physical principles like 
the conservation of energy on which to build its 
superstructure, because its working material is the 
human element which has not so far been reduced 
to any fundamental basic principles worthy of the 
name of laws. It is in what Lord Kelvin would have 
called the natural history stage of its development, 
during which observations are made and correlated, 
to be followed by the natural philosophy stage when 
the fundamental principles are discovered which 
explain the observed facts and cast upon the scientist 
the mantle of the prophet. 

An historical science which is studied at great length 
in the staff colleges of the armies and navies of the 
world is the science of war. It has no fundamental 
scientific physical principles as basis, but is founded 
simply upon deductions made from a close study of war- 
fare from all times. Wars are analysed, tactics and 
strategy studied, with the view to learning from the 
history of centuries of war useful lessons to guide the 
soldiers of to-day and to safeguard them against 
repetition of the mistakes which have caused the dis- 
asters of the past. 

The history of the nineteenth century and the 
enormous economic and political progress made in 
it might be summed up in the word “ invention.” 
As was pointed out so clearly in Sir John Snell’s 
Presidential Address to Section G of the British 
Association at the Oxford meeting,* economic progress 
can be best measured by the amount of horse-power 
used per head of the population, and since every 
successful new invention increases this amount both 
in the manufacture of the gear itself and by the 
power it may control, it is very evident that economic 
progress is closely allied with invention. The invention 
of the steam engine, the spinning jenny, the power 
loom, the steamship, the power printing press, the 
dynamo, the electric lamp, the steam turbine, the 
electric telegraph and _ wireless telegraphy, not 
forgetting the chemical industries, form the economic 
history of last century, yet no one, so far as I am 
aware, has studied the development of any of these 
inventions with the view of learning therefrom and 
recording lessons which can be passed on to posterity. 

Of the hundreds of inventions which have been 
abandoned as failures, or of possibly revolutionary 
inventions left incomplete simply from lack of capital 
or lack of courage, no record is available to those 
who come after and who might carry them on to 
success. Has every inventor for all time to start 
from scratch? The same difficulties crop up time 
after time in the development of inventions, yet 
every new inventor has to tackle the difficulties 
de novo, and fortunes are wasted in the process. 
Development of an invention is always costly, even 
when guided by all the experience obtainable from 
allied inventions. How much more costly it is when 
not so guided, the history of the failures would most 
surely show. In most inventions there comes a time 
when the inevitable question arises, ‘“‘ Shall we cut 
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our loss or risk further expenditure ?”’ If the decision 
is to cut the loss, the invention, which is possibly a 
sound one and of great value, is pronounced to be a 
failure and the result may be the loss of an industry 
to the country or a delay in its introduction for many 
years. Science will prevail in the long run, but the 
cost of the trials both in time and money could 
probably be greatly curtailed if records of similar 
ventures in the past were available. Inventors would, 
gain much if they could be trained in, and benefit by, 
the experience of their predecessors in the same field, 
while masters of industry, with records of that 
experience before them, would be better able to 
appreciate the difficulties of the inventor and to 
co-operate fully with him. 

So far I have dealt with the sequence of operations 
of discovery, invention and the financial and technical 
assistance in development, but the process does not 
stop there. Once an invention has been developed 
and made a commercial article, it merely enters upon 
a new phase, during which it requires the most careful 
attention. It requires nursing. It may be sold to 
users; who are free to submit it to any use or misuse 
they like, and even when properly used trouble is 
sure to arise somewhere and it is usually difficult 
to say whether the fault arises from legitimate use 
or not. This is a most critical financial stage, because 
the invention, if put on the market too soon or without 
full experience of every detail, may be killed by financial 
failure due to faults introduced often by an ill- 
considered change of design at the last minute which 
may be very expensive to rectify. Everyone who 
has taken a close interest in motoring during the 
last twenty years will remember many mistakes of 
this kind which have retarded progress and have 
increased the cost of motoring, because in the long 
run the user pays for the mistakes of the industry. 

The type of man required to deal with the problems 
which arise during this nursing period is not necessarily 
the same as in the period of development. In the 
latter, nature is the only enemy, but in the nursing 
period every user is a potential enemy and has to be 
treated accordingly. The nurse must therefore possess 
tact and a knowledge of human nature. He must, 
in fact, be a diplomatist, but he must also be able to 
deal with the technical side and accept responsibility 
where it is called for. 

Every firm, even after it has been turning out its 
products for years, will occasionally turn out one with 
a serious defect. The prompt recognition of that 
defect, its admission as a defect and its quick replace- 
ment free of cost to the customer makes a friend of 
that customer for life. On the other hand, failure to 
recognise the defect, any attempt to throw the blame 
on to the customer and any parsimonious treatment of 
the remedy will make an enemy of that customer, and 
his friends, which is much worse than never having had 
his custom. 

The financial success of James Watt’s engine was as 
much due to the nursing of Murdoch during this critical 
period as to Watt’s own efforts in inventing and 
developing it. In fact, the history of James Watt’s 
engine is typical of most successful inventions. We 
have Watt, the typical inventor, interested only in his 
science and living for it, in a happy combination with 
Boulton, its promoter and supporter, and Murdoch, the 
born nurse and improver. Three different types of 
men all contributing in different ways to one great 
advance in civilisation, possibly the greatest single 
advance in the history of the world. 

Boulton must have been a very patient man to con- 
tinue for 12 years financing the experiments of Watt 








before the engine began to be taken up by colliery 
owners, and when Murdoch, then a youth of 28, 
joined them in 1777, the work he proceeded to do was 
of a type for which neither Watt nor Boulton would 
have been suited. Smiles has written of Watt: ‘“ He 
was not the man to fight the selfishness of the Cornish 
adventurers. ‘A little more of this hurrying and 
vexation,’ he said, ‘ will knock me up altogether.’ ” 
Murdoch, then only 25, went into Cornwall and gave 
himself no rest until he had conquered the defects of the 
engines and put them into thorough working order. 
He became friendly with the Cornish workmen and 
engineers. Indeed, he literally fought his way into their 
affections, for one day some half-dozen of the mining 
captains: came into his engine room at Chace Water 
and tried to bully him. Murdoch stripped, selected 
the biggest and set to with his fists. In a few minutes 
Murdoch, victorious, was shaking hands with the lot 
of them, and they parted the best of friends. I quote 
this little incident merely as illustrative of the man and 
of the times and not as an illustration of what is 
required of a man called upon to nurse an invention in 
these more peaceable days. 

The highest type of inventor is first of all an artist 
with a vivid imagination in certain and possibly 
limited directions. Like the painter, he conceives a 
mental picture and the picture grows as he proceeds 





to develop it. Like most artists he is unconventional 





and as a rule diffident except, naturally enough, in his 
own particular sphere. Unless he possesses also the 
gift of clear exposition he cannot expound his invention 
and make clear to others the mental picture he has 
created. Such a man has little chance of working out 
his ideas and making his inventions commercial proposi- 
tions without the assistance of a promoter. 

The promoter is a man of means and imagination, who 

. generally knows something about inventions, or the 
branch of industry to which the invention relates, and 
is prepared to risk his capital in backing the invention. 
It is only natural that he should back only the inven- 
tions for which he can himself see a field of usefulness, 
and be chary of those which he considers comparatively 
useless or unlikely to provide him with an adequate 
return for his risk. The great promoter is the man of 
vision who is not content to finance minor inventions 
for improvements in a known industry, but launches 
forth into the blue in support of an invention, unknown 
and untried, like the first steam engine or the first iron 
ship, and cares nothing for the sceptical criticism of the 
multitude who foretell disaster simply because the 
invention is something beyond their ken. 

Much of the success of the great inventions of history 
has been due to a happy combination of inventor and 
promoter, as in the case of Watt and Boulton, and many 
are the instances where failure has been traceable to 
lack of this same combination. Its absence must, at 
the very least, contribute very largely to delays in 
development and to the impairing of a success which 
might otherwise have been complete. 

The history of the twentieth century shows clearly 
that invention is the heart of industry, the root of 
new developments, and the source of improved methods 
of production which have led to cheaper costs and a 
wider scope in every industry. It has also been the 
cause of some of the greatest social upheavals and 
strife.. Innumerable strikes have arisen from it, and 
if there is one lesson in political science more potent 
than another to be learned from the history of such 
movements, it is that science is always victorious in 
the end. Progress may be delayed or an industry may 
be lost to a country temporarily or permanently by 
such strife, but the steady advance of the world’s 
progress through the science of invention is certain. 
One country may lose, but the world will gain in the 
end, It is only a question of time, and if the leaders 
of industry, both masters and men, would only recognise 
this fundamental truth, how much faster progress 
would be, 

It must not be imagined, however, that every inven- 
tion can or, from the commercial point of view, should 
be introduced into an industry the moment it is made. 
Quite apart from the time necessarily spent in develop- 
ing and perfecting the invention, for which purpose 
many industries have now instituted research depart- 
ments of incalculable value, it is sometimes found that 
the occasion is inappropriate or that the time is not 
ripe for the change involved. The introduction of a 
new invention or of a new design may involve many 
complicated questions of policy or finance, because 
the change may have to be accompanied by heavy 
sacrifice in other directions, possibly affecting other 
industries or the public at large. There may have to 
be heavy scrapping of spare parts, tools, and plant. 
There may also be considerable loss to the customers 
of the industry through depreciation of the products 
of the industry already in use, for nothing depreciates 
a firm’s production more rapidly than the introduction 
of a new and superior model. Manufacturers have 
therefore, on some occasions, to collect and husband 
their inventions and improvements after testing their 
merits and keep them in reserve for a more opportune 
occasion. The opportunity may occur very suddenly. 
It may arise through a sudden whimsical change in 
fashion which no one can explain, or from some other 
cause which it has been impossible to anticipate, and 
if a manufacturer has no policy of improvement all 
worked out and ready to apply he is faced with the 
awkward alternative of falling behind the times by 
making no change at all, or of risking his market by 
adopting some new model which he has not had suffi- 
cient time to test thoroughly. The former policy is 
almost always disastrous, and the latter is often worse. 
Numerous illustrations of both these courses and their 
results could be cited from any industry. There 
inevitably comes to every industry a time when radical 
change is demanded, and the firm which is best prepared 
for the change reaps the reward of its foresight. 

Industry when viewed in its international aspect 
determines the lives of nations. The nation which 
organises its industry most efficiently, which hampers 
it least and stimulates it most by legislation, or absence 
of legislation, and by its scientific foresight, is the 
nation which will prosper most. Since invention is 
the heart of industry, the inquirer naturally asks : 
Is this country doing its best to stimulate invention as 
a means to foster industry? Are the leaders of 


industry fully alive to the position which invention 
plays in industrial progress ? 


Have our legislators 
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ever paused to think that their function is only called 
for because of the progress which has been made by 
scientific invention, and that without such progress 
they would be unecessary ; also that in the past 
legislation has done much to retard progress? A 
study of the fundamental scientific causes of progress 
would form a useful addition to the education of 
legislators. 

It is sometimes stated that the physics of to-day 
becomes the engineering of to-morrow. This is a 
natural development, since the engineer is more 
concerned than the physicist with the practical appli- 
cation of physical discoveries. But the converse is 
frequently true, for many physical discoveries and 
inventions arise in difficulties encountered by the 
engineer. The science of practical hydrodynamics is 
a case in point. The mathematical science of hydro- 
dynamics has been of little service to the engineer in 
the practical problems of the propulsion of ships, in 
the complex phenomena of vortex motion associated 
with the flow of water and steam through turbines, or 
in problems of aerodynamics, with the result that the 
engineer has had to develop an empirical science of 
hydrodynamics to supply his immediate needs. A 
huge mass of experimental results in screw propulsion, 
in aerodynamics and in hydraulics has thus been 
accumulated, and is now awaiting some discovery or 
discoveries in mathematics or physics to correlate it 
all. If vortices could only be dealt with like potatoes 
or any other form of merchandise, each a complicated 
physical system in itself but capable of being considered 
as a unit differing only in mass or in its energy contents, 
a forward step might be made. The Lanchester- 
Prandtl theory of lift and drift of aeroplanes is a first 
step in a particular case of the general problem. Such 
a discovery, when made, will be bound to lead to further 
advances and improvements on the engineering side 
of the subject. 

Most discoveries in physics arise from some experi- 
mental fact discovered more or less accidentally. The 
discovery of Réntgen rays was accidental, and the 
enormous strides which have been made in our know- 
ledge of the atom by J. J. Thomson, Rutherford, 
Bragg, Born, and many other physicists during the 
last thirty years have resulted from Réntgen’s discovery 
combined with another great discovery in pure thermo- 
dynamics, Planck’s quantum theory, which also arose 
from an accidental discovery made in the course of 
experiment. The Reichsanstalt in Berlin had published 
a family of curves representing the distribution of 
energy in the spectrum of a hot black body. Professor 
Wren by trial and error obtained an equation to the 
family, and the form of this equation was suggestive. 
Planck in trying to develop this equation from the 
laws of thermodynamics, found that he could only 
do so by assuming that energy is not indefinitely 
divisible, and he coined the term ‘‘ quantum’”’ to 
represent the fundamental unit. These two discoveries 
of Réntgen and Planck form the starting-point of that 
most important branch of modern physics which has 
increased our knowledge of the constitution of matter, 
a science which is just beginning to find its field of 
application in engineering practice, as in the thermionic 
valve and the modern power transformers on the same 
lines. From these and other applications great 
advances are still to be expected. 

In reviewing the discoveries in physics which have 
had most effect in developing new industries, and thus 
calling forth new inventions, one is struck by the great 
results in this respect which have arisen from applica- 
tion of the second law of thermodynamics, first stated 
by Carnot in 1824. Carnot described his ideal heat 
engine, and showed that the efficiency of this engine 
is independent of the working substance used. Looking 
back upon the history of the science of thermodynamics 
of the last century, it is unfortunate that no one seems 
to have employed this statement of Carnot’s as a 
general text, and developed it to find what information 
could be derived from it by using different working 
substances and mixtures in order to discover some- 
thing about all the substances used. Had anyone 
done so, progress might have been greatly accelerated. 
James Thomson was the first to use this second law 
to determine the lowering of the freezing-point of 
water due to pressure. His brother, Lord Kelvin 
followed with the application to the change from 
liquid to vapour. Helmholtz used the voltaic cell as 
the working substance and determined the temperature 
coefficient of its electro-motive force. Then followed 
at long intervals the application to chemical changes 
which have resulted in the modern science of thermo- 
dynamic chemistry with which the names of Helmholtz, 
Ostwald, Nernst, Van ’t Hoff and Gibbs are so closely 
associated, and upon which the modern industry of 
chemical engineering is based. It is a wonderful 
development to be able to prophesy that under certain 
conditions a certain chemical! reaction will take place, 
say, that the nitrogen and oxygen of the air will com- 
bine at certain temperatures and pressures in a 





definite proportion, and that the resultant oxide can 














be recovered and converted to nitrate and used as 
fertiliser to replace the imported article at an economic 
price. 

The applications of thermodynamic chemistry to 
explosives enable us to calculate the maximum pressure 
to be obtained by detonating an explosive, or to 
calculate the temperatures and pressures throughout 
the explosion of cordite in a gun from the chemical 
constituents of the cordite. This possibility has gone 
far to raise ballistics from an empirical science to a 
branch of natural philosophy. 

The advances which have taken place in the com- 
mercial development of chemical processes based upon 
this important new science of thermo-chemistry, 
although already considerable, are only in their infancy, 
but the men with the experience gained in practical 
development are very few; and as the experiments 
are generally very lengthy and exnensive, the develop- 
ment of the industry is necessarily slow. The resultant. 
saving to the country, however, wil! far outweigh the 
cost. 

Invention forms the natural link between physics, 
chemistry and engineering, and every advance in one 
or other of these produces a reflex action on the other. 
For instance, a discovery in physics which increases 
accuracy of measurement by providing an indicator 
more sensitive than any previously known is soon 
embodied in an engineering instrument carefully 
designed and manufactured for sale at a price which 
makes it available to every physicist for use in further 
research. Thus modern research in physics and 
chemistry is carried out with accurate apparatus 
which would be available only at a prohibitive price 
if it had been made for the particular research alone. 
The assemblage of apparatus used in a modern research 
is sometimes like an engineering installation, and is in 
marked contrast with the cruder, home-made apparatus, 
designed ad hoc, which was common when some of us 
were students. 

The closer the intercourse between the physicist, the 
chemist and the engineer, the greater will be the fertility 
in invention and the faster the economic progress. 
The physicist working continually in a laboratory 
where everything is specially designed to facilitate 
accuracy of measurement and to eliminate disturbance, 
is apt to forget how artificial his working conditions 
really are, and that before any of his beautiful experi- 
ments can have a practical application in industry a 
great deal of invention is required. As an example of 
successful invention involving an accurate measure- 
ment to be made under practical conditions unsuit- 
able to accuracy, I may cite the Barr and Stroud 
range-finder, which was invented by two young pro- 
fessors in this university in the days when it was the 
Yorkshire College. The problem consisted in measuring 
with great accuracy, say to a second of arc, the small 
angle subtended at a distant target by a short fixed 
base placed at the observer. At the time when this 
invention was made, some 40 years ago, the only 
scientist who normally measured angles to seconds of 
are was the astronomer, with his large telescopes 
mounted on great concrete foundations, with graduated 
circles from 3 to 6 ft. diameter, and microscopes to 
read the scales. It seemed therefore impossible to 
contemplate the measurement of angles with any- 
thing like equal accuracy on board a rolling ship and 
with no expert operator. Yet the two inventors, 
seeing an advertisement in the pages of ENGINEERING 
announcing competitive trials of range-finders to be 
held by the War Office, took this seemingly impossible 
task in hand. There was little time to spare. The 
first instrument was designed in outline in a week, 
and much of the subsequent success is attributable to 
the sound physical principles underlying this design 
and to the very ingenious design of all the construc- 
tional details, due to the happy combination of an 
engineer and a physicist, both of whom were men of 
imagination with a flair for invention. Their range- 
finder was constructed in the University buildings 
and, to indicate the amount of time that was avail- 
able, the final adjustment of the instrument was made 
on a star from the railway platform at Rugby, on the 
way to the trials at Aldershot. 

During the trials, the instrument worked well at 
first, but after the sun came out, it commenced to 
read “as thousands of yards ranges which were 
palpably a few hundred,” and the inventors discovered 
that their beautiful angle measurer was also a thermo- 
meter and a sunshine recorder combined. They were 
not surprised to have it rejected, and they might 
actually have abandoned it entirely if they had not 
been asked by the Admiralty some time later to submit 
an instrument for naval use. Then followed 10 years 
of most patient struggle against physical and engineer- 
ing difficulties, not to mention financial difficulties, 
for the inventors acted as their own promoters, and 
the financial side of the business must have taxed 
their resources to the utmost. But at last they 
succeeded, and their range-finder is now the standard 
instrument in our Army and Navy and in other 
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countries as well, and has been the foundation of one of 
our best firms of scientific instrument makers in the 
country. As student or as assistant, I had the honour 
to serve under both Professor Barr and Professor 
Stroud, both of them great teachers, versatile inventors 
and most lovable men, and I am happy to be able to 
pay this small tribute to them and to their great 
achievement. 

It is unfortunate for Leeds that the transference of 
Professor Barr to Glasgow in the early stages of this 
invention should have deprived Leeds of a new industry, 
and also robbed her later of Professor Stroud as well. 
Leeds also seems to have been unlucky in regard to at 
least one other inventor, for Sir Charles Parsons 
started his life’s work in Messrs. Kitson’s in Leeds and 
developed while there his epicycloidal rotary engine, 
the precursor of the steam turbine which has done 
so much for British industry in general and for the 
mercantile marine and navies of the world. I feel 
sure, however, that Leeds will join with this Associa- 
tion, and with this section in particular, in rejoicing 
that Sir Charles’s great work has recently earned for 
him, as he so rightly deserves, the highest honour that 
this country can confer on a scientist, the Order of 
Merit. 

I wish it to be understood that where I have used 
the word “invention”? I am dealing with the great 
inventions, and not with the thousand and one minor 
and comparatively unimportant, though useful, inven- 
tions which flood the Patent Office every year. The 
latter are generally simple affairs, a minor improvement 
in a known mechanism or a new way of performing 
an old simple function. I do not wish to belittle these 
minor inventions in any way. They serve their pur- 
pose in our everyday lives, and all are traceable more 
or less directly to some major invention of the past, 
but the distinction which I wish to draw is that in 
very few cases is their manufacture or development a 
matter of difficulty. I am therefore, dealing solely 
with the big inventions and their development, and it 
is to the question of the obstacles that are too often 
encountered in their development that I wish to draw 
particular attention. This question of difficulty is as 
old as the history of invention itself, and many of the 
obstacles have required new discovery or fresh inven- 
tion to surmount them. I wish now to examine the 
question of how to eliminate or at least minimise these 
difficulties that obstruct the inventor and so retard 
the march of progress. 

The first way that suggests itself to me is by means 
of education. Our educational policy in schools on 
the scientific side deals with physical laws as facts, 
and the teacher generally deals only with phenomena 
with which he can afford to be dogmatic and ignores 
the enormously greater range of phenomena about 
which science knows little or nothing. This system 
inevitably breeds in the student, and in the general 
public, the impression that nature acts according to 
certain definite laws, and that there is nothing about 
these laws which is not known to science. In actual 
fact, the more the scientist knows about these laws 
the more he is impressed with his ignorance and the 
failure of science to fathom the complexity of nature. 
Much of the misunderstanding of invention and its 
difficulties is due to this method of teaching, and will 
endure so long as that method is maintained. If it 
were possible to teach physical and chemical science 
historically much could be done to counteract this 
injurious effect. 

The experimental laboratory tends to modify the 
dogmatic teaching of the schools because the student 
there finds out for himself how exceedingly difficult 
it is to prove experimentally some of the simplest of 
the physical facts which he learned in the lecture room, 
and he thus gains a first-hand knowledge of the order 
of accuracy of physical measurements and of the diffi- 
culty in attaining it. Science taught historically would 
be infinitely more interesting and instructive, but time 
is the great obstacle. In a recent leader in The Times, 
the teaching of the history of science was advocated 
as a subject for general culture, and comment was 
also made on similar recommendations emanating from 
an American writer. Such a study would introduce 
a better understanding of the science of invention 
among those who have not given particular attention 
to it, and the inventor might come to be regarded as 
a necessary and valuable cog in the wheel of industrial 
progress and not, as he is too often regarded, as a freak. 
After all, the inventor is simply trying to make things 
simpler and easier and safer for his fellow men, and he 
is succeeding beyond belief. Surely that object is 
worthy of recognition and encouragement. 

A second possible remedy to encourage invention 
and minimise its difficulties is by means of legislation. 
I hesitate to enlarge on this point because the question 
of patents is a controversial one among scientists, and 
between inventors and the outside public, but it seems 
to me anomalous that a man who makes an epoch- 
making invention which is going to revolutionise an 
industry and add millions to the wealth of the nation 
receives exactly the same degree of protection for his 











invention as the man who invents a new kind of shirt 
button. In the first case the invention will take years 
to develop and may cost thousands of pounds in the 
process, and by the time it reaches the productive stage 
the patent may have expired. In the case of the shirt 
button, a term which I use figuratively, there are no 
difficulties to overcome, practically no expense, no 
loss of time and a clear sixteen years’ trade monopoly. 
I know that a patent is granted only for a new method 
of manufacture which has to be described in the patent 
specification so that any one skilled in the art may 
put it into practice at once. Insimple inventions, which 
form the subjects of the great majority of patents, this 
is actually the case, but there are undoubtedly cases 
where what appears to the inventor to be a practical 
scheme and was honestly described by him as such, 
proves subsequently to be difficult to put into effect 
on account of technical difficulties’ which he had not 
foreseen, and the remedy for which may not be patent- 
able. Such obstacles and their remedy cannot be 
recorded in the’ patent because they have not been 
encountered when the specification is written. If it 
be argued that the inventor should not apply for a 
patent until the practical application of the invention 
has been achieved, then the inventor argues in reply 
that by delaying his application he is incurring the risk 
of having someone else forestall him, by fair means 
or foul, and so lose his trade monopoly. Under our 
present system a period of nine months is allowed 
between filing the provisional and complete specifica- 
tions, which period, while ample in the case of most 
inventions, is inadequate for full investigation of the 
really great inventions, and it is to this difference 
between major and minor inventions that I wish to 
draw attention. 

In America it is possible for an applicant for a patent, 
by filing periodical amendments of his specification, 
to keep the application pending in the Patent Office 
for a number of years, during which he can be developing 
the invention and adding to the specification any further 
explanations which may be called for in the light of the 
experience gained. Then when the patent is eventually 
issued it runs for seventeen years from the date of issue, 
whereas a British patent dates from the date of appli- 
cation. In addition to this, an American patentee, on 
any question of priority of invention, is allowed to 
produce any evidence that may be available to show 
conception of the invention up to not more than two 
years anterior to the date of his original application. 
In this way an American inventor can spend several 
useful years perfecting his invention before his patent 
is granted, while the British inventor has often to watch 
the most useful years of his patent being eaten up in 
unproductive development. I admit that the American 
system has drawbacks from the point of view of an 
industry, but it has certain undoubted advantages, and 
I suggest that our system does not meet the needs of 
great inventions, between which and the ordinary minor 
inventions there ought in my opinion to be some 
discrimination. Merely as a suggestion, I see a possible 
solution in an extension of our present system of 
granting Patents of Addition, that is a patent for an 
improvement on a prior patented invention, the 
Patent of Addition being granted during the lifetime 
of the original patent and running coterminously. If 
a Patent of Addition could be granted to an inventor 
in approved cases on production of evidence of genuine 
difficulties encountered and successfully overcome, 
these difficulties and their remedy to be fully described 
in the patent for the guidance of the industry, and if 
this Patent of Addition could be made valid for a 
definite term of years, one of the main fears of a 
patentee would be overcome. 

It will be noticed that in this last suggestion I have 
stipulated that the specification of a Patent of Addition, 
such as I suggest, should contain not only a description 
of the finished invention but of all the difficulties 
encountered in its production and the steps taken to 
surmount them. In fact, it is mainly for this reason 
that I make the suggestion at all. I am trying to 
devise a means to prevent future inventors and industry 
from being handicapped in a way that has been all too 
common in the past. I have already touched on what 
must be the large volume of valuable scientific informa- 
tion that has been lost through lack of records of past 
difficulties. Patent specifications are in many cases 
the sole record of inventions, yet in the cases of the 
type I have mentioned they tell us nothing of the 
difficulties, simply because the specification is written 
before the difficulties are encountered. I therefore 
suggest that if any additional protection be given to a 
patentee in virtue of work done in converting his 
invention into a practical mechanism in face of unsus- 
pected obstacles, the grant should be absolutely con- 
ditional on his placing on public record for the guidance 
of others a complete history of his efforts so that no one 
may have to contend with the same troubles again. 

I have one more suggestion to offer in closing, a 
suggestion which touches this Association and kindred 
bodies more intimately. On this question of assisting 





future inventors by increasing the store of knowledge 
at their disposal, I see a possible sphere of usefulness for 
this Association and kindred institutions by encour- 


aging the great inventors of to-day to place on record 


and publish through the medium of the Association or 
institution on account, even a brief one, of the main 
historical features of their inventions. If considerations 
of patents or of personal diffidence make it undesirable 
to publish these records at the time they are written, 
that need not impede the scheme, as publication could 
be made subsequently at a more convenient time, or, 
say, after the inventor’s death. The main thing is to 
have some authentic record from the inventor or dis- 
coverer himself recording the origin, growth and 
development of his idea, the difficulties that beset him 
and the manner in which they were overcome. Nor do 
I think we should stop there. In my opinion too much 
attention has been paid in the past to success and too 
little to honest failure. It is one of our human frailties 
to look with something of contempt on the man who has 
failed to reach his goal, but this is not the attitude of 
the great minds, nor should it be the attitude of modern 
science. On one occasion Lord Kelvin was shown a 
report by a professor on a research carried out by a 
research scholar, in which the professor had made some 
rather contemptuous remarks on the results attained 
because these results were mainly negative. Kelvin 
was highly indignant. All he looked to was the fact 
that the young scholar had done his best on a subject 
which merited investigation and in face of undoubted 
difficulties, and it amazed him that any scientist should 
speak slightingly of the results, simply because they were 
negative, when the real thing of value was the earnest 
and diligent search after truth. 

If therefore my suggestion be adopted by this Associa- 
tion, would it not be in the best interests of science to 
remember the failures as well as the successes, and to 
encourage all serious workers in important fields of 
research to furnish in the common cause a record of 
their work, even when their aim has not been achieved, 
giving a faithful account of all the difficulties and all 
the efforts made to surmount them? Who knows 
but that many of the so-called failures of yesterday 
may only be waiting for other hands to-day to carry 
them on to a greater success than the world has yet 
known ? Left to themselves they will lie in oblivion, 
yet, for all we know, two of them may fit together and 
provide the answer to one more of the riddles of the 
universe. 

Knowledge forms the working tools of science, and 
my proposal is in no way aimed at giving the scientific 
workers of to-morrow an easy task. They will probably 
have a far more difficult task than ours, but I do not 
think it fair to condemn them to spend part of their time 
in a preliminary and possibly fruitless search for tools 
which we have forged and hidden. 

‘“As one lamp lights another, nor grows less,” 
science of to-day will partly fail in its clear duty if it 
fails to pass on to to-morrow any of the knowledge 
which it has been privileged to acquire, or if it forgets 
that it is for to-morrow, rather than to-day, to assess 
the true value of to-day’s success and failure. 








RHEOSTAT WITH Many Srers.—To meet the needs of 
resistance regulation in many fine steps, the Oerlikon 
Company has introduced a type in which the contacts 
are arranged in a spiral of three or four turns and the 
operating handle carries a brush contact, which has a 
radial movement. By this means many contacts may 
be brought together on a small panel. A gear is intro- 
duced between the indicator and the operating handle 
to make it turn less than a complete circle for the entire 
range of the rheostat. 





Income Tax Cuart.—The twelfth edition (1927-28) 
of Tolley’s Complete Income Tax Chart has just come to 
hand. In it are set out the income tax rates, allowances 
and abatements for 1927-28 and for several previous 
years. The numerous legislative alterations of recent 
years, up to and including the Finance Act of 1927 have 
been incorporated. In a special section of the chart, 
the far-reaching alterations in methods of assessment 
and relief are contrasted side by side with the old system 
hitherto prevailing, and examples are quoted. The new 
legislation dealing with the assessment of super tax on 
companies which do not distribute all their profits ; 
the provisions with regard to the charging of super-tax 
on cum dividend sales of certain stocks ; the change over 
from super-tax to sur-tax ; the important alterations 
in regard to the basis of Schedule assessments and 
deduction at source, which come into force next year ; 
the exemption given to charities in respect of their trading 
profits ; the taxation of non-residents, who draw income 
from copyright royalties from this country ; the payment 
of Schedule A in one sum annually ; and a number of 
other important amendments in the law are given in 
detail in the chart. The document, which is designed 
to show all income-tax rates and relief, at a glance, is 
_— by Messrs. Waterlow and Sons, Limited, 

ondon Wall, London, E.C.2, and may be obtained, 
either from them, or from the compiler Mr. C. H. Tolley. 
107, Tierney-road, Streatham Hill, London, S.W.2, 
The price, complete with the Irish Free State supplement 
is 3s. post free. 





FUSEE TYPE SHIPS’ WINDOW. 

A NEw type of sliding window, intended mainly 
for use on ships, which has just been introduced by 
Messrs. J. Stone and Company, Limited, of Deptford, is 
illustrated in Figs. 1 to 3 annexed. The arrangement, 
which will easily be followed from the figures, consists 
of a simple channel-section frame lined with felt, 
in which a frameless glass slides vertically. A cross 
bracket, fixed near the bottom of the frame, carries 
either one or two drums containing springs, the number 
of drums employed depending on the width of the 
window, while the glass is supported by a chain, or 
chains, secured to an arm or arms forming part of 
the lower glass holder. The chains pass over the 
outside of the spring drums in fusee grooves. Thumb- 
screws fitted to the cross bracket enable the window 
to be fixed in any position from closed to fully open. 
The construction and design of the fusee spring drums 
is such that the window is in balance throughout the 
whole of its travel. The whole arrangement is a 
simple and inexpensive one, easy to operate and giving 
a clear view in any position of the window. 

The frame is made from extruded metal, so that 
any special size can be constructed without the 
necessity for an expensive foundry pattern, and 
the top may be made either round or square as 
desired. The spring drums are packed with grease, 
and the springs are made from incorrodible spring 
steel; the chains are made from non-corroding alloy. 
The arrangement is further protected from liability 
to trouble from dirt or corrosion by the fact that the 
whole of the balancing mechanism is well above 
deck level and out of reach of sea water. The whole 
window is a self-contained article, and involves no 
accessory parts, so that it may be bolted direct to 
the pleting as a complete unit. This considerably 
facilitates erection. As will be clear from Fig. 3, 
the window is of very neat appearance and certainly 
in very many cases may well take the place of more 
expensive types of ships’ windows. 





THE LUBRICATION OF SURFACES 
UNDER HIGH LOADS AND TEM- 
PERATURES.* 


By T. E. Stanton, D.S:., F.R.S. 


Ir is now forty-three years since, at a meeting of 
Section A at Montreal, the probable theoretical basis 
of the action between lubricated surfaces, separated 
by a film of lubricant, was first described by Osborne 
Reynolds, At the same meeting, the importance of 
the subject as demonstrated by Tower’s classical 
experiments made for the Institution of Mechanical 
Engineers in the previous year, was pointed out in 
the presidential address by Lord Rayleigh. The 
detailed analysis of these experiments carried out 
by Osborne Reynolds, and published in 1886, showed 
that as regards torque and pressure distribution the 
results of Tower’s experiments were exactly what 
would be expected from the theory, and this analysis 
has generally been accepted as a check on its accuracy. 
This conclusion applies, of course, only to the case in 
which the film of lubricant is of such a thickness 
that the unknown boundary conditions do not enter 
into the solution of the problem, and the results may, 
therefore, be deduced from the equations of hydro- 
dynamics. When the surfaces are so close together 
that this condition no longer holds, a state of 
“boundary lubrication”’ is said to exist, the laws 
of which have been successfully investigated by 
Sir W. B. Hardy and others, It is now known that 
the frictional resistance of surfaces moving over 
each other, under conditions of boundary lubrication, 
is no longer a function of the dimensions of the surfaces 
and the viscosity of the lubricant, as in film lubrication, 
but depends on the nature of the two surfaces and 
the chemical constitution of the lubricant. I do 
not propose to dwell on the nature and laws of 
boundary lubrication more than to call attention 
to the very large difference in the frictional re- 
sistance between the surfaces under the two sets 
of conditions. In the case of a journal under film 
lubrication, the value of the ccefficient of friction 
may be as low as 0-001, whereas under boundary 
lubrication under the most favourable conditions 
of lubricant, the coefficient of friction would probably 
be one hundred times greater than this value. To 
emphasise the importance of boundary lubrication 
to the practical engineer, I cannot do better than 
quote the words of Dr. F. W. Lanchester at a confer- 
ence on lubrication at the Physical Society in 1919. 
“In about 1890,’ he remarked, “I found myself 
in charge of a test bench at a works manufacturing 
gas engines, and it was my invariable practice if a 
bearing ran hot when first on test, to substitute 











* Paper read before Section G of the British Associa- 
tion, at Leeds, September 1, 1927. 
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castor oil for the mineral oil usually employed, when 
all difficulty at once vanished.” This remark may 
be interpreted to mean, I take it, that due to faulty 
machining, the surfaces of the bearing and its journal 
were in contact, and, therefore, in a condition of 
boundary lubrication, with the result that, owing to 
the difficulty of getting the heat away, the bearing 
ran hot and was likely to seize. The addition of the 
castor oil, owing to its lower coefficient of friction 
at the temperature already reached, enabled the 
journal to run until sufficient wear had taken place 
for a film to be established, and it was then possible 
to revert to the use of mineral oil. Dr. Lanchester 
then proceeded to descant on what he called an 
“entire world of lubrication outside that in which 
the Reynolds conditions obtain,” such as the lubri- 
cation of gear teeth, journals badly bedded in the 
first instance and other important cases, all of which 
come under the heading of boundary lubrication. 
This list, as has since been shown by experiments 
at the National Physical Laboratory, may be supple- 
mented by those cases of reciprocating motion such 
as engine slides and rocking shafts, in which the 
nature of the motion prevents the formation of a 
permanent oil film. The importance of boundary 
lubrication to the engineer is, therefore, undoubted, 
but it seems worth pointing out that to the engineer 
boundary lubrication is in all cases a pis aller, 
both on account of the relatively greater loss of power 
involved when it exists, and the liability of the surfaces 
to seize if the heat generated cannot be conducted 
away rapidly enough. There is, in fact, considerable 
evidence tending to show that the phenomenon of 
seizure of a cylindrical bearing, which takes place 
as the load is progressively increased, coincides with 
the transition from film to boundary lubrication, 
and it is thought that the results of some experiments 
made recently at the National Physical Laboratory, 
are of sufficient interest to place before the Section. 

Before discussing the mechanism of seizure it will, 
however, be of advantage to trace the changes which 
take place in the oil film separating the two surfaces of 
a cylindrical journal and its bearing as the load is 
gradually increased from zero. 

According to the theory, the fundamental condition 
for the existence of film lubrication is a definite differ- 
ence of radius a of the two surfaces, and, for a certain 
lubricant at a given temperature and with a fixed load, 
the least distance between the surfaces F G and its 
angular position ¢ relative to the horizontal, as shown 
in Fig. 1, can be calculated. Here O is the centre of 
of the journal and 0’ the centre of the bearing, and if we 


0’ Re . : 
agree to call < the eccentricity of the bearing, this 


will have values varying from zero to unity, as the 
surfaces move from the concentric position to that of 
contact. 

















Fig. 3. 


The calculated relation between ¢ and the eccen- 
tricity is shown in Fig. 2, in which the length of the 
radius vector drawn from the origin to the curve OP 
is the eccentricity C, and its angular position gives the 
value of ¢. The relation exhibited by the curve has 
been calculated from Osborne Reynolds’ equations for 
the small eccentricities corresponding to low loads, and 
from Sommerfeld’s equations for the high eccentricities 
corresponding to high loads. It will be seen that 
starting at no load, which corresponds with the inner 
extremity of the curve, the point of nearest approach 
is vertically over the axis of the journal. As the load 
increases but remains small, the point of nearest 
approach moves rapidly almost to the extremity of the 
‘* off’? side, and then retreats with further increase of 
the load to an angular position of about 45 deg. to the 
vertical, 

Increasing the load still further, provided the arc of 
contact of the oil still covers the whole of the bearing 
surface, will cause the point of nearest approach to 
move away again to the extremity of the “ off”’ side, at 
which contact of the surfaces theoretically takes place. 

I have already mentioned that the check on the 
theory afforded by Tower’s experiments was only a 
partial one, and consisted of a comparison of the theo- 
retical and observed pressures and torques. This was 
due to the fact that when Tower’s experiments were 
made, the importance of the radius difference of bearing 
and journal was not recognised, and no attempt.was 
made by Tower to measure it. It was, therefore, 
impossible to obtain from Tower’s data any check on 
the variation of attitude and eccentricity of the bearing 
throughout the range of loading as shown in Fig. 2. 

In an investigation recently carried out at the 
National Physical Laboratory for the Lubrication 
Research Committee of the Department of Scientific 
and Industrial Research, an attempt has been made to 
measure this variation of attitude and eccentricity 
in the case of a journal and bearing having a known 
radius difference. As the method necessitated the 
measurements of small fractions of the radius difference, 
it was obviously desirable that the experiments should 
be on as large a scale as possible. For this reason the 
diameter of the journal was made 7-6 in. and the length 
8-5 in., the measured radius difference being 0-011 
in. The journal formed an extension of a solid 
shaft 4 in. in diameter, revolving in a pair of 
Hoffmann roller bearings. It was thus possible to 
fit an oil bath completely round both ends of the journal 
and thus ensure an adequate supply of lubricant to the 
“on” side of the bearing. The measurement of the 
relative displacement of the bearing and journal was 
kindly undertaken by Mr. H. A. Thomas of the Elec- 
tricity Department of the National Physical Laboratory, 
by his electrical inductance method, which has been 
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fully described elsewhere.* From these observations, 
the displacement of the bearing in two directions at 
right angles was estimated, and its attitude and eccen- 
tricity could then be calculated. These values up to 
a load of 9,000 lbs. on the bearing, when running at 
a constant speed of 134 revolutions per minute, are 
shown in the dotted curve in Fig. 2. The eccentricity 
at the maximum load was 0-77. It will be seen that 
up to an eccentricity of about 0-5, the agreement 
between theory and observation was fairly good, but 
that the effect of increasing the load beyond the value 
corresponding to this displacement produced a devia- 
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tion of the point of nearest approach in the direction 
of the crown of the bearing instead of in the opposite 
direction as indicated by the theory. The cause of this 
deviation was not immediately apparent, and some 
time was spent in examining the theoretical conditions 
under which the observed movement of the bearing 
could take place. It was eventually noticed that for 
high values of the eccentricity, the pressure in the oil 
film in the neighbourhood of the extremity of the 
“off” side of the bearing would be negative over a 
considerable arc, as indicated in Fig. 3, which represents 
the pressure distribution, for C = 0-82. Under the 
conditions of the experiment, it was probable that in 
practice this negative pressure could not be maintained, 
owing to air being drawn into the space between the 
surfaces at the “‘ off’ side, with the result that the 
extremity of the oil film would retreat towards the 
crown of the bearing. This would afford an explana- 
tion of the tendency of the point of nearest approach 
to set itself directly over the axis of the shaft which was 
actually observed. To check this assumption, a series of 
pressure holes in the bearing in the central section 
extending from the extremity of the “off” side to 
about 20 deg. from the vertical on the “ on ” side were 
connected by thin copper tubes to a series of Bourdon 
gauges, care to be taken to withdraw all the air from 
the Bourdon tubes and the connecting pipes. The 
pressure distribution under any given load could then 





* See ENGINEERING, 1923, vol. Cxxxv, page 138. 


be observed. It was found that the pressure at a point 
75 deg. to the “‘ off” side of the crown fell to atmos- 
pheric pressure when the load reached a value of 25 Ib. 
per square inch of projected area of the bearing, and 
that for a pressure of 200 lb. per square inch the 
extremity of the film had retreated to a point 45 deg. 
from the crown. It will be obvious that increase in the 
load could not be carried much further without seizure 
of the surfaces. This phenomenon affords a probable 
explanation of the low values of the seizing pressures 
which were observed in Tower’s experiments under the 










most favourable conditions for the formation of an oil 
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minute). In this method, which has been developed 
by Mr. C. Jakeman, the observations of frictional 
torque are made over a range of temperature extend- 
ing from air temperature to the temperature at which 
seizing occurs, For tests of bearings under high loads 
no artificial heating is required, as the heat developed 
is sufficient to enable a series of observations of torque 
and temperature to be taken at gradually increasing 
temperatures. For low pressures the temperature of 
seizure can only be reached by applying heat to the 
journal, and for this purpose the journal is made 
hollow to take a specially-designed gas burner. The 
bearing is tested in the form of a complete 

bush with no oil grooves of any kind. 
When a bearing is tested in this manner 
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film, i.e., with the lower surface of the journal immersed 
in an oil bath. For example, the seizing pressures for 
the different oils tested reckoned on the whole pro- 
jected area of the bearing were found to be 573 lb. per 
square inch with rape oil, and 625 with mineral oil. 
The actual pressures on the oil film were, of course, 
very much larger than these, but on the assumption 
that the film extended over the whole arc of the bearing 
it does not appear that the eccentricity was more than 
0-6, which leaves a considerable margin for higher 
loading before contact of the surfaces takes place. 
The explanation of the low seizing loads appears to lie 
in the retreat of the “‘ off” side extremity of the film 
towards the crown of the bearing with consequent 
heating and rapid reduction of film thickness. 

The foregoing remarks apply in all cases to what is 
known as bath lubrication. In the commercial testing 
of bearing metals and lubricants for high duty, as 
regards pressure and temperature, which is carried out 
at the National Physical Laboratory, the method of 
bath lubrication is too difficult and elaborate, and it is 
customary to supply the lubricant to the unloaded side 
of the bush under test by means of an oil pump, which 





delivers the oil at a fixed rate (usually 0-5 oz. per 
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a certain critical temperature—called _ the 
seizing temperature—there is_a very sudden 
increase in the friction, and if the machine. 
is not stopped, seizure of the surfaces takes 
place. It has been found possible to prevent 
damage to the surfaces by using a flat pulley 
on the belt-driven shaft of the machine, so 
that when the extra torque comes on, the 
belt is thrown off the pulley. Typical friction 
temperature curves obtained in this way are 
shown in Fig. 4, for three oils whose viscosi- 
ties and densities, as shown in Fig. 5, are 
not very dissimilar, but which behave very 
differently under the test. Two of the oils 
are straight mineral oils (acidity < 0-06 per 
cent.), and the third is a fairly pure castor 
oil. When tested in the Deeley machine for 
values of the statical coefficient of friction 
under conditions of boundary lubrication, the 
results obtained were :— 


250 


“ Coefficient 
Lubricant. of Friction, 
No. 1. Mineral Oil ... 0°125 
No. 2. Mineral Oil ... 0°126 
Castor Oil = 0°08 


This relatively low value for the coefficient 
of friction for the castor oil is in agreement 
with the known merit of this oil under boundary 
lubrication conditions. 

It will be seen from the curves in Fig. 4, 
that under the very high load of 2,500 lb. per 
square inch of projected area of the bearing, 
No. 2 mineral oil gave a minimum coefficient 
of friction of 0-001 and a seizing temperature 
of 224 deg. C., which may be regarded as a 
remarkably high performance. No. 1 mineral 
oil, on the other hand, gave a minimum 
coefficient of friction of 0-0018, and seizing took 
place at 94-5 deg. C. The castor oil occupies an 
intermediate position with a coefficient of friction of 
0-0012 and a seizing temperature of 138 deg. C. 

The main conclusions derived from the tests are :— 
(1) That the known merit of castor oil in preventing 
failure of bearings running hot is not due to inability 
to seize, this happening, in fact, at a relatively low 
temperature; but as previously mentioned, is due to the 
low value of the coefficient of friction under boundary 
lubrication conditions. (2) That it is possible to 
obtain a straight mineral oil which maintains itself 
in the film condition up to temperatures far in excess 
of the limiting temperature for castor oil. (3) That 
mineral oils of the same degree of acidity and unsatura- 
tion, and for which the values of the viscosity and 
density are approximately the same, may vary greatly 
in their capacity to stand up to high temperatures 
under conditions of film lubrication. 

It is clear, therefore, that oils which possess excep- 
tional lubricating properties under boundary lubrica- 
tion conditions are not necessarily the best for purposes 
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of film lubrication, and vice-versa. 

If this conclusion be correct, it follows that in the 
search for a lubricant which will enable a machine to 
be run at really high temperatures and at a high effici- 
ency, 7.e., under film lubrication, it is not only the 
chemistry of the lubricant, but its physical properties, 
which must also be studied. 





Dreset-EnGines FoR Tucs.—The improvement of 
transport facilities on inland waterways may contribute 
towards the solution of the transport problem, and it is, 
therefore, of interest to note that Diesel-engined tugs 
have now been introduced on French inland waterways. 
The vessels so far put to service were constructed under 
the Reparations Scheme by the Triton Werft, of Duis- 
burg, and have solid-injection two-stroke engines of 40 
or 100 brake horse-power made by the Motorenfabrik 
Duetz A.G. The smaller engines run at 340 r.p.m., 
and drive the propellers at 94 r.p.m. through gears. 
New designs of engines, of 40 brake horse-power and of 
100 brake horse-power, each running at 100 r.p.m., 
have now been developed by the Deutz A,G. for installa- 





tion for direct drives. 
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HYDRAULIC MODEL OF THE 
ELECTRIC DISCHARGE.* 
By Professor W. Cramp, D.Sc. 


THE direct-current arc, with an oscillatory circuit 
connected in shunt, is known to be capable of setting 
up and maintaining oscillations in the shunt circuit. 
A neon lamp, with a condenser across its terminals, 
will flash with definite periodicity, when supplied from 
a direct-current circuit through a high resistance. 
Both are instances of the production of an alternating 
current from a direct current supply ; other examples 
exist, ¢.g., the triode oscillator. At first sight, it is not 
easy to understand how a steady pressure of any 
kind can set up and maintain an oscillation, but 
there are many instances of the same phenomenon 
outside electrical engineering, such as the watch or 
clock, the violin, the organ pipe, etc. Some of these 
have been studied in great detail, and the purpose of 
the present paper is to give an account of a new 
hydraulic device, which appears to represent closely 
the conditions of the electric discharge. It is very 
easily made, and since its periodic time is naturally 
large, its behaviour can be studied by simple observa- 
tion. The author was led to this arrangement by the 
‘desire to find an analogy to the behaviour of the arc, 
for it seemed to him, after two years of experiments, 
that published explanations were somewhat inadequate. 

Now the cause of the action of the arc is said to 
lie in the fact that the slope of its volt-ampere (or 
VI) characteristic is negative—in other words, an 
increase of current through the arc involves a decrease 
of the potential difference across the arc. On the other 
hand, in the neon lamp, for all ordinary currents, the 
VI slope is positive; yet both will produce oscilla- 
tions. It seems, therefore, that we must seek for some 
common property of the two forms of discharge, unless 
we are to say that the cause of the oscillations in the 
one case is quite different from the cause in the other. 
This, however, as will be shown later, is not tenable. 
Now, such a common property does exist, for in both 
forms a higher pressure is required to start the dis- 
charge than to maintain it, and with decreasing current 
a limit is reached at which the discharge proper 
practically ceases. It seemed that this might be 
the main cause of the oscillations, and this belief was 
strengthened by the fact that the Poulsen discharge 
has little negative VI slope. 

It was, therefore, proposed to make an hydraulic 
model, in which current should be represented by fluid 
velocity, self-induction by mass, and capacity by a 
surge pipe. This model must be fed by a continuous 
‘stream of fluid, and it must be so arranged that, when 
the pressure in the surge pipe reaches a certain value, 
a valve automatically opens and allows it to discharge. 
This valve, again, must automatically close when the 
discharge pressure falls to a predetermined figure, so 
that the cycle canrepeat. The difficulty lies in devising 
a reliable and sensitive valve. Now, it is known that 
if once water surges over the crest of a syphon, it will 
continue to flow with increasing velocity until the 
loss of head due to friction balances the head due to 
the syphon. Here, then, is a phenomenon akin to 
the negative slope of the VI curve. If such a pipe 
‘can be fitted with an automatic valve, we have all 
the properties of the electric discharge. For some 
time, no satisfactory valve could be found, but a 
device was finally hit upon which, although extremely 
simple, acts in a very perfect manner. It consists of 
a wet taper tube fitted as the outlet of the syphon, and 
hung vertically with its larger end downwards. This 
tube behaves as follows:—When water has passed 
over the syphon crest, it enters the taper tube and its 
meniscus begins to expand. The lower the water-level 
tin the syphon, the greater is the pressure on the 
meniscus, and the greater is the area on which that 
pressure acts. Thus, a condition is presently reached 
when the surface film can no longer support the column 
above it, and water rushes out. If, due to this dis- 
charge, a fall of pressure occurs, the meniscus will 
re-form and aid the return of the remaining water by 
its tendency to contract. We may say that we have an 
automatic meniscus valve. 

The apparatus representin;; the complete arc dis- 
charge is illustrated in Fig. 1, while the corresponding 
electric circuit is shown in Fig. 2. In the former, 
the syphon tube is marked A, and the meniscus valve 
B. These represent the are F in Fig. 2. The tube D 
represents the condenser G, and the mass of fluid in 
A, © and D replaces the inductive coil H. The 
stabilising variable resistance R has its parallel in 
the tap M. Upon connecting M with the water supply, 
or, better still, with a tank maintained at a constant 
head, the whole phenomena of oscillations produced 
by direct flow may easily be studied, especially if a 
little flocculent colouring matter be introduced, so 
that the motion in each part of the system may become 





_* Paper read before Section G of the British Assozia- 
‘tion at Leeds, September 1, 1927. 





visible. By adjusting the valve M, the two main 
methods of producing oscillations may be illustrated. 
In the first, the water is allowed to rise gently in A and 
D. Having reached the crest of A, it travels quickly 
down B until the meniscus breaks, and a certain 
quantity of water is discharged, reducing the pressure 
in D. The water then swings back from B to A, and 
D gradually accumulates its charge again. If the 
tubes ACD are small in diameter, they may be aperiodic, 
in which case the discharge frequency is entirely con- 
trolled by the valve M, and is precisely analogous to 
the flashing of a neon tube. 

If the system ACD is not aperiodic, then when the 
fluid returns to A after discharge, it is seen to oscillate 
with damped vibrations to and fro along ACD. This 
is analogous to the ordinary spark discharge, to pizzicato 
violin notes, and to all plectral and percussion instru- 
ments such as the harp, pianoanddrum. Still assuming 
the system ACD to have a natural period, the flow 
through M may be increased, until a regular oscillation 
of constant amplitude is maintained from B to D. 
There is then only a short ‘“ dark period,” and we have 
an analogy to the Poulsen are. Finally, by careful 
adjustment, the ends of the oscillating column may be 
confined to the meniscus tube B and the “ capacity ” D. 
Then there is no dark period at all, and we have the 
Duddell musical arc, arco violin notes, or the sustained 
tone of a wind instrument. 

Several interesting deductions follow from this 
series of observations, but here only one can be men- 
tioned. The action of the model shows how “ percus- 
sion” or “spark” operation may gradually be trans- 
formed into continuous waves. If the analogy is 
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correct, it should be possible to produce a musical arc 
by placing a condenser only across the arc, instead of 
the tuned circuit used by Duddell. The tuning 
would then be carried out by the variable resistance R. 
This experiment, when tried, was completely successful. 
Both an ordinary and a Poulsen are may be run as an 
oscillating discharge by connecting a condenser only 
across them; and the note is controlled entirely by 
the series resistance. 

The author wishes to record his indebtedness to 
Mr. A. P. Jarvis, M.Sc., a research scholar in his 
laboratory, for assistance in some of the tests upon 
which this work is based. 

Note on the Oscillation Time of the Model.—Let the tap 
M be adjusted so that under a supply head H the 
velocity in pipe E is V,. Let the areas of pipes E, A, 
C and D be equal, and each =a. Further, assume 
that the velocity in any pipe is proportional to the 
difference of head at its ends. Then, as pipes A and D 
fill, V, will fall, and its instantaneous value will be :— 

I= Vi (H — ) 
H 
h being the height of the fluid in A and D. 

The quantity per second flowing along E = va, but 

the sum of the areas of A and D = 2a. 


dh_v 
ahs” ae 

or 
d:_ 3H 


dh Vi(H—A) 
whence the time taken for A to rise from h, to hy 


he 
=T) = dt 3, . 2H ys, Hh 
hy dh Vi H — ho 





Having reached the crest of the syphon hg, the fluid 
travels round into the meniscus, where it has a head As. 





T, is approximately the time of charge. It can be 


reduced by increasing V,, i.e., by opening M. If h be! 


now the instantaneous head in D, and assuming the 
system to be aperiodic and the meniscus to have 
==? on 


since A at the beginning of discharge is Ah, and 
Vo (h — hs) | 
H 


opened, the velocity from E into D is 


hy is greater than hg, the velocity out of D is 


where V, is the velocity, with which a head H would 
cause liquid to travel round the system DCAB. Thus 
the total discharge rate from D is 


Vo (h—hy) __ Vi (H—A) 





H 

or 
Oo, Ve + Vi _ Vo hs _ V; 
dt H H 
=Ah—B 

say, where 

a = (V2 +V)) 

H 

and 


a 
B= 2% 4y 
edie. 


Since, at the beginning of discharge, h = h., and at 
the end it is h,, the total time of discharge is 


1 er 
t,= 1 fiog, A2—F 
a { oe Ts 


and the time of one period is nearly T, + T.. 
If the system ACD is periodic, with negligible friction, 
its frequency is given by 


1 a 
ae 9g 
f= ag a/ 


where J is the total length of the oscillating column. 
By adjusting M, the times of charge and discharge 
can be made approximately equal, and each equal to 


wT ! . This last result is dependent upon the 


panne. valve. The area of the meniscus film is nearly 
proportional to (h, — h3)*, and so, therefore, is its poten- 
tial energy. The upward force which it exerts is nearly 
proportional to the first power of (hz — hs). The pres- 
sure of the column in B downwards is also proportional 
to (hg — hg), so that the downward force on the film is 
proportional to (hk, — h,)*. Thus a slight change in 
h, is sufficient to decrease h, considerably, and to cause 
the valve to open more quickly. Opening the tap M, 
therefore, also shortens the whole time of one period. 
As the tap M is opened more and more, T, gets shorter, 
and T, relatively longer, but T, + T, is also reduced, 
so that ultimately T, = T, + T,, and the valve dis- 
charges continuously without oscillation. These pheno- 
mena have their counterpart in the arc, for with a 
sufficiently high direct-current potential difference, the 
are will break down into a continuous discharge without 
oscillation. 





WaTER-LEVEL INDICATOR FOR HIGH-PRESSURE 
Boiters.—A new problem has arisen in the design of 
water level indicators for boilers owing to the use of 
high-pressure steam. <A solution proposed by Pumpen 
und Armaturenfabrik Klein, of Frankenthal, is of interest. 
Use is made of a U-shaped metallic tube, partly filled 
with mercury, and having the two arms connected re- 
spectively to the water and steam spaces of the boiler. 
Should the heat of the water change, the mercury levels in 
the arms of the tube will be altered. This variation 
affects the position of two iron floats on the surfaces of 
the mercury, and alters the setting of a pivoted magnet, 
which is external to the tube and has a pointer fixed to it. 





Hetium In CanapA.—The original survey of the 
helium resources of Canada was carried out under the 
direction of Professor J. C. McLennan, of Toronto, 
in the years 1916 to 1919. Where not directly derived 
from radioactive minerals, helium is generally found in 
the natural gas, which is carried away with the petroleum, 
by the movements of underground water, until it 
is trapped in some impermeable formation. Some of 
the gas wells in Canada have become exhausted since 
the original survey ; on the other hand, new wells have 
been opened up and more information has been collected. 
In a pamphlet on Helium in Canada, (Mines Branch, 
Canada Department of Mines, No. 679, Ottawa: F. A. 
Acland ; price 20 cents), Mr. R. T. Elworthy makes the 
following estimates of the amounts of helium available 
from natural gas per annum in six localities : Foremost, 
Alberta, 2,000,000 cub. ft.; Bow Island, Burdette, 
Alberta, 1,250,000 cub. ft.; Simcoe, Ontario, 900,000 
cub. ft.; Dunnville, Ontario, 275,000 cub. ft. ; 
Winger, Ontario, 540,000 cub. ft. ; and Inglewood (Peel 
County), Ontario, 200,000 cub. ft. These estimates 
indicate that the natural gas of the locality contains re- 
spectively 2, 3, 3-9, 2-7, 2-7 and 8 cub. ft. of helium (per 
mille of natural gas), Inglewood gas being far richer (in 
helium) than the gas of any other wells. ; The total volume 
of helium available in Canada per year is 5,165,000 
cub. ft. The figure represents about a tenth of the 
helium considered annually extractable in the United 
States, but exceeds, so far as present determinations go, 
the amounts available in the other British Dominions and 
in other countries, 
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THE SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION AT OLYMPIA. 


In commenting upon the last Shipping, Engineer- 
ing and Machinery Exhibition, held at Olympia 
in 1925, we expressed the hope that before the 
succeeding exhibition opened this year, a substantial 
improvement in trade would have taken place. 
Signs were not wanting at the time that the prospect 
was steadily improving, but before any real headway 
could be made the general strike and prolonged 
mining stoppage occurred, with resulting effects 
which must react detrimentally on the engineering 
industry for many years. We reviewed the position 
in the various branches of engineering in a series of 
articles at the beginning of the year, and the best that 
can be said at the present time is that the position is 
not quite so bad as might have been anticipated. 
It is in these circumstances that the bi-annual 
exhibition, organised by Messrs. F. W. Bridges and 
Sons, Limited, opened its doors to the public 
yesterday, and little surprise will be felt that several 
well-known firms, who have been conspicuous in 
past exhibitions, are not exhibiting this year. 

It has frequently been stated that a period of 
quiescence is most favourable to the development 
of new designs, but this is only a half truth, the 
burden of overhead charges under which the 
majority of firms are at present staggering not being 
such as to encourage further expenditure on experi- 
mental work. As we of necessity go to press before 
the exhibition actually opens, we have had no 
opportunity of examining the exhibits, but we 
imagine that, in general, improvements on machinery 
shown in 1925 will be confined to relatively small 
details, and that where entirely new products are 
shown, they will be such as require no great outlay 
to manufacture. 

Turning now to the actual exhibits, of which we 
have been able to get particulars in advance, 
we may fittingly commence our description by 
dealing with some of the engines for small craft 
and other purposes which are exhibited, as these 
constitute one of the leading features of the 
exhibition. 

We believe that the Ailsa Craig Motor Company, 
Limited, of Chiswick, are among the first British firms 
to introduce a four-cylinder marine engine for small 
craft. This engine, which we illustrate in Figs. 1 
and 2, Plate XVIII, is of 7 to 12 brake horse-power, 
the range of speed varying from 900 to 1,600 r.p.m. 
The engine has a number of novel features which 
should ensure comfort and ease of operation, and 
in addition, is of exceptionally neat appearance for 
a marine unit. The design is of the side-valve type 
with the valves on the port side, the object being to 
keep the height down to an absolute minimum, a 
particularly important point in the case of small 
auxiliary yachts when the engine has to be placed 
under the cockpit floor. The adjustable valve 
tappets are easily reached by undoing two nuts 
holding a removable cover. A box-form cover on the 
top of the cylinder head affords complete protection 
to the sparking plugs and ignition leads, and as it 
is held in position by a single hand nut, these can 
be got at in a moment for cleaning and inspection. 
As a result of this arrangement the motor is water- 
proof to driving spray, and even to solid water, 
such as would be experienced with a wave breaking 
on board. In this connection the motor has been 
subjected to drastic tests by being deluged with 
buckets of water while running, and it has stood 
this treatment without detrimental effect. 

The water circulation is effected by means of a 
plunger pump, operated by an eccentric having a 
double ball-race. It will be observed that the mag- 
neto is situated high up at an angle, so that it is well 
away from the bottom of the boat, and the contact 
maker is readily accessible. In the standard equip- 
ments, starting is effected overhead either forward 
or aft by means of a removable handle. A large 


inspection door is provided on the port side of the 
crankcase for access to the big ends, crankshaft and 
camshaft, and is opened by a single hand nut. A 
novel feature is the incorporation of the main oil 
supply reservoir in the cylinder casting on the star- 
board side, where it is water-jacketed. The engines 
illustrated show the arrangement for the use 
of petrol fuel, but they are also supplied to run on 
paraffin, when a modified form of the Ailsa Craig 
vaporiser is employed. The reverse gear, the 
casing for which can be seen in both figures, 
follows the lines of the other Ailsa Craig models 
though it has, of course, been specially designed in 
detail for this engine. In this connection a reduc- 
tion gear model, shown in Fig. 2, is also supplied for 
use in heavily built boats where a large slow-running 
propeller gives the best results. Incidentally this 
arrangement affords a considerable saving in space, 
weight and operating costs. With the standard 
reverse gear fitted, the engine drives a 3-blade, 
12 in. to 14 in. diameter propeller, of a suitable 
pitch to suit the boat. In the case of the reduction 
gear model, a 17-in. 3-blade or a 19-in. 2-blade 
propeller is employed, according to the conditions 
of the hull and the requirements of the owner. The 
gear-box and reversing gear are of the firm’s standard 
type, described and illustrated on page 669 of vol. 
exx of ENGINEERING. 

In addition to the new engine, the Ailsa Craig 
Motor Company are showing the new model “ Kid” 
engine, described in our issue of March 18 last, page 
324, together with larger engines. and a motor 
launch, with accommodation for six people, selling 
at 1501. 

A range of engines built specifically for heavy- 
duty work is being shown by Messrs. E. T. White 
and Company (1926), Limited, Clare House, 57, 
Kingsway, W.C.2. The largest of these engines, 
designed for a working output of 100 brake horse- 
power is illustrated in Fig. 3, Plate XVIII. There 
are four cylinders having a bore of 63 inches and a 
stroke of 7 inches, monobloc construction being 
adopted for all four cylinders. The crank-case, of 
cast iron, is cast integral with the cylinder block, 
giving rigid support for the crankshaft, and ensuring 
perfect alignment between the cylinder bores and 
the crank throws. As shown in the figure, the 
sump has one horizontal and one vertical joint, and 
is independent of the front cover and other parts of 
the engine, thus permitting its easy removal for 
inspection of the running parts. The cylinder head 
is detachable, and the combustion space is of the 
type now recognised as most efficient for side valve 
engines, being low over the cylinder proper and 
rising over the valve heads. 

The crankshaft is of the three-bearing type, and 
is extremely stiff, the bearings being 3} inches in 
diameter by 4} inches long, with the exception of 
the rear bearing, which is + inch longer. The pistons 
are of cast iron, and are fitted with three gas and 
one scraper ring. The gudgeon pins are 1{ inches 
in diameter, and are fixed in the connecting rod. 
The exhaust valves are made from high-chromium 
high-nickel steel, and the inlet valves from chrome- 
nickel steel with a lower content. The valve seats 
are carefully designed to avoid distortion, and are 
completely water jacketed. The camshaft is 
mounted inside the crank-case in the usual way, and 
is driven by helical gearing. It runs in three bronze 
bearings 2? inches in diameter. The valve tappets 
are cylindrical, and are supported throughout their 
entire length by removable guides. Hardened 
thrust plugs, with adjusting screws, are provided in 
the front cover to take up end play in the idler 
shaft and camshaft, special fibre washers being fitted 
between the gears and crank-case thrust faces. 

Cooling is effected by a pump, which, with its 
glands, shaft, and driving gear, is arranged as a self- 





contained unit, which can be removed without 
disturbing the front cover. The oil pump is of ;the 
gear type, driven through spiral gears at the rear 
end of the camshaft. It is permanently submerged 
in the sump, and is provided with an easily 
adjusted regulating device. The pump itself can 
be removed without disturbing the pipe lines. The 
fan, pump, and magneto drives are clearly shown 
in the illustration. 

In addition to the engine described, Messrs. White 
are also showing 45 h.p. and 30 h.p. models, the 
latter being direct-coupled to a portable air com- 
pressor. Other exhibits are a 30 h.p. self-contained 
power unit, complete with clutch, radiator, fuel tanks 
and so on, and an 8 kw. electric generating plant- 
The last set, illustrated in Fig. 4, Plate XVIII, 
is equipped with a 15 h.p. White engine, mounted 
on a common bed plate with the dynamo. The 
engine is a four-cylinder model with a bore of 73 mm. 
and a stroke of 130 mm. The cylinders form a 
monobloc casting, which contains not only the valve 
seatings and tappet guides, but the induction and 
exhaust manifolds, thus giving a very clear exterior 
to the engine. The latter differs in several particulars 
from the larger type already described. The valves 
are inclined, and thermo-syphon cooling is adopted. 
The crank-case is of aluminium, and is thus separate 
from the cylinder block. It is divided along the 
crankshaft centre line, as shown in the illustration. 
In other respects the engine closely resembles the 
larger model. A three-bearing crankshaft of large 
diameter is fitted, the pistons are of cast iron, and 
the crankshaft and tappet gear are exceptionally 
robust. In concluding our account of Messrs. 
White’s exhibits, it may be mentioned that in addi- 
tion to the range of power units referred to, they are 
showing samples of cold-drawn phosphor-bronze 
tubing of exceptional hardness and tensile strength. 
The material is claimed to be particularly suitable 
for telescopic piping of the type used for supplying 


| the cooling oil to Diesel-engine pistons. 


The firm of Messrs. Petters, Limited, of Yeovil, 
are showing a 24-28-h.p. marine engine, a 3-kw. 
direct-coupled lighting set, and a smaller direct- 
coupled lighting set with a 14-brake-horse-power 
engine. The marine engine is illustrated in Fig. 5, 
Plate XIX, and it will be seen from this figure 
that it is a twin-cylinder model, mounted on a 
base plate which also serves to carry the reversing 
gear and pumps, the whole forming a readily 
accessible unit. The fly-wheel is at the forward end 
of the engine, and the two pumps, for the circulating 
water and bilge water respectively, are driven by 
eccentrics mounted on the shaft between the engine 
and reversing gear. The engine is of the maker’s 
well-known S-type, operating on the two-stroke 
cycle, and is similar in general design to the slightly 
larger model illustrated in Figs. 7 and 8, on the 
same plate. One of its special features is the 
employment of torch or electric-plug starting in 
place of the usual blow lamp, enabling a start to 
be made immediately from dead cold. The torch 
starter consists of a paper tube containing a special 
preparation which, when ignited, supplies the heat 
necessary for igniting the charge until the tube 
holder becomes sufficiently hot to carry on com- 
bustion. Where a source of electric supply is 
available, the electric plug starter is even more 
convenient. The engine shown in Figs. 7 and 8 
is equipped for compressed air starting in addition 
to the cold starter. 

The moving parts of the engine hardly call for 
special comment, as they are clearly shown in 
Figs. 7 and 8. It may be mentioned, however, 
that the pistons are fitted with four gas rings at 
the top, and a scraper ring at the bottom, the rings 
being prevented from turning by means of screwed 





pegs. The gudgeon pin is made from case-hardened 
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steel, and is a tight fit in the piston and a running 
fit in the phosphor-bronze small end bearing. 
held in position by a locking screw. 


We described the Gardner marine engine in some 


It is | detail in our issue for October 24, 1924, page 595, and 
The big-end | may therefore confine ourselves on this occasion to a 


bearing is of gun metal, lined with white metal, | recapitulation of the leading features, and to a de- 


and the main bearings are of gun metal in cast-iron 
housings. The latter are bolted to the sides of the 


| 


crankcase, and the bearing is split, either half being | 


readily removable. The fuel pump is of simple 
design, and consists essentially of a case-hardened 
steel plunger operating in a manganese-bronze 
body. 
but is provided with a fixed needle on which three 


The atomiser has no moving needle valve, | 


| 


spiral grooves are cut, giving a rotary motion to| 


the fuel as it passes through the cone orifice. 
position of the needle can be adjusted to suit 
different fuels. The usual non-return valve is 


fitted in the atomiser, and as the water outlet for | 
the cylinder is immediately over the boss carrying 


the sprayer, the latter is kept cool with resulting 
freedom from carbonisation. The governor is 
mounted on a crankshaft extension as shown in 
Fig. 7, and the casing has an eccentric turned 
on its inner end. The eccentric strap operates 
the fuel-pump plunger through suitable mechanism, 
but can be advanced in relation to the eccentric. 
The governor weights are connected to the strap 
through links, and the stroke of the fuel-pump 
plunger is varied by rotating the strap on the 
eccentric, thus reducing the distance between the 
high point on the strap and the centre of rotation. 

The main bearings are fitted with ring oilers, 
while the piston and connecting rod bearings are 
supplied by a mechanical lubricator. The piston 
lubrication is effected through pipes passing through 
the cylinder wall into circumferential grooves, 
thus giving an even supply all round. The con- 
sumption of lubricating oil is only about 0-2 pints 
per brake horse-power-hour. The engine will 
operate satisfactorily on a wide range of oils, the 


consumption with oil of 0-9 specific gravity, and a | the Gardner engine by fitting a spray 


calorific value of 19,000 B.Th.U. per lb. being about 
0-5 pint per brake horse-power-hour. 
The larger of the two lighting sets exhibited is 


The | 





| position to ensure effective combus- 


|ments, it has a very short life, and 


| 


| position, the valve is arranged to 


fitted with a single-cylinder, type S, engine, similar | 


to that already described, but equipped with a heavy 
dise flywheel of larger diameter. The smaller 
1 kw. set, which is illustrated in Fig. 6, Plate XTX, 
is fitted with a 14 brake horse-power type engine, 
designed to start up on petrol, and to afterwards 
run on paraffin. This engine also operates on the 
two-stroke cycle, but magneto ignition is employed 
on account of the lighter fuel. The type S and 
type M engines are very similar in general construc- 
tion, and it is therefore unnecessary to describe the 
latter in detail The dynamo fitted is of the two- 


; , 
bearing type, and can be supplied for all standard 
voltages, up to 140 volts, either shunt or compound | referred to, the engines are fitted with 


wound. 


| When the engine is running, the spray 


| scription of the latest improvements. The engine is 
| of the semi-Diesel type, operating on the two-stroke 


cycle. The engine bed carries the main bearings, 
and in it is formed the lower part of the crank-case. 
Over this the upper part of the crank-case is bolted. 
As the crank-case is used for the initial compression 
of the air, spring-loaded sealing washers are pro- 
vided to prevent air leaks near the bearings. Both 
the cylinder and jacket are parts of the same casting, 
but a separate head is fitted, and above this is a 
light dome-shaped casting forming the upper part 
of the combustion chamber. Separate cylinders 
are employed on all models. 

Turning now to the improvements which have 
been incorporated in the latest models, a system of 
electric ignition has been introduced, by means of 
which the engines can be started instantaneously 
from dead cold without the use of 


example, embody a spring injection system for the 
fuel. The arrangement consists of a governor, 
shown on the left in Fig. 10, controlling a low- 
pressure measuring pump which delivers the fuel 
to a self-contained unit bolted to the head of the 
cylinder. This unit constitutes a combined loader 
and atomising device, and is the only part of the 
fuel system under pressure. It enables the injection 
to take place at the same pressure, and at the 
required moment, whatever the speed of the 
engine, and at the same time avoids the necessity 
for either an air compressor or high-pressure fuel 
pipes. 

The valve gear is of the Paxman-Lentz type, 
and consists of a cam, operated by an eccentric, 
acting upon a roller. The latter is carried on a pin 
passing through the valve guide, and held by 
adjustable tension springs at its extremities. The 
valve itself is screwed into the guide, from which it 
can be readily detached, together with the roller, 





for grinding or inspection. The top of the cam 





a blow lamp. An electric plug is 
fitted in each cylinder dome, the 
plug having a small helix of wire 
embedded in a matrix of refractory 
material at its inner end. When 
starting the engine, this coil is heated 
to a bright red by current from a 
12-volt accumulator, and its position 


in the dome is such that the fuel 
charge is ignited instantaneously 


when it is injected into the combus- 
tion chamber. It is well known that 
if a plug of this type is in the best 
tion with ordinary spraying arrange- 


this difficulty has been overcome in 


which can be rotated on its 
In the starting 


valve 
longitudinal axis. 


project the spray on to the igniting 
coil, which is placed immediately 
above it, and to the side of the dome. 


valve is turned to direct the fuel to 
| the centre of the dome in the usual 
way, and under these circumstances 
the ignition plug is in a relatively 
|Sheltered position. The igniter ele- 
ment of the plug is detachable, and 
can be renewed at any time at a 














| trifling cost. 
In addition to the starting device 
Fig. 17. 
modified form of 


ja governor gear, 


In addition to the exhibits referred to, Messrs. | giving completecontrol from full speed 
Petter are also showing examples of heavy-oil | down to about three-eighths full speed, when driving 


engines made at their Ipswich works. 


One of | the propeller. 


The engine can be set to run at any 


these, of 55 brake horse-power, is mounted on | Speed within this range by merely turning a hand- 
a base plate with reversing gear to form a marine | Wheel the required amount. Each engine is also 


25 


set, while the other forms part of a 1 
generating set for marine work. 


We gave sectional | manceuvring. 


-kw. auxiliary | provided with a hand-control lever for rapid 


As a final point, it may be mentioned 


drawings of a two-cylinder engine of this type on | that, after exhaustive experiments, the makers have 
page 706 of vol. exx of ENGINEERING ; and more | adopted roller bearings of the Kromhout type for 


recently, on page 475 o 
1926, we gave a full description of a six-cylinder 
direct-reversing marine engine of the same type. 
Among the most recent improvements to these 


engines, means have been introduced for adjusting | abutment on the upper side. 


f our issue for October 15, | the small ends, manufactured under licence from the 


patentees. It will be recalled that this bearing 
consists of three parts, the gudgeon pin, a slab 
housed in the rod below the pin, and an adjustable 
The abutment never 





the feed-pump valves to enable wear on these parts | actually comes into contact with the pin when the 
to be readily taken up, and the lubrication system | engine is under load. The pin is fixed in the 
has been slightly moditied to render the piping | piston, and as the rod oscillates, the slab makes 


more accessible. 


|true rolling contact on the pin, which is very 


The firm of Norris, Henty and Gardners, Ltd., of | appreciably smaller than the hole in the rod. The 


Patricroft, exhibit a range of engines designed either 
for main propelling units or for auxiliary drives on 
ships. The most striking exhibit consists of a set 
of two six-cylinder engines, port and starboard 
respectively, forming the main engines of a twin- 
screw vessel, each engine driving on to a separate 
propeller. The engines are of the six-cylinder type, 
and each develops 210 b.h.p. at 320 r.p.m. Both 
engines are fitted with clutches, direct-reversing gear, 
circulating and bilge pumps, and compressors, and 
embody all the latest Gardner improvements. One 
of these engines is illustrated in Fig. 9, Plate XTX. 


| pin can be turned round in the piston to bring a 
|new surface into contact with the slab in the 
| unlikely event of a defect developing on the bearing 
| surface. 

| Messrs. Davey, Paxman and Company, Ltd., of 
Colchester, are exhibiting two vertical heavy-oil 
engines, a single-cylinder model of 25 brake horse- 
power, and a three-cylinder model of 120 brake 
horse-power. We illustrate the latter engine in 
Fig. 10, Plate XX, and it may be mentioned that 
all the leading features of this model are also common 
to the single-cylinder unit. Both engines, for 





MAGNETIC SEPARATOR; Messrs. THE RAPID 


MAGNETTING MacHINE Company, LIMITED. 


dips into an oil bath, ensuring effective lubrication 
of the cam, roller, and guide. The cam is of such 
a form that the valve is lifted from, and returned to, 
its seat with a complete absence of noise or shock 
at all engine speeds. The governor is of the usual 
spring-loaded type, and can be adjusted while the 
engine is running. 

The cylinders are fitted with a separate liner, the 
lower end of which is free to expand. The pistons 
are of the trunk type, and are fitted with Ramsbottom 
rings. The gudgeon pin is of case-hardened steel. 
The crankshaft is a large-diameter steel forging, and 
the flywheel. is a solid disc, mounted between 
flanges on the crankshaft, and secured by 
bolts. The main and big-end bearings are lined 
with reinforced anti-friction metal, and the small 
end bearings are of phosphor bronze. All bearings 
are adjustable. The camshaft, which is clearly 
visible in the illustration, is carried in long bearings, 
and is driven by enclosed spiral gears running in 
oil baths. The main bearings and camshaft bearings 
are ring-oiled, while the cylinder and the large and 
small end bearings are pressure fed. A cam- 
actuated starting valve is fitted to each cylinder. 
The air receiver is charged from the engine cylinder 
in the case of single-cylinder engines, and from a 
separate air compressor for multi-cylinder units. 
The engines can be started against half load from 
cold, and are suitable for a wide variety of fuels. 
The fuel consumption is 0-4 lbs. per brake 








n. 
D» 


ul 
e 


ENGINEERING, Sepr. 9, 1927. PLATE XX. 








EXHIBITS AT THE SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION AT OLYMPIA. 
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Fic. 10. 120-B.H.P. 3-CyLinpeR Heavy-O1t ENGINE; Messrs. DAvEY (269.£) 
PAXMAN AND Co., LIMITED. 
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Frias. 12 anp 13. Hyprostatic TEMPERATURE 
REGULATOR; Messrs. THE CAMBRIDGE 
INSTRUMENT CoMPANY, LIMITED. 























Fic. 14. TaHreaD REcoRDER; Messrs. THE 
CAMBRIDGE INSTRUMENT CoMPANY, 
LIMITED. 











Fic. 11. Battery Tiertnc Truck; Msssrs. RANSOMES, SIMS AND 
JEFFERIES, LIMITED. 
































Fic. 15. Pratinum-REsIsTANCE THERMOMETER FOR LAGGED PIPEs; Fic. 16. PLatinuM-REsIsTANCE THERMOMETER FOR INTERNAL SURFACES; 
Messrs. THE CAMBRIDGE INSTRUMENT COMPANY, LIMITED. Messrs. THE CAMBRIDGE INSTRUMENT CoMPANY, LIMITED. 
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EXHIBITS AT THE SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION AT OLYMPIA. 
(For Description, see Page 315.) 
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horse-power-hour, except on the smallest sizes of has been introduced on the swinging carriage. 
engine, when it is rather higher. These machines are made in several sizes, the larger 
The exhibits of The Rapid Magnetting Machine | having troughs 4 ft. by 1 ft. 6 ins., and 5 ft. by 
Company, Limited, Magnet Works, Lombard- 2 ft. They can be supplied, in addition, as two or 
street, Birmingham, consist of a variety of electro- | three-frame machines. It may be added that the 
magnetic appliances for foundry and general engi- | machine illustrated can be supplied with an adjust- 
neering work. They include lifting magnets and | able hopper at the back as a complete trough unit. 
separators, some of which have been previously! Among their drum separators, the firm are 
described in our columns. Our most recent descrip- | exhibiting a new type with high-intensity windings 
tion was of a screen-type magnetic separator shown | inside, which can be utilised for extracting tramp 
at the last Foundry Exhibition, of which an illus- | iron from powdered fuel, and many other purposes. 
tration was given on page 689 of our issue for June 11, | These separators are particularly recommended, 
1926. A separator manufactured by this firm, | however, when a large and regular percentage of 
which has been on the market for some little time, | iron is present in the material. ; 
but has recently been improved, is illustrated; Most of the woodworking machines on the stand 
in Fig. 17,on page 316. The main improvement lies | of the Dominion Machinery Company, Limited, of 
in the redesign of the electro-magnetic trough, | Union-street South, Halifax, are shown for the 
by which it is claimed that the magnetic strength | first time in this exhibition, and from them we select 








vided. The depth of mortise possible is 54 in., and 
the hollow chisel will take up to 1 in. The power 
required is between 1} to 2 h.p., and the speed of the 
countershaft is 900 r.p.m. The pulley gear includes 
a spring belt-tensioning device. Ball bearings are 
fitted throughout. The weight of the machine 
complete is 9 cwt. 

The second example is the maker’s latest type of 
ball-bearing sanding machine, known as_ the 
Dominion No. |. This is shown in Fig. 19, below, 
in which it is shown mounted on cast-iron legs. 
The main casting is in one piece, with box ends to 
carry the slides for taking up belt stretch, these 
slides being fitted at both ends of the pulley to 
meet unequal stretch. The table may be raised 
or lowered to allow the belt to run tight or slack 
on it as desired. The pulleys are supported at each 
end in dust-proof ball-bearings. The drive is by 




















two which, in addition, have 
been only recently introduced. 
The Dominion No. 2 combined 
chain and hollow chisel mortiser 
is illustrated in Fig. 18, annexed. 
A cardinal feature of this ma- 
chine is that the head which 
carries the chain cutter runs on 
square slides inside the column, 
instead of on the more customary 
V-slides. Adjustable strips are 
provided for taking up wear, 
and it is claimed that the four 
corners resulting from the square 
section of the slide ensure abso- 











Fie. 18. ComMBINED CHAIN AND CHISEL MortIsER ; MESSRS. 


THE Dominion MAcHINERY CoMPANY, 


is at least six times that of the older machine, with 
a relatively small increase in current consumption. 

The machine is particularly intended for material 
containing only a small percentage of iron, and as 
will be clear from the illustration, consists primarily 
of an inclined shoot, fitted with a series of magnetised 
bars. These bars are of alternate polarity, and 
are magnetised for their whole length. The material 
is oscillated laterally by the movement of the trough, 
effected by a simple eccentric mechanism from the 
side shaft visible in the figure. Where large pieces 
of iron are present, they may be removed by hand 
without stopping, but the normal method of collec- 
tion is to stop the feed for a short time, when the 
current may be switched off and the iron will fall 
off the magnets by gravity. The pulley shaft 
runs in totally-enclosed dust-proof ball bearings of 
the self-aligning type, and the twin eccentrics for 
oscillating the trough are also mounted on totally- 
enclosed ball races. The supporting frame is 
made from channel iron, instead of from tee iron, 
as in the older machines, and angle-iron bracing 


lute accuracy in mortising for 
a much longer period than with 
the V-slide. The balance weight 
for this head is inside the main 
frame, which, consisting of a 
separate column and body, contains a cabinet 
in the latter and has a well-spread base flange. 
The chain cutter is automatically s*»pped when 
it is withdrawn from the work, the belt being 
caused to travel on to the chisel pulley. This 
arrangement provides an automatic start for 
the chisel if required, though both tools can be 
operated separately. The chain-cutter feed lever is 
shown at the right-hand side of the figure, and its 
connection with the pulley striking gear can be 
readily followed. The chisel-operating lever is 
immediately above the chisel head, andis constructed 
to slide back over the driving gear when not in 
use, in which position it appears in the figure. 
The chisel head is balanced by an external weight. 

The table has a longitudinal traverse of 22 in. 
This is effected by a rack and pinion. The cross 
traverse is made by handwheel and screw. A 
cramp with a quick-lead screw is provided to accom- 
modate timber up to ll in. by 7in. An automatic 
safety guard, resting on the timber being mortised, 
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covers the chain cutter, and a splinter pad is pro- 

















Fie. 19. Sanprna MacHIne; Messrs. THE Dominion MACHINERY 
Company, LiMiTED. 


fast and loose pulleys on one of the pulley shafts, 
and a dust guard with stop is fitted at the rear 
pulley. This can be easily removed so that long 
work can be passed over the table. The machine is 
made in three sizes, having tables 22 in. by 9} in., 
45 in. by 12} in. and 45 in. by 14} in. respectively. 
The speed is 900 to 1,000 r.p.m. 

In large engineering works, the practice is growing 
of utilising portable tools on large work, as this 
avoids the transfer and setting up in the machine 
of heavy or awkward shaped castings, girders, and 
so on. To a modified extent, the same methods 
may, with advantage, be adopted in many wood- 
working operations, such as that of mortising doors, 
which have already been hung, to fit a new lock. 
A series of portable woodworking tools, suitable for a 
wide variety of operations, are being shown by 


| Messrs. B. E. N. Patents, Limited, 92, Tottenham 


Court Road, W.1, and we have selected an electric 
lock mortiser, a saw, and a combined saw and 
sander for illustration. The lock mortiser is shown in 
Fig. 20, on page 318. Before the introduction of this 
tool, the usual method of mortising doors for locks 
was to drill a seri:s of holes, and to finish with a 
chisel. Such an operation could rarely be performed 
under half-an-hour, but with the B.E.N. tool it is 
claimed that the whole operation, including the 
recess for the face plate, occupies less than a minute. 
Apart from the gain in time, it will be obvious that 
the work is accurately done, ‘and that good results 
can be secured by a relatively unskilled man. 

The frame of the mortiser is made entirely of 
aluminium, with the result that the total weight 
of the tool is only 35 lbs. The motor is series wound, 
and can be operated from a lighting circuit. It is 
supplied for any voltage between 100 and 240. 
The cutter spindle is mounted on Timken roller 
bearings, and two cutters are supplied with each 
machine. The method of operation will be clear 
from the illustration, but it should be stated that the 
jaws by which the tool is clamped to the door are 
self-centreing. 
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Fia. 20. Portaste Look Mortiser; Messrs. B.E.N. 
Patents, LIMITED. 


The universal saw and sander 
purposes, as, in addition to wood, brass, alumin- | 
ium, or different varieties of insulating material can 
be cut. It will also be noticed from the illustration 
that the machine is equipped with a grinding wheel 
on the end of the spindle opposite to the sanding 
disc, thus further extending its utility. The table 
can be tilted to 45 degrees, and is fitted with a 
protractor guide. The tool will take a 7 


7-in. saw, a 
6-in. by 4-in. grinding wheel, and an 8-in. garnet-disc 
sander. It can be readily used as a bench polisher 
by fitting of suitable rag mop in place of the grinding | 
wheel, or the motor can be used as an independent 
unit, for driving other tools. The motor can be 
supplied for either alternating- or direct-current, and 
is of } h.p. The motor shaft runs at 1,800 r.p.m., | 
and the saw spindle, which is driven by a V-belt, 

at 3,600 r.p.m. The machine is 16} in. high, the 

saw table 12 in. by 10 in., and the sander table 

8 in. by 6 in. A 6-in. saw blade is supplied as | 
standard, giving a depth of cut of 14 in., but by | 
fitting a 7-in. saw the depth of cut can be increased | 
to 24in. The total weight of the machine is 82 lb. 


| 
} 
| 
| 
| 
| 


: lf 
illustrated in | 
Fig. 21 annexed can be used for a wide variety of | 
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Fie. 22. PortrasBite Exvectric Saw; Messrs. B.E.N. Patents, Limitep. 


The third tool, shown in Fig. 22, is perhaps the | from the motor to the saw shaft is by worm, the lon page 564 of vol. cxii of ENGINEERING. The 


| 


most useful of all, as it will readily perform work for | whole of the transmission being carried on ball | tiering truck is illustrated in Fig. 11, Plate. XX. 


which a powerful circular saw has hitherto been | 
considered essential. It is probable that those who | 
have had experience on the saw bench will be some- 
what doubtful regarding the safety of this tool, and 
it may therefore be pointed out that special pre- 
cautions have been adopted to protect the user. 
There is a safety guard which completely covers the 


lower half of the saw blade when the saw is not | 


actually in contact with the work. This guard 


swings into a recess in the upper part of the cover, | 


and this movement takes place automatically as 
soon as the saw enters, the material being cut. 
Adequate grips are provided for holding the tool 
steady, and this is assisted by a wide carrying shoe 


which rests on the surface of the work. The handles | 


are placed to give good balance, and the total weight 
of the machine is 31 lb. The motor is of the series- 
wound type, and is sufficiently powerful to take a 
3}-in. cut in hardwood with a 10-in. saw. The 


armature shaft runs in ball bearings, and is also 
fitted with a thrust bearing and fan. 


The drive 


bearings. The main frame is of aluminium. The 
slipper plate is adjustable for depth cutting, and 
the design of the tool is such as to give clear 
visibility when cutting to a line. A strong blast 
lof air is directed to the front of the saw to blow 
the sawdust away. 

The firm of Messrs. Ransomes, Sims, and Jefferies, 
Ltd., of Ipswich, are confining their exhibit to various 
| types of electric battery trucks, a 1} kw. charging 
set, and a range of alternating-current and direct- 
‘current motors. The battery trucks shown include 
| a type with a high elevating platform and two-wheel 
| steering, and another with a low platform and four- 
| wheel steering. The latter is particularly suitable 
when heavy loads are to be carried on good surfaces, 
| and the smallest possible turning radius is required. 
| Other trucks shown include one fitted with a half-ton 
| swivelling crane for use when heavy loads have to 
| be lifted on to the platform of the truck, and a truck 

with a tiering platform. We described a 15-cwt. 
crane, generally similar to the smaller one exhibited, 








The maximum load which can be handled is 2 tons, 
and the maximum lift is 49 in. The speed of the 
truck is 4 to 5 m.p.h. loaded, and 6 m.p.h. unloaded. 
The tiering speed under load is 50 in. per minute. 
The control for raising or lowering the platform is 
within easy reach of the driver, and an automatic 
cut out is fitted, which operates when the load 
reaches either of the extreme positions, and thus 
eliminates any possibility of accident due to over- 
running. 

As will be clear from the illustration, the frame of 
the truck is made from steel channels, angles, and 
plates, the members being securely bolted together. 
It is supported on springs under the front axle, so 
that the driver and batteries are relieved from 
shock during travelling. The drive is by two totally- 
enclosed 1 h.p. motors, geared one to each driving 
wheel. The motors are bolted to the swivel axles of 
the truck, and engage their respective wheels through 
pinions meshing internally with spur rings bolted 
to the wheels. External contracting brakes are 
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fitted, operating on special drums keyed to extensions 
of{the armature spindles. Steering is by tiller arm, 
acting on centrally-pivoted steering wheels, the 
arrangement ensuring easy steering and an absence of 
shocks. The standard battery equipment consists 
of 20 lead cells of 129 ampere-hours-capacity, the 
truck being arranged for interchangeable batteries 
in order that it may be kept in constant operation. 

A special feature of the exhibit of the Cambridge 
Instrument Company, Limited, of 45, Grosvenor- 
place, London, S8.W.1, is an installation of six of the 
firm’s illuminated-dial CO, indicators, which are 
shown in operation working in conjunction with a 
CO, recorder. The indicators were described on 
page 786 of volume cxxii of EnernEERING. They 
are fitted with exceptionally large clear dials, 
13 in. in diameter, on which the percentage of 
CO, is shown by a plain figure illuminated by 
white light, while a hand pointing to the figure is 
illuminated by a red light if the percentage is 
decreasing, and by a green light if it is increasing. 
The apparatus is operated electrically, no chemical 
absorbents or delicate glassware being employed, 
so that it is well suited for use in a boiler house. 
A wide range of instruments for indicating and 
recording both CO, and CO are also shown, as well 
as a portable instrument which measures the 
temperature of the flue gases as well as the percentage 
of CO,. Among the other apparatus supplied by 
the firm for boiler-house use is that for recording the 
percentage of oxygen in boiler-feed water, thus 
serving to check the operation of the de-aerators and 
enabling the corrosion of the boilers to be kept down 
to the minimum. This apparatus was illustrated 
and fully described on page 610 of volume exxii 
of ENGINEERING, so that we need not repeat the 
description here. 

As is well known, apparatus for temperature 
measurement and control forms an important item 
in the products of the firm, and their exhibit includes 
numerous examples of instruments of this class. 
Among them we may mention dial thermometers 
of the vapour-pressure type, indicating and recording 
thermometers of the mercury in steel type, and 
electrical distance thermometers, as well as simple 
mercury-in-glass thermometers. Platinum-resis- 
tance pyrometers, and pyrometers of the thermo- 
couple type, are also shown in great variety. We 
may specially mention, in this connection, the 
thermo-couples designed for measuring the surface 
temperatures of heated rollers and similar bodies. 
Standard types of instruments for this purpose were 
illustrated and described in our issue of October 22, 
1926, but we may now briefly mention some of the 
more recent models designed for particular appli- 
cations. That shown in Fig. 15, Plate XX, for 
instance, while similar in general arrangement 
to the standard type, is provided with five 
thermo-couple strips in parallel and is suitable 
for measuring the external temperatures of 
lagged pipes, boilers, &c.; its temperature 
range is 0 to 50 deg. C. or 0 to 250 deg. F. 
An alternative model, also suitable for lagging 
temperatures, but adapted for use when the pipes 
are situated at some distance from the observer, is 
also shown. In this case the five thermo-couple strips 
are stretched across an inverted bow spring, mounted 
at the end of a rod of any convenient length. The 
indicating instrument can either be mounted at the 
observer’s end of the rod, or used as a separate 
instrument connected to the thermo-couples by 
flexible leads. 

An instrument of this class made by the Cambridge 
Instrument Company, but forming part of the 
exhibit arranged by the Research Association of the 
British Rubber and Tyre Manufacturers, may be 
mentioned here. This instrument, which is illu- 
strated in Fig. 16, Plate XX, is intended for taking 
the temperatures of internal cylindrical surfaces, 
such as rubber tyre moulds. It will be understood, 
on reference to Fig. 16, that the thermo-couple 
is stretched over a ring-shaped steel spring, with 
mica insulation, and is so mounted at the 
end of a short rod, carrying the indicator, that 
it can readily be set at various angles. The 
rod carrying the couple can be rotated through 
90fdeg.,¢ relative to the indicator, by means of a 
ball and socket joint located at the back of the 
latter, so that the thermocouple can be applied in 


almost any direction, while the indicator is kept in 
the most convenient position for reading. This 
model can also be used for temperature measure- 
ments on flat or convex surfaces, as well as on 
concave surfaces. 

The automatic temperature regulating apparatus 
shown includes a complete equipment controlling 
the temperature of an electric furnace and examples 
of various valves used in controlling the tem- 
peratures of gas-heated furnaces. We dealt with 
apparatus of the former type on page 451 of our 
volume cxviii, and with the latter on page 628 
of the same volume. The apparatus illustrated 
in Figs. 12 and 13, Plate XX is a temperature 
regulator of the hydrostatic type, designed for 
controlling the temperature of liquids in tanks or 
chambers, between the limits of — 10 deg. and 
+550 deg. F. It can also be used for the 
automatic regulation of the temperature of heating 
systems in factories and other buildings, and 
for many other industrial purposes. The apparatus 
includes a dial-type thermometer of the vapour 
pressure type, the bulb of the thermometer being 
fitted in the vessel of which the temperature is 
to be controlled. The bulb is connected by 
capillary tubing to two Bourdon pressure tubes, 
one of which is used for operating the pointer 
of the dial shown in Fig. 12, while the other is 
connected by a link to a lever as shown in Fig. 13. 
This lever is pivoted on a diaphragm which forms 
one end of a chamber, to which three pipes are 
connected as shown, and of these three pipes 
that at the top is an inlet for water at a pressure 
of about 10 lb. per square inch, while that at 
the bottom forms the outlet for the water, and 
that on the right is connected to a diaphragm 
valve controlling the flow of steam or other 
heating medium to the tank of which the tem- 
perature is to be regulated. Two pads on the 
inner end of the lever passing through the 
diaphragm are located so that they close the 
water inlet or outlet connections to the chamber 
according to the position of the lever. The position 
shown in Fig. 13 is that which would be occupied by 
the parts when the temperature of the tank was 
below the required value, the water inlet then 
being closed and the outlet open, so that the 
water pressure on the diaphragm valve controlling 
the steam supply would be released and the valve 
would be open, allowing steam to pass to raise 
the temperature of the contents of the tank. 
When, on the other hand, the temperature in the 
tank has risen above the required level, the 
Bourdon tube will tilt the lever so that the water 
inlet is opened and the outlet closed. The pressure 
will then rise in the chamber, and, being communi- 
cated to the diaphragm of the steam valve, will 
close the latter and cut off the supply of heating 
steam. Actually, when the required temperature 
is reached, the tilting lever takes up a central 
position such that both inlet and outlet water 
connections are practically closed, and the diaphragm 
valve is held in such a position that the quantity 
of steam required to maintain a constant tem- 
perature is passed continuously ; the steam valve 
will thus be fully open or closed only after a 
sudden fall or rise of temperature. It will be 
noticed from Fig. 12 that a handle fitted with a 
pointer is provided beneath the dial indicator, 
and, by rotating the handle over a scale, the 
temperature at which the regulator comes into 
operation can be adjusted. The handle is removable, 
so that setting of the apparatus cannot be altered 
by unauthorised persons. Compressed air can be 
used, instead of water pressure, to operate the 
diaphragm valve if desired, and, when a large 
valve requiring considerable force to operate it 
has to be regulated, a cylinder and piston are 
employed in place of the diaphragm. The valve 
is then operated by a chain attached at one end 
to the piston, and passed over a pulley on the 
valve spindle, a counterweight being suspended 
from the free end of the chain. 

One other exhibit of the firm that may be 
referred to before passing on, is a simple form of 
thread recorder which has been placed on the 
market owing to the increasing use of base-metal 
thermocouples. These thermocouples give a higher 


platinum alloys, so that by limiting the application 
of the recorder to temperatures which can be 
measured by the former and by making it as a 
single-point instrument only, it has been possible 
to produce a more simple and less expensive 
thread recorder than the firm’s well-known standard 
instrument. Apart from the limitations mentioned, 
the new model, which is illustrated in Fig. 14 on 
Plate XX, possesses all the essential features of the 
standard recorder. The drum can be removed for 
changing the charts, and the clock is wound from the 
front. As shown in the illustration the mechanism 
is enclosed in a metal case with a glass front, and 
the instrument is usually arranged for mounting 
on a bench or table, although it can be placed 
on a bracket fixed to the wall if required. The 
standard ranges are from zero to 600 deg. C. or 
800 deg. C. with iron-constantan couples, and from 
zero to 1,000 deg. C. or 1,200 deg. C. with Titan 
couples. 

When describing the exhibits at the 1925 Exhibi- 
tion, we dealt with a variety of navigating appliances 
shown by The Sperry Gyroscope Company, Limited, 
15, Victoria-street, S.W.1. These are again being 
shown, the various units being assembled in such a 
way that they can be made to operate in the same 
manner as though they were actually in place on the 
ship. The firm are also showing a working model of 
the Sperry gyro ship stabiliser, searchlights, and a 
new design of engine speed indicator. Particulars 
of a Sperry ship stabiliser for a 10,000-ton vessel are 
given on page 140 of vol. cxv of ENGINEERING. 

A diagram of the Sperry revolution indicating 
system is given in Fig. 23, Plate XXI. The two main 
components consist of a transmitter, and one or 
more revolution indicators. There is a magneto in 
the transmitter, geared to a shaft projecting beyond 
the casing. This shaft is driven from the shaft 
of which the revolutions are to be recorded by a 
1 to 1 gear, and when the shafts are making full 
rated speed the magneto generates 9 volts. The 
voltage is directly proportional to the speed, and is 
recorded on a voltmeter, scaled to read in revolutions 
per minute, in the revolution indicator. The scale 
records either ahead or astern running, as shown in 
the figure, the change-over being entirely automatic 
as the polarity of the magneto current changes 
with the direction of shaft rotation. The voltmeter 
is a centre zero instrument with a resistance of 
500 ohms per volt, and the line drop is quite 
negligible. 

The counting system consists of a contactor in 
the transmitter, to which the connections are 
shown in the figure, and an electro-magnetic counter, 
with suitable series and parallel resisters, in the 
indicator. The contactor consists of two contact 
rollers running on a special commutator. The 
transmitter is provided with a filter, consisting of a 
double condenser and two choke coils, to limit 
interference with radio receivers. The counter 
operates from the ship’s electrical supply, as indi- 
cated on the diagram. The equipment is available 
for either 150 or 300r.p.m., on 110 or 220-volt supply ; 
special half-speed equipments are available for 300 
r.p.m. on either of these voltages. The changes 
necessary to alter the apparatus for a new speed 
or voltage are comparatively simple. Thus to 
change from 150 to 300 r.p.m. the intermediate 
shaft gear and magneto gear in the transmitter are 
replaced by new gears of suitable size. The only 
further change necessary is then the voltmeter scale. 
A change in voltage merely involves replacing the 
resister in the indicator. As shown in the figure, 
provision is made for a flash lamp in addition to 
the indicator, and if this is not required and only 
one indicator is in use, the indicator junction box 
is omitted from the circuit. 

The most notable exhibit on the stand of Messrs. 
Evershed and Vignoles, of Acton-lane Works, 
Chiswick, London, is the Brewerton course recorder, 
of which we gave a short account in our descrip- 
tion of this year’s Physical Society Exhibition.* 
As the device is primarily of interest to those 
engaged in marine work, we propose to deal with 
it in some detail on this occasion. A general view 
of the chart board and plotter is given in Fig. 24, 
Plate XXI, while the latter is shown in dissected 





* See ENGINEERING, 1927, vol. cxxiii, page 22. 
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form in Fig. 26 on the same plate. The controller 
which governs the motion of the plotter is illustrated 
in Fig. 25. The instrument is designed to facilitate 
dead reckoning by providing a representation to 
scale in the chart house of the course actually being 
taken by the ship. It thus provides not only a 
continuous record of the course, but an immediate 
check upon the helmsman. 

These results are obtained by means of a contact 
in the ship’s electrical log, which causes a circuit 
to be made and broken in the controller one hundred 
times in every mile travelled. The closing of this 
circuit causes a relay to close one of two other 
circuits, through which current is supplied to a small 
motor, which is also mounted in the controller. 
The closing of this latter circuit causes the motor 
to run for a pre-arranged number of revolutions, 
the actual number being determined by the rotation 
of a two-part commutator geared to the motor. 
When this travel has been completed the motor 
circuit is broken. The commutator is now in a 
position, which allows the motor circuit to be com- 
pleted through the second set of connections, as 
soon as the log breaks the relay circuit and releases 
the relay switch. This having taken place the motor 
receives current through the second circuit and 
again runs for a predetermined number of revolu- 
tions, at the end of which the commutator again 
opens the circuit. When the log relay is energised 
for the third time the motor circuit is again closed, 
as in the first instance, and the cycle of operations 
re-commences. 

The net result is that the relay and commutator 
act as an electrical escapement, as shown diagram- 
matically in Fig. 28. This renders the revolutions of 
the motor exactly proportional to those of the log, 
and as it drives the axle of the plotter through 
gearing and a splined shaft, as will appear later, the 





distance travelled by the plotter is exactly propor- 
tional to that of the leg. The mechanism exhibited | 
is adaptable to three scales of plotting—4 in., 1 and 
24 miles per inch—the change from one scale to | 
another being made by change speed gearing in the 
controller. 

The device that has just been described controls 
ihe speed of and distance moved by the plotter, in 
accordance with the appropriate movements of the 
ship’s log in, as has been seen, a comparatively | 
simple way. The control of the direction of motion 
of the plotter is a more complicated matter, and is 
effected in the following way. The pointer of the 
repeater compass, which is controlled by the gyro 
compass, is provided with a contact brush. This 
brush presses on a contact ring, which is carried on 
the same spindle as the commutator, mentioned 
above, and rotates with it. This contact ring is 
divided into two parts, which occupy about one 
quarter and three quarters of the complete circle 
respectively (see Fig. 27). The brush is moved about 
the centre of the revolving disc, when the compass 
bearing alters, and the rotation of the contact ring, 
as is clear from the diagram, causes the pairs of 
magnets in the plotter to be alternately energised. 
So long as the brush remains on one compass bearing 
the change over from one section of the contact 
ring to the other will take place at the same point 
in each revolution of the contact disc and plotter 
axle, so that the plotter will continue to trace a 
straight course on the chart. If the ship alters its 
course the contact brush is rotated to a new position 
so that the point at which the change over from one 
section to another is altered and the plotter changes 
in its direction, in accordance with the new course (see 
Fig. 27). The contact disc revolves at the same speed 
as the plotter axle and as the drive from the controller 
to the plotter is through douole crown gearing any 
angular displacement of the horizontal shaft con- 
necting the controller and plotter is compensated 
for, and the angular positions of the controller con- 
tact disc and the eccentric on the plotter axle, 
exactly correspond at any moment whatever the 
position of the plotter and the board. 

The arrangement we have just described supplies 
current to the two pairs of magnets on the plotter. 
These magnets are mounted in a circular frame at 
right angles to each other, their tops being visible at 
A and B in Fig. 26. One pair of these magnets is 
energised during one quarter of a revolution of the 





plotter axle and the other pair during the remaining 





three-quarters through the contact ring mentioned 
above. When they become excited these magnets 
are attracted to an iron plate, which forms the face 
of the board carrying the chart. One of the two 
pairs of magnets (A) are fixed to the frame, while the 
other pair is pivoted on an eccentric carried by the 
main vertical axle (C). This axle, as already noted, 
is connected through gearing and a_ horizontal 
splined shaft to the controller motor and can be 
rotated by the latter relatively to the magnets. 
The plotter slides on the splined shaft, which passes 
through the tube D and is free to move to any posi- 
tion on the board. 

















Fia. 30. 
Figs. 30 anp 31. 


When the axle is rotating and the pair of magnets, 
which is fixed to the framework, is attracted to the 
board the plotter as a whole remains stationery. 
When the second pair of magnets is in turn held to 
the table the first pair is released and rotate about 
the centre of the eccentric to a new position carrying 
the axle and frame work with them. When the first 
pair of magnets is re-energised the second pair is 
again moved into a new position, so that the plotter 
moves in stages by a series of small circular arcs 
over the board, the distance travelled being pro- 
portional to the number of revolutions made by the 
axle and the direction depending on the point in 
each revolution at which one pair of magnets releases 
its hold on the table and the other grips. One 
pair of plotter magnets is energised during one- 
quarter of a revolution of the plotter axle and the 
other pair during the remaining three-quarters, the 
plotter framework and pen-carrying device being 
stationary during the three-quarters and making its 
record during the quarter revolution. 

The pen (F or F,) of the plotter is carried on a 
separate framework (E), which is free to rotate on 
the main axle and is external to the plotter mechan- 
ism though it moves with it. An arrangement of 
crown wheel gearing, which is operated by a second 
splined shaft causes the pen to move as if it were 
situated at the centre of the plotter and corrects 
the error which would otherwise result from its being 
carried outside. This arrangement has the advan- 
tages of making the pen easily accessible and of 
allowing the position of the ship to be seen without 
moving the plotter. 

Messrs. Lawrence, Scott and Company, Limited, 
of Norwich are showing examples of their ‘‘ Deluge ”’ 
pattern motors, which have been specially designed 
for driving engine-room auxiliaries. 
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these motors is illustrated in Fig. 29. Plate XXI, 
and the illustration gives a good idea of its 
external appearance. Special points about this 
machine are that no sheet-iron covers are used, 
cast iron being employed throughout, both the 
inlet and outlet ventilation ports point downwards, 
and well below the centre line of the machine, and 
great attention has been paid to the desirability 
for accessibility by making the top half of the 
machine entirely removable. All the electrical 
connections inside the machine are of brass or zinc- 
plated steel. No binding wires are used, the 





conductors being kept in position by hard-wood 
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ILLUMINATED WATER GAUGE Fittina; Messrs. Bascock AND WIitcox, LIMITED. 


wedges. Finally, the terminal boxes are of extra 
large size and are fitted with strong cast-iron drip- 
proof covers. 

The water gauge fitting which we illustrate 
in Figs. 30 and 31 on this page is being shown by 
Messrs. Babcock and Wilcox, Limited, of Babcock 
House, Farringdon-street, E.C.4. It can be fitted 
to any type of water gauge except those having a 
solid back, and is thus suitable for the plate-glass 
transparent type which is frequently employed for 
exceptionally high pressures. Owing to the large 
size of modern boilers, the gauge glass is at a consi- 
derable height above the firing level, and is thus 
somewhat difficult to read. This difficulty, however, 
is entirely overcome by means of the fitting illus- 
trated, as the meniscus is brilliantly illuminated in 
all positions, and in addition the working level is 
| indicated by a red signal. 
| As will be clear from Fig. 31, which shows the 
| fitting detached from the gauge, it consists of a 
| frame carrying an ordinary lamp bulb in a reflector 
| of special shape, the light being reflected through a 
| series of louvres on to the water column in such a 
way that, as already stated, the meniscus shows 
up clearly in any position. Twosmall arms attached 
to the louvre frame carry small red beads, which 
catch the light and show up clearly from the boiler 
house floor. The fitting is held on to the gauge 
shield by means of clips, as shown in Fig. 30, 
and can be attached or removed in a few seconds. 
It is not damaged in any way if the glass breaks. 

In addition to the fitting described, Messrs. 
| Babcock and Wilcox are showing models of their 
| well-known boilers, and various types of valves, 








| including Victory valves with all-steel bodies. The 


latter are manufactured under Gray’s patents by 


One of | arrangement with Messrs. Victory Valves, Limited, 
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and we refer to them under the exhibits of that 


On page 12 of our issue of July 1 last we gave a 
brief account of a new 275-h.p. auxiliary marine 
oil engine set by Messrs. Ruston and Hornsby, 
Limited, of Lincoln. This set is being exhibited at 
Olympia for the first time, and, through the courtesy 
of the makers, we are now enabled to reproduce 
the sectional and other drawings numbered 32 to 
36 on Plate XXII. For convenience of reference, 
we also reproduce, in Fig. 37 on the same plate, 
the illustration given in our earlier account. 

Before describing the engine in detail, it will not 
be out of place to recapitulate the leading particulars. 
The five cylinders have a bore of 124 in. and a stroke 
of 17 in., and develop a normal output of 275 brake 
horse-power at 300 r.p.m., with an overload capacity 
of 330 brake horse-power for half an hour. The 
generator to which it is coupled is a 165-kw., 
220-volt, direct-current machine manufactured by 
the General Electric Company, Limited, of Magnet 
House, Kingsway, W.C.2, and it will thus be evident 
that the engine has an ample reserve of power for 
the required duty, a feature of some importance for 
marine auxiliary work. The engine is of the enclosed 
type, and, while embodying the leading features 
which have given previous Ruston engines a justly 
high reputation, also incorporate a number of new 
features based on the makers’ wide experience of 
solid-injection engines. 

Turning now to the design in more detail, cast- 
iron is employed for the bed-plate, crank-case, and 
cylinders. The design of these parts, which consti- 
tute the main frame of the engine, has been worked 
out to give a maximum of rigidity. In effect, the 
three units may be said to constitute a wide box 
girder, as will be clear from Figs. 32 to 34, and 
additional rigidity is given by ample internal 
ribbing, as shown in Fig. 34. The arrangement of 
the valve gear will be evident from Figs. 34 and 35, 
and it will be seen that the horizontal valves, charac- 
teristic of Ruston vertical engines, are retained. 
Some doubt was felt when this design was first 
introduced as to whether excessive wear would 
ensue, but experience has shown this doubt to be 
quite unfounded. The camshaft is mounted at the 
level of the cylinder-heads, as shown in Fig. 34, 
and is driven by skew gear from a_ vertical 
shaft at the end of the engine remote from the 
generator. A section on the plane of the vertical 
shaft is given in Fig. 36, and, in addition to showing 
the camshaft drive, this view also brings out the 
fact that the main skew wheel on the crankshaft, 
forming part of the gear train for the camshaft, 
also serves to drivé a cross-shaft below it, to which 
are coupled the water-circulating and lubricating-oil 
pumps. 

The water-circulating pump is shown in Figs. 32 
and 33, and it will be noticed that the delivery pipe 
is flanged to the engine base-plate. The water 
passes through the base plate by means of a cored 
passage, and enters the vertical pipe shown to the 
left in Fig. 33. This pipe branches at the top and 
feeds the various cylinder jackets, one of the 
branches being visible in Fig. 34. From the jackets 
the water passes to the heads, and thence by 
duplicate pipes, visible in Figs. 32 to 35, to the 
exhaust manifold jacket. A cock, visible in these 
figures, is fitted at the top of each pair of duplicate 
pipes through which the water leaves the cylinder- 
heads, enabling the flow to be controlled for each 
cylinder independently. 

The lubricating oil passes through one of the two 
duplicate filters attached to the side of the bed- 
plate, as shown in Fig. 33, to the fuel pump, after 
which it passes through the cooler, visible in the 
same figure. It then passes to a junction-box 
fitted with a relief valve and gauge, which can also 
be seen in Fig. 33, and from this point is delivered 
to line piping feeding the various bearings. The 
fuel pump and distributor are similar to those fitted 
to Messrs. Ruston and Hornsby’s more recent 
engines, and as the system was described in our issue 
of February 18 last, page 192, we need not repeat 
the description here. The arrangement of the 
pump-operating gear is shown in Fig. 36, while the 
distributor can be seen in Fig. 33. 

The engine is started on compressed air, the 
starting valves being set at an angle of 45 degrees 





to the main centre line of the engine, as shown in 
Fig. 35. The distributor valve for the air system is 
operated from the camshaft, the tappet being 
normally held off the cam by a spring. When the 
air is turned on, the resistance of this spring is 
overcome, causing the roller to make contact with 
the cam, and distributing the air to the starting 
valves in the correct order. 

As stated in our previous description of the engine, 
accessibility has received careful attention, the 
arrangements for withdrawing the pistons being 
particularly noteworthy. It will be noticed from 
Fig. 34, that the piston is in two parts, held by steel 
bolts screwed in from the underside. When these 
bolts are withdrawn, the crank being on the lower 
dead centre, the lower half of the piston may 
readily be withdrawn through one of the large 
openings provided on the sides of the crankcase. 
The upper half of the piston can then be withdrawn 
from the liner and taken out in the same way. The 
size of the side openings is in fact sufficient to allow 
ready access to both big and small ends, and special 
seats are provided on the bed casting to assist in 
handling the connecting rod and other parts. 

A feature of the electrical exhibits on this 
occasion is that no less than three firms are showing 
an automatic alarm device for use on ships at sea. 
This will enable distress signals to be picked up, 
even when an operator is not continuously on duty, 
and possesses refinements which prevent the 
apparatus being affected by faulty signals or atmos- 
pherics. The equipment of all the three firms, 
though different in details, complies generally with 
the draft British Wireless Regulations of the Com- 
mittee of Imperial Defence and Statutory Rules 
and Orders 1927, No. 529. 

A description may first be given of the auto-alarm 
apparatus, which is being shown for this purpose 
by the Radio Communication Company, Limited, 
of 34, Norfolk-street, Strand, London, W.C.2. 

It will be recalled that experiments on this pro- 
blem were undertaken as long ago as 1919, and that 
subsequently a representative committee decided 
that the most suitable form of signal was one consist- 
ing of aseries of dashes lasting four seconds with 
intervals of one second between them. This signal 
was to be sent for a minute and three consecutive 
dashes were to operate the auto-alarm signal. The 
apparatus shown has been designed to fulfil these 
conditions, and further to withstand the severe 
conditions of working which are likely to be met 
with on board ship. A further important feature 
is that if the operator sending out the distress signal 
fails to comply with the correct sequence of dashes 
and spaces, the apparatus is re-set and is once again 
in a condition to receive the proper signal. Great 
care has also been taken to render the apparatus 
immune from interference. 

The various pieces of apparatus which make up 
this auto-alarm are shown in the illustrations on 
the next page. It consists of two main parts, 
the receiver, which is shown in Fig. 39, and the 
selector, shown in Fig. 40. The receiver, which 
is independent of the ordinary ships receiver, 
is designed for reception on the normal 600 m. 
wave-length, but a variable condenser in the 
aerial circuit allows wave-lengths between 585 
and 615 m. to be received at equal strength. 
The secondary circuit has fixed tuning and coupling. 
Three valves are used, the first being a detector, 
followed by two transformer coupled low-frequency 
stages. The low-frequency signal is rectified in 
the last valve to give direct current impulses for 
operating the input relay of the selector. The 
current from the anode circuit of the last valve is 
indicated by a milliammeter, and its mean value 
is adjustable by means of a grid potentiometer, so 
that the bias of the input relay can be adjusted. 
To ensure that any breakage of a valve filament 
shall be immediately noticed all the filaments are 
connected in series with a relay which operates an 
alarm bell. 

The selector mechanism proper comprises two 
relays, a magnetic clutch, and a series of contacts 
which are operated by means of a cam. This 
cam is driven through gearing by a simple syn- 
chronous attraction motor with a single non-rotating 
winding. This motor is controlled by an electrically 
maintained tuning fork, which is visible at the 





right of the case, thus ensuring that its speed remains 
constant, even if the battery voltage should alter 
by a considerable amount. The two relays shown 
alongside the motor are the clutch relay and spacing 
relay respectively, while the clutch magnet can be 
seen next to the worm wheel. It may be added that 
the rotating parts of the selector are all slow- 
moving, and that its total current consumption is 
only 0-6 amps. at 12 volts. 

The motor also drives the magnetic clutch 
mentioned above through reduction gearing, the 
speed of the clutch shaft being 2 r.p.m. When the 
magnetic clutch is engaged it enables an extension 
shaft on which the selecting cam is mounted to be 
driven and if the signal be of the correct type, the 
clutch is held closed until a final cam operates a 
contact, which rings an alarm bell. If, however, 
the signal is incorrectly timed, the selector 
mechanism breaks the clutch circuit and the cam 
is instantly re-set to its zero position by means of 
a spring. 

A diagram of the selector mechanism is given in 
Fig. 41. For the sake of clearness the cam contacts 
are shown as straight strips, though in reality they 
are cut on a circular drum. These strips must be 
assumed to move upwards together and to open or 
close circuit at the points E, F,G, H and J. It will 
be seen that the alarm bell contact J is the last of the 
series, and will therefore only operate if the entire 
cam mechanism advances to the end of the series of 
operations. That is, the bell will only ring if the 
received signal conforms to the correct timing. 
This is effected in the following way: on the com- 
mencement of the first dash the relay tongue moves 
over to contact M, and current from the battery 
excites the clutch relay coil C R through the con- 
tacts G and F. The relay C R then closes the con- 
tacts A and B, so that the circuit of the magnetic 
clutch is closed and all the cams begin to move 
upwards. At the end of 3 secs. contact E will close. 
This is in parallel with contact M on the relay, so 
that if during the time that E is closed a space in the 
signal occurs, as it will do if the transmission is 
correct between the fourth and fifth seconds, the 
relay C R will not open. Contacts A and B 
will therefore remain closed, and the cams will 
continue to advance. 

As already pointed out, the apparatus must, how- 
ever, not be capable of responding to a continuous 
dash, and means must be provided for checking 
the fact that a space has been signalled while 
contact is closed. This is effected by the space 
test cam, the contact G, and the space relay SR. 
If the tongue of the relay has touched the space 
contact S in the period of 3 to 6 secs. during which 
the contact E is closed (as it should do if the signal 
is correct) the space relay SR will close contacts 
C and D. The first of these contacts being in 
parallel with the contact S, a momentary closing 
of the former will cause the space relay to remain 
closed. The space relay should therefore have 
become ‘set closed” before the end of the sixth 
second, if a space has occurred. That it has done 
so is checked by the space test cam, which, after the 
sixth second, opens the contact G. This contact is 
in parallel with contact D of the space relay, so that 
if D is closed, as it should be, then the opening . 
of G will make no difference. If, however, D is not 
closed, i.e., if a space has not occurred in the signal, 
then the opening of contact G will break the 
exciting circuit of the relay CR, with the result that 
A and B open, the clutch is de-magnetised, and 
all the cams are re-set to zero by a spring. 

After testing, if a space has occurred, the space 
relay SR must be re-set in order that it may be 
ready to carry out its space testing functions during 
the eighth to the eleventh seconds. This is effected 
by a re-set cam which opens the contact H, so de- 
exciting the relay SR and returning contacts C 
and D to their normal position. This cycle of 
operations is then repeated for the second and third 
dashes of the signal, while at the end of the fourth 
dash the alarm bell circuit is closed. To ensure that, 
if an incorrect or badly-timed signal is received, the 
whole apparatus shall be instantly re-set to zero, 
and not restarted from some intermediate position, 
arrangements must be made that the main con- 
tact is not closed while re-setting is taking place. 
This is effected by means of the start cam, which 
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opens the contact F as soon as the cams have 
started to advance. This contact is in parallel 
with the sustaining contact A, which, as already 
mentioned, opens if there is anything wrong with 
the signal. The relay CR can only be re-excited 
for the purposes of re-starting, if the contact F 
is closed, and this cannot occur until the entire 
cam mechanism has returned to zero. 

The Radio Communication Company are also 
showing a new type 0-5 kw. quenched spark set 
for marine work, the transmitter of which is illus- 
trated in Fig. 38. As will be seen, the high tension 
and high frequency units are fitted inside the 
structure, and are enclosed by removable metal 
gates so that easy access to the various components 
is obtainable. The transformer is rated for an 
output of 0-7 kw. at 5,000 volts and 500 cycles, 
while the main condenser has a capacity of 0-01 
mfd. The aerial and closed circuit inductances | 
consist of plated copper strip wound edgewise on 
grooved insulating supports. The quenched spark | 
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‘gear so that transmission can be effected on wave- 
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Automatic WIRELESS ALARM Apparatus; Messrs. THE Radio CommMuNICATION Company, LIMITED. 


| Limited,of Adswood, Stockport. The valves exhibited 
provided with non-arcing electrodes and a large | by this firm are made under Gray’s patents, and are 
Below the spark gap is the oscil- | fitted with wrought-steel bodies. The risk of flaws, 
and wave change switch- | blow holes or uneven thickness, unavoidable with 
|even the best steel castings, is thus entirely elimi- 
The main | nated. A further important feature of these valves 
| is that they remain steam tight even when subjected 
| to the highest temperatures and pressures. 

These valves are made in several types, two of 


gap is fitted at the top of the front panel, and is 


cooling surface. 
lation transformer 


lengths of 450, 600, 706 and 800 metres. 
to emergency change over switch is at the bottom 
of the front panel. A new feature is the fitting of 
the aerial ammeter in a sloping front case on the 
operating table near to the key and conveniently | which are shown in Figs. 42 to 44, on Plate XXIII. 
in view of the operator. | The first figure illustrates a full-bore valve, and it 

The same firm are exhibiting their }-kw. lifeboat | will be clear from this that the seatings are not 
set and their well known radio direction finder | screwed or pressed into the body in the usual manner, 
equipment. | but are welded to detachable sleeves secured in the 

The increased temperatures, associated with the | body at one end only, and are thus free to expand 
employment of higher steam pressures in modern | or contract without distortion. The actual seatings 
power station work, has involved the re-design of the | are made of Vicrometal, a material which is claimed 
majority of boiler fittings, with the elimination of | to be three times as hard as the nickel-alloy generally 
castings wherever possible. A typical series of | used for valve seatings, and to retain its strength 
examples of fittings in which this has been done is | under the highest temperatures to which the valve 
shown on the stand of Messrs. Victory Valves, | can possibly be subjected. It will be noticed from 
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Two-Stage Arr Esecror; Messrs. THE METROPOLITAN-VICKERS ELECTRICAL CoMPANy, LIMITED. 
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the figure that there are no internal nuts, studs, or 
other small parts, which can work loose and enter 
the pipe line. 

The valve shown in Figs. 43 and 44, in the closed 
and open positions respectively, is of the full-flow 
type, by means of which high-pressure steam or 
water can be controlled without drop in pressure 
by a valve of smaller bore than the pipe line. 
This is achieved by forming the parts to give a 
venturi effect when the valve is fully open, and the 
resulting economy in the weight and size of the valve 
will be evident by a comparison of Figs. 42 and 43. 

The construction of both valves will be clear from 
the illustrations, but the latter do not show the 
by-pass which is fitted as standard to valves of 7 in. 
bore or upwards. This by-pass is on the side of the 
body, and consists of an internal port through which 
the flow is controlled by a small valve at each end. 
It is only necessary to operate the valve on the outlet 
side, that on the inlet side being left open to maintain 
a constant pressure on the valve equal to that in 
the pipe line. This ensures that the main valve 
dises remain on their seatings all the time the valve 
is closed, and prevents any clattering of the discs. 
The second by-pass valve is brought into use when 
the steam flow has to be reversed for any reason. 

The exhaustive attempts, which are now being 
made to conserve our fuel resources, have resulted 
in a careful examination of the various losses, which 
take place not only in the boilers and the prime 
movers themselves, but in the auxiliary apparatus, 
which is necessary to their operation. Not the 
least important of this apparatus is the equipment 
for producing a vacuum in the condenser and 
maintaining it at the most economic figure. On the 
score of efficiency alone, perhaps the best way of 
achieving this end is to use a rotary air pump, 
but other considerations must be given full weight, 
and experience shows that when this is done the 
steam ejector has advantages, principally because 
of the small space it occupies and because it contains 
no moving parts. Both these advantages are illus- 
trated in the patterns of steam-operated air ejectors 
which are being shown by the Metropolitan- 
Vickers Electrical Company Limited, of Trafford 
Park, Manchester. In each case the ejector proper 
is of the two-stage type, a cross section of which is 
given in Fig. 46, Plate XXIII, but it can be arranged 
either without an intercooler, or with a jet intercooler, 
or surface cooler. In all the patterns a jet of steam 
is projected at high velocity through an air chamber 
into a compression pipe. Air is drawn in with the 
steam and undergoes compression with it, so that 
the mixture is discharged against a considerably 
higher pressure than that in the air-chamber. 

The work of compression is invariably done in 
two stages and, if an intercooler is not fitted, the 
steam consumption is large, owing to the second- 
stage steam having to compress not only the air, 
but the first-stage steam. In the types exhibited, 
therefore, either a jet intercooler or a surface cooler 
is fitted, a photograph of the latter pattern being 
given in Fig 47, The condensate is circulated in 
series through the tubes of the two coolers, so that 
the latter not only condense the operating steam, 
but increase the temperature of the feed water. 
Expansion troubles are, it is claimed, avoided by 
incorporating tubes in the heaters. The steam 
discharge from the ejector diffusers enters at the 
centre of the nest of tubes, so that the external 
casing remains comparatively cool. The diffusers 
are straight, so that there is stability through the 
whole range of the ejector. The connections to the 
cooler are shown in Fig, 45. 

Another piece of equipment, whose object is 
again fuel economy, is also being shown on this 
stand. This is a 4-in. ‘horizontal split casing con- 
densate pump with a maximum capacity of 250 
galls. per minute. An interesting feature of its 
design is that the shaft on either side of the impeller 
runs in a water chamber, which is connected to the 
pump discharge, so as to prevent air leakage. 
Lantern rings are also fitted, so that external 
pressure sealing can be used when starting. 

The Quasi-Are Company, Limited, of 15, Gros- 
venor Gardens, London, S.W., are showing a 
representative collection of the electrodes manu- 
factured by them, an essential feature of which is 
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flux and molten metal in the welding a weld of the 
highest mechanical strength and purity is obtained, 
as may be gathered from the many types of welded 
joints, forms of construction, and test pieces which 
are being exhibited on thestand. Among the welding 
plant shown is the single-welder motor generator, an 
illustration of which is given'in Fig. 48, Plate XXIV. 
This is of compact design, and the necessary switch- 
gear for its operation is incorporated with it. The 
construction and winding scheme of the generator 
have been modified in comparison with earlier 
practice to counteract sluggishness in operation, 
that is to enable the exceedingly rapid arc variations 
which occur to be instantaneously compensated. 
This is effected by providing two sets of armature 
windings, one of which generates an approximately 
constant voltage and prevents any voltage lag, 
while the other provides a drooping characteristic, 
such as is necessary for the arc regulation. 

The equipment includes a small inductive resistor 
and a control switch which allows three separate 
current ranges for light, medium, and heavy work 
respectively to be used. Finer adjustment of the 
current within any of these ranges is effected by 
means of a portable regulator, which weighs only 
11 1b. This is also visible in the illustration. 

Another exhibit on this stand to which attention 
may be called is a rotary transformer, which is 
intended for use where the supply is on the poly- 
phase system. In welding work it may be necessary 
at times to alter not only the voltage, but the wave 
form, frequency, and phase relationship of the 
supply, so that the requirements of the welding 
circuit may be met. In the rotary transformer 
shown, provision is made for making these alterations, 
and the apparatus has the further important pro- 
perty that it forms a perfectly-balanced high power- 
factor load on the supply mains. As no ohmic 
resistances are used for regulating the welding 
current, the efficiency of the plant is very high. 
Oscillograms that have been taken with this 
transformer in operation show that the welding 
circuit is surprisingly stable, considering that the 
secondary or generated voltage is very little higher 
than that across the arc itself. 

Among the various regulators for alternating 
current and direct current welders shown, special 
mention may be made of the oil-cooled type known 
as A.C. 70. This is designed for working from a 
70-volt alternating current circuit, and has been 
specially designed to maintain a welding current 
wave form which shall give the correct welding 
conditions in spite of the distorting action of the 
are. 

An interesting range of all-steel pulley blocks 
and runway carriages is being shown by the 
Universal System of Machine Moulding and 
Machinery Company, Limited, of 97, Queen Victoria- 
street, E.C.4. A typical block is shown in section in 
Figs. 49 to 51, Plate XXIV, the chief feature being 
that, with the exception of the chain wheel, all 
parts are made from steel with a consequent 
economy in size and weight. As will be clear from 
the illustrations, the blocks are fitted with straight- 
cut gears, the latter being case-hardened. The two 
side plates, one on each side of the hook, are made 
from heavy rolled plate, and at their centre carry 
tempered steel bearings for the load axle, which is 
machined from the solid. The central main shaft 
is case-hardened, and the same remark applies to the 
intermediate gears, which are cut from the solid. 
The construction of the block will be clear from the 
figures, the only point calling for special mention 
being the reverse brake shown in Fig. 50. The 
blocks are manufactured with capacities varying 
from 5 cwts. to 32 tons, and in the sizes designed 
for more than 3 tons, the upper hook is fixed on a 
piece of forged steel in place of cast steel. 
These blocks are manufactured at the works of 
Messrs. Bonvillain and Ronceray, of Choisy-le-Roi, 
and as this firm have an international reputation for 
moulding machines and foundry plant, the quality 
of the blocks should be beyond dispute. 

In addition to the course recorder on the stand 
of Messrs. Evershed and Vignoles to which 
reference has already been made, this firm are 
showing another interesting instrument in the 
form of a new pattern of Dionic water-tester, illus- 
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trated in Fig. 52, Plate XXIV. It may be recalled 





that when this apparatus was introduced some 
20 years ago it was intended primarily for 
testing boiler feed, but since then it has received a 
large number of other applications, among which 
particular mention may be made of its use for 
checking condenser leakage. Consequently, the 
makers have been led to re-design the instrument 
with a view to making it more compact and lighter. 
The principle of operation remains the same, that 
is, it allows the amount of inorganic impurity in 
water or in other dilute solutions, to be determined 
by measuring the electrical conductivity. The 
main changes are that the new form of water-tube 
is more compact than heretofore, and the arrange- 
ments for temperature compensation have been 
simplified. The water-tube can easily be dis- 
mantled for cleaning, without effecting the cali- 
bration. Improvements have also been made in 
the conductivity meter, which forms part of the 
set and can be seen on the right of the illustration 
Fig. 52. This is supplied in two forms, one with a 
range from 0 to 5,000 units (1 unit = 1 reciprocal 
megohm per cub. cm. of liquid) and the other with two 
or three ranges, so that the same instrument can be 
used to test relatively pure water, such as boiler 
condensate, or impure water, such as ordinary boiler 
feed, with equal accuracy. 

Mention may also be made of the “ Megger” earth 
tester, a diagram of the internal connections of 
which are given in Fig. 53 on the same plate. As 
is well-known, the accurate testing of the earth 
connections, which are now essential on most electri- 
cal equipment, is complicated by the existence of 
stray currents and electrolytic stray E.M.F.’s. This 
difficulty is overcome in the Megger earth-tester by 
using alternating-current in the “soil ” section of the 
testing circuit, and direct-current in the instrument 
section, thus enabling a moving-coil instrument to 
be employed. The ohmmeter proper consists of two 
coils mounted at a definite angle to one another 
onacommon axle. These coils swing in the field of 
a permanent magnet, while the axle carries a pointer 
which moves over a scale calibrated in ohms. A 
current proportional to the total current in the 
main circuit is passed through the current coil, 
the current in the potential coil being proportional 
to the drop across the potential coil resistance. 
The final position of this pointer, therefore, depends 
on the ratio of the total current to the potential 
drop. 

The diagram also indicates the arrangement 
whereby direct current is supplied to the ohmmeter 
coils and alternating current to the soil. As will 
be seen, current from the direct-current generator 
passes through the current coil to a rotating current 
reverser, which is driven by the generator handle 
and thence to the terminals C, C, which are connected 
to the earth plate under test and to the temporary 
earth No.1. The potential coil, on the other hand, 
obtain its supply from the terminals P, P, which 
are connected respectively to temporary earth 
No. 2 and to the terminal C,, or to the special tempo- 
rary earth No. 3. To make this current uni- 
directional before it is passed through the potential 
coil, a potential commutator is used. This is 
mounted on the same shaft as the current reverser, 
and works in synchronism with it. 

Any change in the contact resistance of temporary 
earth No. 1 will alter the main current, and hence 
the current in the current coil. The potential 
between P, and temporary earth No. 2 is, however, 
altered in the same proportion so that the reading 
is unaffected. Should the resistance of temporary 
earth No. 1 be high it will reduce the current 
flowing, but this is allowed for in the design, and the 
sensitivity is not greatly affected. The temporary 
earths Nos. 2 and 3 are in series with the potential 
circuit resistance, which is over 10,000 ohms, and 
since the instrument is calibrated on the assumption 
that the temporary earths will have a resistance of 
about 100 ohms, a variation of even 50 ohms in 
this resistance will introduce an error of only 0-5 
per cent. 

Further exhibits on the stand of The Metropolitan 
Vickers Electrical Co., Ltd., are illustrated in Figs. 
54and 55. Among the more purely electrical equip- 
ment mention may be made of a vertical motor, an 
illustration of which is given in Fig. 54, Plate 





XXIV. This has an output of 20 h.p. at 1,200 
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r.p.m., but it can be run at any speed between that 
figure and 1,800 r.p.m. It is wound for 220 volts and 
has been designed mainly for driving centrifugal 
pumps. The motor is fitted with ball and roller 
bearings and also special thrust bearings, the latter 
being designed to take the weight of the motor 
armature and the thrust of the pump. 

Fig. 55 on the same plate illustrates a worm- 
driven winch, which this firm is manufacturing 
for use on either cargo or passenger boats. 
It is driven by a 23 h.p. 220 v. motor running 
at 400 r.p.m., and is capable of lifting 3 tons 
at a speed of 100 ft. per minute. The motor is 
of the totally enclosed water-tight type, and 
is equipped with. a self-contained magnetic brake. 
This brake, which is also totally enclosed and 
water-tight, has been designed to hold the full 
load suspended in case of a failure of the supply. 
It is equipped with a hand release lever, so that in 
case of need -the load can be lowered by gravity. 
The winch is controlled by contactors, which are 
housed in the side stand. These contactors are 
controlled by a single operating lever, so that opera- 
tion is exceedingly simple. A special load relay 
enables the empty hook to be lowered into the hold 
at a maximum speed of 400 ft. per minute. The 
various contactors are controlled by interlocked 
switches of the mercury type, which are hermetically 
sealed and otherwise designed to render them 
suitable for marine conditions. 

Other marine equipment on the stand includes 
a high-speed pinion for a 5,000 s.h.p. main propulsion 
turbine. Wheels of this type are frequently used 
in conjunction with a special floating frame, which 
allows the pinion to adjust itself automatically to 
any change of alignment and thus always keeps 
the pressure of the teeth on both pinion and gear 
evenly distributed and uniform. 

Messrs. James Gordon and Company, Limited, of 
Windsor House, Kingsway, W.C.2, have on view 
apparatus of several types concerned with boiler 
control. A working model illustrates the Hagan 
system of compensated draught, which it is scarcely 
possible to deal with in a general description such as 
this. We are accordingly giving a separate account 
of it on page 325 and Plate XXV of this 
issue. The principle of the Hagan steam separator 


is also illustrated by a working example, air saturated 
with moisture being the medium used for demonstra- 
tion. 


are also shown, together with feed ‘water regulators 
and other items of boiler equipment. 

Amongst the numerous machines and parts on the 
stand of Messrs. Reavell and Company, Limited, of 
Ipswich, one is particularly noteworthy as indicating 
the way in which the firm has remodelled an already 
successful design to fit it for modern conditions. 
This is the new high-speed quadruplex compressor. 
As its name implies, it will run at greatly increased 
speeds compared with the original well-known 
quadruplex compressor, and can produce an output 
of nearly twice the amount of delivered air over a 
similar old-type machine. It is illustrated in Figs. 
56 and 57, above. The circular casting containing 
the cylinders is cored, as in the original design, to 
form passages for the circulating water and delivered 
air, but the four cylinders lie in different transverse 
planes along the shaft axis to permit the connecting 
rod ends to go side by side on the same crank pin. 
This arrangement is clearly shown in Fig. 56, from 
which also the construction of the crankshaft may 
be made out. The old quadruplex compressor had 
an overhung crankpin with ring lubrication to the 
main bearing. In the new machine, a double crank, 
supported by roller bearings at each side, is pro- 
vided. Balance weights, carefully adjusted to 
ensure smoothness in running, are attached to the 
crank webs, and lubrication of the crankpin is 
effected from a mechanically-operated oil box 
through holes in the shaft, web, and pin. The main 
bearings are fitted with screw-down grease boxes. 
The connecting rods have their big ends formed in 
a plain ring, inside which is the outer race of a 
roller bearing. The corresponding inner races are 
attached to a steel sleeve on the crankpin. One 
end of the crankpin is secured to its web by a 
tapered cone and nut, in order to permit of the 
ball races and connecting rod ends being put in 
place. 

The construction of the pistons is shown in Fig. 57. 
They are of the usual pattern fitted by Messrs. 
Reavell in compressors of this type, the suction air 
being admitted through ports in the gudgeon pin and 
boss, and cut-off being effected by the automatic 
rotation of the latter. The rotational speed rendered 
possible by the redesigned bearings, &c., is nearly 
double that of the old quadruplex compressor, and 
consequently it is possible to use high-speed electric 
motors for driving it, instead of having to resort 
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Fias. 56 anp 57. Hiau-SpeeD QuADRUPLEX AIR ComprREssoR ; Messrs. REAVELL AND Co., LIMITED. 


the compressor as arranged for an ordinary belt 
drive. The maximum working pressure is 120 lb. 
per square inch. Some of the parts of the machine 
are also displayed on the stand. 

Among the examples of refrigerating machinery 
and lift apparatus on the stand of Messrs. J. and E. 
Hall, Limited, Dartford, two new types of the former 
are shown, one of which we illustrate in Fig. 58, 
on page 325. Thisis a CO, machine, one of a pair to 
be installed in each of the passenger steamers now 
building for the Canadian Pacific Steamships, 
Limited, for cooling provision and special cargo 
chambers. A common bedplate carries the com- 
pressor and the motor by which it is driven. 
The former consists of twin vertical single-acting 
compressors, the body being cut from the solid, 
mounted upon an enclosed bedplate and fram- 
ing containing the crankshaft, connecting rods, 
slides, &c. The bedplate is specially deep in order 
to form an effective sump for the forced-lubrication 
pump, which is mounted on the crankshaft. Large 
doors are provided in the frame for access to the 
parts, while the glands may be reached through 
the smaller covers shown immediately above them. 
The driving motor has variable speed control, and 
is so proportioned that the maximum revolutions 
do not entail undue wear on the valves through 
excessive speed. The machine runs very silently 
and occupies little room in plan. It is therefore 
particularly suitable for passenger service, and 
can be installed between the shafts in a tunnel or 
in a similar restricted space. When engaged on a 
tropical route, the detrimental effect of the warmer 
waters can be neutralised by the use of the makers’ 
liquid pre-cooling apparatus. The normal duty is 
equivalent to the melting of 38 tons of ice per 
24 hours. 

The other new machine is a much smaller design. 
It has a rating of only 0-6 tons of ice melting per 
24 hours, and is intended for cooling small chambers, 
such as those used by dairymen and butchers, or 
lockers on board ship. It consists of twin single- 
acting compressors on an enclosed frame with 
splash lubrication, driven by belt from a } h.p. 
electric motor having an automatic electrical tem- 
perature control. The working medium is methyl 
chloride, and the machine is known as the Hallmark. 
Other apparatus exhibited include a single-acting 
compressor with a geared electric drive and liquid 
pre-cooler as supplied to the British Admiralty, 
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a steam-driven CO, machine for the smaller 
passenger vessels, some examples of ammonia 
machines, and details of lift gear manufactured by 
the subsidiary company, Medway’s Safety Lift Com- 
pany, Limited, Deptford, S.E.8, which specialises 
in passenger and engine-room lifts in vessels. 


(To be continued.) 





HAGAN AUTOMATIC BOILER 
CONTROL. 


THE difficulties involved in the effective control of 
the steam supply of a large power station are, in any 
case, somewhat formidable, but in the particular 
example we have selected they are accentuated by 
the special character of the load. The Port Morris 
power station of the New York Central Railroad 
supplies power for all the electric trains pulling out of the 
Grand Central Terminal, New York City, as well as 
for other trains as far as sixty miles from New York. 
The traffic in and out of the city is all handled by 
electric locomotives, the outgoing or incoming trains 
being picked up, or handed over, by steam locomotives 
at stations well outside the city boundaries. There is 
thus, from the nature of the traffic using the station, a 
considerable number of heavy trains to be dealt with, 
and when there happen to be eight or ten of these 
starting about the same time the power demands 
are heavy. Again, a pause between these despatching 
periods quickly reduces the load to a very small amount. 

The average load is 48,000 kw., with a peak of 60,000 
kw. This may continue for an hour and then drop 
suddenly to 18,000 kw. The reverse condition of a 
suddenly increased load would, without some system 
of boiler control, cause the steam pressure to drop, 
with a resultant fall in voltage involving the slowing 
of the trains. Changes of load of such a nature require 
the response of the boiler house, in the matter of the 
steam supply, to be an immediate one if it is to be 
of any real use, while to maintain economical conditions 
of working the steam pressure must be kept at a reason- 
ably constant point. The Port Morris plant, when 
operating as described above, works with a pressure 








variation of less than 5 lb. per square inch on a boiler 
pressure of 175 lb. per square inch, with a superheat 
of 200 deg. F. 

The apparatus by which these excellent results are 
achieved almost automatically is illustrated in Figs. 1 
to 11 on Plate X XV and on page 330, but a brief descrip- 
tion of the plant itself is necessary before entering into 
detail. The generating plant has a rated capacity of 
60,000 kw. It consists of four 15,000-kw. turbo-genera- 
tors and, in addition, there are two 5,000-kw. machines 
of an old vertical turbine design. The boiler house is 
shown in Fig. 9. It contains 20 Babcock and Wilcox 
water-tube boilers, 16 of which are of 600 h.p. and four 
of 400 h.p. each. On the American system of rating 
this means a total of 112,000 sq. ft. of heating surface. 
The working pressure and superheat temperature are 
as stated above. All the boilers are equipped with 
Riley multiple-retort underfeed stokers, driven in 
groups by separate engines. Forced draught is used, 
the air being supplied by fans situated in the basement. 

The method of combustion control adopted is the 
Hagan patent system of compensated draught, which 
consists of some pieces of very sensitive apparatus 
functioning upon change of pressure due to varia- 
tions in the rate of flow caused by a fluctuating 
steam demand, as distinct from the alteration in static 
steam pressure which follows a change in steam demand. 
Regulation upon static pressure alone must always 
result in that troublesome phenomenon known in engine 
governing as hunting, whether such regulation is by 
altering the rate at which the fuel is fed, or by altering 
that of the furnace air supply, or by both together. 
There are two prime factors in the problem. The 
first is that, unless a boiler is not delivering steam at all, 
there is always a difference in pressure between the 
steam in the boiler drum and that in the main steam 
pipe, due to the absorption of the energy needed to 
create the velocity of the steam flowing into that pipe, 
and to overcome the friction generated by the passage 
through the superheater, valves, and connections to 
the steam main. Thus, if the flow of steam increases, 
the pressure in the main will fall, even if ithe 
pressure in the steam drum remains constant through 
increased evaporation. Again, the resistance of the 
fuel bed to the air passing through it is constantly 


varying, quite apart from the rate at which the 
stoker may be working, and it follows that, unless 
the amount of air is suitably regulated, the rate 
of combustion will be interfered with, causing perhaps 
a falling off in evaporation. What is required then is 
some method of causing the rate of steam flow from 
the boiler to provide a means for accurately regulating 
the air supply, and also for regulating the supply of 
fuel to the furnace. 

In the Hagan system, as used for forced draught, 
there are two distinct pieces of apparatus for meeting 
these requirements. The Hagan patent master regu- 
lator takes charge of the uptake dampers, or, in large 
installations, transmits impulses to other apparatus 
which does so. The Hagan patent combustion con- 
troller regulates the opening of the ashpit damper, and 
in a slightly modified form and through the Hagan 
roto-reciprocating valve, adjusts the speed of the 
forced-draught fan to suit the changes of the dampers 
in the uptakes from changes in boiler load. These 
appliances will be first described in some detail, and 
then the mode of their application to the particular 
plant under consideration will be dealt with. 

The master regulator is illustrated in Fig 3, and in the 
section and plan, Figs. 1 and 2, on Plate XXV._ It is 
operated by changes in the pressure of the steam flowing 
through the mains, but it must be clearly grasped that 
such changes are not the static alterations attending the 
falling off or increase in steam demand. For example, 
if a smaller demand occurs, the evaporative rate of the 
boiler in question being slow to change, a rise in pressure 
in the steam drum will result. As pointed out above, 
if an apparatus working from such a rise be used 
hunting will occur. The pressure changes made use of 
in the Hagan master regulator are those resulting from 
an alteration in velocity across the end of a pipe. This 
pressure is a function of the quantity of steam flowing 
past the orifice, so that the response of an instrument 
operating by it is immediate, and there is no waiting for 
the reduction or building up of pressure from a change 
of volume in the boiler drum. The operating steam is, 
then, taken from a point in the main steam pipe by a 
small connecting pipe having an open end in the main 
pipe, and, there being no time-lag in the velocity- 
pressure change, it is transmitted at once to the 
apparatus. Immediate response, however, postulates 
great sensitiveness, and accordingly, the master regu- 
lator has been designed to function with as low a 
difference of pressure as one ounce avoirdupois. 

Turning now to the structure of the regulator, it will 
be seen from Figs. 1 to 3 that it consists primarily of 
a cylinder and piston actuating a double link with a 
crosshead top and bottom, one or other of which is 
connected to the damper or part that is to be moved. 
On this cylinder is fitted a small pilot of the piston type, 
by which the actuating fluid, compressed air or water, 
is admitted to the cylinder. The valve gear is linked, 
in the manner shown, to the lever of the control element. 
This element consists of a diaphragm subjected to the 
fluctuating steam pressure from the main steam pipe, 
which diaphragm actuates a balanced lever and is itself 
further balanced by the pressure of an air cushion 
acting upon an opposing diaphragm. 

These details are clearly shown in Figs. 1 and 2. The 
3-in. steam pipe from the main leads in below the dia- 
phragm, which is of canvas and rubber, the pipe being, of 
course, always full of condensed water, as a pressure- 
gauge syphon is. The diaphragm carriesa knife edge upon 
which the lever actuating the pilot valve gear rests. 
Directly above this knife edge, on the top edge of the 
lever, is a short toggle-fitted rod engaging with a flat 
cast-iron disc. Above this disc is a cambered phosphor- 
bronze diaphragm subject to a downward pressure 
from compressed air in the chamber above it. The 
weights on the end of the lever are to balance the major . 
part of the total upward thrust of the lower diaphragm 
due to the normal steam pressure. The action of the 
regulator is as follows: if, owing to a change in steam 
demand, the pressure of the steam at the connecting 
pipe orifice is increased, the lower diaphragm will 
accordingly be thrust upwards. The disc of the upper 
diaphragm will also move upwards against the pressure 
of the diaphragm, but as it moves it flattens out 
the camber of the diaphragm, and by thus in- 
creasing the area in contact with the disc greater 
resistance automatically occurs, so that the movement 
ceases until another increase takes place in the steam 
pressure. The important fact to note here is that the 
lever does not move over to its extreme position upon a 
change of pressure, but that the movement is incre- 
mental, and in direct proportion to the pressure. 

Two other points remain to be noticed, the first being 
that of the pressure in the air chamber. Incidentally, 
the floating bell inside the casting is made of a close- 
grained metal and its only function is to prevent 
leakage ; its efficacy in this direction may be gauged by 
the fact that a pressure of 150 lb. per square inch has 
been maintained unaltered through several years of 
operation. The pressure is originally obtained by the 











use of a small hand pump coupled to the nipple seen at 
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the bottom of the air chamber. It will be realised 
that the weights, knife edges, &c., could be dispensed 
with, and the load due to the full boiler pressure carried 
by the air chamber alone; but the apparatus would 
not be so sensitive. The major part of the load is, 
then, balanced by the weights and only a small pressure 
carried in the chamber. Increasing the pressure in the 
chamber causes the regulator to take a smaller movement 
for a given change in steam pressure. If the master 
regulator is actuating dampers, the rate of combustion 
would therefore remain more constant though the steam 
pressure variations would be greater. The correct 
amount would be determined by the particular operating 
characteristics desired. 

There is, however, another way in which adjust- 
ments in rate of response to steam pressure changes 
may be made, and this forms the second of the two 
points mentioned above. It is clear that the opening 
of the pilot valve would cause the piston to move its full 
stroke, if the valve were not automatically closed after 
asmall movement. An examination of the linkwork in 
Figs. 1 and 3 will show that motion is given to the 
valve spindle from the control lever through an ordinary 
lever carrying a bell-crank lever at one end, one arm 
of which is connected by a link to a vertical rod hinged 
at the bottom to the cylinder casting. The top of this 
vertical rod carries a slider which moves on a bar 
attached to the piston crosshead. ‘This bar has an 
adjusting screw, by means of which the angle may be 
varied, The upward movement of the crosshead, 
taking with it the angled bar, causes the compensating 
link to move outwards as its slider travels along the 
angled bar, and, by drawing in the vertical arm of 
the bell-crank lever, restores the piston valve to its 
original position. The length of stroke of the 
crosshead can, by adjustment of the angling bar, be 
set between the limits ,-in. and 10 in., depending on 
the nature of the apparatus actuated by it. 

The Hagan patent combustion controller is shown in 
Figs. 4 to 6, Plate XX V. Its primary function is to control 
the air supply by regulating the opening of the ashpit 
damper. This is effected by the direct coupling of 
the damper door to the crosshead through an arrange- 
ment of rods and levers. A slightly modified form of 
it, known as a receiving controller, is used to vary the 
speed of a steam-driven fan which is done by regulating 
the revolutions of the fan engine through the action of 
the roto-reciprocating valve on its steam supply pipe. 
The combustion controller is designed to respond to 
variations of the air pressure in the furnace, and 
as these are generally very small great sensitive- 
ness is demanded in the movement of the pilot 
valve. The cylinder, crosshead, valve gear, and 
compensating device are all of them the same as 
those of the master regulator, but the mechanism 
actuating the valve gear of the pilot valve is entirely 
different. It operates with a difference of pressure as 
small as 0-01 in. of water. From the sectional elevation, 
Fig. 5, it will be seen that instead of the diaphragms 
of the master regulator there is a pair of inverted bells 
suspended from the ends of a lever balanced on a knife 
edge. The coupling rod to the pilot valve gear is 
attached to one arm of the lever. The bells are 
immersed in oil to the level determined by the cock in 
Fig. 6 and the lower halves of the bells are submerged. 
Short pipes are led into the inside of the bells above the 
oil level. One of these is connected with the furnace 
in which it is desired to maintain a constant pressure ; 
the other communicates with the atmosphere through a 
controllable opening. As the area of the bells is large, 
a small difference in pressure per square inch will 
cause a considerable displacement of the end of the lever, 
and, according to whether the pressure is decreased or 
increased, the movement so caused will, through the 
controller cylinder and its crosshead, bring about 
appropriate movement in the damper. j 

The Hagan roto-reciprocating valve is clearly shown 
in Fig. 7, page 330, adjoining the stop valve on the steam 
pipe. The cylindrical body contains a piston valve having 
a rectangular port of equal width to, but twice as long 
as, that in the body. The piston valve spindle is 
connected to a lever of the second class, at the end of 
which is applied the pull from the controller. Between 
the lever connection and the gland an arm is attached 
to the spindle. The end of this arm carries a short 
sleeve capable of rotation in a vertical plane, which 
sleeve slides up and down a vertical guide rod. When 
this rod is vertical and parallel to the spindle, it is 
clear that, when the valve is moved up and down by 
the lever and as the port in it is longer than that in the 
body, the latter is not closed or opened by the movement. 
There is then, no regulating effect. A reference to 
Fig. 7 will, however, show that the guide rod is carried 
in a frame, known as the angling bar, which is capable 
of angular adjustment, the arrangement being something 
like that of the gimbal fitting common in ship work. 
It is by the angling of the guide rod that regulation is 
effected, for, as the sleeve travels up and down it the 
valve spindle is given a rotary motion in a horizontal 
plane which narrows the port opening to a degree depen- 





dent on the angle of the guide rod. This ingenious 
action is best understood from Fig. 11. Adjustment is 
made in two ways. The angling bar is pivoted on a 
bracket mounted on the valve cover, and a traversing 
screw attached to it holds the bar in any desired posi- 
tion. The bracket itself can be rotated in a horizontal 
plane, and a second traversing screw, between the cover 
and the bracket, determines the degree of rotation. 
This last adjustment is for the purpose of obtaining a 
permanent minimum opening independently of the 
angling bar, and the double adjustments can be made 
whilst the machine in question is in operation. A very 
precise degree of control can thus be obtained. The 
full travel of the valve is always used, so that the action 
of the controller is not interfered with. 

The actual application of the apparatus to the Port 
Morris plant may now be described. As has been 
already stated, there are 20 boilers. These are arranged 
in two rows facing one another down the sides of a 
long boiler house, a view of the interior of which is 
given in Fig. 9. This is taken at the stokehold floor 
level. In the foreground at each side is one of the 
engines for driving the mechanical stokers ; beyond them 
are the stokers themselves. Then come the combustion 
controllers, others of which, for the more distant 
boilers, are visible in the background. Fig. 8 is a 
‘view at the back of some of the boilers, with the uptake 
of one of them in the top left-hand corner. Below 
the boiler house is a basement in which are situated 
the forced-draught fans. These all discharge into 
a@ common passage from which branch ducts are led 
to each ashpit, the air entering the ashpit being regu- 
lated by a damper in each branch actuated by a com- 
bustion controller. The uptake dampers are operated 
by very similar controllers with two important differ- 
ences. These receive their impulse from the master 
regulator, whereas the combustion controllers are 
actuated by the pressure existing in their respective 
furnaces. The uptake damper controllers are those 
already referred to as receiving controllers and operate, 
not the dampers of individual boilers, but those of 
groups of boilers through shafting. The stoker engines 
are also controlled from this shafting. Two of the 
forced-draught fans are driven by steam turbines and 
their discharge is regulated by altering their speed, 
this being effected by receiving controllers actuating 
roto-reciprocating valves as shown in Fig.7. The other 
four fans are driven by alternating-current constant- 
speed motors and are provided with dampers on their 
outlets to the main duct controlled by a receiving 
controller and line shafting. 

Little further explanation is required in connection 
with the combustion controllers. These are shown 
in Figs. 4 to 6, and their method of operation has 
already been described. It may, however, be pointed 
out that the connection to the furnace is shown on the 
left hand side in Fig. 4, and the links to the damper 
gear are discernible as attached to the lower eye of 
the crosshead, the upper eye not being utilised. These 
controllers all have cylinders 2}-inches in diameter. 
Their function is to maintain the correct draught above 
the grate by adjusting the air supply to the varying 
resistance of the fuel bed throughout the stoking 
cycle. 

As the receiving controllers are all dependent on the 
master regulator, it is necessary to explain in what 
manner the connection between the two kinds of 
apparatus is made, In describing the details of the 
master regulator, no specific mention was made of the 
way in which the motion of the crosshead was utilised, 
but from Fig. 3, which shows the master regulator 
in position on its panel, it will be noticed that a link is 
attached to the top eye of the crosshead. Behind the 
panel is situated a closed vessel, called the seal tank, 
which is kept filled with air at a low pressure from the 
forced-draught fans. This air is taken from each motor- 
driven fan through a non-return valve on the vane 
side of the fan outlet damper, the fan which has the 
highest pressure at any particular moment thus 
filling the seal tank. The seal tank contains a partially 
submerged bell, the inside of which communicates by 
a pipe to the underside of the bells of the receiving 
controllers. The position of the bell relative to the 
water level is determined by the master regulator. 
This is done by a system of levers and links behind 
the panel, to which system the link on the top eye of 
the crosshead, previously mentioned, is connected. 
Thus, when the master regulator is closed, the bell is 
submerged 6 in. in the water of the receiving con- 
trollers which all accordingly take up the same position. 
Should the fan pressure be in excess of the 6 in., as 
the tank is closed the air merely bubbles under the 
edge of the bell without affecting the equilibrium. 
The movement of the bell varies from 2 in. to 6 in., 
according to the position of the regulator. 

Before proceeding farther, it is necessary to em- 
phasise that the master regulator is the only instrument 
on the plant which directly responds to the changes in 
steam demand, and that, by means of receiving con- 
trollers in accordance with these changes, it does three 





things. It controls all the boiler uptake dampers simul- 
taneously ; it controls the rate of feed of fuel to all the 
furnaces by means of variation of speed of the stoker 
engines; and it controls the forced-draught fan dis- 
charge. Assuming the plant to be working at a certain 
load, each boiler unit has become automatically 
adjusted so that it is doing its proper share of the work. 
The load is then increased and more steam is demanded 
resulting in a change in flow in the main steam pipe. 
This is taken up by the master regulator which opens 
all the uptake dampers at the same time by the same 
amount, increases the speed of the stokers, and the 
discharge of the forced-draught fans. All the units 
would, then, under normal conditions, have the same 
amount of air delivered to them, which would be 
increased in just the right proportion to the increased 
amount of fuel, and each unit should be again doing its 
proper share of the work under the new load. It is 
unlikely, however, that the condition of all the fires 
will be the same and the probable result of such a 
wholesale adjustment would be that some boilers 
would be steaming above their normal rating and 
others below it, a condition of affairs directly con- 
ducive to uneconomical working. Immediately, the 
fan discharge is increased, however, the combustion 
controller on each furnace comes into operation, and 
by the regulation of the ashpit damper ensures a 
uniform pressure in all the furnaces whatever the 
resistance of the different fuel beds may be, while the 
individual furnaces have the correct air supply appro- 
priate to the particular state of the fire. It will be 
seen that the work of the attendant is greatly lessened, 
for the matter of the rate of steaming is practically 
outside his concern, and his main function becomes 
that of keeping the fires in proper condition. This, 
in itself, is a further contribution to economy of working, 
while contingent advantages of maintaining an even 
rate of combustion in all the boilers of a plant, are, 
a better feed-water regulation, more even superheat, 
and reduction of troubles from clinker. 

Returning to consideration of the regulating panel, 
several annular weights are provided on hooks on 
the panel. These are intended for meeting a sudden 
peak load, which can be anticipated to occur at certain 
definite hours from the railway time tables. They 
are added to the lever on the master regulator, and, 
from what has been said above, relative to the construc- 
tion of the regulator, it will be clear that this addition 
will have practically the same effect on the regulator 
as lessening the pressure in the air chamber; that is, 
the steam pressure will remain about the same in spite 
of the steam demands of the heavier peak load, though 
the regulator will be in a somewhat farther open 
position than for the average load. The effect of 
adding this weight is, of course, transmitted at once 
to the receiving controllers operating the dampers. 
The other instruments on the panel consist of four 
gauges. The dial gauge on the right shows the pressure 
of the compressed air operating all the controller 
cylinders. This supply is not to be confused with the 
air supply taken from the fans for the transmission 
lines to the receiving controller bells. It comes from 
a separate system of electrically-driven compressors, 
and the pressure registered on the gauge is 72 lb. per 
squareinch. The dial gauge to the left, shows the steam 
pressure in the main pipeline. The two vertical oil 
gauges indicate, respectively, the pressure of the air 
supplied to the seal tank and the pressure in the pipes 
from it to the receiving controllers. 

The receiving controllers which operate the uptake 
dampers, are generally similar to the combustion con- 
trollers, though they have cylinders 5 in. in diameter, 
instead of 2} in. They are situated on the walls of the 
house at the back of the boilers, and are coupled to the 
shaft shown below the boiler uptake in Fig. 8. The 
connecting link between the shaft lever and the uptake 
damper lever is provided with a notch engaging with 
a pin on the latter. By a wire lead operated from the 
stokehold floor, the automatic gear can be detached and 
the dampers set by hand for banking, or the angular 
position can be altered relative to the position of the 
shaft lever. The hand-operating gear appears in the 
centre of the figure; its upper lever carries a balance 
weight. A typical connection between the damper 
gear and a receiving controller is shown in Fig 10, 
which also shows how the stoker engines are controlled 
from the same source. A Hagan wide-range governor 
is fitted to each stoker engine, of which there are eight, 
six working and two spare. The governors may be 
discerned on the engines in Fig. 9. The balls, and 
all moving parts, are enclosed in a dust-proof casing 
containing oil, and a fine degree of control is obtained. 
Fig. 7 shows the receiving controller which regulates 
the turbine-driven fans. It is of the standard 5-in. 
pattern, except that a pendulum weight is provided 
on the bell lever. This occupies the segmental casing 
at the bottom of the apparatus, and functions in a 
manner analagous to a dashpot. 

* The apparatus is completed by an operation indicator. 
This is a large dial with an indicating pointer showing 
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the relative position of the dampers by graduations 
between points denoting their open and shut positions. 
It is worked from the master regulator, and is situated 
near it, at the extreme end of the boiler house. Above 
it is the load indicator. It may be noted that the 
operation indicator invariably anticipates the load 
indicator ; that is, the change in adjustment to a new 
load is already made by the time the load indicator 
reports it, while if hand regulation were still practised, 
the change would have to be begun after the interval 
taken by the load indicator, and it would occupy a 
longer time to effect. We understand that a consider- 
able saving in fuel has been effected at the Port Morris 
Power Station by the adoption of the Hagan apparatus 
on the forced-draught plant, and good results in the 
same direction have followed its adoption elsewhere on 
plants with natural draught. The sole licensees in 
this country are Messrs. James Gordon and Company, 
Limited, Windsor House, Kingsway, W.C.2. 





Fitm or HicH-SpEeD Macutnery.—Messrs. Alfred 
Herbert, Limited, Coventry, have informed us that a 
kinematograph film, prepared by the Norton Company, 
Worcester, Mass., U.S.A., and entitled “The Age of 
Speed,” is available on loan to engineering societies, 
universities, and engineering firms. The film depicts 
trains, motor-cars, aeroplanes, motor-boats, modern 
agricultural implements, printing and other machinery, 
and is intended to show that modern inventions are the 
result of the ability of grinding machines to attain a high 
degree of accuracy. Applications for the loan of the 
film should be addressed to Messrs. Alfred Herbert 
at the address given above. 

CATALOGUES FoR Export TrADE.—The short-sighted 
policy of some British engineering firms of attempting 
to establish trade with foreign countries by means of 
catalogues written in English, has very often been made 
the subject of adverse comment. While the custom is, 
fortunately, becoming rarer, the importance of having 
a translation beyond reproach in its technical aspect 
does not seem to have been quite widely recognised. The 
imperfect English of many of the circulars and cata- 
logues of articles of domestic consumption reaching this 
country forms a frequent subject for humour in the 
daily press. Less patience is, however, shown with a 
slovenly technical catalogue, and from such a production 
the subconscious inference is drawn, in spite of the real 
capacity of the manufacturer, that the products offered 
are not up to the British standard. The error in sales- 
manship thus committed, the British, with a low national 
standard as regards languages, are more likely to repeat 
than the foreigner. We can affirm, from actual experience, 
that a badly-translated technical catalogue has practically 
no publicity value, and it was with great interest that 
we recently inspected some of the excellent work pro- 
duced by Mr. Demant, 2, St. Mary’s-place, Newcastle-on- 
Tyne. This consisted of catalogues for several well- 
known firms, in various languages, some, for example, 
tri-lingual. They were translated with great fidelity 
to the original matter, yet in most cases presenting an 
atmosphere and format almost native to the country 
being addressed. Professional assistance in cases of this 
source we believe to be, generally speaking, of greater 
value than enlisting the services of a local agent as 
translator, a practice somewhat common with firms 
having foreign branches, 








THE RECONDITIONED BRAZILIAN 
SCOUT CRUISERS ‘“ BAHIA’’ AND 
‘“*RIO GRANDE DO SUL.’’ 


In our issue of June 25, 1926, page 745, we described, 
and illustrated in considerable detail, the new machinery 
and boiler equipment which has been fitted to the 
Brazilian scout cruisers Bahia and Rio Grande do Sul 
by Messrs. John I. Thornycroft and Company, Limited, 
of Southampton. These vessels, which formed part 
of the 1906 Brazilian naval programme, were built by 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, at Elswick, and engined by Messrs. Vickers 
Limited, of Barrow-in-Furness. Although the boats 
were still in excellent condition, it was decided last 
year to take advantage of the numerous advances 
which had been made in marine propelling machinery 
since they were built, and to re-engine and re-boiler 
them. The work was entrusted to the Companhia 
Nacional de Navegacao Costeira, and the reconditioning 
was carried out in the Rio de Janeiro shipyard of the 
company, the new engine and boiler equipment being 
constructed by Messrs. Thornycroft under the super- 
vision of the Brazilian Naval Attaché, assisted by 
Engineer-Commander Arnaud, of the Brazilian Navy 
(Retd.). The converted Bahia is illustrated in the 
accompanying engraving. 

In reconditioning the boats, it was decided to convert 
them to burn oil fuel, and the ten original boilers in 
each vessel were replaced by six Thornycroft water- 
tube boilers, while the original five direct-coupled 
turbines in each case were replaced by three geared 
turbines. By these changes, the shaft horse-power 
was raised from 18,000 to 20,000 and the original speed 
of 26-5 knots to 27 knots, while the radius of action 
at 24 knots was increased from 1,500 to 2,400 nautical 
miles. Detailed particulars of the new machinery will 
be found in our earlier article, which is referred to 
above. It is now announced that the official trials of 
the Rio Grande do Sul have just been carried out very 
successfully. The trials included a lengthy cruise, 
during which a very strong gale with heavy seas was 
encountered, sufficient to impose a very severe test 
on both the twenty-years-old hull and the newly 
installed machinery, both of which performed excel- 
lently. This result of a difficult conversion job reflects 
great credit on all concerned. 





AWARDS TO AIRCRAFT APPRENTICES.—The Air Ministry 
informs us that aircraft apprentices D. W. Lane, L 
Crocker and K. P. Lewis, from No. 1 School of Technical 
Training, Halton, and aircraft apprentice R. L. Phillips, 
from the Electrical and Wireless School, Flowerdown, 
have been selected for cadetships at the R.A.F. Cadet 
College, Cranwell, on the results of the examinations 
held on completion of their three years’ training as 
aircraft apprentices. Sir Charles Wakefield Scholarships, 
valued at 75/. each, have been awarded to Flight-Cadet 
W. T. F. Wightman, on the result of the recent competi- 
tive examination for entry into the R.A.F. Cadet College, 
and to Flight-Cadet D. W. Lane. The Hyde-Thomson 
Memorial Prize, valued at about 33/., has been awarded 
to Flight-Cadet R. L, Phillips. 


LETTERS TO THE EDITOR. 


THE MERCHANDISE MARKS ACT. 


To THE EpiTorR oF ENGINEERING. 


Sir,—The chief intention of the Merchandise Marks 
Act, 1926, which came into force on June 15 last, 
was to ensure that imported foreign goods sold in this 
country should bear an indication of origin, so that 
the purchaser would know whether the goods he was 
buying were of British or foreign manufacture. Section 
1 of the Act provides that it shall not be lawful to 
sell or expose for sale any imported goods to which 
there is applied any name or trade-mark of any 
manufacturer, dealer or trader, or the name of any 
place or district in the United Kingdom, unless the 
name or trade-mark is accompanied by an indication 
of origin, and the name or trade-mark shall be deemed 
to be applied to goods if it is applied either to the 
goods themselves or to some other thing in or with 
which the goods are sold or exposed for sale. The 
section is not to have effect in respect of the application 
of a name or trade-mark to articles used or to be used 
as coverings, labels, reels, or otherwise as articles in 
or with which goods manufactured or produced in the 
United Kingdom are sold or exposed for sale if the 
name or mark applied is the name or trade-mark of 
the manufacturer of, or of a dealer or traders in, 
those goods in the United Kingdom and the name or 
mark was applied with his consent. Clearly, it would 
be no offence under the Act for an English jam manu- 
facturer, for instance, to buy his pots from Germany, 
put in his jam, and stick his label on the pot, or for 
a manufacturer of sewing cotton to buy his reels in 
France, wind on his cotton, and put his label on the 
end of the reel, and in neither of these cases would it 
be necessary to mark the jam container or the cotton- 
reel with an indication of origin. 

The question that is exercising our minds, therefore, 
is whether an English motor-car manufacturer, for 
instance, would be committing an offence if he 
purchased, say, lamps or tyres or magnetos from 
abroad and fitted them to a car which contained in 
the usual place the trade name of the car or the trade- 
mark or name of the manufacturer and then sold the 
car without indicating in a prominent position that 
the tyres or lamps or magnetos were of foreign origin. 
The wording of the section is somewhat difficult to de- 
cipher, and it may be that, in due course, the assistance 
of the courts will be required before manufacturers or 
agents or dealers in this country will know exactly 
where they stand. 

If a motor-car or motor-cycle manufacturer could 
import, say, 75 per cent. of the component parts of 
the car or motor-cycle from abroad, assemble them 
in this country, and apply to the completed machine 
his name or trade-mark without committing an offence 
under Section 1 of the Act, then it seems to us that 
the Act is likely to be, to a great extent, a dead letter. 
Surely it was the intention of the legislator in framing 
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the Act to make such a thing an offence unless the 
indication of origin be clearly shown. 

On the other hand, suppose the oly foreign articles 
used in the construction of the car or motor-cycle were 
the pistons or the gear wheels, which are hidden from 
the eye, is it necessary for the motor-car or motor- 
cycle manufacturer and the agent or dealer to see, before 
he sells or exposes for sale a car or motor-cycle, that 
an indication that the pistons or the gear-wheels 
in the car are of foreign manufacture is clearly marked, 
so that a purchaser shall know that the article he is 
buying, although ostensibly British-made throughout, 
may contain some parts of foreign origin. Where is 
the line to be drawn? We welcome the views of 
others on what seems to us to be rather an important 
matter not only to manufacturers in this country, 
but agents, dealers, and the public generally. 

Yours faithfully, 
RupGe-WHItTWoRTH, LIMITED, 
Joun V. Puacu. 
Coventry, September 5, 1927. 





COKE v. OIL FUEL FOR DOMESTIC 
HEATING. 


To THE EpiToR OF ENGINEERING. 


Sir,—In your issues of July 29 and August 26 a 
correspondent draws comparisons between the cost 
and efficiencies of oil fuel and coke which are unfair, 
and which show an entire lack of appreciation of the 
economic advantages of the latter fuel for central- 
heating purposes. Your correspondent asserts that 
“best coke contains 12,000 B.Th.U. per lb.; that it 
burns with an average efficiency of 50 per cent. ; and 
that it is only consumed to the extent of 60 per cent. 
on account of losses in transit, starting fires, ash, 
and in unconsumed fuel in ash,”’ while fuel oil, consumed 
by means of a forced-draught burner, “is burnt at 
624 per cent. average efficiency.” He proceeds to 
show, on the basis of this rather involved reasoning, 
that coke costs 19 per cent. more than oil to produce a 
given quantity of useful heat, and suggests that the 
fairness of certain allowances which he makes may be 
questioned. 

In the interest of common fairness, I certainly desire 
to question the “ allowances”? of your correspondent, 
and to quote the result of official trials with ordinary 
gas coke which have recently been published, and which 
show that the efficiency of coke in ordinary circum- 
stances far exceeds the ‘* 62} per cent.” average claimed 
for oil fuel, which figure, by the way, would be con- 
sidered much too low an estimate by most oil-fuel 
experts. 

The official coke trials to which I refer are those of 
the London County Council, on the central-heating 
boiler plant at the new County Hall (which does not 
include economisers or forced-draught), the results of 
which have recently been published in the technical 
Press. These test results show, inter alia, an average 
efficiency of 82 per cent. over a test period of 72 hours. 
This efficiency, which, I understand, is maintained 
continuously, is calculated upon the gross calorific 
value of the coke as delivered (12,130 B.Th.U.), due 
allowance being made for all the’ incidental losses 
enumerated by your correspondent, as well as a small 
2 gaa of moisture unavoidably present in the 
coke, 

The fuel cost per million B.Th.U. added to the water 
circulated through the boilers was (at the date of the 
tests) 18-34d., with ordinary gas coke exclusively as 
fuel. The corresponding cost with Diesel oil at 
51. 128. 6d. per ton (19,350 B.Th.U.) at 62-5 per cent. 
efficiency would, I calculate, be of the order of 49d., a 
difference of over 2s. 7d. per million B.Th.U., which 
would fully allow for any probable variation in the 
prices of coke and fuel oil and still show a very 
substantial saving. 

As you are well aware, central-heating plants of any 
considerable size must be kept going continuously 
night and day during cold weather. The claim, 
justly made, that oil firing eliminates losses due to 
banking fires over night does not, therefore, always 
apply in central heating. Indeed, the common practice 
of banking coke fires to last trom Saturday until 
Monday, unattended, is regarded by users as one of its 
chief advantages. No such claim can reasonably be 
made for fuel oil. 

Yours faithfully, 
E. W. L. Nicot, 
Engineer and Fuel Expert. 
London Coke Committee, 
84, Horseferry Road, S.W.1. 
September 5, 1927. 





PrERsOoNAL.—Messrs. Fleming and Ferguson, Limited, 
Phenix Works, Paisley, Scotland, will, in future, be 
represented in London by Messrs. Nye and Menzies, 


THE LATE MAJOR T. VINCENT 
SMITH. 

WE regret to have to record the death of Major T. 
Vincent Smith, which occurred in London on 
Monday, September 5. In the early days of elec- 
trical engineering, the development of the art was 
often greatly assisted by those who had received no 
early training, either in electricity or engineering, 
but had acquired and applied much useful know- 
ledge as they went along. Such cases are now, for 
obvious causes, less common than they were, 
and interest is for this reason added to the career 
of Vincent Smith. 

He was born in London in 1872, the son of 
Mr. Henry Smith, who had a printing business in 
the City. He was educated privately in this 
country and at Leipzig, and, though from the 
beginning he was greatly attracted towards physical 
science, he was for a time mainly engaged in the 
study of music, and particularly of the organ. 
The growing importance of wireless and the immense 
field for research which it offered gave him his 
chance, while his painstaking methods and his 
intimate grasp of detail stood him in good stead 
when working in a field where theory and practice 
had to be developed side by side. In 1906, he 
joined the Amalgamated Radio Telegraph Com- 
pany, and was also for a time a director of the 
British Radio Telegraph Company, while later on 
he played a considerable part in the long experi- 
ments which preceded the establishment of broad- 
casting in this country. 

During the war, his work was also mainly on the 
wireless side. He joined the Royal Flying Corps, 
and after serving as senior Wireless Officer in 
France, he was, at the beginning of 1917, placed in 
charge of wireless at the Air Ministry for all theatres 
of war. Later in the same year he returned to 
France as wireless officer-in-chief of the Independent 
Air Force, and was promoted to the rank of Major 
and awarded the Military Cross. Since the war he, 
on more than one occasion, acted as consultant to 
the Air Ministry on wireless matters, and, for some 
two years, had been adviser on the same subject to 
The Times. His end had something of the tragic 
in it, for he was attending the official opening of 
the wireless-beam service to India when he was 
seized with sudden illness. 

Major Vincent Smith had served on the Wireless 
Committee of the Institution of Electrical Engineers 
and on the Civil Aerial Transport Committee. He 
was a past-president of the National Association of 
Supervising Electricians, and had contributed 
papers to the Royal Artillery Institute at Woolwich, 
and to the British Association. He was unmarried. 





6}-mn. CENTRE FRICTION-GEARED TURRET LATHE: 
ERRATUM.—We regret that on page 219, ante in our 
account of the friction-geared turret lathe constructed 
by Messrs. Pollock & Macnab (1919), Limited, the function 
of the hand lever in Figs. 6 and 7 was not properly defined. 
If this lever is thrown over to the left, the cone pulley 
is connected to the spindle and a high speed obtained. 
If thrown over to the right, the main gear on the spindle is 
engaged and a slow speed is obtained. The friction 
clutches are situated both in the cone pulley and the large 
spindle gear. The spindle is fitted with a ball thrust 
washer, but the pulley is not on ball bearings. The feed 
box is direct driven by gears. 

Krriw-Hamune Rariway, Mancuurta.—We learn 
from a recent issue of the Chinese Economic Bulletin 
that the construction of the Kirin-Hailung Railway in 
Manchuria was commenced in June last. The whole 
line will, it is anticipated, be opened to traffic in the 
summer of 1929; it has a total length of about 133 miles 
and will have 13 stations, each at an interval of about 
10 miles. The line will pass through Chaoyangchen. 
Hailung, the southern terminus of the line, is some 
170 miles north-east of Mukden ; it is also the northern 
terminus of the Mukden-Hailung Railway, the con- 
struction of which is being pushed on steadily. 


PRECISION INSTRUMENTS FOR SPANISH MARKETS.— 
The Cambridge Instrument Company, 45, Grosvenor- 
place, London, S.W., have sent us a copy of a list, which 
has been specially prepared to attract the Spanish market. 
It contains illustrations of, and information relating to, 
most of their well-known precision instruments, together 
with two key diagrams showing the particular application 
for which each apparatus is designed. Following the 
practice of their English publications, the present produc- 
tion is a good deal more than an ordinary catalogue, in 
that the illustration of each particular piece of apparatus 
is accompanied by a well-written technical description in 
Spanish. An important point is that the dimensions of 
the instruments are stated in centimetres, and the tem- 





Capel House, 62, New Broad-street, E.C.2. 


peratures are given in degrees Centigrade. 


BOOKS RECEIVED. 

United States Geological Survey. Bulletin No. 791. Geology 
of the Upper Matanuska Valley, Alaska. By S. R. 
Capps. With a Section on the Igneous Rocks. By J. B. 
Merri, Jun. [Price 30cents.] No. 789. The Iniskin- 

hinitna Peninsula and the Snug Harbour District, 
Alaska. By F. H. Morrir. [Price 50 cents.] Water 
Supply Paper No. 549. Surface Water Supply of the 
United States, 1922. Part IX. Colorado River Basin. 
By N. C. Grover, R. FotuansBEE, A. B. Purton and 
R. C. Rice. [Price 25 cents.] No. 551. Surface Water 
Supply of the United States, 1922. Part XI. Pacific 
Slope Basins in California. By N. C. Grover, H. D. 
McGuasHan and F. F. HensHaw. [Price 50 cents.] 
No. 575. Surface Water Supply of Hawaii, July 1, 
1922, to June 30, 1923. By N. C. Grover and E. D. 
Burcuarp. [Price 25 cents.) Washington: Govern- 
ment Printing Office. 

Journal of the Institute of Metals. 1927. Vol. XXXVII. 
London : Institute of Metals, 36, Victoria-street, S.W.1. 
[Price 31s. 6d. net.] 

Motorship Manual and Register of Motor Vessels. Fifth 
Edition. Edited by A. C. Harpy. New York, U.S.A. : 
Motorship Offices, 220, West 42nd-street. 

Electrification of Sydney and Surburban Railways. Trans- 
actions of the Institution of Engineers, Australia. 
Vol. VII. 1926. Sydney, N.S.W.: The Institution, 
Macleay House, 16, College-street. 

Department of Scientific and Industrial Research. 
Building Research. Special Report No. 8. Fire- 
Resistant Construction. By R. E. Strapuine and F. L. 
Brapy. London: His Majesty’s Stationery Office. 
[Price 1s. 6d. net.] 

Manufacture and Uses of Concrete and Cast Stone. By 
i. Cu1tpE. London: Concrete Publications. 
[Price 5s. net.] 

Canada, Department of Mines. Mines Branch No. 682. 
Preliminary Report on the Limestones of Quebec and 
Ontario. By M. F. Govupee. [Price 25 cents.] 
No. 684, os of Alberta Bituminous Sands for Sur- 

facing of Highways. By S.C. Exus. [Price 20 cents.] 
Ottawa: Department of Mines, Mines Branch. 

United States Bureau of Standards. Scientific Papers. 
No. 550. Application of the Algebraic Aberration. 
Equations to Optical Design. By I. C. GARDNER. 
[Price 45 cents.] No. 552. Transmission of Sound 
Through Building Materials. By V. L. CHRISLER. 
[Price 5 cents.] Technologic Papers. No. 344. 
Comparison of American, British and German Standards 
for Metal Fits. By Irvin H. Futimer. [Price 10 
cents.] Washington : Government Printing Office. 

Aeronautical Research Committee. No. 1075. Lateral 
Stability at Low Speeds. Part I. Measurement of 
Rolling Moments for Three Wings at Low Rates of Roll. 
Part II. Pressure Measurements on a Wing whilst 
Rotating at Low Speeds. By S. Scorr Hatu. [Price 
ls, net.] No. 1083. The Influence of the Airscrew on 
the Aircraft Characterstics of a Standard Bristol Fighter 
Aeroplane. By W. G. JENNINGS. [Price 4d. net.] 
No. 1085. Lift and Drag of the Bristol Fighter with 
Fairey Variable Camber Wings. By E. T. JonEs and 
others. [Price 9d. net.] London: His Majesty’s 
Stationery Office. 

Proceedings of the Second International Congress for 
Applied Mechanics, Zurich, September 12-17, 1926. 
Edited by Dr. Ernest MEISSNER. Zurich: Orell 
Fiissli. 

Mehrstielige Rahmen. 
KLEINLOGEL. Second edition. 
ger. [Price 28 marks.] 

Die Lehre vom Trocknen in Graphischer Darstellung. By 
Kart ReyscHer. Second edition. Berlin: Julius 
Springer. [Price 4-50 marks. ] 

Die Bauteile der Dampfturbinen. By Dr. ING. GEORG 
Karrass. Berlin: Julius Springer. [Price 10 marks. ] 

The Mollier Steam Tables and Diagrams Extended to the 
Critical Pressure. By DR. RicHaRD MoturerR. English 
edition. By H. Moss, D.Sc. London: Sir Isaac 
Pitman and Sons, Limited. [Price 7s. 6d. net. ] 

Towards a New Architecture. By LE CARBUSIER. 
Translated from the thirteenth French edition by 
FREDERICK EtcuHetts. London: John Rodker. 
[Price 25s. net.] 





By Proressor Dr. Ina. A. 
Berlin: Julius Sprin- 





VicTauLic PrreE Jornts.—In the course of a brief 
catalogue notice regarding Victaulic pipe joints, which 
appeared on page 276 of our issue of August 26 last, 
we stated that the joints were suitable for all kinds 
of piping from 1l-in. to 2-in. bore. This statement is, 
we regret to say, incorrect, and, in order to rectify the 
matter, we take this opportunity of pointing out that 
Victaulic joints have been supplied in sizes up to 52 in. 
in diameter by the Victaulic Company, Limited, King’s 
Buildings, Dean Stanley-street Millbank, London, S.W.1. 


INDUSTRIAL WELFARE Socrety.—The eighth annual 
lecture-conference of the Industrial Welfare Society 
begins to-day (September 9) at Balliol College, Oxford, 
when Sir Harold Morris will deliver the opening address 
at 8.30 p.m. Lectures, debates, addresses, and papers 
will be given each day from September 10 to 14. he 
various contributions include ‘“‘ Welfare Work in a 
Mining Community,” by Mr. R. A. Burrows; “ Staff 
Welfare and its Effects upon Efficient Salesmanship,” 
by Miss G. Burlton; ‘‘ Sickness in Relation to its Cost 
to Industry,” by Miss G. F. McArthur; ‘‘ The Educa- 
tional Aspect of Industrial Welfare,” by Mr. F. W. 
James; and “‘A Critical Survey of Personnel Adminis- 
tration,”” by Mr. H. C. Emmerson. The office of the 
conference secretaries is at 51, Palace-street, Westminster, 
London, S.W.1. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business in Cleveland pig 
iron has sufficiently improved to check additions to 
stocks, and, indeed, some withdrawals from accumu- 
lations at makers’ works have had to be made this week 
to meet customers’ requirements. Production is, how- 
ever, on a very restricted scale. Home customers at a 
distance, and overseas consumers, are still taking little 
interest in this market, but local founders, and firms in 
Scotland, are taking up supplies more freely. To home 
buyers, ironmasters’ fixed quotations remain: No. 1 
quality, 70s.; No. 3, g.m.b., 67s. 6d.; No. 4, foundry, 
66s. 6d.; and No. 4, forge, 66s.; while for despatch to 
Scotland and for shipment abroad, market rates are 
half-a-crown below these figures. 


Hematite—Both home and continental buyers are 
taking more East Coast hematite, with the result that 
makers’ rather heavy stocks are now decreasing, the small 
output being unequal to needs. Nos. 1, 2 and 3 are 
75s.; and No. | grade is at a premium of sixpence. 

Foreign Ore.—There is no business in foreign ore, and as 
consumers are heavily bought, there seems little prospect 
of early resumption of markef operations. Quotations 
are based nominally on best rubio at 21s., c.i.f., Tees. 

Blast-Furnace Coke-—Durham blast-furnace coke is not 
readily disposed of, local users anticipating downward 
movement in values and, consequently, being disinclined 
to commit themselves at all extensively. Good average 
qualities are 18s, 6d. to 19s., delivered here. 


Manufactured Iron and Steel.—Finished-iron manu- 
facturers keep busy, and steel producers have a good deal 
of work on hand. The effect of the rebate to customers 
who buy only British steel over stated periods, cannot 
well be gauged until the extensive contracts with Conti- 
nental firms have been almost carried out. Quotations 
are unchanged, common iron bars being 11J. 5s. ; best bars, 
1ll. 15s.; best best bars, 12/. 5s.; iron rivets, 11/. 15s. ; 
steel rivets, 12/.; packing (parallel), 8/.; packing 
(tapered), 11/.; steel billets (soft), 7/. 12s. 6d.; steel 
billets (medium), 81. 2s. 6d. ; steel billets (hard), 87. 12s. 
6d. ; steel ship plates, 81. 2s. 6d. ; steel angles, 7/. 12s. 6d. ; 
steel joists, 7/. 12s, 6d.; heavy sections of steel rails, 
8/. 10s. ; and galvanised corrugated sheets, 141. 


Shipments of Iron and Steel.—The total shipments of 
iron and steel from the Tees during August are officially 
returned at 88,277 tons, compared with 102,096 tons in 
the previous months. August clearances were composed 
of 13,657 tons of pig iron, 6,046 tons of manufactured 
iron, and 68,574 tons of steel. Of the pig-iron loaded 
last month, 5,930 tons went coastwise, and 7,727 tons 
went to foreign ports ; of the manufactured iron shipped, 
384 tons went coastwise and 5,662 tons went overseas ; 
and of the steel cleared, 8,864 tons went coastwise, and 
59,710 tons went abroad. Scotland was again the 
largest buyer of pig iron, taking 5,540 tons, while the Cape, 
with an import of 2,450 tons, was the best customer for 
manufactured iron; India was, as usual, the heaviest 
receiver of steel, accepting 14,164 tons. Among other 
substantial purchasers of steel were: Australia, 9,121 
tons; Argentine, 8,897 tons; Portuguese West Africa, 
3,752 tons ; Portuguese East Africa, 3,266 tons ; Japan, 
2,793 tons; and Natal, 2,227 tons. 

Imports of Iron and Steel.—Returns just issued by the 
Tees Conservancy Commission give the imports of iron 
and steel to the Tees, during the ten months ending 
August 30 last, at 333,850 tons, as compared with 174,258 
tons for the same months a year ago, and only 53,399 tons 
for the corresponding pre-war period of 1913-1914. The 
imports were from Holland, Belgium, France, Norway, 
Sweden, Germany, India and coastwise. 








THE Late Mr. A, A. JonES.—It is with deep regret 
that we have to announce the death of Mr. A. A. Jones, 
which took place at his residence, ‘‘ Brooksby,”’ Upping- 
ham-road, Leicester, on Tuesday, August 23, at the age 
of fifty-six. Mr. Jones’ connection with the machine- 
tool trade extended over a period of more than thirty 
years, during which time he was instrumental in establish- 
ing the company of Messrs. A. A. Jones and Shipman, 
Limited, Leicester, of which he was a managing director 
from its formation. We understand that it is the inten- 
tion of the Board to carry on the business as hitherto. 





Contracts.—Messrs. Brown, Boveri and Company, 
Limited, Baden, Switzerland, have received an order 
from the Spanish Northern Railway for two express 
locomotives for trial purposes, intended for use on the 
Hendaye-Alsassua section of their line, which is to be 
electrified. 'The locomotives will be of the 2C-C2 class, 
and will be designed for a 1,500-volt, D.C. supply and a 
gauge of 1,674 mm. On a one-hour rating, the output 
will be 3,240 h.p. at 35 m.p.h., the maximum speed under 
power being 68 m.p.h.—Messrs. The Power Plant Com- 
pany, Limited, West Drayton, Middlesex, have secured 
a contract from Messrs. Nusckewerft, Stettin, Germany, 
for the double-reduction gears for two new turbine 
steamers. The gears will be of the overhead design, and 
will transmit 3,300 shaft horse-power per shaft. Messrs. 
The Cambridge Instrument Company, Limited, 45, 
Grosvenor-place, London, S.W.1, have received an order 
for a considerable amount of the equipment for the 
Bunnerong Power Station, Sydney, Australia, including 
the following :—Six electrical distance thermometer outfit 
for the turbine plant, and three combined indicating and 
recording electrical CO, outfits, six electrical distance 
thermometer outfits, six recording pressure gauges, 18 
three-dial draught gauges, and 18 differential draught 
gauges for the boiler house. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—So far as raw and semi-finished 
materials are concerned, there is little evidence of the 
commencement of the forward movement that is widely 
expected to materialise this month. The complaint that 
users were buying from hand to mouth still holds good 
of most descriptions of iron and steel, despite the fact 
that, from the consumers’ standpoint, prices are more 
favourable than at any period since the war. Compared 
with six months ago, they show reductions ranging from 
15s. per ton in the case of pig-iron, to 2/. per ton for 
sheets. Quotations, as last revised, are as follow :— 
Hard basic steel billets, 87. 2s. 6d. and 8/. 12s. 6d. per 
ton; medium hard basic billets, 7]. 12s. 6d.; soft basic 
billets, 71.; West Coast hematites, 4l.; East Coast 
hematites, 37. 15s. ; Lincolnshire foundry iron, 31. 6s. 6d. ; 
Lincolnshire forge iron, 3/1, 2s. 6d.; Derbyshire foundry 
iron, 31. 6s.; Derbyshire forge iron, 3/.; bars, 111. ; 
and sheets, 127. 10s. Steel-making alloys have touched 
some of the lowest prices on record, though where stocks 
are being renewed through the medium of the Continental 
syndicate, quotations are higher than before competition 
was removed. The rebate scheme does not cover the 
outputs of several large producers operating in the 
Sheffield district, though its success is expected to 

romote the general prosperity of bulk steel production. 

here is no intention to extend its application to cover 
Sheffield’s special steel trades, which, though adversely 
affected by foreign tariffs, are less subject to inland 
competition than are constructional materials. Tool 
makers are feeling the loss of business with Russia, 
Japan, and China. In addition, home sales are restricted 
by the increase in foreign imports. 


South Yorkshire Coal Trade.—While supplies of 
secondary and inferior grades of house coal are more 
abundant than are required to meet the demand, and 
specially low prices are quoted, there is already evidence 
of a hardening in best grades, some of which are ls. per 
ton dearer than was the case a week ago. Pits are still 
working irregularly, however, and are not likely to 
sanction fuller employment until winter stocking becomes 
more general. The market for industrial fuel does not 
lack compensating features, There is evidence that 
export connections are gradually being regained, coupled 
with which is a tendency for prices to harden. Home 
consumption is only moderate, but inland deliveries 
under contract are steadily maintained at a fair level. 
There is no improvement in slacks or smalls. Quota- 
tions :—Best branch handpicked, 27s, 6d. to 28s. 6d. ; 
best house coal, 2ls. to 22s. 6d.; screened house coal, 
19s. to 2ls.; screened house nuts, 16s. to 17s. 6d. ; 
Yorkshire hards, 16s. to 17s.; Derbyshire hards, 16s. 
to 17s. ; rough slacks, 9s. 6d. to 10s. 6d. ; nutty slacks, 
7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 6d. ‘ 








NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 


The Coal Trade.—Inquiries for Welsh coal are circulat- 
ing more freely, and it is understood that a fair volume 
of business has been arranged between colliery salesmen 
and merchants for delivery over the remainder of the 
year. An encouraging sign is that the Latvian railways, 
who, owing to last year’s strike, contracted for German 
coal, are inviting offers for 50,000 tons of Welsh coal, 
while the Norwegian State Railways and Navy are also 
in the market for small quantities. A Brazilian inquiry 
is also circulating for 12,000 tons of large and 6,000 tons 
ofsmall. It is also officially announced that the Egyptian 
State Railways contract for 125,000 metric tons of Welsh 
large coal, delivery over the next three months, has been 
awarded to Messrs. Watts, Watts and Company, Limited, 
Cardiff, at 288. 2d. per metric ton, c.i.f. Alexandria. 
Another encouraging feature is that shipments of coal 
from South Wales in the past week were 55,000 tons 
higher than in the preceding six days, the total of 477,900 
tons being the highest since the end of June. At Cardiff 
exports were increased from 251,890 tons to 316,900 tons, 
at Swansea from 57,500 tons to 71,890 tons, and at 
Llanelly from nil to 3,430 tons, but were reduced at New- 
port from 64,780 tons to 57,010 tons, and at Port Talbot 
from 48,850 tons to 28,730 tons. Exports to the Argentina 
were raised from 37,200 tons to 73,150 tons, to Brazil 
from 30,900 tons to 41,010 tons, to Canada from 11,550 
tons to 25,300 tons, and to Italy from 53,400 tons to 64,000 
tons, but were reduced to France from 107,810 tons to 
107,140 tons, and to Spain from 35,590 tons to 31,760 
tons. Supplies of large coal remain excessive, but prices are 
unaltered as colliery salesmen declare that they have 
reached the limit of concession, and will not consider 
business at lower levels. Smalls and sized descriptions, 
however, are relatively scarce and steady. Some salesmen 
will not sell smalls except in conjunction with large, in 
which cases a concession of about 6d. per ton is allowed 
on smalls, 


Work of Coal Foremen.—Shippers at Swansea have come 
to an agreement with the coal foremen regarding the terms 
and conditions of their employment after October 3. 
At present, the foremen are directly employed by indi- 
vidual firms, and have been charging jd. per ton for 
supervision. The new agreement provides for a charge 
of $d. per ton on cargo and bunkers, and places the 
control of foremen in the hands of a joint board. The 
foremen are to give personal attention at the offices 
of the firms by whom they are employed to receive load- 
ing instructions, tipping orders, &c., and to furnish infor- 
mation regarding the position of steamers, coal, &c.. and 
provide the y assistance for the efficient perform- 
ance of all the duties which were performed previous to 
the establishment of the present central office, 











NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—There has been very little change 
in the state of the Scottish steel trade over the week, 
and business shows no expansion so far. The new rebate 
scheme came into operation as from the first of the month, 
but results cannot be looked for just yet ; however, it is 
hoped that the response from buyers will justify producers 
in their desire to give more employment at home. It 
has been well known for some time that the import 
of steel material from the Continent was increasing 
steadily, with serious results not only to the home steel 
trade, but to the iron and coal industries also. More 
activity at the steel works would materially assist 
the iron works and the coal mines, and would also make 
for an expansion in railway traffic. Ship plates are in 
rather poor demand at present, but there is a fair outlet 
for joists. In the black-sheet trade, while the makers of 
the heavier gauges are quiet and have difficulty in keeping 
their plants running, those turning out light and galvanised 
sorts are very fully booked, and the demand is gradually 
approaching the figures reached in the old days. The 
following are the current inlet quotations :—Boiler plates, 
1ll. per ton; ship plates, 8J. 2s. 6d. per ton ; sections, 
71, 12s. 6d. per ton ; and sheets, under ¥ to }-in., 101. 5s. 
to 111. 5s. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron trade is not improving, and in few instances can more 
than a day or two ahead be seen. Makers have difficulty 
in picking up satisfactory specifications for bar iron, and 
inquiries do not give much hope of any expansion in the 
near future. In thé re-rolled steel bar departments, a very 
poor demand exists. The current prices for the home 
market are 101. 15s. per ton for Crown bars, and 
7l. 17s. 6d. per ton for re-rolled steel bars. 


Scottish Pig-Iron Trade.—Nothing fresh can be reported 
in connection with the Scottish pig-iron trade this week. 
The general demand is far from satisfactory, and stocks 
continue to increase. It is hoped that the new rebate 
scheme instituted by the steel makers will be reflected in 
an increased demand for hematite iron. Prices for the 
latter, and also for foundry grades, are very low at present, 
and the margin is negligible, but despite that fact producers 
are prepared to meet buyers and thus save adding to 
stocks. The market quotations are :—Hematite, 77s. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 80s. per ton; and No. 3, 75s. per ton, both on 
trucks at makers’ works. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 3, only amounted to 550 tons. Of 
the total, all but 4 tons went overseas. For the corre- 
sponding week of last year the figures were 198 tons over- 
seas and 6 tons coastwise, making a total shipment of 
only 204 tons. 

Shipbuilding.—The Hain Steamship Company, Limited, 
Cardiff, have placed an order with Messrs. Harland and 
Wolff, Limited, for a cargo steamer of over 6,000 tons. 
The hull will be built at Greenock.—Messrs. Ferguson 
Brothers (Port Glasgow), Limited, have secured an order 
from the Clyde Navigation Trustees for a grab hopper 
dredger. This vessel will be 120 ft. in length between 
perpendiculars, 125 ft. in length overall, 26 ft. in moulded 
breadth, and 10 ft. 6 in. in moulded depth, and will have 
a hopper of a length of 29 ft. 9 in., and a capacity of 
188 cub. yards. The cost of the vessel will be 20,7901. 
The dredger will be designed to work in positions close up 
to the quay walls where dredgers of the bucket type 
cannot operate. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Electric Supply Department of the City of 
Newcastle, Australia, are calling for tenders, to be pre- 
sented by October 17, for outdoor switchgear and pro- 
tective relays. (Ref. No. BX.3771).—The Electricity 
Department of the City of Cape Town is inviting tenders, 
to be presented by October 19, for the supply and delivery 
of one direct-coupled motor-driven centrifugal pump. 
Local representation is, in practice, essential. (Ref. No. 
AX.5157).—The State Domains Administration, Ministry 
of Finance, Cairo, invites tenders, to be presented by 
October 1, for two semi-Diesel engines, one horse-drawn 
portable steam fire engine, two centrifugal pumps, and 
one hand fire pump. Local representation is essential. 
(Ref. No. AX.5166).—Three separate calls are reported 
from the South African Railways and Harbours :—(I) 
for the supply of spares for Class 15c and 16D engines, 
including wheels, axles, crossheads, &c. Tenders to 
reach Johannesburg by October 13. Local representa- 
tion is, in practice, essential. (Ref. No. AX.5174).—(IT) 
for a suction gas engine and electric generator. Tenders 
to be presented by October 20. (Ref. No. BX.3772).— 
(III) for the supply, covering delivery f.o.r. in bond at 
certain South African ports, of 265 perforated spark 
arrester mild-steel plates 8 ft. by 4 ft. by $ in. (Tender 
No. 1090.) Tenders must be received by the secretary 
to the Tender Board, South African Railway Headquarter 
Offices, Johannesburg, by October 20. (Ref. No. A. 
5169.)—Two separate calls are reported from the Posts 
and ‘Telegraphs Department, Melbourne, Australia, 
tenders for both of which are to be presented in Melbourne 
by October 25, next. (1). for plugs of the switchboard 
and instrument types. (Ref. No. BX.3780).—(I1). for 
automatic telephone switchboard equipment for use in 
Hobart. (Ref. No. BX.3782). 
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AUTOMATIC SYSTEM OF BOILER CONTROL. 
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| houses amidships and aft, and four masts, are: length, 


In view of the value of the work so far accomplished | 405 ft.; breadth, 54 ft. 3in.; and depth, 36 ft.; witha 


and the inadequacy of its financial resources, the Institu- | carrying capacity of about 7,500 tons. 


Five hatches 


tion of Electrical Engineers has, this year, made a grant | give access to the holds, and 16 derricks and 14 electrical 


of £1,000 to the British Engineering Standards Associa- | 


tion, 


Tue Royat Metat TRADES PENS'ON AND BENEVOLENT 


SocrreTy.—The seventy-ninth anniversary festival of 
the Royal Metal Trades Pension and Benevolent Society 
will, this year, be held at the Hotel Cecil on Tuesday, 
October 11. 


at the dinner, for which tickets may be obtained from 


Mr. W. Farmer, 195, Upper Thames-street, London, E.C.4, | 


at the cost of 15s. for a single and 27s, 6d. for a double 
ticket. 


LAUNCH OF THE M.S, ‘“ Meonta.”-—-On Wednesday, 


August 17, the motorship Meonia, which has been built | 
to the order of the East Asiatic Company, Limited, as a | 


sister ship to the Lalandia, was successfully launched from 


the Nakskov Shipyard, Nakskov, Denmark. The princi- | 


pal dimensions of the vessel, which is built to Lloyds 
highest class with open shelterdeck, forecastle, bridge and 


Sir Alfred Mond will be in the chair, and, | 
by way of an experiment, ladies are invited to be present | 


| winches, which, together with a 5-ton warping winch 
| and electrical windlass, have been supplied by Messrs. 
| Thomas B. Thrige, Odense, Denmark, are fitted for cargo 
| handling. The vessel is to be operated on the East Asia- 
| tic Company’s Bangkok route, and will be fitted out with 
| the most up-to-date accommodation for 38 first-class 
| passengers, with a dining room on the main deck, and 
a smoking room and large entrance hall on the boat deck. 
The propelling machinery consists of two Burmeister & 
Wain four-cycle engines of 5,000 i.h.p., designed to give 
the loaded ship a speed of 13} knots. 





ELECTRICAL ENGINEERING AT THE SCIENCE MusEUM.— 
Visitors to the electrical engineering section of the Science 
Museum at South Kensington will obtain much useful 
information, and retain a permanént record of what 
they have seen, by purchasing a copy of the descriptive 
and historical notes which have been compiled by 
Mr. F, St. A. Hartley and have been published by H.M. 
Stationery Office at a price of ls. 6d. net. This catalogue 
| is divided into eight sections, covering generators, motors, 
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starting switches, transformation and _ conversion, 
measurement, transmission and distribution, switch 


gear and protective devices, and storage, respectively. 
Each section is prefaced by a short general historical 
account, while concise, but adequate, details are given 
of the individual exhibits. The booklet is well-illustrated. 
The largest section is that dealing with measurements, 
but here, as elsewhere, modern instruments are the 
exception rather than the rule. There would, therefore, 
seem to be an opportunity for adding, if only by loan, to 
the completeness of a collection of the highest educational 
value. There are one or two misprints, ¢.g., dialectic for 
dielectric. This might give rise to misapprehension in 
some cases, 
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EXHIBITS AT THE SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION AT OLYMPIA. 


(For Description, see Page 315.) 
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THE HAGAN AUTOMATIC SYSTEM OF BOILER CONTROL. 
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(For Description, see Page 325.) 
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Fig. 3. Master REGULATOR AND PANEL. 
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RATIONALISATION OF INDUSTRY. 


THE publication by the British Electrical and 
Allied Manufacturers Association of information, 
showing the extent to which “ trustification ” has 
developed in the electrical industries! of certain 
European countries ; and the deduction therefrom 
that our own electrical industry must, in the interests 
of self-preservation, at once follow suit, have not, 
perhaps naturally enough, been received with whole- 
hearted acceptance. Judging by the opinions ex- 
pressed in the electrical journals, some of those 
engaged in the industry shrink from taking a step 
which, while affording a degree of protection, might 
lead to a stagnation of enterprise. Others fear, not 
without justification, that the result might be a 
general increase in the price of the product. This 
diffidence is only natural. It arises from directing 
the limelight upon what is, after all, only a part of a 
much greater whole, and. from attempting to deal 
with a problem which, though profoundly influenced 
by present conditions, has its roots in the past, and 
whose aspect in the future will depend upon the 
industrial conditions which then pertain, and not 
necessarily upon those which now exist. For it 
cannot be denied that combination and the desire 
for combination have been engendered by the 
present state of the world’s markets, nor that when 
that state changes, some other policy may prove 
more attractive and more fruitful in application. 
This opinion is supported by the presidential 
address on “‘ Rationalisation of Industry,’ which 
Professor D. H. Macgregor delivered to Section F 
of the British Association at Leeds on September 1. 
He pointed out that while before the war the growth 
of great concentration of control over production 
was regarded with distrust, the tendency since the 
war, at any rate among economists, has been to 
regard it as the right policy “‘to form as many inter- 
national agreements of producers as possible.’’ These 
international agreements pre-suppose national com- 
bines, and such combines are, in fact, more necessary 
in the interests of national economy than the larger 
bodies are in a wider sphere of influence. A definite 
change from competition to combination is there- 
fore indicated, and we have to thank the Germans 
for the term rationalisation, to describe the methods, 
which depend upon this policy. Rationalisation, in 
fact, now connotes the right organisation of an 
industry considered as a type of government, and 
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control. The further natural corollary is the 
arrival of some sort of industrial Pitt or Napoleon, 
not to speak of not less familiar modern aspirants 
for the position, who will be capable of exercising 
such high qualities of imaginative leadership as 
the proper handling of such control will require. 
Even so, it must be emphasised that the posi- 
tion is not stable, but fluid. ‘The present stag- 
nation in trade, which is world wide, presses 
particularly hardly on the producer, and there is 
therefore a general] disposition to relieve his 
lot. If, however, a revival brings about something 
in the nature of a boom, opinion may well change 
and the public dislike to combination, which is not 
dead, but only sleeping, may return with renewed 
vigour. As Professor Macgregor rightly points out, 
therefore: ‘‘From any long point of view, a 
perplexing problem is offered, because if on the 
one hand it is held that industrial joint stock 
competition is becoming irrational on the 
other hand, monopolistic tendency is also unstable 
in face of public criticism. Hence some dread and 
others hope for more attention to the third method, 
that of public control.” 

Developments in the last direction have, of course, 
taken place in the United States, especially in the 
way of controlling the operations of what are 
called public utilities, and our own Central Elec- 
tricity Board is a big experiment in the same 
direction. There are, however, manifold objections 
to and difficulties in the way of ifs general applica- 
tion. Professor Macgregor, therefore,-seeks in the 
idea of leadership another way, along which private 
enterprise may work out its future. If, in fact, 
industry is compared with the other great systems 
of administration—political, military and ecclesi- 
astical—it is evident that the latter exist, because 
leadership has a definite place within them. If, 
however, there is to be leadership in industry 
there must also be control, and that control to be 
effective must be widespread. It is just at this point 
that the difficulty arises, because of the fundamental 
difference between industry and the public services, 
in respect both of their immediate aims and of their 
relation to the idea of responsibility. Nevertheless 
a large degree of leadership has grown up. For 
combination has assisted not only a better organisa- 
tion, but, what is a very impcrtant point, the 
attraction to industry of men of the highest ability. 
In attempting to organise for leadership, however, 
it is important not to forget an essential difference 
between industry and, say, gov-rnmental adminis- 
tration. Failure in the latter may lead to personal 
discredit, or to even graver results, but short- 
sightedness and inefficiency are likely on the whole 
to be easier to correct and less immediate and less 
far-reaching in their results than they would be in 
industry. Inindustry, in fact, the resources involved 
are personal, and subject to the risk of loss. This 
risk, or, more correctly (to borrow a scientific term), 
the specific risk is less both to the director and to 
the shareholders when the operations, which are 
being undertaken, are no longer separate entities, 
but parts of a much larger whole, and it would 
be interesting to know, therefore, how far this 
“revulsion against risk” has led to a desire for 
combination, and also what other and even greater 
risks have been created by combination itsélf. The 
mixture of risk with ambition is, therefore, a special 
industrial fact, and this has led to vertical combina- 
tions, in which a steel works may buy a mine to 
avoid paying the profits of a colliery trust and so 
conserve its own assets. Such a policy is, how- 
ever, not purely industrial. It has its administra- 
tive side, and may, in fact, be adopted for the simple 
purpose of leadership, so as to form, in combina- 
tion with a horizontal trust, that third great type of 
aggregated interest—the concern—of which post- 
war Germany has provided many interesting 
examples. In spite of the fact, however, that 
65 per cent. of the capital of the companies in 
Germany in 1926 was in concerns, these bodies are 
not a natural growth, in that they suffer from 
undue complexity, and tend to strain the powers of 
leadership to the utmost. Moreover, they do not 
appear to contribute to the solution of any economic 
problem, and may perhaps be the first to feel the — 
effects of any alteration in public opinion, such as 





this in turn implies some degree of monopolistic 


we have hinted at above. 
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An examination of the various forms of grouping 
shows therefore that it is difficult to limit the area of 
enterprise, which can be simply managed or directed, 
and that the authority of business leaders will 
increase with the magnitude of their engagements. 
This, again, must lead to complexity, which is 
another factor which may cause opinion to move 
as far beyond the sanction of combination as it 
has recently moved toward it. The intrinsic fluidity, 
both of the problem we are considering and of 
the methods which may be suggested for its 
solution, is therefore emphasised. The factor of 
the public attitude to these matters is indeed 
one of great importance. Recent information on 
the international extension of grouped control 
has brought the influence of industrial leaders 
in their own countries into considerable prominence. 
They have indeed played a leading part in the 
foundation of international policies. But though 
a country may accept the evolution of competition 
into a type of industrial administration, relying 
always on the foreign market to limit monopolistic 
policy; when this guarantee is endangered, it may 
go back on its assent to national combination 
under purely private leadership. The chief 
instability of the present position does not, therefore, 
lie in the formation of international agreements, 
but in the realisation that these agreements may 
result in undemocratic extensions of industrial 
authority and leadership. Professor Macgregor is 
to be congratulated on having so clearly uttered 
this warning. It is a matter which demands, 
and should receive close attention in any 
examination of the subject. The position is at 
best inconclusive, so that to draw any definite 
deductions might not only bring discredit on the 
prophet, but lead to more widespread harm. 

In the final section of his address Professor 
Macgregor has a word to say on the bearing of 
the argument for nationalisation, in the sense 
he uses the word, upon the great body of 
workers, who form so important a part of 
modern industry. Labour desires a_ greater 
share of control and, though attempts have been 
made to meet this natural desire, either by 
co-partnership schemes or by the issue of labour 
shares, as in New Zealand, it is very difficult 
to see how such a policy can be generally applied. 
Rationalisation by industrial grouping and leader- 
ship may lead, however, toward greater industrial 
peace, especially by sometimes ensuring a con- 
tinuance of work, while negotiations were in progress. 
This could easily be effected by the trade unions 
paying over a whole or part of the difference of 
the wages in question in the form of “ continuation 
pay,’ subject to a guarantee that they would be 
refunded as much of the claim as the award 
sustained. In the event of the award being in 
favour of the men, the union would be fully 
compensated for the advance while, if the contrary 
were the case, they would still suffer less than at 
present, since continuation pay would always be 
less than strike pay. The higher organisation of 
industry would contribute to the _ practicability 
of such methods, since it would enable a more 
complete guarantee to be offered by the employers. 

The address, as might perhaps be expected, ends 
upon a note of uncertainty. The results of recent 
attempts at industrial organisation are difficult of 
analysis, and the forces compelling them are still 
more obscure. The fact that economics is a 
science where theory and practice do not go hand-in- 
hand, and where experiment is generally dangerous 
and often impossible, do not make the lot of the 
investigator any easier. But Professor Macgregor 
has stated a case with skill, and given his hearers 
much food for reflection. 





FIRE RESISTANT CONSTRUCTION. 


WHILE it is recognised that no material at present 
in use for the purposes of building construction can 
stand high temperatures without suffering some 
injury, materials subjected to such temperatures 
differ widely among themselves in the amount of 
damage they sustain. It is therefore important 
to know which materials are resistant enough to the 
consequences of a fire to continue to carry their 
full load afterwards. It is also desirable that the 





damage sustained should be such as to be readily 
perceived and easily repaired. With these objects 
in view the Building Research Board of the Depart- 
ment of Scientific and Industrial Research had an 
experimental investigation made at the Bradford 
Technical College during the period 1922-1924 by 
Dr. R. E. Stradling, now its Director of Building 
Research, and Mr. F. L. Brady, an account of which 
has now been published. (Special Report No. 8, 
Fire Resistant Construction.) 

The report is in two parts, the first of which gives 
a summary account of the effect of high temperatures 
on various building materials, principally not 
containing metal. These experiments do not include 
constructions of timber, but the general account of 
the subject gives some observations by others 
and some comments which deserve attention. It 
is pointed out that in the United States it has 
been found possible to design constructions of 
timber that offer high resistance to fire, by using 
heavy sections—7 in. to 9 in. thick—and providing 
a system of light metal doors to isolate staircases, 
windows and door-openings, so preventing any con- 
siderable draught of air from the outside. An obser- 
vation by the authors on the destruction by fire of 
a large mill in this country showed also that, even 
with a plentiful supply of air, heavy timber beams 
offered far greater resistance than iron work. The 
building had been completely gutted, and all iron 
work had collapsed, the only portions of the 
floors that remained in position from wall to 
wall being heavy timber beams, which, though 
charred on the outside, were found to be quite 
sound in the centre, and had retained enough 
strength to prevent them from falling. 

An explanation is suggested for the success of 
this American ‘“ slow-burning mill construction” 
on the basis of observations by Mr. H. P. Starck 
on the heating of pitch pine. In these it was 
observed that prolonged halts in the rise of tem- 
perature occurred at about 110 deg. C. and about 
535 deg. C., which the present authors are disposed 
to attribute respectively to the evaporation of 
“sorbed” water and to the chemical breakdown 
of the timber and the evolution of tarry and other 
products, each process giving rise to excessive shrink- 
age, accompanied usually by shrinkage cracks. 
From this they infer that no great reduction of 
strength occurs between these points, and that, in 
practice, if no large failure of strength has occurred 
below about 200 deg. C., much further failure need 
not be feared till about 600 deg. C., when, however, 
a coating of charcoal is formed which increases the 
resistance of the timber both to fire and to the con- 
duction of heat. Without questioning the correctness 
of Mr. Starck’s observations on the material used, it 
is to be remarked that to assume the evolution of 
tar from timber to be deferred generally to some 
temperature above 500 deg. C., conflicts with a great 
deal of previous experience, which tends to put the 
usual beginning of this decomposition at about 
250 deg. C., shortly after which exothermic reactions 
set in, and the bulk of the decomposition is finished 
by about 350 deg. C. 

The remainder of the first part of the report 
includes a number of observations on the properties 
of various natural rocks and artificial products 
when exposed to heat. In regard to building stones, 
they lead to the conclusion that definitely crystal- 
line materials, such as granite, breaks down very 
suddenly and completely when heated, and that 
limestones also lose so much strength as to be useless 
for resistance to fire. Sandstones are less affected ; 
but as in a fire they usually crack through shrinkage, 
only the factor of safety prevents the loss of 
strength from being serious. The artificial materials 
discussed include clay and clay products and 
limes, cements and concrete. It was found 
that on heating the clays examined lost water and 
shrank to the extent of about 10 per cent., but 
that some of the water could be taken up again 
by clay that had been heated up to a temperature of 
800 deg. C. Owing probably to clinkering at 
600 deg. C. and upwards, burning seemed to destroy 
any internal structure through which changes in 
moisture were able to induce changes of volume. 
In some tests, rods of clay which had been heated 
to temperatures varying from 550 to 750 deg. C. 
expanded to extents varying from 0-1] to nearly 





0-4 per cent. when immersed in water for times 
up to about 18 hours, a large part of the expansion 
occurring in the first half hour, especially with the 
samples heated to 700 deg. C. or less. The expan- 
sion after immersion grew less as the temperature 
of heating was raised, and somewhat abruptly 
became practically negligible in specimens heated 
to 800 deg. or upwards. The expansion appears, 
in fact, to depend on the temperature of burning, 
and bricks, which probably are burnt at a normal 
temperature of 1,100 to 1,200 deg. C., seem to be 
altégether free from it. Except when they contain 
crystalline constituents, such as quartz, clay 
products, including brick and terra cotta, are said 
to offer probably the best resistance to fire. 

The fundamental fact in regard -to products 
containing lime, so far as concerns their resistance 
to fire, is that hydrated lime decomposes at about 
400 deg. C. into quicklime and water with con- 
siderable contraction, and when, after the mass has 
cooled, water reaches the quicklime so formed and 
re-hydrates it, the whole mass swells and is rapidly 
disintegrated. Itis for this reason that the addition 
of pozzolanic material, which combines with free 
lime, improves the resistance to fire of materials 
that contain lime, which in ordinary set Portland 
cement is disseminated throughout the mass. 
Similar considerations occur with concrete. If, for 
example, concrete is raised in a fire to a tempera- 
ture at which the free lime is dehydrated, the 
disintegration of the mass will take place when 
moisture has penetrated into it, and may not occur 
or become evident till a week or longer after the 
fire. With ferro-concrete, on the other hand, the 
steel expands while the concrete is shrinking, and 
through consequent spalling of the concrete cover 
the steel may be left exposed to the full action of the 
fire. 

The second part of the report deals with experi- 
ments on the preparation of a fire-resistant concrete. 
The investigation divided itself broadly into the 
preparation of a fire-resistant cement and the choice 
of a suitable aggregate. Ordinary Portland cement 
contains free slaked lime finely disseminated 
throughout its mass, and the improvement of its 
resistance to fire depends on its being found possible 
to mix it with a material of sufficient chemical 
activity towards lime in the presence of water at 
atmospheric temperatures—pozzolanic material— 
without reducing the strength of the product 
unduly. The material must, of course, be cheap 
and procurable in large quantities, and as the 
pozzolanic action is found almost to cease after 
about a week or less, the substance added must 
also be ground easily to a very fine powder, so that 
the combination may be as immediate as possible. 
The fineness adopted gave a residue of between 4 
and 1 per cent. on a 180 sieve. 

A detail of importance is that the absorption 
of lime is much more rapid with a fairly high 
percentage of mixing water than with a percentage 
which gives maximum strength. It is said, how- 
ever, that in practice the amount of water used 
in making concrete is as a rule too large for maxi- 
mum strength, and is probably sufficient for com- 
pleting the pozzolanic reaction. 

It has been observed that at 600 to 700 deg. C. 
a considerable loss of strength occurs in cement 
through the production of fine short shrinkage 
cracks within its mass, possibly owing to dehy- 
dration. This defect is thought to be insuperable, 
though its effect does not prevent cements from 
being made that will possess reasonable strength 
after exposure to 1,000 deg. C. and retain it after 
exposure to moisture. 

The report gives particulars of experiments made 
on mixtures including ground clinker, spent oil 
shale, finely-ground red brick, finely-ground fire- 
brick, volcanic earth (a weathered rock from 
Ashover, near Sheffield), finely-ground baked slag, 
finely-ground ordinary and_ granulated _blast- 
furnace slag, and diatomaceous earth (Kieselguhr) 
as pozzolanic materials, and red brick sand, blast- 
furnace slag, acid steel slag, firebrick sand, Rowley 
Regis dolerite, and Clee Hill dolerite as fine aggre- 
gates. The details of the experiments exhibit a 
number of facts, which throw light on the mechanism 
by which the special cement mortars examined are 
affected in the course of preparation, and when 
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and after they have been subjected to fire. Some 
of these seem likely to have practical importance 
in the preparation of such materials, and it may be 
hoped that after the conclusion of the investigation, 
which is still in progress, a systematic account of 
them will be prepared and published. In the 
meantime the most important conclusions drawn 
from them are in effect that fire-resistant cement 
of adequate strength may be made by adding to 
Portland cement in appropriate proportions a suit- 
able clinker, baked clay, or granulated slag, all 
ground very fine, and possibly spent shale. For 
some reason slag cooled without granulation is 
quite unsatisfactory, and the difficulty of obtain- 
ing clinker of constant composition and free from 
contaminating organic matter may make it an 
unsuitable addition to cement in practice. The 
fine aggregates that proved satisfactory were red 
brick and the two dolerites. 





NOTES. 


British STEEL REBATE SCHEME. 

THE conditions existing in the British heavy 
steel industry since the termination of the war, 
conditions which unfortunately show no signs of 
improvement, have led the manufacturers without 
exception to take an unusual and interesting step. 
This consists in the introduction, from September 1, 
of a scheme under which consumers, who buy only 
British products, will receive substantial considera- 
tion from time to time in the form of rebates. The 
scheme is too long to be set out in detail here, but 
briefly the rebate will be at the rate of 7s. 6d. per 
ton on joists and 5s. per ton on ordinary quality steel 
plates, of # in. thick and upwards for all purposes ; 
as well as on ordinary quality steel sections (of 3 in. 
and upwards, in the case of rounds, squares and 
hexagons) of over 5 in. wide, in the case of flats, and 
for all sizes in the case of other sections. An 
additional rebate of 1s. per ton is to be allowed for 
plain joists, where orders of not less than 20 ton lots 
are given in one day; and this rebate will be increased 
to 2s. 6d. per ton when the order amounts to 50 
tons, and to 5s. per ton when it is for 100 tons or 
more. The circular setting out these arrangements 
is accompanied by a memorandum, in which the 
reasons for taking this step are discussed at some 
length. The difficulties, against which the heavy 
steel industry has been struggling, include, it is 
pointed out, increasing foreign competition assisted 
by longer working hours, lower wages, subsidies and 
less taxation and railway rates. On the Continent 
the cost of social service is negligible, while in Great 
Britain expenditure under this heading has risen by 
230 per cent. since 1913. The result is that imports 
into this country are rapidly increasing, the figures 
being 14,000,000/. in 1923, 22,000,000/. in 1924, and 
29,000,000/. in 1926, and the indications are that 
the figures for 1927 will amount to no less than 
50,000,0007. Idle collieries, coke ovens, furnaces 
and steel works, and consequent unemployment are 
therefore common. An attempt has twice been 
made unsuccessfully to remedy the position by a 
request for relief under the Safeguarding of Indus- 
tries Act. Now self-help is to be tried, the policy 
adopted being determined by the fact that 
many consumers of heavy steel place the cream 
of their orders, that is to say, those for large 
quantities of easily manufactured material, abroad, 
reserving only the more difficult specifications, 
which can only be executed at a comparatively 
high cost, for British manufacturers. This attempt 
to improve matters is satisfactory as far as it goes. 
In industrial circles the offer of a rebate has an 
attractiveness, which often outweighs the actual 
sum involved; and we therefore hope that the 
result in this case will be a flow of orders, which 
will enable the fast-rusting machinery of the trade 
to be set revolving again at an accelerating speed. 
Nevertheless, it may be doubted whether the 
scheme goes far enough. Steel manufacturers 
may therefore be recommended to make a close 
examination of conditions generally, and to see 
whether other methods cannot be adopted in 
replacement of, or in addition to, a proposal whose 
scope is so obviously limited. A cursory survey 
discloses the following position: On the one hand, 
we possess a large number of economically unfit 


works, and on the other, too large a productive 
capacity. For this there is more than one remedy, 
perhaps the most successful of which would be an 
amalgamation of interests. If such a policy is 
right for the electrical industry, which is relatively 
prosperous, its benefits for the steel industry would 
appear to be correspondingly greater. In any event, 
price-maintenance schemes, even when accompanied 
by rebates, cannot altogether take the place of 
reorganisation. 


PROFESSIONAL INSTITUTIONS AND JUNIOR 
MEMBERS. 


The subject of engineering education is so 
important that it is not surprising to find it a 
perennial source of controversy, the greater part of 
which is, however, not conducted publicly. One 
form of argument is that the older Institutions with 
their grades of student, graduate, and associate 
member cause a distinct segregation of the junior 
men in their respective professions ; that, although 
these are entitled to attend the general meetings 
they are not encouraged to take part in the discus- 
sions on papers, and so miss the educative experience 
of seeking information on specific points from their 
assembled seniors. Without the expression of an 
opinion on either side it is of interest to note the 
policy of the recently formed Institute of Fuel. 
This organisation has a class called student members, 
but no intermediate grades between that and 
ordinary members which latter the younger men, 
over 25 years of age, are expected to become. 
They will thus have full standing, and it is considered 
would take an active interest in the work of the 
Institute. At the same time it is recognised that 
men at the outset of their career are not always able 
to afford a heavy subscription, and to meet this 
difficulty the annual membership subscription is 
fixed at two guineas yearly, a sum which even with 
a wide membership will only meet current expenses. 
Research and such-like activities are aimed at 
and the Institute of Fuel hopes, by the creation 
of a class of collective members to enlist the aid 
of industrial firms or corporate bodies. Such an 
organisation, all of which should have a repre- 
sentative at least holding a watching brief on the 
great question of fuel economy which so vitally 
affects them, will, for an annual subscription of ten 
guineas, have the privilege of nominating a 
“representative member.” This member, who 
should preferably be on the technical side of the 
organisation concerned, will enjoy the full rights of 
an ordinary member with all the literature and 
proceedings of the Institute, a duplicate set of these 
papers being provided also for the body holding the 
position of collective member. 





MERCHANDISE Marks Act, 1926.—The Board of Trade 
have referred to the Standing Committee appointed by 
them under the Act, applications for Orders in council 
to require the marking of imported insulated electric 
cables and wires, electric incandescent lamps, rubber 
manufactures (excluding tyres), and other goods. The 
committee will consider whether the above goods should 
be marked on sale or exposure for sale, and they may, 
at their discretion, also consider whether the goods should 
be marked on importation. The dates of the Com- 
mittee’s public inquiries into these applications will be 
announced later, and any communications regarding them 
should be addressed to the secretary, Mr. E. W. Reardon, 
at the New Public Offices, Great George-street, London, 
S.W.1, as early as possible, and in any case not later 
than the end of September. The references have been 
published in detail in the London, Edinburgh, and Belfast 
Gazettes of Friday, September 2, and in the Board of 
Trade Journal of Thursday, September 1. 





A 132,000-votr CaBLe.—In our issue of August 5, 
last (page 172), we gave some details of a 132,000-volt, 
100,000-kw. cable, which had recently been installed by 
the Commonwealth Edison Company of Chicago, and 
stated that a cable, which was to operate at the same 
pressure, was being laid between the Hillgate station in 
New York and the Dunwoodie distributing station, a 
distance of about 12 miles. We are now informed by the 
Pirelli-General Cable Works, Limited, of Southampton, 
that the latter cable was officially put into service on 
August 9. The cable, like the one laid at Chicago, is of 
the single conductor hollow-core, oil-fitted type, and is 
installed in ducts. It is capable of transmitting nearly 
100,000 kw. and will supply the electrical requirements of 
about 300,000 people. The “line ” will be operated as 
part of the New York Edison United Companies system, 
and was installed by the New York Edison and United 
Electric Light and Power Companies, under the supervi- 
sion of the Pirelli and General Electric Companies’ 





engineers. 


THE BRITISH ASSOCIATION AT 
LEEDS. 
(Continued from page 304.) 
SECTION G.—ENGINEERING. 
PRESIDENTIAL ADDRESS. 


CoNTINUING our report of the British Association 
Meeting at Leeds, we give below an account of the 
proceedings, dealing, in the first instance, with the 
Engineering Section, as is our usual practice. 

The Engineering Section met in the Emmanuel 
School, which is situated close to the University, 
and the proceedings were opened, on the morning 
of Thursday, September 1, by Prof. F. C. Lea, the 
Recorder of the Section, who first stated that Sir 
John Snell had written expressing regret at his 
inability to be present for the purpose of inducting 
the new President of the section, Sir J. B. Henderson, 
and requesting him (Prof. Lea) to perform that 
office for him. Sir James then took the Chair 
and delivered his presidential address, which was 
reprinted, in slightly abridged. form, on page 309, of 
our last week’s issue. We also commented on the 
address in a leading article on page 301 ante. At 
the conclusion of the address, a vote of thanks to 
the President was proposed by Sir Henry Fowler 
and seconded by Sir William Ellis. Sir William 
mentioned, in the course of his remarks, that 
inventors would be well advised to consult a member 
of the profession to which their invention related as 
early as possible, as in this way the waste of much 
time and labour might sometimes be avoided. On 
this point, however, Sir Charles Parsons, on being 
invited to speak, said that had he been aware of the 
fact that, when he started his work on the steam 
turbine, about 100 patents had previously been taken 
out for machines of this class, he would probably 
never have started at all; there were thus two sides 
to the question. He was not in full agreement with 
that part of the address relating to the patent 
position in the United States, and expressed the 
view that the conditions for inventors in that 
country were less favourable than in our own. In 
most cases it was almost hopeless to start an action 
to enforce patent rights in the United States. 

Prof. A. Barr, who was also present at the 
meeting, thanked the President for the references 
made in the address to his (the speaker’s) work on 
the development of the range finder. As a result 
of 40 years’ experience in investigation work, how- 
ever, he was of the opinion that no laws could be 
formulated to guide those who entered the profession 
in the future, since so much depended on the con- 
ditions of the particular problem attacked. If the 
history of successful inventions were to be written in 
detail, it would be very misleading, as there would be 
a tendency to omit reference to the unsuccessful 
work. The steps by which success was achieved 
in invention were sometimes due to careful investi- 
gations and sometimes to happy thoughts. It was, 
however, in some cases, a mistake to submit inven- 
tions to persons with experience in the subject of 
the invention, such persons being apt to think that 
what had not been done could not be done. Prof. 
Lea then put the vote of thanks to the meeting, and 
the vote was carried with acclamation. 


LUBRICATION. 


Sir James Henderson, after expressing his ap- 
preciation of the reception accorded his address, 
called on Dr. T. E. Stanton to give his paper 
on “The Lubrication of Surfaces under High 
Loads and Temperatures,” which was reprinted on 
page 312 of our last issue. Sir W. B. Hardy, who 
was to have contributed a paper on the theory of 
lubrication, was unable to be present, and, at the 
conclusion of Dr. Stanton’s paper, the Chairman 
called on Sir Charles Parsons to open the discussion. 
Sir Charles, after expressing his high appreciation 
of the value of the paper, merely asked for further 
information in connection with the diagrams, 
which information was at once supplied by the - 
author. Prof. Sir T. Hudson Beare, who followed, 
referred to the curves given in Fig. 4 of the paper, 
and asked if any explanation were available of the 
fact that the coefficient of friction for mineral oil 
No. 2 remained constant over such a wide range of 
temperature. To this Dr. Stanton replied that he 
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minute chemical analysis, and to this question 
Dr. Stanton replied in the negative, stating that, 
so far, only acidity and saponification tests had 
been made. Sir R. Threlfall then remarked that 
the presence of some unrecognised constituent in 
the oil might account for its behaviour, and might 
bring it into line with Sir William Hardy’s views. 

Sir Charles Parsons, who spoke again, referred to 
the fact that, in marine engineering, it was formerly 
the practice to form deep grooves on the pressure 
side of bearings, but pointed out that the use of such 
grooves had now been abandoned. Professor Lea 
asked if it would be possible for the grooves referred 
to to act as reservoirs for oil under high pressure, 
but Dr. Stanton replied that he did not think this 
would be the case, and added that grooves had not 
been employed for many years. Sir Henry Fowler, 
however, remarked that great benefit had been 
obtained from the use of grooves in the bearings of 
locomotive rods. The question of the materials 
for bearings, he added, was one of considerable 
importance, and it was possible to do away with the 
necessity for fine and careful fitting by employing 
white metal. In locomotive practice; white-metal 
bearings were used at considerably higher pressures 
than those referred to by the author. On recipro- 
cating bearings, pressures as high as 9,000 Ib. per 
square inch were employed, the area being calculated 
from the evidences of wear, and not from the overall 
dimensions. The only other speaker in the discus- 
sion, Mr. A. H. Fisher, enquired what time elapsed 
in the tests before failure occurred, and Dr. Stanton 
replied that it was of the order of half an hour. 

in proposing a vote of thanks to the author, the 
Chairman remarked that the science of lubrication 
was a very empirical one. In the Reynolds’ and 
Somnferfeld theories, viscosity had been thought 
to be a function of temperature only, but Dr. 
Stanton had found it to be a function of pressure 
also. He suggested that if a suitable allowance 
for pressure were made, the observed discrepancies 
might perhaps be accounted for. 


HypraAuLic ANALOGUE OF THE ELEcTRIC ARC. 


The last item on the programme for the morning 
meeting was a paper by Professor W. Cramp describ- 
ing a hydraulic model illustrating the behaviour 
of the electric arc; this paper was reprinted on 
page 314 of our last week’s issue. Prof. Cramp 
explained the contents of his paper, and success- 
fully demonstrated the use of an actual model. 
The first speaker in the discussion on this paper 
was Dr. Stanton, who enquired what was the angle 
of divergence of the meniscus valve used in the 
model ; to which the author replied that the angle 
could be varied over a very wide range. Prof. 
G. W. O. Howe expressed his appreciation of the 
model; and remarked that it would be most useful 
in teaching students who frequently found abstract 
electrical phenomena very difficult to grasp. For 
his own part, however, he sometimes found it 
convenient to explain mechanical problems in terms 
of the electrical phenomena with which he was 
more familiar. Actually, he was more interested 
in the electrical aspects of the distinction between 
the behaviour of the Duddell and Poulsen ares. 
These had been discussed in German technical 
papers by Pedersen, who, he noticed, never referred 
to the negative-resistance characteristic. Prof. 
Howe thought the problem should be divided into 
two branches, one of which was dependent on the 
negative-resistance characteristic while the other 
took into consideration the fact that the arc was 
extinguished at each oscillation. The occasion, 
however, was not appropriate for the full discussion 
of this aspect of the problem. 

The next speaker, Prof. F. G. Baily, said he 
greatly admired the model, but thought the student 
might find as much difficulty in understanding 
why it worked as he would in grasping the explana- 
tion of the electrical phenomena it illustrated ; any 
trouble taken in understanding it would, however, 
be well repaid. The only other speaker on the 
paper was Prof. E. W. Marchant, who com- 
pared Prof. Cramp’s model with that used by 
Duddell to explain the Duddell are ;_ the former, he 
said, was much the simpler of the two. He thought, 
however, that two distinct phenomena were in- 
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volved, one in which the oscillations were con- 
tinuous and the other in which they were separated ; 
although the model was particularly interesting he 
was inclined to adhere to the older explanation 
of the production of the oscillations. 

The Chairman, in proposing a vote of thanks to 
Prof. Cramp, said the problem discussed was 
one in which but little help had been obtained from 
mathematicians. He remembered, many years 
ago, making an analysis of the vibrations of a ship 
and discovering a harmonic between the propeller 
impulses and the natural period of vibration of 
the vessel. He had béen taken severely to task for 
suggesting that harmonic impulses could excite a 
fundamental vibration, but it had been shown 
subsequently that this was actually the case. In 
responding briefly, Prof. Cramp said he knew 
the question raised was a controversial one which 
could not then be fully discussed, but he asked 
Professors Howe and Marchant how they would 
explain the transference of energy from the direct 
to the alternating-current side. The ratio of 
alternating current to direct current, he added, 
was almost the same for the Duddell arc as for 
the Poulsen arc. He was particularly interested 
to hear what Sir James Henderson had said with 
reference to the production of fundamental vibra- 
tions by harmonic impulses, and was glad to have 
his support on this point. 

This concluded the programme for the morning, 
and the meeting then adjourned. 


UrinisaTion oF COAL. 

THE programme for the meeting of Friday, 
September 2, included three papers on the subject 
of coal and its utilisation. The first of these, by 
Dr. H. C. Lander, and bearing the title ‘ Our 
Available Coal Supplies and their Utilisation,” is 
reprinted on page 340 of this issue, while that by 
Professor J. W. Cobb entitled “ The Utilisation of 
Our Coal Supplies’ appears on page 341 and the 
third paper by Professor R. V. Wheeler, on “ The 
Chemistry of Coal ’ appears on page 344. Professor 
Cobb’s paper dealt largely with the problems of 
carbonisation, while Professor Wheeler’s paper was 
mainly concerned with the chemistry and constitu- 
ents of coal. Sir James Henderson occupied the chair 
and first called on Dr. Lander to read his paper. In 
this a reference was made to the production of 
coke from non-coking coals after previous hydro- 
genation, and Dr. Lander exhibited samples of coke 
produced in this way from Pooley-Hall coal. At 
the conclusion of Dr. Lander’s paper, the Chairman 
said it had been suggested that the discussion on 
all three papers should be taken together after the 
other two had been read, and he then called on 
Professor Cobb to read his communication. Dr. 
Wheeler was unable to be present at the meeting, but 
his paper was summarised by Dr. F. V. Tideswell. 

The first speaker in the discussion on these 
papers was Dr. A. Parker, who remarked that 
Dr. Lander had dealt with the question of coal 
utilisation from the general standpoint, while 
Professor Cobb had considered the same subject 
with reference to various methods and processes. 
The third paper dealt with a more abstract branch 
of the subject, and he therefore proposed to confine 
his remarks mainly to the first two. Dr. Lander, 
he said, rightly emphasised the importance of 
more work of a fundamental nature being done, 
but it was by no means easy to decide what was 
fundamental when dealing with a complex substance 
like coal. In the study of coal, many variables 
were involved, of which he might mention the size. of 
the coal, the temperature, the origin of the coal, 
the nature of the ash constituents, the rate of 
heating, the thickness of the layer heated, &c. 
It would be obvious that these variables in com- 
bination would give rise to hundreds or thousands 
of factors affecting the results. Professor Cobb had 
pointed out that, in the economic development of 
carbonisation processes, speed seemed to be the 
determining factor. He had also referred to the 
carbonisation of coal in powdered form. The 
speaker thought that an important development in 
this connection was the transfer of heat to the coal 
by the passage of heated gases through the retort. 
This method of carbonisation was worthy of further 
investigation. Improvements might also be effected 








by employing better conductors than the usual 
refractory materials for the construction of retorts. 
With regard to the efficient utilisation of coal, 
he thought there might be better co-operation 
between the carbonising and other industries, 
pointing out that some of the coke produced in the 
gas industry was in the form of breeze or dust which 
might be employed for steam raising in electric 
power stations. Breeze, he added, was largely used 
for steam raising in the gas works, but the fact that 
the latter were now giving greater attention to the 
matter of waste-heat utilisation would leave more 
of the breeze available for use in other industries. 
It was in this direction that the greatest step could 
be made in the near future, and for the more distant 
future to make use of the fundamental work. 

Mr. A. Lupton, the next speaker, criticised the 
figure of 180,000 million tons given by Dr. Lander 
as the quantity of coal remaining in Great Britain, 
stating that the amount was probably twice as 
great, and Mr. C. E. Stromeyer asked if Dr. Lander 
was aware of a process used in Silesia for drying 
lignite. The latter, he said, contained 30 to 40 per 
cent. of water as mined, and, when dried in the 
ordinary way, was found to disintegrate completely. 
It had been found, however, that by placing the 
lignite in vessels of water, gradually heating the 
water to boiling point and then draining it off, the 
lignite subsequently contracted in drying without 
disintegration. In connection with our coal 
resources, Mr. Stromeyer pointed out that, now that 
powdered coal could be burned efficiently, it might 
be possible to make use of some of the existing 
thin seams of coal, provided that some form of 
scraper conveyor could be devised to extract the 
coal from such seams in the form of dust. If that 
were practicable, our coal resources, he thought, 
would be increased by quite 100 per cent. 

Prof. Sir T. Hudson Beare, who followed, said 
the question of smoke production, which was of 
importance in connection with the utilisation of 
fuel, had not been touched on in any of the papers. 
The use of pulverised coal would prevent the produc- 
tion of smoke in power plants, but could not be 
applied to domestic fires which, he understood, were 
the worst offenders in the matter of smoke production. 
He hoped, however, that low-temperature carboni- 
sation would assist in that respect. He had no 
figures giving the cost of the smoke nuisance to the 
community, but had no doubt that it was high, and 
it certainly had a bad effect upon the general health. 

Professor F. C. Lea said that many engineering and 
metallurgical problems had still to be solved before 
carbonisation processes were likely to be economical. 
He thought that, in the next few years, it would be 
necessary to give more consideration to the use of 
the gaseous products of carbonisation processes for 
domestic and industrial heating, and to use powdered 
coke for boiler firing. Mr. A. Lupton, who spoke 
again, referred to a method, used some years ago by 
a firm in Leeds, of washing flue gases to remove the 
smoke, and Dr. J. S. Owens, the last speaker in the 
discussion, said that in an American city the loss 
to the community due to the production of smoke 
was estimated at 30s. per annum per head of the 
population. In connection with the use of gas for 
domestic heating, he expressed the view that the 
solid-fuel fire was a much more effective ventilator 
than a gas fire, and suggested that existing grates 
might be modified to render them suitable for 
burning gas coke. 

The Chairman then called on Dr. Lander to reply 
briefly to the points raised in the discussion, which 
had occupied rather longer than the time allowed. 
Dr. Lander said that the references of Professor 
Cobb and Dr. Parker to the question of heat trans- 
ference through coal had reminded him of some 
experiments carried out several years ago by Dr. 
Petavel and himself on heat transmission through 
insulating materials. They had surrounded a hot 
pipe with slag wool packed to different densities, 
and, by plotting the rate of heat transmission against 
the density, had obtained a, U-shaped curve with a 
minimum transmission at a density of 10 lb. per 
cubic foot ; the figure, he added, was the same for 
silk waste. It was easy to understand that the 
heat was transmitted mainly by conduction when the 
material was tightly packed, and mainly by convec- 
tion when it was loosely packed. Something similar 
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occurred in coal-carbonisation processes, some of 
which seemed to be worked at the minimum effici- 
ency of heat transmission. With regard to Mr. 
Lupton’s remarks, he had taken the figure of 
180,000 million tons as the coal reserve of this 
country merely to calculate the equivalent amount of 
oil, and if the coal available was greater than he 
had assumed the oil equivalent was correspondingly 
increased. He was interested in Mr. Stromeyer’s 
remarks on the somewhat Gilbertian process of 
drying coal by making it wetter. 
Professor Hudson Beare’s remarks on the subject of 
pulverisation, and added that the importance of the 
domestic-fuel problem was fully realised; they 
were giving considerable attention to the subject 
at the Fuel Research Station. The metallurgical 
problems, mentioned by Professor Lea, were most 

’ difficult, not only in connection with carbonisation 
but in many other industries. It was largely a 
question of getting heat-resisting metals much 
cheaper than those at present available. He 
suggested that metallurgists might well give more 
attention to cast iron, as a 20 per cent. improvement 
in the heat-resisting properties of this metal would 
render possible many processes which could not be 
worked economically at the present time. 

Prof. Cobb, who then replied, referred only 
to one point raised by Dr. Owens. He agreed 
with the latter as to the importance of ventilation, 
and that the open fire was not only a heating but 
also a ventilating appliance. The solid-fuel fire 
was likely to have a very long life yet, and one im- 
portant reason for this was that it formed a useful 
domestic refuse destructor. There would be con- 
siderable difficulty of dealing with house refuse if 
the solid-fuel fire were abolished. A solid-fuel fire 
did not, however, necessarily mean a smoky fire, 
if smokeless solid fuels were used. He was sorry 
that Dr. Owens had suggested that a gas fire was 
not an effective ventilator. This might have been 
true in the early days, but the trouble was soon 
remedied, and, at the present time, if a room 
heated by a gas fire was not well ventilated the fire 
could not have been properly fitted. Dr. Tideswell, 
in his reply, merely called attention to the fact that 
the smoke nuisance from domestic fires could be 
materially reduced by the better selection of 
ordinary coals. 


UTILISATION OF THE EartH’s INTERNAL HzEat. 


After proposing a vote of thanks to the authors 
of the three papers on the subject of coal, the Chair- 
man called on Mr. J. L. Hodgson to give his paper 
on the utilisation of the internal heat of the earth. 

The paper attempts to collect the essential data 
and to formulate the principal difficulties which 
bear upon the problem of utilising the earth’s 
internal heat, and to present these in a form con- 
venient to engineers. 

The earth’s total reserve of heat, the heat lost by 
radiation into space, and the amount of heat 
produced by radioactive materials in rocks, are 
estimated. The distribution of radioactive 
materials and their effect on the temperature 
gradient of rocks is discussed. Reasons for 
assuming that the interior of the earth is getting 
hotter rather than cooler, and is solid rather than 
liquid, are given. 

The rates of heat leakage from a cylindrical bore 
hole in the centre of a hot slab of heat-insulated 
material which (a) does not contain radioactive 
material, and (b) which does contain radioactive 
material are calculated, and the “heat leakage- 
time” curves are plotted. The heat yield under 
steady flow conditions for a deep heat borehole is 
also estimated. Various types of heat boreholes 
are considered, and details, such as the use of cooling 
suits for the workers, and the choice of the most 
suitable circulating liquid for the boreholes are 
briefly discussed. 

The probable heat yields from these bore holes 
are compared with the yield of a modern boiler, 
and the possibility of putting down 4,000 h.p. 
low-temperature heat boreholes four or five miles 
apart over most of the land areas of the globe 
is suggested. 3 

The paper includes an account of what has 
already been done in utilising the heat available in 
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fractured, and in which heat bore holes can be put 
down at frequent intervals without undue expense. 

A summary of the data, the formal mathematical 
proofs, and certain of the technical details are given 
in appendices to the paper. 

Mr. Hodgson did not read his paper in full, but 
gave a non-technical summary of it with the aid 
of a number of lantern slides. At the conclusion 
of this, the Chairman invited discussion on what he 
described as an interesting, but highly speculative, 


aper. 
The first speaker, Mr. C. E. Stromeyer, took excep- 
tion to some of the author’s figures relating to the 
quantity of heat available from the earth and also 
expressed the view that the heat transfer would 
take place only, or mainly, in the upper portion of 
the deep boreholes suggested by the author. Mr. 
A. Lupton reminded the meeting that Sir Charles 
Parsons, several years ago, had suggested sinking 
deep shafts for the purpose of obtaining heat. 
The only other contribution to the discussion was a 
written one from Mr. N. H. Hunt, which was read 
by Professor Lea. In the course of this, Mr. Hunt 
pointed out that power installations somewhat 
similar to those proposed by the author were already 
in existence in places where the temperature near 
the earth’s surface was much higher than the 
average. That heat could be extracted almost 
indefinitely could be shown by reference to the 
mining conditions in Johannesburg, where the rock 
has a very low temperature gradient of 1 deg. F. 
in 210 ft. Much data had been collected with 
regard to the ventilation of these mines, and, in 
one instance, the air circulating from the surface, 
through the workings and returning to the surface 
through an exit shaft, amounted to 400,000 cub. ft. 
per minute. This air entered the mine at 41 deg. F. 
and 44 per cent. relative humidity, and left at 
71 deg. F. with 100 per cent. relative humidity. 
Under these conditions, the heat extracted from 
the mine amounted to 560,000 B.Th.U. per min., 
which, if it could all be converted to a convenient 
form, represented 13,200 h.p. This amount of 
heat could be obtained from rocks which were con- 
sidered unsuitable for the purpose and at depths 
of only 7,000 ft. 

Mr. Hodgson, who then replied briefly owing to 
the lateness of the hour, said the figures given in 
his paper had been worked out with the greatest 
care, and carefully checked. He thought Mr. 
Stromeyer would find that his criticisms were not 
valid when he had time to go through the calcu- 
lations which were fully set out in the paper. He 
thanked Mr. Hunt for his contribution to the dis- 
cussion. After a vote of thanks to the author 
had been proposed by the Chairman, and duly 
carried, the meeting was adjourned. 


(To be continued.) 


Moror-Cycies In PanamMa.—A confidential report on 
the market for motor-cycles in the Republic of Panama 
has been prepared by the Department of Overseas Trade, 
from information furnished by His Majesty’s Vice-Consul 
at Panama, and issued to firms whose names are entered 
on the special register of the Department. United 
Kingdom firms desirous of obtaining a copy of this report 
should communicate with the Department of Overseas 
Trade, 35, Old Queen-street, London, S8.W.1. 





OVERSEAS ORDERS FOR ELECTRICAL MACHINERY.— 
It is very gratifying to hear that, although the holiday 
season is usually regarded as one in which orders may be 
expected to fall off, during the last month notable orders 
from abroad were received by the Metropolitan-Vickers 
Electrical Company, amounting to considerably over 
500,0002. These included equipments for the New 
South Wales Railway electrification and the Leopol- 
dina Railway, Brazil; turbo-generating sets for Cal- 
cutta, the Punjab, and the State Commissioners of 
Victoria; transformers for Shanghai; and switchgear for 
Melbourne, 





HeEavy-CuRRENT ELectropE Horpers.—With the 
introduction of metallic are welding, using very large 
currents. it has been necessary to devote close attention 
to the design of accessories. Recently the Lincoln 
Electric Company, of Cleveland, Ohio, introduced an 
electrode holder suitable for metal electrodes of }4-in. 
diameter and capable of carrying 600 amperes. In this 
design, the replaceable copper jaws have right-angled vees 
in them to accommodate the electrode end, and the 
movable jaw is held against the electrode by a lever with 
a substantial spring near its end. The handle is well 
insulated and provided with a large shield, while a careful 





hot surface rocks, which are usually porous or 





THE nineteenth annual autumn meeting of the 
Institute of Metals opened on Tuesday last, at 
the Municipal Technical College, Green-lane, Derby, 
and closes to-day. The proceedings on the first 
day commenced at 8 p.m., when the president 
of the Institute, Sir John Dewrance, occupied the 
Chair. In a brief speech, Sir Henry Fowler, vice- 
president of the Institute, and convener of the 
meeting, welcomed the members to Derby, and 
wished the function every success. As a member 
of the Derby Education Committee he very much 
regretted the unavoidable absence that evening of 
Dr. Bemrose, who had done so much for education 
in Derby. Sir John Dewrance thanked Sir Henry 
Fowler for his remarks, and then called upon 
Dr. L. Aitchison to deliver the Sixth Autumn 
Lecture. 


Non-Frerrous Mrrats 1n MopERN TRANSPORT. 
Having briefly reviewed the relative physical 
and chemical properties of steel and non-ferrous 
metals, Dr. Aitchison proceeded to examine some 
of the particular reasons that had operated and led 
to the adoption of various non-ferrous materials in 
modern transport systems. Taking first the copper 
and copper alloys group; one of the first examples 
calling for comment, remarked Dr. Aitchison, was 
provided by condenser tubes. Such tubes played 
an important part in the equipment of steamships— 
a very notable feature of modern transport. They 
also formed an extremely prominent portion of the 
equipment of the electrical-generating stations, which 
were essential to tramways and electric railways. 
Two very important properties must be possessed by 
the metals, of which these tubes were composed. 
The first was adequate resistance to corrosion, 
and the second was the highest available thermal 
conductivity. The great majority of condenser 
tubes, at the present time, were made of brass. 
There were a certain number of people who held 
the opinion that it would be possible to produce 
condenser tubes in other alloys in order to obtain a 
high resistance to corrosion, and therefore a longer 
life. The resistance to corrosion and the endurance 
provided by tubes made of 70:30 or 70: 29:1 
brass was very good, but by no means perfect, and 
an improvement would be welcomed by the users 
of tubes. The hopes of most of these people were 
centred upon the alloys of copper and _ nickel, 
and many trials were being made at the present 
time with a variety of such alloys, containing a 
greater or less proportion of nickel. The cupro- 
nickels, which might be regarded as being more or less 
standard alloys were those containing 15, 20 and 30 
per cent. of nickel, and the resistance of these alloys 
to corrosion appeared to increase with inerease 
in the proportion of nickel. A further increase in the 
percentage of nickel led to the Monel metal group. 
This alloy was still more resistant to corrosion than 
the ordinary forms of cupro-nickel. 
The behaviour of these various alloys in general 
service was tolerably well known, and their capacity 
for resisting corrosion, in the ordinary way, was 
fairly common knowledge. It was not established, 
however, that any of these alloys were able to 
endure the peculiar conditions that obtained in 
condenser tubes better than ordinary brass tubes. 
The conditions of service of a condenser tube were - 
nearly unique, and long experience had shown that 
it was not at all safe to assume that a material giving 
good results in general service was bound to give 
equally good results in condenser practice. Con- 
sequently, it was rather too early to say whether 
or not the brass condenser tube was likely to be 
displaced by the cupro-nickel, or the Monel metal 
tube for marine work. Extensive trials were being 
made upon these alternative metals, but the fight for 
supremacy would last for a long time. Condenser 
tubes of pure nickel were also being subjected to 
some experimental trials. The thermal conduc- 
tivity of the nickel-bearing tubes was lower than 
that of the plain brass. This was a disadvantage 
in condenser work. If the endurance and life of 


nickel-bearing tubes proved to be very much greater 
than those of brass tubes, it might be possible to 
counteract the lower conductivity by reducing the 
wall thickness of the tube, 


but to do so would 





study has been made of balance to ensure ease of working. 
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only be justified by a very markedly superior 
resistance to corrosion. 

Possibly the physical property, that accounted 
for the greatest employment of copper, was its con- 
spicuously high electrical conductivity. Naturally 
this led to the extensive use of this metal in those 
branches of transport, which relied on electricity. 
Whilst the amount of copper used in the steam 
locomotive was quite considerable, amounting to 
10 per cent., that employed in the electric locomotive, 
a unit of increasing importance was much greater. 
Up to the present, locomotives, whether steam or 
electrically driven, contained little or no aluminium 
or light-alloy parts or fittings. In the case of rolling 
stock, on the other hand, a good deal was being 
done, and was being contemplated, in the matter 
of reducing weight. It was well known that, in the 
majority of cases, passenger coaches comprised 
a framework of steel built on steel longitudinals, 
which, in turn, were secured to the bogies. The 
outer casing and the roof of the coach were composed 
of steel plates riveted to the frame. The majority 
of these latter items could be made of light alloys. 
A set of coaches recently built by the Pennsylvania 
Railroad in America showed a reduction in weight 
of five tons per coach, this being due to the fact that 
light alloys had been used in the building of the 
superstructure. On other types of passenger coach, 
notably the type with doors at the ends only, such as 
that used on underground railways, the panelling 
of the exterior of the coaches provided an oppor- 
tunity, which was not being neglected, for the adop- 
tion of light metals. Aluminium sheets were scarcely 
rcbust enough for this type of service, but Duralumin 
sheets provided a perfectly adequate substitute for 
steel sheets. 

Aluminium alloy castings were being used in the 
manufacture of the mechanically-operated sliding 
doors of the passenger coaches of the Underground 
Electric Railways. These doors were each cast in 
one piece, using an aluminium-silicon alloy, and 
they were very serviceable and convenient. Similar 
alloys were employed for the window frames on rail- 
way coaches. Turning now to road vehicles; the 
millions of gallons of petrol consumed unnecessarily 
in transporting dead structural weight in commercial 
vehicles was simply appalling. There was also 
another aspect of the case. While the use of light 
alloys in certain parts of the engine resulted in a 
saving in the gross weight of the vehicle, their 
employment in other parts resulted in the efficiency 
of the engine being greatly improved. The piston 
and connecting rod were reciprocating masses within 
the engine, and a reduction in their weight produced 
a reduction in the loads on the big end bearings, 
with a consequent gain in life. Incidentally, the 
reduction in the weight of these reciprocating 
masses spelt a reduction in inertia, which in turn 
brought an increased ease of acceleration, one of 
the most prized attributes of the modern car. 

Although magnesium pistons were not much in 
evidence in this country, they were being used in 
Germany to an appreciable extent in certain types 
of car. The favoured material, at present, was the 
magnesium-aluminium-silicon alloy, rather than the 
magnesium-copper alloy previously used. Other 
parts of the engine and avxiliaries, in which light 
alloys were used in-the form of castings, were 
cylinder heads, crank-cases, sumps, gear boxes and 
gear-box covers. In addition, differential covers, 
carburettor bodies, fans and the like, were generally 
made of aluminium alloys. In motor omnibus 
construction, the application of wrought light alloys 
had probably gone further than in lorries and 
private cars. In some of these vehicles, the whole 
of the superstructure was being built of these 
materials, which led to a big saving in weight. 
Change-speed levers, brake levers, luggage grids 
and bumpers, made of wrought light alloys, were 
common, while panels of Duralumin, or similar 
material, were widely employed. It seemed likely, 
however, that one of the greatest eventual savings 
would be found in the use of Duralumin for road 
wheels. This was a big field that had not yet been 
fully explored ; it was, however, full of promise. 
Cast aluminium wheels had been used with some 
success, and it was certain that the drop-forged 
wrought light-alloy wheel would be further em- 
ployed. 





It was undoubtedly in aircraft that the applica- 
tion of light metals had been the most widespread. 
For structural purposes in this field, however, the 
non-ferrous metals had to compete with two other 
materials ; on the one hand, with steels of various 
types and strengths, and on the other, with timber— 
a material of very remarkable properties. In this 
connection, it might be stated that whereas it might 
be possible to design a lighter structure in high- 
tensile steel, than in a light alloy, the use of the 
latter was frequently preferred because the additional 
volume of metal was of the greatest convenience to 
the constructor—both by producing rigidity and 
also by conferring ease in handling. Up to the 
present, the dirigible rigid airship had been the 
exclusive sphere of Duralumin construction. 
Whether, in the future, this metal would have to 
share a part of the honour with steel, depended a 
good deal upon the performances of the two British 
ships, which were at present under construction. 
The dirigible airship was a masterpiece of skilful 
engineering design, but it was extremely doubtful 
whether its construction would ever have been 
worth attempting, if a strong wrought light alloy 
had not been available. It was probable that the 
rigid airship would always remain a predominantly 
non-ferrous structure. 

The design of heavier-than-air craft was in a 
process of transition ; several rival types of machines 
were being developed. The first type was nominally 
all steel, the second, nominally all Duralumin, the 
third consisted of a mixture of steel and Duralumin, 
whilst the fourth embodied some timber. Whichever 
of these various and rival types would eventually 
emerge as the accepted standard, it was tolerably 
safe to predict that the successful one would 
embody a very fair proportion of light alloys. A 
conspicuous development in seaplanes was the 
displacement of the wooden by the all-metal float. 
A good example of the success of these members 
was furnished by the Duralumin floats built by 
Messrs. Short Brothers for the machine flown by 
Sir Alan Cobham on his trip to Australia and back. 
Equally striking was the construction of the hulls 
of flying boats entirely of metal. A perfectly water- 
tight hull was produced, and the use of metal 
eliminated entirely that bugbear of wooden hulls— 
the very large and variable absorption of water. 
The difference in the behaviour of a wooden and a 
metal hull, when striking upon an anchor or a buoy, 
or even a rocky beach, could well be imagined. 


Unper-CooLina oF ALUMINIUM ALLOYS. 


On Wednesday morning, the 7th inst., the first 
paper taken was entitled ‘“‘ The Under-Cooling of 
some Aluminium Alloys, by Dr. Marie Gayler. 
It was read in abstract by Dr. Gayler, who 
stated that, in some preliminary experiments, 
an aluminium-silicon alloy had been poured into 
iced water, and it had been found that complete 
‘* modification ’’ could be effected in that manner. 
This result had led to a study of the effect of rapid 
chilling on aluminium-silicon alloys, free from 
sodium, with a view to throwing more light upon 
the process of modification. The investigation had 
then been extended to alloys of aluminium with 
copper. As a result of a series of experiments, 
solubility curves, corresponding with a definite rate 
of chilling, had been determined for ‘“ normal” 
aluminium-silicon alloys. The curves thus obtained 
were probably in close approximation to the super- 
solubility curves of aluminium and silicon. Syste- 
matic under-cooling did not occur in modified 
aluminium-silicon alloys. Consequently, it had 
been impossible to obtain supersolubility curves of 
those alloys. It was concluded that the curves of 
solubility, represented by the modified diagram, 
corresponded closely to the supersolubility curves 
of normal aluminium and silicon alloys. The 
experiments carried out had shown that copper- 
aluminium alloys could be under-cooled; the 
amount of under-cooling being of the order of 12 
deg. C., for a definite rate of cooling. The effect cf 
0-2, 0-4, 0-6, and 0-8 per cent. of iron on a 7 per 
cent. copper-aluminium alloy had also been studied. 
The conclusion arrived at, as a result of the investi- 
gation, was that the separation of iron in these 
alloys was very much affected by undercooling. 
This was of great practical importance, since the 











structure of the constituent FeAl, in such alloys 
was much altered, and would most probably affect 
the mechanical properties. 

The first speaker in the discussion, Dr. A. G. C. 
Gwyer, who, with Mr. H. W. L. Phillips, has been 
carrying out investigations with aluminium-silicon 
alloys, said that one of the points they had con- 
sidered was whether the normal eutectic could be 
associated with the solubility curve, and the modi- 
fied eutectic with the supersolubility curve ; or, in 
other words, whether the rounded particles of modi- 
fied eutectic might be the result of a labile shower. 
They had abandoned that idea beeause they had 
found that fully modified structures could be 
obtained with practically no undercooling, when the 
freezing point was depressed by only 1 deg. C. 
Dr. Gayler had found that alloys, which had solidi- 
fied on the super-solubility curves, were fully normal, 
and that fact effectively disposed of the possibility 
that the modified eutectic might be the result 
of a labile shower. Therefore, she had confirmed 
their view. They agreed with the conclusions 
Dr. Gayler had come to, as the result of her work 
on aluminium-silicon alloys. They agreed also 
that sodium caused crystallisation to take place 
at temperatures of spontaneous crystallisation, 
but it was true of certain rates of cooling only. 
Their suggested explanation was that the modifier 
retarded the velocity of crystallisation, the result 
being that the evolution of latent heat was insuffi- 
cient to balance the radiation losses. Therefore 
undercooling occurred, and steady temperatures 
were not reached, until a sufficient degree of under- 
cooling had been attained to give the required rate 
of solidification. Assuming all this to be correct, 
their theory was that the difference between normal 
and modified alloys was that, in the former, under- 
cooling occurred with ultra-rapid rates of cooling, 
and, in the latter, with rates such as were ordinarily 
employed in thermal work. 

Dr. W. Rosenhain stated that Dr. Gwyer had 
said that the function of the modifier was to 
retard the rate of crystallisation. If that were 
true, it might be interesting to compare this action 
with that which occurred when additions of nickel 
and chromium were made to the iron-carbon alloys. 
The eutectical transformation in iron-carbon alloys 
was difficult to suppress, but additions of nickel 
and chromium retarded that action. Whether 
or not there was some connection between 
the action of the modifier in silicon-aluminium 
alloys, and the effect of additions of nickel’ and 
chromium to iron-carbon alloys was well worthy of 
consideration. Mr. D. R. Tullis, who spoke next, 
thought that it was possible to bring about partial 
modification of silicon-aluminium alloys by means 
other than the addition of sodium or alkaline 
fluorides to the molten alloy. He thereupon 
showed slides illustrating the effects of various 
treatments on an 11 per cent. silicon alloy, contain- 
ing about 0-5 per cent. iron as an impurity. The 
alloy had been melted and, when at a temperature 
of 680 deg. C., chlorine gas had been passed through 
the molten mass for a period of three minutes. 
The alloy had then been cooled down to 635 deg. C., 
and a sand-cast bar produced from it. Considerable 
modification had taken place, and the specific 
gravity had risen by about 1-2 per cent. These 
results went to prove that the dispersion of the 
silicon-aluminium compound was influenced by 
the presence of dissolved or combined gases. 

Dr. Gayler, in her reply to the discussion, stated 
that she was glad that Dr. Gwyer agreed with her 
main conclusions. She agreed that to regard the 
sodium as functioning as a colloidal protector was 
the best explanation, which could be offered at this 
stage, concerning the modification question. Turn- 
ing to a point raised by Mr. Tullis, she stated that 
on one occasion she had obtained the modified 
structure by casting an aluminium-silicon alloy in 
wedged-shaped copper moulds. She had tried to 
repeat this, but had failed ; and had had the first 
alloys analysed. Sodium had been found to be 
present ; it was a mystery as to where it had come 
from, but it had brought about modification. She 
therefore asked Mr. Tullis, if he was absolutely 
certain that the alloys referred to by him contained 
no sodium. 


(To be continued.) 
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LABOUR NOTES. 


THE 59th Trades Union Congress, which began at 
Edinburgh on Monday, opened on a more hopeful note 
than the majority of its immediate predecessors. Mr. 
George Hicks, in his presidential address, dealt with 
many interesting topics, but the part of his speech which 
attracted most attention was devoted to a consideration 
of the relationship of employers and employees. It 
was not merely in a political sense, he declared, that 
the movement must press forward. “Our trade 
unions have not yet reached,” he proceeded, “ the 
limit of their development. Rather I would say that 
we are just at the beginning of the constructive period 
of trade unionism. More and more the workers are 
aiming at obtaining a share in the control and adminis- 
tration of industry through the trade unions. Training 
in management and administration is absolutely essen- 
tial as a preliminary step towards industrial freedom. 
Not until the workers fit themselves to deal with the 
problems of management and the conduct of industry 
will they be capable of controlling industry.” 





** And here,’ Mr. Hicks proceeded, ‘“‘ I should like 
to say this: We all know—employers as well as trade 
unionists—that the vexatious, toilsome, and difficult 
period through which we are passing is a transitional 
period. Much fuller use can be made under these 
conditions of the machinery for joint consultation 
and negotiations between employers and employed. 
We have not reached the limits of possible develop- 
ment in this direction. It is more than doubtful 
whether we have seen the fullest possible development 
of machinery for joint consultation in particular indus- 
tries. And practically nothing has yet been done to 
establish effective machinery of joint conference 
between the representative organisations entitled to 
speak for industry as a whole. There are many prob- 
lems upon which joint discussion would prove of 
value at the present time. Such a direct exchange of 
practical views between representatives of the great 
organised bodies who have responsibility for the 
conduct of industry, and know its problems at first 
hand, would be of far greater significance than the 
suggestion which has been made in certain quarters 
for a spectacular national conference under Government 
or other auspices to discuss a vague aspiration towards 
‘industrial peace.’ Discussion on these lines would 
bring both sides face to face with the hard realities of 
the present economic situation, and might yield useful 
results in showing how far and upon what terms co- 
operation is possible in a common endeavour to improve 
the efficiency of industry and to raise the workers’ 
standard of life. It is important that our movement 
should frame a clear-cut and coherent policy on practical 
lines. We should not be deterred by allegations 
that in entering into such discussions we are surrender- 
ing some essential principle of trade unionism. On 
the contrary, they will lead to a much clearer under- 
standing on the part of our own organised movement 
of the immediate practical objectives at which we 
ought to aim, and for which we are entitled to use the 
influence and power with which this Congress is 
invested.” 





The principal question discussed at Tuesday’s sitting 
of the Congress was political rather than industrial. 
The following resolution, put forward on behalf of the 
General Council, was formally moved by Mr. E. Bevin 
and seconded by Mr. J. H. Thomas, M.P. :—‘‘ This 
Congress, having noted the repeated appeals of the 
Prime Minister to the leaders of labour on the subject 
of collaboration for industrial peace, points out that 
no section of the community is more desirous of indus- 
trial peace than the workers. It is compelled, however, 
to inform Mr. Baldwin that the greatest hindrance to 
a response to these appeals is the legislative and 
industrial policy pursued by him and his Government, 
and especially their attacks on the wage standards and 
liberties of the workers, and the deliberate class bias 
displayed in the Trade Disputes and Trade Unions 
Act. The immediate repeal of such repressive legis- 
lation would be the best evidence of the sincerity and 
honesty of Mr. Baldwin and his Government. Failing 
this, Congress declares that the country should be 
given an immediate opportunity of pronouncing a 
verdict upon the present Government’s policy.” The 
resolution was carried unanimously. 





In the course of his speech, Mr. Thomas said that he 
had sat through the whole of the proceedings in the 
House of Commons on the Trade Unions and Trade 
Disputes Bill, and the one thing that dismayed him and 
made him lose hope in the existing Parliament was the 
entire absence of knowledge, indeed, the ignorance 
displayed, by politicians with regard to industrial 
affairs. He had to listen day by day to the speeches 
of responsible statesmen, who presumed that trade 
union leaders were much more concerned about strife 
than about peace. They were entirely ignorant of the 
fact that for every dispute that the public heard about 





there were thousands settled simply because of the 
anxiety of the leaders for industrial peace. 





*A resolution was moved by Mr. Tanner, of the 
Amalgamated Engineering Union, to refer back to the 
General Council that portion of the report dealing with 
the question of organisation by industry. The view 
expressed by the General Council was that no general 
scheme of organisation by industry was practicable, 
and that progress could be made by gradual adaptation 
to new conditions rather than by a scheme of trans- 
formation. Mr. Tanner disagreed, and declared it to 
be essential that a scheme of unification should be put 
forward by the Council. Mr. Doonan, of the Miners’ 
Federation, who seconded, said that the pioneers of 
industrial union deeply regretted the decision of the 
Council. Opposing the motion, Mr. Bevin expressed 
the opinion that it would be a mistake for the Congress 
to begin to define industries. Speaking as a student of 
industrial development, he would say that if there was 
one industry which was putting a limit to the tackling 
of its own problems of by-products and of electrical 
power, it was the miners, who held that the end of their 
industry was at the pithead or round about the mine. 
On a card vote, the proposal to refer back the report 
was defeated by 2,062,000 votes to 1,809,000. 





A resolution was proposed by a representative of the 
Furnishing Trades Association to set up a special 
committee to consider, among other things, future 
methods of trade union organisation, wage campaigns, 
united action, the relation of trade unions to the 
Government and the State, and the trade unions and 
workers’ control. It was seconded by Mr. Pollitt, 
but was negatived without a card vote. 





Objection was taken by a representative of the 
Painters’ Union to the policy of the General Council 
in refusing recognition to trades councils which are 
affiliated to the National Minority Movement. He 
moved the rejection of that part of the Council’s 
report which dealt with the matter, and his proposal 
was supported by a miners’ delegate, who made it 
clear, however, that he was not speaking for the 
Miners’ Federation. Mr. Herbert Smith stated that 
he could see no difference between the Minority Move- 
ment and Communism. They both got their orders 
from Moscow. He was prepared to submit to the vote 
of the Miners’ Federation, but he would not be dictated 
to by Moscow, whose object was to destroy the trade 
union movement. Congress deferred its decision on 
the question until Wednesday, when, on a card vote, re- 
ference back was defeated by 3,746,000 votes to 148,000. 





Discussing the question of management costs in a 
recent issue, the Record, the official organ of the National 
Union of Textile Workers, points out that the report 
of the Chief Registrar of Friendly Societies for 1925 
shows that the average annual contribution per member 
in the workers’ trade unions was ll. 17s. 4d. Of this, 
lJ. 1s. went back to the members in unemployment, 
dispute, accident, sick, and other benefits;- 1s. per 
member was spent on political objects; 1s. 4d. went 
in contributions and affiliation fees to federations, &c. ; 
management costs absorbed no more than 14s. 5d. ; 
and the remaining 6d. per member was carried to 
reserve. On the other hand, the employers’ organisa- 
tions, out of an annual average contribution per 
member of 2/. 9s., plus 2s. 1ld. derived from other 
sources, spent no less than 2/. 3s. 4d. on management 
and organisation expenses, whilst their contributions to 
federations, &c., totalled 1s. 8d. per member. 





According to a report on the subject of wage-fixing 
machinery in various countries, issued by the Inter- 
national Labour Office, the types of machinery usually 
adopted in one form or another for the systematic 
regulation of minimum wages are (i) trade boards 
and (ii) ‘‘ general’? boards. Trade boards normally 
consist of representatives of the employers and of the 
workers in equal numbers, with one or more disin- 
terested (independent) members ; each trade board is 
strictly confined to a single trade, and the delimitation 
of the scope of a trade board is often a matter of 
considerable difficulty. On the other hand, the essential 
feature of the ‘“‘ general ”’ board system is that minimum 
rates in a number of industries are fixed by the same 
body, as a rule advised by bodies representative of the 
trades concerned. It is claimed that this system 
provides greater possibilities of avoiding unnecessary 
differences between minimum rates of wages in the 
various trades than the trade board system. The 
‘“‘ general”? board system has been adopted in the 
United States, in Canada, and in South Africa. It 
has also been adopted in some of the Australian States ; 
in those States, indeed, all three systems—trade 
boards, ‘* general” boards, and compulsory arbitration 
—are sometimes found simultaneously, combined in 
some cases with provision for the fixing of an over-riding 
basic wage, applicable to all trades. 





The report reviews the more important features of 
the minimum wage legislation in force in various 
countries. It is divided into two parts, the first of 
which deals on general lines with the objects for which 
minimum wage laws are passed, the more important 
types of machinery for the regular fixing of minimum 
wages, the various bases or principles which may be 
adopted when fixing minimum rates, the problem of 
defining the limits of each trade, and the methods 
adopted for ensuring enforcement. Part II gives 
separately for each country a survey of the legislation 
in force and its application. 





Reports on certain labour questions, prepared by 
the Ministry on Social Affairs, were recently submitted 
to the Storthing by the Norwegian Government. In one 
it was stated that, in the opinion of the Ministry, the 
sections dealing with hours of work in the Labour 
Protection Act—which antedates the Washington 
Hours’ Convention—correspond in principle with the 
Hours’ Convention, and are, in general, within the field 
covered, more rigorous than the Convention. Ratifica- 
tion of the Hours’ Convention would, however, it is 
pointed out, involve a considerable extension of the 
scope of the Act. It would be necessary to apply it 
to transport undertakings (State and private railways, 
motor-cars, &c.), and also to small-scale industry and 
building undertakings which are at present to a great 
extent exempt. The Ministry’s view was that the 
time had not yet come for such a great extension. 





Tacked on to the resolution on the Washington Hours’ 
Convention, passed by the Paris Congress of the Inter- 
national Federation of Trade Unions, was an instruc- 
tion to the Bureau to enter into relations with the 
national centres with a view to securing that every two 
years, as from the beginning of 1928, an inquiry should 
be undertaken into weekly hours of work, and to 
publish the result of the inquiry in statistical form. 
The affiliated national centres were also instructed to 
draw up, in agreement with the Executive Committee 
of the Federation, a programme of propaganda and 
action directed against all forms of reaction in the 
matter of the eight-hour day, and aiming at securing 
a maximum of 48 hours’ work per week in all industries, 
including agriculture and continuous process under- 
takings. 





Amongst the practical questions to which the national 
sections were recommended to give their attention 
was the rationalisation of industry. Rationalisation, 
it was stated, should only be supported on condition 
that representatives of the workers employed in the 
enterprise, or of the competent trade unions, invariably 
co-operated in its application, and that it should be 
followed, step by step, by the raising of real wages and 
the resultant expansion of the market. When rationali- 
sation was a purely technical measure, or a mere reform 
or organisation, without having as its economic effect 
the raising of real wages or an expansion of the market, 
it fostered unemployment, it was claimed, and would 
become a cause of social evil instead of a source of 
economic prosperity. 





Another question referred to the national sections for 
consideration was that of cartels. National and inter- 
national cartels, it was pointed out had many sides 
and their multiple activities, should come under trade 
union supervision and control more in the future than 
had been the case in the past. Efforts to maintain 
prices at a high level, and to raise them, without regard 
to the needs of the great mass of consumers, must 
especially be combated by all the means at the disposal 
of the trade unions. The aims of this fight against 
cartels must in all lands be the creation of Cartel Control 
Offices, the formation of a public register of cartels and 
of judicial courts for their control, on which trade 
union representatives would everywhere have seats in 
equal numbers with those of the other groups. Another 
aim of this campaign, it was added, should be the inclu- 
sion of trade union representatives on the boards of 
directors and business managements of great mono- 
polistic enterprises. 





The Ministry of Labour states that on August 29, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,049,300, of whom 823,500 were men, 35,900 boys, 
156,100 women, and 33,800 girls. Of the total number, 
690,400 were wholly unemployed, 295,900 temporarily 
stopped, and 63,000 normally in casual employment. 
On August 22, 1927, 678,794 were wholly unemployed, 
303,176 temporarily stopped, and 62,385 normally in 
casual employment. Of the 1,044,355 unemployed at 
the latter date, 819,306 were men, 36,111 boys, 155,382 
women, and 33,556 girls. On August 30, 1926, the 
number of unemployed persons was 1,549,759, of 
whom 1,168,457 were men, 47,148 boys, 288,553 women, 
and 45,601 girls. The figures for August 30, 1926, 
were affected by the dispute in the coal-mining industry. 
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DEVELOPMENT OF THE JET -WAVE 
RECTIFIER.* 


By Jun. HarrMann. 


THE jet-wave rectifier is a mechanical rectifier, based 
on a principle, the invention of which dates back to 
February, 1907. It has been practically developed in 
the Royal Technical College, Copenhagen, and in the 
Municipal Power Station of Copenhagen, the H.C. 
Oersted Works, during the years 1913-1926. 

The essential part of the rectifier is the jet-wave- 
commutator, and the main member of the latter is one, 
or more, wave-shaped mercury-jets, the so-called 
jet-waves. It has been the principal object of the work 
in question to develop a single-jet commutator of as 
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subject to practically no wear. It is a well-known fact 
that if the commutation in an ordinary mechanical 
commutator takes place too late, the spark is trans- 
formed into an arc, which may cause considerable 
damage. The jet-wave commutator, however, by 
means of a particular device, has been made practi- 
cally free of this troublesome property, i.e., it has also 
been made an electrically stable system. This means, 
in particular, that the system is practically, if not 
theoretically, independent of the frequency. 

The results of the work to be described below involve 
the solution of the problem of building jet-wave 
rectifiers of practically any size. The method of 
producing high-power rectifiers is to substitute a multi- 
jet commutator for the single-jet commutator. Such 








a commutator may easily be built for a maximum 





Fig: 4. 


supposed to be separated by means of an insulating 
wall P, lying along the axis of the conductor. Obviously 
the latter will alternately connect with E; and E,, 
respectively. The device thus constitutes a periodical 
commutator. If the velocity of the travelling conduc- 
tor is adjusted in such a way that the conductor 
proceeds a wave-length ) during the period of a given 
alternating voltage, the commutator may be used for 
the rectification of this voltage. It must be noted, 
however, that the double-electrode should be placed 
in such a position that the conductor is cut by P at 
the moment when the alternating voltage changes 
sign. 

The wave-shaped conductor in Fig. 1, or a conductor 
on practically the same principle, is obtained in the 
manner indicated in Fig. 2. A mercury-jet J passes 
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high a capacity as possible, and also for the highest 
possible voltage or current. At the present moment, 
(June, 1927) single-jet commutators for 30-40 kw. at 
about 180 volts direct current have been developed. 
By means of three such commutators working in series, 
a 100-kw., 550-volt, six-phase rectifier was produced in 
the course of the research work. The efficiency of this 
rectifier, not including the transformer, was about 
92 per cent. at maximum load, The new rectifiers or 
commutators have some interest ng properties of their 
own. They are characterised by an absolutely definite 
coupling between the alternating voltage to be rectified 
and the mechanical movement, which effects the 
rectification, On this account, they may be described 
as mechanically perfectly stable systems, 

It has been a generally adopted conception that it 
would prove impossible to construct a simple mechanical 
commutator which would stand the corroding effect of 
the heavy spark, which accompanies the commutation 
of high powers, even when the said commutation takes 
place in hydrogen, as is always the case with the rectifiers 
in question. The jet-wave commutator is, however, 





* Paper read before Section G of the British Associa- 
tion at Leeds, September 5, 1927, 
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load of 100 kw. with only three jets fed from a | 
common reservoir; but that is by no means the limit 
of their capacity. Commutators with 12, 18, or even 
more, jets, also fed from a single reservoir, may be 
produced for several hundred kilowatts, and super- 
commutators of this kind are at present under construc- 
tion. 

The development of the jet-wave rectifier has 
included work on several lines, but by far the most 
costly part has been that of constructional develop- 
ment. Much time and thought have been applied to 
the study of the general properties of the commutators, 
and a considerable amount of work has been devoted 
to the problem of developing and testing the theory of 
the jet-wave itself. In the following, after a brief 
review of the general principles underlying the new 
rectifier, we shall consider the first field of investigation, | 
that of the constructional development of the jet-wave 
rectifiers. | 

The Jet-Wave.—The principle underlying the jet- 
wave-rectifiers and commutators is illustrated in 
Fig. 1. In this figure, J designates a wave-shaped 
conductor of infinite length, which emerges continuously 
from the electrode E, and disappears into the double- 
electrode E; E,, the two parts E; and E, of which are 
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through a constant magnetic field F. Through that 
part of the jet, which at any moment is located within 
the field, an alternating current, the auxiliary current, 
is transmitted. The alternating current is supplied 
by a transformer V,, and is led into and out of the 
jet through the jet-pipe and a special electrode E’, 
the auxiliary electrode. The interaction between the 
field and the alternating current produces a mechanical 
force, which, in theJmain, is perpendicular both to the 
axis of the jet and to the lines of flux in the field. It 
will give the part of the jet, which is just passing 
through the field, a deviation from the original direction 
of movement, the magnitude and direction of which is 
determined by the intensity of the current during the 
passage. As the current varies periodically, the 
consecutive particles of the jet must obviously be 
emitted along a line oscillating to and fro like the rod 
of a pendulum. The particles may be compared with 


| the projectiles from a machine-gun, the barrel of which 


is kept vibrating during the firing. The projectiles 
from a gun under these conditions would arrange 
themselves along a wave-line. The particles of the 
mercury-jet will behave in much the same way, 
but will form a continuous conductor. In Fig. 3 
an instantaneous photograph of the wave-shaped 
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mercury-jet conductoris reproduced. The conductor will 
evidently have a wave-length ) equal to the distance 
through which a particle of the undeflected jet would 
move during the period T of the alternating current. 
Thus if v denotes the velocity of the jet 


A=zv.T 


It may be appropriate to indicate here the charac- 
teristics of a jet-wave. The amplitude is measured by 
tan 0m = 4, Fig. 2, or in many cases better by sin 0m = 
a, where 6m is half the apex-angle of the fan-shaped 
space occupied by the jet-wave. In addition, the 
wave is characterised by its travelling velocity », 
which is equal to the velocity of the jet, by the 
diameter of the latter and by the wave-length } = 
wT. If the position of an electrode in relation to the 
wave is to be indicated, it has proved desirable to do 
so by stating its distance from the starting-point O 
of the wave, i.e., the centre of the field, this distance 


being measured in terms of * , and denoted by 8. 
Thus 6 = 2 indicates that the electrode in question 
is placed 2 x ; from O. 
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J et- Wave-Commutators.—lt follows from the general 
principle described above that the jet-wave may be 
used for the commutation of any alternating voltage 
in phase with the current, by which the wave is pro- 
duced. The commutator is set up by inserting a double 
electrode Ej, E,, Fig. 2, into the path of the conductor, 
so that the undeflected jet is directed against the edge, 
of the separating wall, and by adjusting the said | 
electrode to such a distance from the field that the bend | 
of the jet is cut simultaneously, or nearly so, with 
the change of sign of the alternating-voltage, 
which is to be rectified by the commutator. It is 
easily seen that this condition is fulfilled not only for 
one definite position 2, but for a series of positions x 
following each other at regular distances of half a 
wave-length, thus 


zmtotp. © (p=0, 1,2...) 


In the commutator, Fig. 2, the jet-wave will make 
connection with each of the two sides E; and E, of | 
the main-electrode during one half-period. In certain 
types of jet-wave rectifiers, a commutator is required, | 
in which the wave makes connection only during a | 
fraction of the half-period. The method of producing | 
such a commutator is simply to raise the edge of the | 
wall P. If a commutator for closing the connection | 
during one-third of a half-period is required, the edge | 


should be raised 23 above the surface of the electrode, | 


as shown in Fig. 4. In the figure, the jet-wave has | 
just been cut by the edge, and obviously it will take | 
% of half a period before connection between the | 
electrode E and the main electrode is again established, 
it being remembered that P is made of insulating | 
material. After that interval, the wave will connect | 
E and E; for } of a half-period, after which there will | 
again be an interval of 3 of a half-period, in which the 
connection is interrupted, and so on. 
Jet-Wave Rectifiers.— By means of commutators such 
as those described above, practically all types of recti- | 


fiers may be constructed. Three examples are given in | 





as that through which the auxiliary current is led into 
the jet. With proper adjustment of the electrode, 
a pulsating voltage, as shown on the right of the figure, 
is produced between the two conductors of the direct- 
current line. The pulsations are delivered alternately 
by two halves of the secondary of the transformer. 
The maximum value of the voltage of the two halves 
of the secondary being E,, the mean value of the 
rectified voltage will, in case of pure sine-waves, be 


2 B, = 0-637 Ey. 
Tv 


One of the ways in which a three-phase rectifier (or 
rather, six-phase) may be produced is diagrammatically 
shown in Fig. 58. Three jet-wave commutators are 
used, each of which is connected with one phase of a 
three-phase transformer. The three single-phase recti- 
fiers thus formed are simply connected in series. Each 
rectifier produces a pulsating voltage with a constant 
component 0-637 Ej, the total voltage of the rectifier 
being thus 3 x 0-637 E, = 1-911 E,, E, being the 
maximum value of the voltage of each of the secondary 
half-phases. Owing to the phase displacement between 
the three phases, the rectified voltage is comparatively 





tation spark. In the practical development of the 
commutator, the two main problems are thus to obtain 
the highest possible exactness in the commutation 
process and to secure the highest possible degree of 
resistance to wear. 

The Quartz-W all Commutator.—In the first solution of 
the commutator problem, the two sides E; and E,, 
Fig. 6, of the electrode were actually separated by a 
wall P of insulating material and the jet-wave was cut 
by the sharpened edge of the wall. It soon became 
apparent that the symmetrical grinding of the edge, 
Fig. 74, did not give the greatest exactness in the 


cutting. The asymmetrical form shown in Fig. 7B was 
much better. From this, finally, the double- 
wall-type, shown in Fig. 7c, was developed. In the 


latter, the jet-band J is cut almost simultaneously by 
the two edges. This greatly increases the sureness of 
the commutation and, owing to the two commutation 
sparks, the commutation is effected in a shorter time 
than with a single cutting. 

Many materials were tested with regard to their 
ability to withstand the effect of the commutation- 
spark ; fused quartz, however, appears to be the only 
suitable material. The manner in which the cutting 
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smooth. As indicated to the right in the figure, it 
fluctuates between 1-732 E, and 2E,. Finally, Fig. 50 
shows a so-called three-phase parallel-rectifier. It 
consists of three commutators, each of which closes 
the connection during the middle third of the half- 
periods of the corresponding phase. Thus only one 
commutator is delivering current at a time. The 
resulting rectified voltage is shown to the right in the 
figure. 

The Commutator and Commutation.—In the jet-wave 
commutator, the commutation practically always takes 
place in hydrogen. The way in which it is effected 
may be explained by means of Fig. 6 in connection 
with Fig. 6a. The first of these figures shows the 
commutator a little before the jet-wave passes from 
E, to E,. In the second, the curve E indicates the 
voltage of the secondary half-phase V;. It is necessary 
for the jet-wave to make connection with E, before it 
breaks connection with E, otherwise the circuit of 


10. 


takes place is illustrated in Fig. 7. Across the edge of 
the wall, the jet-band forms a bridge or a string, 
which is drawn out to some length before it breaks 
down. The break down generally takes place near the 
edge, as indicated in Fig. 74. Here, therefore, the 
corrosion from the spark appears. It was found, from 
a series of experiments, that a quartz wall of the shape 
illustrated in Fig. 78 would withstand the corrosive 
effect of a fairly heavy spark (spark power about $ kw. 
with 50 sparks per second) for 16 hours. After that time, 
the spark produced a scar of, say, 5 mm. in the 
direction of the edge and of about 2 mm. depth. In 
the practical development of the quartz-wall commu- 
tator, the wall is given the shape of a circular disc, 
which is kept in slow rotation. From the experiments 
referred to, it is presumed that a commutator for, say, 
15-20 kw., furnished with rotating quartz discs of 
200 mm. diameter, will work for about 4 months before 
it will be necessary to re-sharpen the edges of the 





the direct current is broken for a shorter or longer 
time. The commutation is therefore initiated by 
short-circuiting, through the jet-wave, the two 
electrode-sides E; and E,, and thus the transformer. 
Generally this short-circuiting must commence some 
Ls 
2 
before the phase-voltage alters its sign. It should last 
for a short, and preferably a definite, time 71, for 


time v1, Fig. 6a, say 10 per cent. of the half-period 


instance, for 2 per cent. to 3 per cent. of LS These are 


the conditions for stable working of the commutator in 
its simplest form, for if the commutation is started too 
late, or if the short-circuiting lasts too long a period, 
the ordinary commutation-spark, which follows upon 
the metallic short-circuiting, changes into an arc, 
which completely, and for a considerable length of 
time, short-circuits the transformer. It will thus be 
understood that great exactness is required in the 





Fig. 5. Fig. 54 shows a simple single-phase (or rather, | working of the device by which the commutation is 
two-phase) rectifier. The commutator is connected | effected, i.e. the cutting of the jet band by the 
to the secondary V1 V, of a transformer with tapped | knife P, Fig. 6. There is, however, yet still another 
middle point, forming the terminal of one of the | quality which the commutator must possess, namely, 
conductors for the rectified current. The other terminal | that of being able to withstand, at any rate for a 
is an auxiliary electrode, which may be the same / considerable time, the corroding effect of the commu- 








discs. 

The Tungsten-K nife Commutator.—The quartz-wall 
commutator has, however, now been abandoned on 
account of the far better qualities of the so-called 
tungsten-knife commutator. In the latter, the jet- 
wave is cut by a single knife of tungsten W, Fig. 8 a, B. 
The reasoning underlying the use of this device was as 
follows :—When the knife is made of a conducting 
material the spark will appear at the lower edge of the 
knife, away from the cutting edge. Consequently, the 
latter will not be destroyed, while the corroding effect 
on the lower edges is less harmful because more 
material is available here. The device proved a far 
greater success than was anticipated, in that practically 
no wear at all occurred. The explanation for this is 
quite simple. The jet-band is cut almost simultaneously 
at the two lower edges, and two sparks therefore appear 
as in Fig. 8a. But these two sparks are very soon 
united, Fig. 88, and the discharge afterwards takes 
place between the ends of the severed jet-band, thus 
attacking the mercury only. 

The problem of durability has thus been solved 
by the tungsten knife. With regard to exact cutting, 


great difficulties were encountered for a while in the 
It was found that 


course of the practical development. 











the commutator with a knife 5 mm. high and with an 
apex of, say, 60 deg., would work for hours without 
the slightest trouble, but then there would be a sudden 
change in the overlapping time 7,, Fig. 64, which might 
cause the break down of the commutation owing to 
an arc. The change referred to originated in a corres- 
ponding change in the adhesion between the mercury 
of the jet-wave and the knife. The difficulty was only 
overcome by reducing the dimensions of the knife. 
Finally, knives only 2-5 to 3 mm. high, with an apex of 
about 30 deg., were utilised, and it was proved that even 
such small knives would withstand the commutation- 
spark almost indefinitely. With the small dimensions 
referred to, it has, however, been found necessary always 
to use combinations of two mutually insulated knives W, 
W, Fig. 8c. The reason for this is that the gap under 
the knife between the ends of the severed jet-band may, 
by chance, be bridged over by irregularities on these 
ends when the knife is as small as indicated. When 
the jet-band is cut simultaneously by two knives, it 
is, of course, most improbable that such a pheno- 
menon will take place at the same time with the two 
knives. 


(To be continued.) 








OUR AVAILABLE COAL SUPPLIES 
AND THEIR UTILISATION.* 


By Dr. C. H. Lanper, M.Inst.C.E., M.I.Mech.E. 


Ir has been pointed out on many occasions during 
the last few years that fuel is the basis of all civilisa- 
tion. Food and warmth are essential to all warm- 
blooded animals, but mankind is the only being who 
has succeeded in obtaining heat and warmth by arti- 
ficial means. As a result, he has improved his means 
of procuring food, has been enabled to adapt himself 
to live and flourish on almost the entire area of the globe, 
and has created a standard of comfort immeasurably 
higher than that enjoyed by other living creatures. 

During the past 300 years, the fuel, which has in 
particular enabled the standard of living of all classes 
to be improved almost beyond recognition, is coal ; 
and it may justly be claimed that through the utilisa- 
tion of this material the poorest of us is in a position 
to obtain comforts and luxuries undreamt of even by 
the wealthiest in former generations. 

In the past, Great Britain, a pioneer in coal produc- 
tion, has been in a very favourable position, owing 
to the early working, wide variety, and high quality 
of the enormous stores of coal in her possession. The 
world’s chief source of fuel is, and must long continue 
to be, found in the vast and widely distributed accumu- 
lations of coal; but other fuels which have been 
exploited during recent years are tending gradually to 
place Great Britain in a less favourable position, and 
to put her at a disadvantage with competing nations. 
This state of affairs is emphasised by the fact that 
certain of her commercial rivals have themselves large 
stores of coal, which are now being worked to a much 
greater extent than during the last century. 

The output of coal in Great Britain may be taken, 
roughly, at 260,000,000 tons per annum, of which some 
80,000,000 tons are exported. The remaining 180,000,000 
tons are retained for home use. It is not possible to say 
with accuracy how this coal is distributed, but the 
annexed table, from the Fifth Annual Report of the 
Secretary for Mines, gives an approximate indication 
of the purposes to which it was put in the years 1924 
and 1925. 

The various headings can be considered in two groups, 
according to whether the coal is subjected to some 
pre-treatment before being finally burnt, or is burnt in 
its raw state. The two chief industries in the former 
group are the coking industry, whose main product 
is metallurgical coke for iron and steel manufacture, 
and the gas industry, whose main product is gas for 
towns’ purposes. The two together consume 35,000,000 
tons to 40,000,000 tons, leaving in the latter group 
140,000,000 tons, which are used in the raw state. 

The requirements of industry in the direction of fuel 
are so varied as to render it impossible to lay down 
any single ideal method of utilisation; but, having 
regard to the large quantity of coal burned in the raw 
state, it is legitimate to consider vhether improvements 
in utilisation could not be effected by wider adoption of 
methods of pre-treatment. It is a mistake to assume 
that it is fundamentally uneconomical to use coal in 
the raw state, since the products obtained by pre- 
treatment are, in the main, themselves ultimately 
burnt. If, however, it can be shown possible to 
split up the coal into such products as can be utilised 
with greater commercial efficiency than can the raw 
material, savings may be effected; but these savings 
must be sufficiently great to compensate for the 
inevitable loss of heat units involved in any process 
of pre-treatment. 





* Paper read before Section G of the British Associa- 
tion at Leeds, September 2, 1927 
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Until the nineties of last century all our heat and 
power requirements were obtained directly from coal ; 
but the growth of the internal-combustion engine, 
in conjunction with the exploitation of the world’s 
great oilfields, has resulted in a rapid expansion of a 
method of power production, and to a smaller extent 
of heat production, which is not easily satisfied by 


using coal raw. According to our present practice, 
liquid fuels are required in large quantities for both 
land, sea and air transport, but are procurable only 
from overseas sources. Thus our national defence is 
entirely dependent upon a fuel, which has to be 
imported. It has been known for the last one hundred 
years, that when coal is subjected to some pre-treatment, 
such as raising it to a high temperature in the absence 
of air, the coal substance is split up into three other 
fuels, solid, liquid and gaseous respectively—or, in 
other words, into coke, tar or oil, and gas. When coal 
is burned in the raw state, those portions which would, 
had it been carbonised, have gone to produce the liquid 
and gaseous constituents, are only completely utilised 
if special precautions are taken. Very different con- 
ditions are required within a furnace to burn coke, 
oil and gas, and we therefore find that a certain 
proportion of their volatile products is usually allowed 
to escape into the atmosphere in the form of smoke. 
The author hesitates to put forward the following 
figures, since the whole subject is so complicated that 
they only present a portion of the picture, but if the 
remaining coal in Great Britain can be taken as 
180,000 million tons, and if it is assumed that 10 gallons 
of oil per ton could be extracted from this coal, we 
have actually in the country 1,800,000 million gallons 
of oil, a supply far exceeding the estimated petroleum 









times as much as the example cited above. It will, 
therefore, be seen that, if it were possible to make an 
accurate estimate for the country, or even for some 
particular district, of the proportions in which fuel is 
used for these two purposes, a much better conception 
might be formed of the degree, to which it might 
be subjected either to carbonisation processes, or 
to the production of electricity. 

There are, of course, many instances in which 
useful supplies of electricity might be generated as a 
by-product, if large quantities of heat were also required 
as such, say for carrying out chemical processes. 

From what has been indicated it is obvious that our 
fuel utilisation is, to say the least of it, imperfect, 
and it must be emphasised that there are means 
available whereby great improvements could be made. 
Far more knowledge exists for the improvement 
of both thermal and commercial efficiency than was 
available during the last century, and this knowledge 
should be applied to a very much greater degree than 
is the case at present. As the late Sir George Beilby 
stated: ‘‘The outstanding feature of the situation 
appears to be that, while on the one hand there already 
exists among experts a widespread knowledge of 
means whereby the extravagant methods of consuming 
fuel which are widely prevalent might be so improved 
as to reduce the consumption for industrial purposes 
by a very substantial amount, there is, on the other 
hand, still so much inertia on the part of the consumers 
that even the simplest and most obvious steps towards 
improvement are not taken.” 

Whilst it is of little use doing research work, unless 
the results will be applied in practice, there is an 
enormous field still to be explored. The author 


TABLE OF APPROXIMATE COAL CONSUMPTION IN GREAT BRITAIN.’ 





Consumer. 


| 1925—tons. | 1924—tons. 








Coke Ovens (metallurgical coke) : 
Total quantity ‘. 
Less equivalent of coke exporte a 
Net home consumption ne 


Gas works : 
Total quantity ; 
Less equivalent of gas coke exported 
Net home consumption 


Manufactured fuel : 
Total quantity 


Less equivalent of ‘manufactured fuel exported, or shipped 


for use of steamers engaged in —_— trade 
Net home consumption . . 


Electricity generating stations belonging to authorised undertak- 


ings and to railway and tramway authorities 
Railway companies (for loc omotive use) . 
Vessels engaged in the coastwise trade (bunkers) 


Blast furnaces (pig iron manufacture) exclusive of ‘metallurgical 
coke included above, viz., 7,465,600 tons in wine and 8,608,900 


tons in 1924... se 
Collieries (engine fuel) 
Domestic coal, including miners’ coal (approx. ) 
General Manufactures and all other purposes 


Total 


18,862,000 





| 
16,394,000 | 
| 
| 





1,825,000 2,717,000 
= 4e560.000 —— 16,145,000 
- 17,799,000 18,104,000 
‘| 13473000 | 1,440,000 
‘| ———— 16,452,000 | ————— __ 16,664,000 
| 
.| 1,124,000 | 1,088,000 
.| 1,072,000 975,000 
Fetieictas 521000) | 113,000 
8,250,000 7,761,000 
13,357,000 13,512,000 
1,162,000 1,265,000 
886,000 1,376,000 
15,416,000 16,574,000 
40,000,000 40,000,000 
59,426,000 67,010,000 
169,570,000 130,360,000 











reserves of the whole of the United States. Looked 
at from the fundamental point of view, it is surely 
somewhat Gilbertian to import nearly 2,000 million 
gallons of oil per year when such vast supplies lie 
dormant in the country. Since, however, oil obtained 
from coal must at present be regarded as a by-product, 
it does not follow that the production, even from the 
whole of the coal raised in the country, would make 
it possible to do altogether without imported oil ; 
but it is obvious that the present situation could be 
considerably eased by the institution of methods, 
whereby pre-treatment of coal could be carried out 
economically in a much widened field. 

The desirability of improving the present position 
is further emphasised in view of the vast amount 
of damage to property, and possibly also to health, which 
is caused by smoke. It has been estimated that in 
Manchester the damage by .smoke exceeds _three- 
quarters of a million pounds per annum. For London, 
Russell a few years ago gave a figure of ll. per head 
per annum. In Pittsburgh, a careful investigation in 
1913, led to an estimated loss of 4/1. per head. Again, 
the Samuel Commission pointed out that the work of 
over a million miners for three days every year was 
devoted to providing the soot, which pollutes our atmo- 
sphere. 

From the table, it is impossible to gather what 
proportion of coal is utilised in industry for power 
production as differentiated from the production of 
heat, and there are no data yet available from which 
this item of fundamental knowledge can be deduced. 
When a fuel is required for power purposes, it can 
only be used with a thermal efficiency which is com- 
paratively low (say an average of 20 per cent. in the 
steam turbine), the remainder of the heat being dissi- 
pated in the condensing water, etc. On the other hand, 
when fuel is required for heating purposes its efficiency 
of utilisation may be very much higher, perhaps three 








proposes to deal briefly with the work of the Fuel 
Research Board. This Board, which was instituted 
in 1917, had perforce to attack the fuel problem 
mainly from the industrial point of view. It is an 
unfortunate fact that our fundamental knowledge 
of the behaviour of coal, when subjected to various 
treatments, is yet so incomplete as to render it impera- 
tive that a great deal of work should be done upon 
plant of full unit scale. In developing a process no 
assistance is available equivalent, say, to the method 
of testing by models, which has proved such a potent 
factor in improving the efficiency of the steamship. 
The bulk of the work undertaken at East Greenwich is, 
therefore, of the large scale type, such as the develop- 
ment of improvements in methods of carbonising in 
gas-works plant ; experiments on boiler firing, using 
full-sized boilers ; investigations into different systems 
of coal cleaning, using for the purpose full-scale units 
of typical coal-cleaning plant ; and so on. 

There are, of course, well-equipped laboratories, which 
are used for purposes of works control, and also for 
such fundamental enquiries as are essential to ensure 
the most fruitful results being obtained from the full- 
scale plant. In spite of this, however, the bulk of 
fundamental work, as such, must be left to outside 
workers. The present deficiencies are continually 
being felt in the full-scale investigations, and the 
speaker will instance one or two interesting cases where 
difficulties have arisen through lack of basic informa- 
tion. 

Some time ago a carbonisation process was suggested, 
in which the coal was ground, heated up to a tem- 
perature at which it became plastic, and finally 
briquetted at this temperature. Using the most 
reliable information existent, it was concluded in the 
laboratories, and indeed was shown on a laboratory 
scale, that if the coal were subjected to temperatures 





of 360 deg. C, robust briquettes should result from 


























SEPT. 9, 1927.] 





ENGINEER 





ING. 





341 








most coals at a pressure of 2 tons per square inch. When, 
however, this was applied to large-scale working, 
incipient decomposition was found to occur long before 
this temperature was reached, and this caused grave 
difficulties in the large scale plant. On this account, 
further work was instituted in the laboratory, and it 
was discovered that the decomposition point of coal 
started, and indeed became serious, at temperatures 
more than 100 degrees lower than had previously been 
believed. 

It is apparent that this information has bearings 
in many other cases than that of the particular process 
referred to; for instance, that of direct briquetting at 
elevated temperatures, or of any processes where 
preliminary heating or drying is applied. 

The recent work of Bergius and others on the “ hydro- 
genation”’ of coal at high pressures and temperatures, 
while being of the greatest importance as pointing a 
possible way of obtaining oil in large quantities from 
bituminous and other coals, is also likely to have an 
important bearing on our knowledge of the constitution 
of coal. Recent work at the Fuel Research Station has 
shown the possibility of conferring, by hydrogenation, 
marked coking properties on coals otherwise absolutely 
devoid of coking power. Coke has been made at the 
Station from non-coking coal without the addition 
of any substance other than an extremely small pro- 
portion of hydrogen. The importance of the field 
opened up for investigation in this direction cannot be 
over-estimated. 

Another important direction, in which further know- 
ledge is required, is the selective effect of various 

.Teagents, temperatures, pressures, or processes on 
different coal constituents. 

Investigations, which have been recently carried out 
in several quarters, indicate that the inorganic con- 
stituents of coal cannot be taken as merely inert 
diluents. Some of these constituents have a marked 
effect on the behaviour of a coal or coke when car- 
bonised or burnt. There is still much work to be done, 
before we shall know which constituents have that 
effect. This leads to a consideration of the methods of 
purifying coal. After a coal has been through a clean- 
ing process, the ash-forming constituent will not only 
be reduced, but its composition will also differ from 
that originally present, and it may well happen that 
this change is of importance. The methods of cleaning 
coal have been developed by trial and error, and little is 
known regarding the real basis underlying some of the 
processes. Here again is an opening for valuable in- 
vestigations, and the problem is being taken up, both at 
the Fuel Research Station and elsewhere. 

It has been found that the size of the coal charged 
to retorts and coke ovens has a marked effect on the 
products, or on the ease of working, partly due to 
its effect upon the transference of heat to the charge. 
Physicists can tell us something of the laws governing 
heat transference by conduction, radiation and con- 
vection to and through more or less homogeneous 
bodies, but coal is such a heterogeneous mixture, and the 
conditions of heating are so complicated, that theory 
alone cannot be relied upon. 

Were the investigation of all the problems so far 
touched upon far more advanced than is the case, we 
should still be unable to apply our knowledge satis- 
factorily without a detailed knowledge of the individual 
coals. It is well known that, while a coal seam may 
remain fairly constant in its properties over a wide 
area, different seams vary widely from each other. 
What has been, perhaps, less fully realised, is that in 
nearly all cases, the different layers in a single seam, 
even if only a narrow one, also differ widely from 
each other. These variations should be known in 
some detail before the method of mining, cleaning, 
grading, and blending best suited to the coal as it 
occurs and the use to which it is to be put, can be 
stated. It is the object of the Physical and Chemical 
Survey of the National Coal Resources, to provide 
information on this side. This Survey forms one of 
the most important activities of the Fuel Research 
Board, and is being pushed on as rapidly as the pro- 
vision of the necessary staff and the frequent difficul- 
ties of the mining industry admit. 


Enough has been said to emphasise the importance | 


of systematic study in extending our knowledge of: the 
constitution of coal in the broad sense, but a note of 
caution must be sounded regarding the necessity of such 
work proceeding on a systematic basis. In the past, 
a large amount of so-called fundamental work has been 


of the nature of empiricism on the small scale, and has | 
been of little, if any, value, or, indeed, has sometimes | 
been positively misleading. Such work should only | 
be undertaken by those who can free their minds from | imposed by the monetary cost of carbonisation (and 


prejudice and view the matter in an impartial manner, 
taking into consideration the work of others, who may 
be looking at the subject from somewhat different 
angles. 

It is of vital importance that a proper use should 
be made of our bountiful coal resources. In the first | 
place, existing knowledge must be applied to a much ' 





| 
| not now refer further, apart from thermal efficiency. 


greater extent than hitherto. Research work on a 
large scale will always be required, but the labour and 
expense of such work may be materially reduced in 
the future by further knowledge of the fundamentals, 
both of the materials and the processes. In this way 
grounds for controversy will be removed, and the 
energies of those interested may be devoted more to 
work and less to talk than, unfortunately, is the case 
at present. 





THE UTILISATION OF OUR COAL 
SUPPLIES.* 


By J. W. Coss, C.B.E., B.Se., F.I.C. 


THE ideal utilisation of our coal supplies would 
necessitate the complete realisation of the potential 
thermal and chemical values of coal, without the 
emission of smoke. Burning raw coal is an obvious 
failure to-realise that ideal, and we are in revolt against 
it. On the other hand, if coal is carbonised, the two 
principal products, gas and coke, are smokeless fuels, 
while the tar and ammonia are valuable chemical by- 
products. Carbonisation is a standard industry, as 
carried out in gas works and coke ovens, and there 
are other well-known processes of gasification. 

The position at present may be stated thus :—In 
1924, according to the report of the Secretary for Mines, 
the allotment of 180 million tons of coal available for 
home consumption may be made approximately as 
16-7, 7-7, and 100-3 million tons- for gas works, 
electricity generating stations, and domestic use, 
respectively, and for the carbonisation industries, taken 
together, gas works and coke ovens, 32-9 million tons. 
It is interesting to consider what are the factors at 
present limiting the applications of carbonisation or 
similar processes to the great bulk of our coal supplies, 
and what is being done, or may be done, to remove those 
limitations. 

One feature common to all such processes of treating 
coal before burning it, is that they entail thermal and 
monetary expenditure ; and the success of the treatment 
under ordinary economic conditions depends upon 
whether the expenditure is justified by the enhanced 
value of the products. Unless that condition is 
satisfied, the wide and increasing adoption of a process 
| is impossible. 
| The enhancement in value of the products has been 
| sought in several ways. If a valuable by-product with 
a ready market is forthcoming in large quantities, that 
| may in itself justify the process. Thus, the large yield 
of liquid fuel obtainable by such a process of hydro- 
genation as that of Bergius, may cover the cost of the 
hydrogen and the provision and working of an apparatus, 
which has to be maintained hot under enormous 
pressure. Again, the motor spirit obtainable from our 
| own coal supplies may be sufficiently valuable to justify 
}a catalytic treatment of water gas and hydrogen, 
necessitating a preliminary carbonisation of coal and 
gasification in steam of the resultant coke. The Mond 
process of gasifying coal in steam and air was largely 
based on the very high yield of sulphate of ammonia 
obtainable. Such dependence upon the value of a 
particular chemical by-product is not, however, a 
feature of the normal process of carbonisation and 
| gasification as carried out in gas works, coke ovens and 
| producer plants, the position of which may now be 
| examined. 

Beginning with carbonisation, and taking thermal 
efficiency first, the carrying out of this process does not 
necessarily involve any large expenditure of the 
potential heat of the coal carbonised. In a gas works, 
for every hundred heat units contained in the coal, 
75 to 80 should be available in the gas, coke and tar 
produced, after heating the retorts with a portion of the 
coke. In the most modern plants, using waste-heat 
boilers, an efficiency of 80 to 85 per cent. has been 
obtained. The immediate thermal expenditure of, say, 
20 per cent. in the process, does not, however, represent 
an ultimate thermal loss, because it is more than 
covered by the greatly enhanced value for most heating 
purposes of each heat unit carried in the gas, as com- 
pared with that of a heat unit in the coal. From the 
purely thermal standpoint, therefore, the gas industry 
is in a strong position, and its progress can be readily 
comprehended. Gas and coke go far to replace steady 
raw coal for most domestic, and many industrial, 
purposes, and they have advantages, to which I need 











At the same time, we have to recognise that in the 
replacement of coal by carbonised fuel for many large 
uses, of which steam raising for electrical generation or 
other uses may be taken as an example, a limit is 


gasification) in its present form. The outstanding 
technical factor limiting the economies of carbonisation 
seems to be that of speed in operation. I might point 
out briefly at this stage, that the burning of carbon by 
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air at the temperature of a good boiler fire can take 
place at a speed, which is limited solely by the rate at 
which air can be brought into effective contact with the 
carbon. Combination is, to all intents and purposes, 
instantaneous and complete. The position is quite 
different in carbonisation, even in such processes as 
the gasification of coal in steam and air in‘ producer 
for the manufacture of producer gas, or of coke in 
steam for the manufacture of water gas. There, the 
processes of heat penetration and the reactions of 
gasification are very much slower. The consequence is 
that much higher expenditure on the plant and its 
working, per ton of coal, have to be incurred. 

It is not strange, then, that in one way and another, 
a vast amount of work is being applied to determine how 
these reactions of coal and coke, other than their direct 
burning in air, can be accelerated. Let us consider 
carbonisation from this point of view. In the case of an 
ordinary plant, the heat has to be transmitted through 
the wall of a fireclay retort, and then through the 
mass of coal. It is a slow process. The retort, for 
high-temperature working, is made of fireclay of low 
conductivity. Heat in penetrating the coal is partially 
conducted by the solid, and partly radiated across 
spaces between the solid particles. Some heat is also 
convected from point to point of the charge by the 
gases evolved during carbonisation. The condition 
of affairs is complicated, since it is not only heat 
transmission which is important, but also keeping the 
charge in such a condition that the volatile products 
may be evolved as easily and escape as quickly as 
possible. Such considerations are responsible for 
much experiment in design and treatment. Narrower 
retorts or tubes have been tried, and fireclay replaced 
by the iron employed in the older days of the 
gas industry. Careful inquiry has been directed to 
find the type of iron, which will not suffer from the 
growth and distortion which ruined the old retorts. 
Other alloys, such as ‘Cronite,’ have been used 
experimentally with considerable success, as I can 
say from first-hand experience, although the cost of 
““Cronite’’ is too high to allow of its general use in 
large-scale work. 
The use of metal, as compared with such refractory 
materials as fireclay or silica, has, however, one 
disadvantage, in the sense that it imposes a much 
lower limit upon the temperature of the combustion 
chamber. This has the effect of lowering the tempera- 
ture head available for rapid working. The present 
tendency in gas works and coke-oven practice is to 
use a high quality of refractory material, usually silica, 
in order to get as high a temperature head as possible 
between the combustion chamber and the charge. 
There is much to be said for seeking to produce the 
material sometimes known as semi-coke, containing 
a certain proportion of volatile matter, not by simply 
carbonising of set purpose at a lower finishing tem- 
perature (what is usually understood by low-tempera- 
ture carbonisation), but by rapid incomplete carbonisa- 
sation at a high temperature. To bring that about, 
everything must be done to facilitate the penetration of 
heat and the escape of volatile matter. The condition 
of the charge at every period of its carbonisation 
should be the best possible. 
The nature of the coal, its manner of fusion, the 
rate of escape of volatile matter, and the degree of its 
contraction and expansion, are all important. The 
transmission of heat by conduction through the solid 
depends directly upon temperature differences, but 
the radiation of heat across the intervening gas spaces 
increases much more rapidly than the temperature. 
The heat transmission by conduction and radiation 
varies very much with temperature, and also with the 
size of the gas spaces. Heat convection by the gases, 
as has been mentioned, comes into play. Moreover, 
although the carbonisation process, considered as a 
whole, does not either absorb or evolve appreciable 
amounts of heat, the reactions occurring at one range 
of temperature are markedly exothermic, and at 
another, endothermic, which must have its effect on 
the heat transmission between the cooler and hotter 
portions of the charge, usually the inside and the 
outside layers, respectively. 
The position is too complicated to allow of any 
satisfactory exploration, except by direct and systematic 
experiment on the influence of each variable taken in | 
its turn. Hence, the work, which is on the way, to 
determine the behaviour of coal of different kinds, 
caking and non-caking, swelling and non-swelling ; 
the influence of the size of the pieces of coal used, 
either when one size alone is employed, or sizes in 
admixture ; and the possibility of blending coals, so as 
to secure better behaviour from a mixture than either 
would give separately ; all these at different temperatures 
and rates of working. It is not simply necessary to 
study what are the differences obtained when car- 
bonisation is complete, but also the larger differences, 
which often declare themselves earlier in the process, 
when only a partial carbonistion has been effected, 
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because, as has been already indicated, such partial 
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carbonisation may be enough for many purposes, and 
indeed may be the only form of treatment economically 
practicable for many uses. Useful results have been 
and are forthcoming from such investigations, but 
more radical methods of speeding up carbonisation can 
be employed, if the solid coke can be accepted in 
powdered form, as it can, for example, nowadays in 
the raising of steam by dust firing. The problem of 
heat transmission is enormously simplified in this case, 
because radiation and convection can be made so 
quickly operative upon the surface of every particle. 

Mr. Sinnatt, of the Fuel Research Board, has shown 
how each individual particle of coal responds to the 
stimulus of heat by the rapid formation of a little bulb 
or ceno-sphere. This principle is receiving large- 
scale investigation in the McEwen-Runge process, 
where the transmission of heat to each particle is 
facilitated not only by the fine sub-division of the 
coal, but by causing the particles to descend through 
an ascending current of hot gas, which acts as a heat 
carrier and carbonises them by direct contact. The 
imparting of heat oy using a current of hot gas is a 
feature of several new proposed processes. In another 
process, that of Piron, the heat is transmitted to the 
powdered coal by the contact of molten lead. Rapid 
carbonistion in a revolving cylinder was carried out 
by Yeadon, of Leeds, in 1889, and is now being 
thoroughly tried out. 

I would like now to speak of something more specula- 
tive in character, but worthy, I believe, of consideration. 


GASIFICATION OF SPECIAL 





On gasification in steam, the laboratory equivalent of 
the water-gas process, the cokes made with alumina 
and silica additions behaved exactly like the pure 
coke, but the cokes made with lime, oxide of iron 
and particularly sodium carbonate, behaved quite 
differently. They gasified much more quickly, and 
gave a much better water gas. 

It may be pointed out that as the rate of steam 
passage through a bed of red hot coke is increased, 
some of it begins to come through undecomposed, 
and the water gas, instead of being practically all 
carbon monoxide and hydrogen, contains COg in 
gradually increasing quantities. With the pure coke in 
the laboratory apparatus at 1000 deg. C., using 10 gm. 
of coke, the gas made contained 5-2 per cent. of COg 
(taken as a permissible amount) when the rate of steam 
supply was 2-5 litres per hour, and the coke was being 
gasified at the rate of 1-15 gm. per hour. With the 
silica coke, the figures were practically the same. With 
the iron oxide coke, the rate of steam supply had to be 
increased nine-fold, to 21-9 litres per hour, with a coke 
gasification of 10-5 gm. per hour, before the COg in 
the gas amounted to 5 per cent. With the calcium- 
oxide coke, a COg content of 5-4 was obtained with a 
rate of steam supply of 11-2 litres per hour, and a coke 
gasification of 5-2 gm. per hour. The figures 
obtained with sodium carbonate were even more 
remarkable. With a steam supply of 21 litres per 
hour, the COg was only 4-4 per cent., and in order to 





get 5 per cent. of COg in the gas, it was necessary to 
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Rate CO2 
Weight of Gas Rate of Coke Per Cent. co Temp. 
Coke Used of Coke Gas Enterin Gasification. Aa Per Cent. Fuel 
‘ : .,. | Entering. 8. Grms. per in Gas Bed. 
Grms. Litres Hour Leaving Taavin deg. C 
per Hour. = | (Dry). 8. sh 
* Pure” ae 10 Steam 2-5 1:15 5-2 _ 1,000 
5 per cent. Feo0z 10 ” 21-9 10°5 5-0 _ 1,000 
5 per cent. CaO oe 10 ” 11-2 5-2 5-4 _ 1,000 
5 per cent. NaogCO; .. 10 a 21-0 —_ 0-4 — 1,000 
2°5 5 19-0 -= 5°8 _ 1,000 
“pean” = cm 10 Steam 10 0:9 18-0 —_ 800 
5 percent. NaoCOz .. 10 ‘ 10 5-8 1:7 os 800 
” Dare*’ na 10 CO2 6 - 47°8 1,000 
5 per cent. FeoOs 10 : 6 | = 93-0 1,000 
CaO... 10 . 6 - - 95-0 1,000 
NapCOz 10 6 | - — 97-0 1,000 
: — — = ee 
“Pare” = 10 COs 6 | | 14-0 900 
5 per cent. FeoOz 10 na 6 | - 70-0 900 
CaO... : 10 | “ 6 | - 63-0 900 
Nap,COx 10 j ~ 6 - | --- 82-0 900 























It is open to us to make progress not solely by an altera- 
tion of the thermal and mechanical treatment of coal, 
but by modifying, if we can, its chemical behaviour and 
reactivity. We need not assume that coal, as it has 
been naturally deposited, is in the best chemical con- 
dition for use, and that there are no practicable means 
of stimulating its reactivity—of inducing a different 
behaviour during carbonisation from that natural to the 
coal as it is mined, and imparting where desired greater 
reactivity to the resulting coke. How far is it prac- 
ticable to catalyse the reactions with which we are 
concerned in the carbonisation and gasification of coal ? 
Dr. Lessing has pointed out that the behaviour of 
coal during carbonisation in the laboratory is affected 
materially by the presence in small quantities of many 
inorganic compounds, and Haber suggested that the 
ash of coal might catalyse the reaction of gasification 
in steam. 

Further investigation has clearly shown that if we 
consider such oxide constituents as commonly occur 
in the ash of coal, alumina end silica which usually 
occur in the greatest quantity these have little or no 
effect, but lime, oxide ofironandsoda materially influence 
the process of carbonisation. This is very apparent 
on the laboratory scale, where much finer grained, 
stronger, and more homogeneous cokes have been 
produced by the addition of 5 per cent. of these 
materials. The full explanation is not forthcoming, 
but it would appear that the evolution of volatile 
matter during the plastic stage is s'owed down, and the 
puffing-out and honey-combing of the coke are lessened 
on that account. On the larger scale, these special 
cokes are, however, not obviously different in structure 
from pure coke made without additions, presumably 
because the process is in any case so much slowed down 
that the differences are smoothed out. It is likely that 
in processes of rapid carbonisation on any scale, they will 
be retained. There are some interesting points in the 
larger scale results. Thus, the gas yield was increased 
20 per cent. with a sodium-carbonate coke, and the 
ammonia yield by 35 per cent. with a calcium-carbonate 
coke. But what is of greatest importance from our 
present standpoint is the interesting change, which has 
been brought about, on both the laboratory and the 
large scale, in the properties of the coke by these 
additions. The following are one or two illustrations : 


make the column of coke only one quarter of its 
original length. 

It is plain from these figures, which are collected in 
the above table, that the reactivity of coke to steam was 
so far enhanced by the additions, that the rate of 
working could be increased tenfold, or more, without 
impairing the quality of the gas made. These results 
were obtained at a temperature of 1,000 deg. C. 
At lower temperatures, the influence of the added 
constituent was, in some ways, even more remarkable. 
It is to be remembered that the maintenance of such a 
temperature as 1,000 deg. C. in all parts of the fuel 
bed, is not practicable, in many gasification processes, 
and that, for example with steam, the rate of gasification 
falls off rapidly with temperature, and the quality of 
3 gas made is lowered by the production of more 

2 

Perhaps one of the most striking examples of the 
influence of an added constituent was obtained by the 
comparison of the behaviour, at 800 deg. C., of a pure 
coke and a sodium-carbonate coke, with the steam 
supply at 10 litres per hour to 10 gm. of coke. With 
pure coke, 0-9 gm. of coke were gasified per hour, 
yielding a gas containing 18 per cent. of CO,. With the 
sodium-carbonate coke, 5-8 gm. were gasified per hour, 
and the gas made contained only 1-7 per cent. of COs, 
which represents six times the rate of gasification with 
only one-tenth as much CO, in the gas. This enhanced 
reactivity of coke towards steam is obviously of direct 
importance in the making of water gas, and the 
steaming of coke in gas retorts, and also in nearly all 
gas-producer practice, where coal and coke are gasified 
in air and steam, since, even if the producer is charged 
with coal, as is most commonly the case, expulsion of 
volatile matter at the top of the producer soon converts 
the coal to coke, and it is the gasification of coke with 
which we are concerned, as being responsible for the 
great bulk of the gas made. 

When, however, as in the gas producer blown with air 
alone, air is the gasifying agent, the fundamental 
limiting factor in the rate of gasification is the reactivity 
of the coke to CO,. The rate of blowing with air can 
easily be increased with the production of CO, at the 
grate, but unless the coke above it can reduce that CO, 
to CO, excessive heat is generated in the producer 
itself, and largely lost, while the producer gas is high 








in CO, andof lowquality. I might mention, incidentally, 
that for those uses in which the generation of the 
maximum amount of heat in the fuel bed is required, 
the less reactive coke would be the better, but the 
requirement of gas-producer practice is the opposite ; 
As much heat as possible is wanted as potential heat of 
combustion in the gas leaving the producer. 

It is plainly then an interesting point as to whether the 
same stimulation of reactivity towards CO, as towards 
steam can be secured in these special cokes. This 
has been investigated, and it has been shown that the 
stimulation of reactivity in the special cokes towards 
CO, does occur, although, in some cases, there seems to be 
a falling off after a time, which has not been noted with 
steam, and is being further examined. Passing CO, 
over coke at 1,000 deg. C. under such conditions that 
pure coke gave only 47-8 per cent. of CO, the iron oxide, 
lime and sodium-carbonate cokes gave 93, 95 and 97 per 
cent. of CO, respectively. Similar effects were obtained 
at lower temperatures. The figures quoted above 
have been in every case for 5 per cent additions, but 
experiments made with small quantities show that 
useful effects can be obtained thereby in a more than 
proportionate measure. 

In bringing these particular results forward, I would 
emphasise that they are not intended to represent the 
working out of a technical process, or the completion of 
laboratory investigation. They do seem to me to be 
suggestive. They do seem to demonstrate that we 
should make a mistake if we did not keep our eyes fully 
open to the possibility of speeding up the processes 
employed for the utilisation of coal to an extent which 
it is quite impossible to forecast. 

Summarising, my main thesis is that one great 
reason militating in practice against the replacement of 
the direct burning of coal by methods which would be 
more scientifically, economically, and hygienically 
satisfactory, is that none of the other processes of 
transforming coal is anything like so rapid as that of 
direct burning. Consequently, much is being done, and 
more remains to be done, in investigating, on the 
laboratory and on the large scale, how the speeding up 
may be efiected. The investigation is necessarily taking 
many forms, through the design of apparatus, the study 
of the nature of coal in the molecule and in the mass, in 
order to understand its potentialities under many 
thermal and chemical conditions, and the enquiry into 
the possibilities of modifying the properties of coal in 
directions found desirable by suitable additions. 


THE BURN REDUCING AND 
REVERSING GEAR. 


WHEN describing the exhibits at the last Shipping, 
Engineering and Machinery Exhibition, held in 1925, 
we gave a brief description of the Burn transmission 
gear, manufactured by Messrs. Stothert and Pitt, 
Limited, of Bath. The description referred to will be 
found on page 674 of our issue for November 27, 1925, 
but as the gear has undergone considerable develop- 
ment in the interval, and as our description was neces- 
sarily brief, we propose to describe the gear more 
fully in this article. Various illustrations showing 
different applications will be found on Plate XXVI, and 
on page 343, but before discussing these in detail it 
will not be out of place to recapitulate the principle 
on which the gear operates. 

In its simplest application the Burn gear forms 
a one-stage reducing unit, and it is shown in this 
form in Figs. 1 and 2, Plate X XVI, and Figs. 5 and 6, 
page 343. From Fig. 5 it will be noticed that the two 
shafts, between which the reduction in speed takes 
place, are out of line, the driving shaft, shown to the 
left, being higher in the box than the driven shaft. 
The former terminates in an oval flange, partly visible 
in Fig. 1, carrying two pins, and on these are mounted 
slipper blocks. The driven shaft terminates in a 
circular disc, across the face of which two slots are cut 
at right angles, thus forming a cross. Part of this disc 
can also be seen in Fig. 1, and from this it will be seen 
that the slipper blocks on the driving half of the unit 
engage with the slots on the driven half. The two 
slipper blocks, in position on the pins, are clearly 
shown on Fig. 5, the longitudinal axes of the blocks 
being at right angles the one to the other. Com- 
mencing with the position of the gear shown in Fig. 5, 
it will be evident that if the driving shaft is turned so 
that the upper pin moves away from the observer, 
the driven shaft must also be carried round, both 
slipper blocks sliding through their respective slots. 
The action will, perhaps, be clearer from Fig. 9, which 
shows the centre lines oh on the driven disc, and oa on 
the driver, in two successive positions. From Fig. 9 it 
will be seen that when the driving shaft has made half 
a revolution the driven shaft will have made a quarter- 
revolution, and that after this interval the initial 
positions of the parts is exactly reproduced, with, of 
course, an interchange of the respective pins and slots. 
The gear shown in Fig. 5 thus constitutes a 2 to 1 








reduction gear, and it will be apparent that any 
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multiplication of this reduction may be obtained by 
putting the required number of such units in series. 
Two units in series, giving a 4 to 1 reduction, are 
shown in Figs. 7 and 8, and it will be seen that the 
use of two reductions brings the driving and driven 
shafts into line. The gear shown in this view, how- 
ever, also incorporates a very ingenious reversing 
mechanism, which is more difficult to follow. It will 
be noticed that the intermediate shaft, connecting the 
two 2 to 1 reduction units, is carried in a bearing in the 
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hub of a drum, the latter being itself carried on a bearing 
concentric with the driving and driven shafts. In 
addition, there is a second drum, concentric with these 
shafts, and shown on the left in the illustration, which 
is connected to the first-reduction disc by four swinging 
links, one of which is shown dotted in the illustration. 
The length of these links is made half the distance 
between the pins on the driver. Both drums, and 
also the second-reduction disc on the right, can be 








held stationary by suitable contracting band brakes. 


When the mechanism is employed as a 4 to 1 reduction 
gear, only the central drum is held stationary, the left- 
hand drum being pulled round idly by the*swinging 
links, and taking no part in the operation. [(No diffi- 
culty will be experience in following out the operation 
of the gear under these conditions. To obtain the re- 
verse, the left-hand drum is locked, and the central 
one released. It will be observed that, under these . 
circumstances, the first-reduction disc cannot rotate 
on its own axis, but must rotate in the circular path 
imposed by the swinging links. Referring to Fig. 10, 
if F is the fixed end of the link, it is clear that every 
point on the dise will describe a circle with a radius 
equal to that of the links, including the centre point. 
Thus when the vertical slot in the first-reduction 
disc is displaced from a,0, to a,0. by the movement of 
the slipper pin from a, to a, the centre of the disc 
must have moved through the are 0,0. to 09, so that this 
centre is describing a circle coincident with that of the 
pin, but in the opposite direction, thus giving the 
required reverse motion. It will be noticed that the 
points a and o are moving at the same speed, so that 
no speed reduction takes place in the reverse motion, 
although a 2 to 1 reduction is still obtained from the 
second direct reducing unit fitted in the box. The 
band on the second-reduction disc, already referred to, 
is used merely as a brake. 

It will be realised that the gear has a positive 
neutral, that is to say, the motion of all the internal 
parts is completely constrained when passing from 
neutral to forward or reverse. Some parts of the gear 
are accelerated and some brought to rest, but no internal 
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part has its direction of rotation reversed, except the 
final driven shaft. To this may be attributed the entire 
absence of shock at reversal, which is a feature of 
this gear. 

Turning now to the applications of the gear shown in 
the illustrations, Figs. 1, 2, 5 and 6 show details of a 300- 
h.p. unit for installation in a Diesel tug. It will be 
noticed from Fig. 5 that a thrust collar is incorporated 
in the box, and that the unit is fitted with a lubricating 
pump, driven by an eccentric on the driven shaft, for 
flood oiling of the three main bearings. The oil drains 
off from the bearings into a sump, and as the ends of 
the slots in the disc pass through the oil in the sump 
at every revolution, the slippers are very effectively 
lubricated. The normal running speeds are given in 
Fig. 5, but when on test, the gear was run up to 
1,000 r.p.m. in the presence of our representative, and 
proved to be perfectly silent at this speed. At first 
sight, it might appear that out-of-balance forces 
would cause serious vibration at high speeds, but 
actually, such forces do not exist, as each portion of 
the gear is balanced about its own axis of rotation. 
A gear of this type, constructed to Lloyd’s require- 
ments, has now been in successful operation for some 
time on the Rhine in the tug boat Meeuw. In addition 
to the example illustrated, marine gears are made 
in various sizes, the highest-speed model being designed 
to transmit 60 b.h.p. at 3,000 r.p.m. 

The gear shown in Figs. 7 and 8 is designed for a 
planer drive, and in this connection it is of interest 
to state that two of these gears have been fitted to 
planers in Messrs, Stothert and Pitt’s own works for 
periods of three and five years respectively. The 


former is fitted to a 5-ft. by 5-ft. by 14-ft. planer, and | 


the Burn drive, which is of the variable-speed electric- 


drive vertical type, consists of a 15-h.p. electric motor | 
mounted over the Burn gear, the motor, which runs | 


constantly in one direction, driving the gear through a 
silent chain. The low-speed end of the gear is direct 
coupled to the end of the planer shaft, and the high- 
speed reverse, to which we have already referred in 
connection with Fig. 8, is utilised for the quick-return 
motion. The cutting speeds are from 30 to 60 ft. per 
minute, the return speed being 120 ft. per minute, and 
the machine will cut 40-ton mild steel with two tools at 
50 ft. per minute, each cut being 2 in. wide by ¥ in. 
deep. The drive to the second planer is generally 
similar, the main difference being that a belt is employed 
between the motor and the gear instead of a chain. 
As evidence of the absence of shock in the operation 
of the gear, it may be mentioned that it has not been 
found necessary to renew this belt since the gear was 
first fitted. Evidence of the efficiency of the gear is 
afforded by the fact that the planers were originally 
fitted with 30-h.p. motors, but that, with the gear 
fitted, a 15-h.p. motor has been found ample for the 
work, A standard Burn reducing gear, recently tested 
by the National Physical Laboratory was found to 
have an overall efficiency of 98 per cent. On a recent 
visit to Messrs. Stothert and Pitt’s works, we saw both 
machines in operation, and one of them was repeatedly 
stalled in our presence without any detrimental effect 
on the gear. An illustration of a complete unit for 
planer operation is given in Fig. 4. 

A further application of the Burn transmission, 
illustrated in Fig. 3, is for winch operation. The 
winch shown is operated by a single-cylinder crude-oil 
engine developing 12 b.h.p., and is capable of handling 
1} tons at 80 ft. per minute, or 15 ewt. at 160 ft. per 
minute. In the latter case, the gear is put in reverse, 
and the rope wound over the barrel in the opposite 
direction. The control is operated by a single lever, 
the arrangement being generally similar to that shown 
in Figs. 7 and 8. In addition to the two winding speeds, 
the gear provides a brake for holding the load sus- 
pended, which comes into operation automatically 


when the gear is put into the neutral position. It is | 


possible, with this winch, to allow the load to run 
down at full speed, and to throw the lever directly 
over into the hoisting position without stalling the 
motor. The weight of the winch complete, including 
the warping drum, is 35 ewt., the space occupied being 
only 5 ft. 2 in. by 3 ft. 5 in. 

We understand that these winches, together with 
other machines showing the application of the gear, 
are being shown on Messrs. Stothert and Pitts’ stand 
at the Shipping, Machinery and Engineering Exhibition, 
with which we deal at length elsewhere in this issue. 








Hypro-ELectric PowER IN SOUTHERN ALBERTA,— 
The Calgary Power Company is extending its distribut- 
ing system to serve a considerable number of additional 
communities in Southern Alberta. Among the towns 
which will receive electricity from the company’s hydro- 
electric developments on the Bow river, above Calgary are, 
High River (near which is the ranch of H.R.H. the Prince 
of Wales), Okotoka, Nanton, Stavely, Claresholm, 
Granum, Vulcan, Carmangay, Barons, and Nobleford. 
These towns are in the prosperous farming district 
between Calgary and Lethbridge. 


THE CHEMISTRY OF COAL.* 
By R. V. WHEELER, D.Sc. 


WHEN reviewing, some years ago, the knowledge 
then available regarding the constitution of coal, 
Dr. Marie Stopes and I suggested that, in view of the 
number and apparent complexity of the plant materials 
that had contributed to its formation, the rational mode 
of study of coal would be to determine separately the 
character of the contribution made by each of the more 
important individual coal-forming materials of plants. 
We outlined the programme of research that we 
proposed to follow at the meeting of the British Associa- 
tion at Newcastle-upon-Tyne in 1916. Such a mode of 
attack has of necessity taken a long time to develop, 
and it has not yet yielded all the results desired. 
Nevertheless, the work has reached a stage at which a 
review of progress can profitably be made. This paper 
is intended to present such a review. 

Coal-forming Materials—The various plant entities 
and residues that have contributed to the formation of 
the organic substance of coal can conveniently be 
grouped according as they are :— 

(1) Resistant to decay. Amongst the more impor- 
tant members of this group are :—(a) Spore exines and 
cuticular tissues ; and (6) resins. 
| (2) Subject to decay. The members of this group 
|are either :—(a) Organised, such as cellulosic and 
| lignified tissues; or (6) amorphous, the contents of 
| plant cells. 
| (3) The products of decay. The ulmins. 
| An accumulation of plant remains immediately after 
| deposition consists mainly of the first two groups, but 

in an older deposit, such as a peat bed, whilst the 
| members of group (1) are still present in an apparently 
unaltered form, the celluloses and lignin of group (2) 
have suffered decay, undergoing such minor alterations 
as dehydration produces, or becoming converted into 
ulmins (probably in conjunction with certain of the 
cell-contents), or disappearing altogether. Judging 
from the nature of peat, the formation of ulmins is the 
main chemical process during the decay of plants, and 
it becomes more pronounced the older the deposit. 
Thus, whilst a young peat may yield only 10 or 20 per 
cent. of ulmin material soluble in alkalis, from an older 
peat as much as 70 or 80 per cent. can be extracted. 

In a deposit of the age of coal, it cannot be expected 
that the materials of any of the three groups will 
remain unaltered. Spore exines and cuticular tissues 
may not be much changed, nor need the resins, but the 
cellulose that is not totally destroyed will, in large part, 
be converted, together with the more resistant lignin 
and part of the cell-contents, into the amorphous ulmins 
of group (3), or products derived from them. There 
will also be material corresponding with group 2 (a), 
consisting of altered woody tissues (not, apparently, 
converted into ulmins), such as compose many lignites 
and are recognisable in many bituminous coals. Cell- 
wall structures, group 2 (a), as they finally appear in 
the coal, may not differ much chemically from the 
amorphous ulmins, but the materials of group (1) differ 
markedly. 

It is therefore to be expected that, chemically, coal 
will be divisible into two main groups of substances 
differing considerably from each other; the one com- 
posed of the resistant plant materials, perhaps in a 
somewhat changed form, the other the ulmins derived 
from the less resistant cellular structures and cell- 
contents. It has been suggested that a third specific 
group, of nitrogenous substances, should also be 
present, but no evidence of such a group has been 
obtained, and it appears that the nitrogenous com- 
pounds in plants contribute, as the result of chemical 
combination, to the ulmin group. 

Major Constituents of Coal.—By whatever means 
the constitution of coal is studied, evidence is obtained 
| of the presence, not of an indefinable mass of chemically 
| heterogeneous débris, but of only a few well-defined 
| types of materials. For example, early work on the 
| behaviour of coal on destructive distillation, showed 
|clearly the presence of two distinct groups of com- 
| pounds, the one yielding a little phenolic tar and much 
water, oxides of carbon and hydrogen, the other 
yielding mainly hydrocarbons, liquid and gaseous, and 
presumably resinic in nature. Again, a comparison of 
the properties of the bright and dull components 
(usually termed vitrain, clarain, and durain) of banded 
bituminous coals, has shown relationships between the 
several bright and dull bands, from which the logical 
deduction can be drawn that but two main types of 
materials form the major part of a bituminous coal. 
Such a comparison gives a clearer idea of the character 
of the cor€tituents than can the results of destructive 
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distillation of coal as a whole, and an extension of the 
comparison to include peat enables the two types to be 
recognised as (a) ulmins; and (b) plant materials 
resistant to decay and to chemical treatment. 

The general nature of coal is, however, best shown 
by its behaviour under mild but prolonged oxidation, 
which converts bituminous coals partially or almost 
wholly, according to their nature, into alkali-soluble 
substances, leaving a residue that varies in amount 
and in character, according to the nature of the coal. 
This residue is composed mainly of spore exines, with 
some cuticles, resins and particularly resistant woody 
tissues (including fusain), representatives of the non- 
ulmified resistant plant materials—one of the -two 
major groups of coal constituents. These resistant 
materials have retained their morphological structures 
and, to a large extent, their chemical characteristics, 
throughout the process of coalification. 

The alkali-soluble material is derived from the other 
main group of constituents of bituminous coal—the 
coal-ulmins. The coal-ulmins are themselves insoluble 
in alkalis, but oxidation renders them soluble, pre- 
sumably by reason of replacement of some of the 
external groupings of the molecules by carboxyl. 
The alkali-soluble ulmins, produced from a bituminous 
coal on oxidation, are definite types of compounds, 
not mixtures of dissimilar types, which attain a nearly 
constant composition (C 62-65; H 2-5-3; O 32-35; 
N 1-2 per cent.) when the oxidation has been carried 
sufficiently far, whether the portion of a coal from which 
they are obtained be vitrain, clarain or durain. This 
uniformity of product is evidence of the uniformity 
in character of the material from which it is derived, 
namely, the insoluble coal-ulmin which forms the 
bulk of most coals. Moreover, the composition of the 
alkali-soluble ulmins, produced on the oxidation of 
coals, remains constant over a wide range of coals of 
different rank, indicating the presence of a similar 
type of material throughout such a range of coals. 
Actually, the coals differ as regards the ease with 
which alkali-soluble ulmins are produced from them, 
and it is probable that the differences in rank of coals 
are mainly due to modifications in the readily-oxidisable 
and replaceable external groupings of the coal-ulmin 
molecules. The most obvious example of a difference 
of this nature is obtained on comparing peat with 
bituminous coal. The ulmins, as they exist in peat, 
are soluble in alkalis, but they possess a similar nuclear 
structure to that of the coal-ulmins, which have 
undoubtedly been derived from materials akin to the 
peat-ulmins. The loss of solubility in alkalis, which 
differentiates the peat-ulmins from the coal-ulmins, is 
the first of the changes indicated in the changing 
rank of coals. 

The ready separation of the coal-ulmins from the 
resistant plant débris permits a rational analysis to 
be made of coals. Such a rational analysis is par- 
ticularly interesting when applied to the several 
components of a banded bituminous coal. Thus, the 
analysis of the four component bands of the Hamstead 
coal, a markedly-banded bituminous coal, can be 
expressed as in Table I. 


TaBLE I.—Analysis of Component Bands of Hamstead 
Coal. 








y . Hydro- 
— — — carbons | General Character 
pounds. | Entities. cm of Plant Entities. 
Vitrain .. 96 Nil 4 _ 
Clarain .. 92 5 3 Cuticles and spore 
exines. 
Durain .. 83 15 2 Cuticles, spore exines 
and woody tissues. 
Fusain .. 20 80 Nil | Woody tissues. 

















For complete definition of the coals, a further expres- 
sion, indicating the rank of the ulmin compounds, 
is required. 

Chemistry of the Coal-Ulmins.—The insoluble coal- 
ulmins are held to be of one general type, for the 
alkali-soluble compounds produced by their mild 
oxidation are of uniform composition, which is the same 
whether they are obtained from the vitrain, clarain, 
or durain portion of a banded bituminous coal. It 
might be argued that these alkali-soluble ulmins are 
uniform mixtures of several types of compounds. 
There is no evidence of this. On more drastic oxida- 
tion, products derived from the nuclear groupings of 
the molecules are obtained, and the breakdown is 
progressive, giving no indication of the presence of 
compounds of different degrees of stability. For 
example, nitrogen appears to be distributed, in firm 
combination, throughout the nucleus of the ulmin 
molecule, and, on the breakdown of the nucleus, is 
eliminated pro rata with the carbon. No selective 
breakdown, with the survival of nitrogenous or 
non-nitrogenous molecules, can be detected. 

The similarity of the alkali-soluble ulmins, obtainable 
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from the several components of a banded bituminous 
coal, or from a number of coals of not too widely differ- 
ent rank, indicates that their nuclear structure, and 
that of the insoluble coal-ulmins from which they are 
derived, is the same. The alkali-soluble ulmins differ 
from the coal-ulmins with respect to their external 
groupings, which are mainly carboxylic, and have 
been produced by the oxidation of the external group- 
ings of the coal-ulmins, which may vary from coal to 
coal. 

The stability of the nitrogen (and sulphur) in the 
oxidised ulmins indicates that these elements enter 
into the nucleus of the molecule. Further oxidation 
(by hydrogen peroxide or dilute nitric acid) yields 
products, such as mellitic and other benzene car- 
boxylic acids, picric acid, dinitro-resorcinol, succinic 
and oxalic acids, derived from both six-membered 
carbon rings and furan structures. The nuclear 
structure of the ulmin molecule may, therefore, be 


pictured as composed of hexacyclic carbon rings, | 


linked by furan rings in which the oxygen may be 
replaced by nitrogen or sulphur. 

Chemistry of the Resistant Plant Remains.—(a) Spore 
exines and cuticles.—Spore exines and cuticles exist in 
coal in a form but little changed, either physically or 
chemically, from that which they possessed originally. 
The most marked features of these materials, as befits 
their purpose as protective coverings to delicate tissues, 
are their waterproof nature and their resistance to 
either chemical, fungal or bacterial attack. The 
exines and cuticles that can be isolated from coal, 
by resolution of the conglomerate with hydrogen 
peroxide, are found to have suffered but little from 
bacterial decay during their transformation into coal, 


or from the chemical treatment to which they have | 


recently been subjected. They bear a close similarity, 
chemically, with corresponding structures from modern 
plants. 

Though considered together here, cuticles and spore 
exines are not identicalin chemical constitution. Both, 
however, are closely related to the oily and waxy con- 
stituents of plants, from which they were no doubt 
derived by oxidation processes. On destructive dis- 
tillation, they both yield a high proportion of tar 
(from 40 to 60 per cent. by weight), with but little gas. 
The tar consists mainly of hydrocarbons. The pro- 
portions of organised plant entities present in coal 
varies from 4 to 5 per cent. in a clarain, up to 25 or 
30 per cent. in a durain. 

(6) Resins.—The resins, because of their resistance 
to decay and, to a less extent, to oxidation, are here 
grouped with the “resistant plant remains,” though 
they differ profoundly from the spore exines and 
cuticles. Resins are difficult to define, but may 
perhaps best be regarded as the waste products of 
plant life, related to (oxygenated derivatives of) the 
terpenes. They are associated with the plant, not 
only as exudations, but distributed throughout the 
cell-structures. Resins can be isolated from some 
coals amongst the residue remaining after the oxidised 
ulmins have been dissolved in alkalis. They then 
appear as amber-coloured drops or rodlets, such as 
can be observed, in position in the plant tissues, in 
transparent sections of coal. Probably only a fraction 
of the total resins survives the oxidation treatment 
of coal employed to isolate them, and they are best 
obtained by extraction with suitable organic solvents. 
As thus obtained, they closely resemble the more 
resistant present-day resins in composition, behaviour 
on destructive distillation, and general properties. 
A typical example of a resin extracted from a bitu- 
minous coal contained C, 84:0 and H,7-2 per cent., 
and belonged to the class of resins termed “‘ resenes ”’ ; 
a saponifiable ester resin was associated with it. On 
destructive distillation, the coal resins give a compara- 
tively small yield of gas, mainly paraffin hydrocarbons, 
with about 50 per cent. of tar, also mainly hydro- 
carbons. The amount of resin obtainable from 
bituminous coals varies, but is generally between 
2 and 5 per cent. 

(c) Hydrocarbons.—Hydrocarbons enter into the 
composition of plants, e.g., associated with the 
cuticles, but not in any large proportion. Coals 
sometimes contain free hydrocarbons in greater 
amounts than can be thus accounted for, and it is 
probable that they are mainly derived, during the 
later stages of coalification, from waxes and fatty 
oils (themselves absent from bituminous coals) 
originally present in the plants. The hydrocarbons 
are most readily isolated from coal by the selective 
action of solvents. Both saturated and unsaturated 
hydrocarbons, up to 4 per cent. or 5 per cent., have 
been so isolated. The bulk of the free hydrocarbons 
present in coal distils unchanged and thus contributes 
to the tar. 

Extraction of Coal by Solvents.—Bituminous coal 
can be resolved by means of boiling pyridine, followed 
by chloroform. The portions («) insoluble in pyridine 
and (8) soluble in pyridine but insoluble in chloroform 
are of similar type, but are distinct from (y) the 
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portion soluble in both pyridine and chloroform. 
These fractions have been termed “cellulosic” 
(insoluble in chloroform) and “resinic’’ (soluble), 
as indicating their probable origin, but they are now 
commonly referred to by the non-committal labels 
«, B and y. Pyridine (for a short time in disfavour as 
a means of resolving coal, on the ground that its action 
might be chemical) causes a mechanical dispersion 
of the colloidal ulmin material (and to some extent, 
| perhaps, of the resins), allowing of the more ready 
subsequent action of other solvents. Its use for 
coal extraction is to be preferred to that of benzene 
under pressure, a method that has sometimes been 
adopted, because of its more ready removal from, 
and detection in, the extracts and residues, which 
most tenaciously retain benzene. Moreover, it is 
more effective than benzene at low temperatures. 
The behaviour of the major constituents of coal 
towards solvents can be stated as follows :—Coal 
Ulmins. Insoluble. Partially dispersed by pyridine 
(and several other solvents). The readiness with 
| which dispersion occurs appears to be related to the 
|rank of the coal. Resistant Plant Remains. (a) 
| Organised plant entities, e.g., spore exines: Insoluble. 
| Associated fats and waxes, if present, readily soluble 
in most solvents. (b) Resins: Soluble in such solvents 
|as chloroform and ether. (c) Hydrocarbons: Readily 
soluble in most solvents. 

The effect of resolving coal by pyridine and chloro- 
form can, therefore, be expressed thus :— 





Bituminous Coal. 
(Pyridine). 


| Pseudo-solution 





Extract 


—| 
esidue (a 
(Chloroform) 


(Undispersed ulmins, 
spore exines, cuticles 
and resistant woody | 
structures). Extract(y) 
(Resins 
Hydrocarbons) 


| 
Residue. (8) 
(Mainly dispersed 
ulmins). 


The y-compounds can be further separated by 
organic solvents, a suitable sequence being light 
petroleum, ethyl ether and acetone. Each of the 
fractions so obtained has distinctive properties which 
enable them to be specified according to the following 
scheme :— 

Bituminous Coal y-Compounds. 
(Light Petroleum) 





| 
Residue tihien (v1) 
| (Ethyl ether) (Mainly hydrocarbons). 





Extract (Ye) 


Residue 
| (acetone) (Resinols, resines 
and resenes). 
| | 
Residue (74) Extract (73) 


(Resin-like) (Resin-like). 


An example of the resolution of a bituminous coal 
according to this scheme, to show the proportions 
in which the various compounds are present, relates 
to coal from the Parkgate seam, a typical South 
Yorkshire coking coal, having analysis: C, 83-6; 
H, 5-46; O, 6-75; N, 1-72; S, 2-47; per cent. on the 
ash-free dry coal. By treatment with pyridine and 
chloroform, the proportions of a, 8 and 7-compounds 
obtained were 75:8, 17-3 and 6-9 per cent. Further 
resolution of the y-compounds, in the manner described, 
gave the results shown in Table II. 


TaBLe II.—Resolution of Gamma Compounds, Parkgate 
Seam Coal. 














Analysis. Per cent. 

Per cent. on 

the ash-free 

ae ae | *& | 8. | O+N 
¥, 2:3 .. 83-90 | 9-00 0-74 6-3 
Y¥2 2°54 .. 82-72 6-90 0-91 9-47 
y, 0-83 .. 79-00 5-70 0-89 14-4 
¥e 1°23 .. 80:00 | 5-90 1-10 13- 

| 





The Distillation of Coal—When attempting to 
deduce the character of coal from its behaviour on heat- 
ing and from the products of its distillation, two main 
difficulties are encountered. Coal being a _hetero- 
geneous substance, the effects observed when it is 
heated may be compounded of the effects produced 
by each ingredient independently ; whilst the primary 
products of distillation may be subject to secondary 
decomposition. The latter difficulty can be largely 
overcome by adopting suitable measures to remove 
the primary products of decomposition, at carefully 





regulated stages, as rapidly as they are formed. Valu- 
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able information has been obtained in this way. 
Destructive distillation of coal en masse, however, fails 
to disclose the individual contributions of the various 
constituents, though broad generalisations can be 
made regarding the character of the types of com- 
pounds responsible for the major effects—obvious 
stages of decomposition—observed. 

Thus, at low temperatures there is an evolution, 
almost exclusively, of oxides of carbon and water, 
which, by analogy with the behaviour of carbohydrates 
on destructive distillation, have been assumed to come 
from those portions of the coal that are derived from 
the various celluloses. At moderate temperatures, 
the decomposition products are mainly hydrocarbons, 
both liquid and gaseous, such as might be yielded by 
“resinic’? material. At high temperatures, the 
products are mainly hydrogen and the oxides of carbon, 
from the ‘cellulosic’ portion of the coal. These 
suggestions have received support from the results of 
distillations of the several fractions into which coal 
can be separated by means of solvents. 

Knowledge of the individual contributions of the 
various constituents of coal towards its distillation 
products can, however, best be obtained: (a) by the 
separate distillation of such individual substances as 
can be isolated, e.g., resins and hydrocarbons (by solvent 
extraction), spore exines and cuticles (by oxidation and 
treatment with alkalis); (b) by comparison of the 
results so obtained with the results of distillation of 
modern plant materials of a similar nature; and (c) 
by a suitable choice of coals for destructive distilla- 
tion, e.g., the components of a banded bituminous 
coal, or coals in which one or other ingredient is known 
to be concentrated in abnormal amount. The infor- 
mation obtained by these means can be summarised 
as follows. 

The Ulmins.—The ulmin constituent cannot be 
separated from bituminous coal without modifying its 
character. Perhaps the nearest approach to a pure 
coal ulmin is a vitrain from which all resinous and 
hydrocarbon material has been removed by extraction 
with solvents. Peat ulmins can readily be isolated, 
and their behaviour on distillation can be compared 
with that of extracted vitrains and oxidised ulmins 
prepared from them. Peat ulmins, on distillation, 
yield much water and a little phenolic tar, with, at 
higher temperatures, a large volume of gases, mainly 
hydrogen and the oxides of carbon. This behaviour 
is typical of the natural ulmins, whatever their source. 
It is shown, also, by the synthetic ulmins (containing 
nitrogen) yielded by the interaction of amino-acids and 
carbohydrates. These so-called ‘‘ amino-ulmins’’ are 
of considerable interest, not only because of their general 
similarity, in composition and behaviour, with the 
natural ulmins, but because they are derived from 
materials which occur amongst decayed and decaying 
plant accumulations, and are formed under conditions 
that can occur in nature. 

The products of distillation of a vitrain closely 
resemble those of a peat ulmin, the main difference— 
a smaller yield of water and carbon dioxide—being 
attributable to loss of hydroxyl, carboxyl and other 
external groupings during the change in rank of the 
ulmin from that of peat to that of bituminous coal. 
The oxidised ulmins prepared from a vitrain yield 
greatly increased quantities of carbon dioxide (owing 
to the introduction of carboxyl groups), but the pro- 
ducts of distillation, carbon monoxide and hydrogen 
at high temperatures, and a phenolic tar, are otherwise 
characteristic of ulmins in general. As the ulmin 
constituent changes in rank with the carbon-content 
of the coal, the products of distillation contain lesser 
quantities of water and oxides of carbon. 

The Resistant Plant Remains.—Spore exines and 
cuticles, as already stated, yield between 40 and 60 
per cent. by weight of liquid hydrocarbons. Resins 
partly distil unchanged and partly decompose, yielding 
gases (mainly paraffin hydrocarbons), and up to about 
50 per cent. by weight of hydrocarbon tars. The 
resins extracted from coal (or separated from it mech- 
anically) behave similarly to such fossil resins as have 
been examined. The hydrocarbons isolated from coal 
distil unchanged. By close observation of the course 
of the distillation of a bituminous coal, it is possible 
to detect the independent decomposition of each of the 
ingredients; to note, for example, the early distilla- 
tion without change (liquation) of the hydrocarbons, 
the later decomposition of the resins and the main 
decomposition of the ulmin constituent. In general, 
therefore, it can be said that when a bituminous coal is 
distilled, the phenolic tars, water, and oxides of carbon 
and hydrogen produced are derived from the ulmin 
constituent. Gaseous hydrocarbons are derived in 
part from the ulmin constituent, and in part from the 
resistant plant remains. Liquid hydrocarbons are 
yielded mainly by the plant remains. 

Oxidation of Coal.—It has already been explained 
that the mild oxidation of a bituminous coal affords 
means of separating the major constituents, the ulmins 
and the resistant plant remains. From early work, the 
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presence in coal of two main types of constituents has 
been deduced, the one “ reactive,’ the other relatively 
“inert.”” It was demonstrated that the difference, 
chemically, between the vitrain, clarain, durain, and 
fusain of a banded bituminous coal, lay in the propor- 
tions of “inert”? material with which the “ reactive”’ 
material in each was associated, the latter being of the 
same chemical composition throughout the banded 
coal. The later work, on the oxidation of coal, specified 
as the ‘“‘ reactive’? group of compounds those that can 
be converted by mild oxidation into alkali-soluble 
ulmins; and as the “ inert,’’ those that remain insoluble 
in alkalis—the plant remains. The “reactivity” of 
the ulmin constituent of coal, as contrasted with the 
“* inertness ” of the plant remains, is displayed not only 
by its oxidisability, but by its behaviour towards 
reagents in general, its response to the dispersive 
action of pyridine, and to the action of heat, more 
particularly as regards the production of gases on 
distillation. 

The mechanism of the atmospheric oxidation of the 
coal ulmins seems to be, in sequence :—(a) The adsorp- 
tion of oxygen on the colloidal material; (b) the 
addition of oxygen to the external groupings of the 
molecule ; and (c) the splitting off of external groupings 
and their replacement by carboxyl. Attack on the 
nucleus of the coal ulmin does not begin until more 
vigorous oxidation than atmospheric isemployed. The 
oxidisability of a coal thus depends on the nature of 
the external groupings of the ulmin molecules. The 
effect of the progressive condensation and elimination of 
external groupings from the ulmin molecules, as coals 
progress in rank, is seen in their gradual decrease in 
oxidisability. 

General Considerations.—The materials, all forms of 
plant structures, that may have contributed to the 
composition of coal, are numerous and diverse in 
character. Except for certain specific substances, too 
smal] in amount to require consideration here, these 
materials are, however, substantially the same in 
chemical nature, though varying widely in form and 
in the relative quantities present, whatever the type 
of plant life to which they belong. The relative 
amounts of the different plant materials that ultimately 
form coal may be considerably altered by the conditions 
of their accumulation in the coal-forming beds. There 
will, for example, be a tendency for the heavier woody 
matter, containing much lignin and cellulose, to be 
segregated from the lighter débris, such as spores and 
pollens, so that the resulting coal may show local 
enrichments: of such bodies. Local contributions of 
different plant materials account for the commonly 
banded appearance of bituminous coals. The differen- 
tiation of such banded coals into physically distinct 
components—vitrain, clarain, durain and fusain— 
enables a study to be made of the extent to which local 
enrichments affect the properties of coals, for these 
components of banded bituminous coals differ from one 
another almost entirely because of the different contri- 
butions made to them by the various parts of plants. 
For proper understanding of the character of bitu- 
minous coal it is, in fact, essential to study each 
physically-distinct banded component separately. 

As a result of numerous researches on banded 
bituminous coals, it has become increasingly apparent 
that the great complexity of character of the initial 
coal-forming materials has not been transmitted to the 
resulting coal. During the process of coalification, and, 
as it would appear, mainly during the initial stages, 
those of decay of the vegetable matter, many of the 
more important components (in quantity) of the 
accumulated plant-material lose their identity, and 
by extensive alteration and interaction find common 
level as “‘ulmin compounds.” These ulmins form a 
definite class of compounds, not necessarily homo- 
geneous, but probably comprising several distinct 
types, yet sufficiently alike in their chemical constitu- 
tion and behaviour to justify their being grouped under 
one head. So far, no separation of the naturally- 
occurring ulmins into markedly different classes of 
compounds has been obtained experimentally. 

The plant materials that contributed to the ulmin 
group of compounds are the structural portions, the 
lignin and celluloses of the cellular framework, together 
with much of the cell-contents, namely, carbohydrates 
and proteins. These materials formed the bulk of the 
plants, and the resulting ulmins form ‘the bulk of coal. 
The predominance of ulmins is already apparent in an 
accumulation of plant débris after a comparatively 
short process of decay, e.g., in peats, in which alkali- 
soluble ulmins are found in increasing amounts as the 
age of the peat increases. The ulmins, as first formed, 
are not permanent, unchangeable compounds, but are 
subject to progressive alteration according to the con- 
ditions to which they are subjected. This progressive 
alteration becomes most apparent in a decrease of 
solubility in alkalis, partial in the lignites, complete 
in bituminous coals. Over the whole range of coals, 
also, the ulmins progressively alter, more particularly 
as regards their ease of oxidation, as the “rank” of 





the coal increases. There is good reason for the 
belief that the rank of a coal is mainly determined by 
the change that has taken place (by such factors as 
pressure, temperature and time) in the ulmins it 
contains. 

The parts of plants which do not undergo decay, 
with the formation of ulmins, are the protective 
coverings of plant tissues, such as the coats or exines of 
spores and the cuticles of stems and leaves, together 
with certain special plant products such as the resins. 
These are not readily subject to decay, and are not 
readily altered by the conditions attending coalifica- 
tion, so that they are found in coal but slightly modified 
from their original forms, and in quantity greater than 
corresponds with their original proportions in the 
plant débris. There are also present in coal small 
quantities of free hydrocarbons, probably derived 
from the oils and waxes of the plants during the 
processes of decay and coalification. These three 
classes of plant materials, protective tissues, resins 
and hydrocarbons, though different in character, can 
conveniently be grouped together as ‘‘ resistant plant 
remains.’ A normal coal can be regarded as essentially 
a mixture of the two groups of compounds “ ulmins ” 
and ‘resistant plant remains.” - It can be confidently 
anticipated that, as the result of work now in progress, 
the nature of any coal can be related to (a) the character 


of its ulmin compounds and (b) the contents and | 
nature of its resistant plant remains, so that a rational | 


classification can be obtained. There seems to be no 
possibility of compounding the influence of these two 
groups of materials, for their effects on the character 
of the coal composed of them are independent. 

At present, our knowledge of the extent to which 
each of these main component groups of compounds 
affect the behaviour of coal under different conditions 
is incomplete, but it is possible to relate one or other 
property broadly to the presence of one or other com- 
ponent. For example, in those reactions of coal which 
involve its oxidation, the ulmin compounds play the 
major part; whilst the behaviour of coal on 
destructive distillation, as regards its yield of tar, is 
determined mainly by its contents of resistant plant 
remains. The ‘ coking-power”’ of a coal (its ability 
to yield a commercial coke) depends on too many 
factors to permit of its being related so simply to the 
presence of some ‘coking ingredient,” nevertheless 
it should be possible to deduce the coking properties 
of a coal from its chemical constitution. The resins, 
and to a certain extent, the hydrocarbons, appear to 
play the part of agglutinating materials, but it is clear 
that the character of the infusible part of the coal is 
of equal importance. 

The applications of coal, beyond its direct use as 
a raw fuel, are steadily increasing as knowledge of its 
properties grows; yet there is no question but that its 
most economic use is hampered by lack of definite 
knowledge of its chemical nature. It is significant 
that, of the various schemes suggested for obtaining oil 
from coal, the one regarded by many as the most 
promising involves the complete breakdown of the coal 
molecules, with the formation of carbon monoxide 
and hydrogen from which oils are laboriously resyn- 
thesised. With the more complete knowledge rapidly 
being attained of the chemistry of the major com- 
ponents of coal, it is not too much to hope that direct 
advantage may be taken of their properties to put 
them to the use for which they are best suited. 








TriaAL Trip oF THE M.S. “ Patetia.”—The motor- 
driven oil tanker Patella, which has a deadweight 
carrying capacity of about 10,000 tons, recently under- 
went successful trials at sea. She has been built at the 
Jarrow yard of Messrs. Palmers Shipbuilding and Iron 
Company, Limited, and is furnished with Werkspoor 
Diesel engines manufactured by the North Eastern 
Marine Engineering Company, Limited. 


STANDARD SPECIFICATION FOR Navat Brass Bars 
AND SEecTions.—Two publications have just been issued 
by the British Engineering Standards Association for 
naval brass bars and sections, No. 251—1927 (Admiralty 
mixture) and No. 252—1927 (Special mixture), the latter 
being the result of the growing demand for the special 
alloy, while the former covers the composition most 
commonly used. The specifications, which are identical 
in form, cover the ordinary sizes of round, square and 
hexagonal bars, and those forms of section used in electrical 
apparatus. In the table of hexagonal bars, the corres- 
ponding BSW, BSF and BA sizes of bright hexagon nuts 
and bolt heads are given, so that the suitable bars for 
producing these can be easily selected. The new issues 
open with two definitions of bars and sections, and ruling 
thickness, which are followed by nine clauses constituting 
the specification proper, and covering the quality of 
material, methods of manufacture, freedom from defects, 
provision of test pieces, mechanical tests, &c.; and in 
conclusion, there are three appendices giving tables of 
the margins of manufacture, with their approximate 
metric equivalents, for round, square and hexagonal bars, 
and the forms of British standard tensile test pieces. 
Copies of these new specifications may be obtained from 
the B.E.S.A., Publications Department, 28, Victoria- 
street, London, 8.W., price 2s, 2d. each, post free. 


CATALOGUES. 


Regulator Valve.—A circular explaining the construc- 
tion and operation of his patent double-beat regulator 
valve is to hand from Mr. Henry Owen, 133, Brudenell- 
road, Leeds. 
vg OW Engines.—A catalogue describing small oil engines, 
received from Messrs, Petters, Limited, Yeovil, illus- 
trates vertical engines in fixed, semi-portable and port- 
able forms. The sizes listed develop 1}, 3 and 5-h.p. 


~Steam Turbines.—We have received a copy of the 
Borsig Zeitung, a technical journal issued by Messrs. 
A. Borsig and Company, Berlin, containing illustrations 
and descriptive accounts of the steam turbines built by 
the company. The text is in German. p 

Water Gauging.—A four-page catalogue illustrating 
some of their water-gauging and measuring appliances 
has been received from the Lea Recorder Company, 
Limited, 28, Deansgate, Manchester. This list is 
compiled especially for civil engineers. 

Gas Producers.—The Wellman Smith Owen Engineering 
Corporation, Limited, Victoria-station House, Victoria- 
street, London, 8.W.1, have issued a new catalogue 
describing their gas producer and giving much useful 
information on the production of gas from coal. j 


Rail Bonds.—A catalogue dealing with impedance 
bonds for the track circuiting of electric railways, and 
containing full practical information, has been issued 
by the Westinghouse Brake and Saxby Signal Company , 
Limited, 82, York-road, King’s-cross, London, N.1 


Blast Furnaces.—An illustrated pamphlet on blast - 
furnace plant, issued by Messrs. Head, Wrightson and 
Company, Limited, Stockton-on-Tees, gives some 
striking views of large furnace installations made by 
the firm, and of calcining kilns, direct-acting steam 
hoists, and other accessory plant. 

Radiography.—A leaf catalogue describing a flat form 
of Potter-Bucky diaphragm for placing beneath the 
patient when taking radiographs, has been received from 
Messrs. Watson and Sons (Electro-Medical), Limited, 
Parker-street, Kingsway, London, W.C.2. Hitherto the 
highest efficiency has been obtained only with curved 
diaphragms, 

Wireless Receiver.—A four-page catalogue dealing with 
a long-range receiver capable of receiving, in any part 
of the world, messages from Rugby, Annapolis, Lyons, 
and other stations with wave-lengths from 15,000 to 
19,000 metres, is to hand from the Radio-Communica- 
tion Company, Limited, 35, Norfolk-street, Strand, 
London, W.C.2. 

Steel.—Messrs. Perreaux and Company, 3, bury-court, 
St. Mary Axe, London, E.C.3, have issued lists of steels 
made by Messrs. Bedel and Company, St. Etienne, 
France, for whom they are representatives in this 
country. The lists include high speed and many special 
steels, notes on the special uses and the treatment in 
forging and tempering being given in each case. 

Switchgear.—Messrs. A. Reyrolle and Company, 
Limited, Hebburn-on-Tyne, have issued a new catalogue 
of metal-clad switchgear giving ample and clear 
explanatory matter and including all necessary illus- 
trations of parts as well as sectional views. Some 
striking illustrations of large complete switching equip- 
ments supplied by the company are also given. 


Oil Engines.—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have issued a pamphlet discussing the cost of 
current when generated by independent  oil-engine 
plants, as compared with public supplies. The figures 
given show the annual saving in a number of cases, 
Supply charges vary considerably, but are stated to 
be about double the cost of independent generation, 


Air Compressors.—A list of air compressors of 14 h.p. 
to 29 h.p., for pressures ranging from 15 lb. to 100 Ib. 
per square inch, is to hand from Sir W. H. Bailey and 
Company, Limited, Salford, Manchester. These com- 
pressors are arranged for belt, electric or engine drive, 
and for fixed or portable mounting; special types for 
road work, spray painting, garages, foundries, c., 
are included. 

Switchgear.—The British Thomson-Houston Company, 
Limited, Rugby, have issued a new edition of their 
catalogue dealing with switchboards for three-phase 
systems to meet the requirements of central stations, or 
colliery, industrial and isolated plants. They are suitable 
| for standard voltages of 110-660, 2,200, 3,300, and 6,600, 
| as well as for intermediate voltages ; higher voltages are 
| dealt with specially in each case. A new catalogue of 
| oil-immersed circuit breakers for three-phase circuits 
|up to 11,000 volts, and new price lists for vitreous 
| enamelled resistances and for magnetic blow-out lighting 
| arresters, have also come to hand. 

Oil Engines.—A pamphlet containing some interesting 
| calculations on the cost of power derived from oil engines 
|is to hand from The Campbell Gas Engine Company, 
Limited, 73a, Queen Victoria-street, London, E.C.4. 
The figures generally are based on an average load equal 
to 80 per cent. of the full continuous load capacity, and 
the costs include interest and depreciation. The costs 
per horse-power hour given are 0-54d. for a 55-h.p. 
engine to 0:40d. for a 480-h.p. engine, with a belt drive 
in both cases. Similar costs, reckoned per kw.-hour, are 
from 0-99d. to 0-68d. In making these calculations, 
the price of fuel has been taken at 51. per ton delivered. 
The remarkable feature of these engines is the high fuel 
economy of the small power sets, in which the fuel costs 
are only about 4 per cent. above those for the large sets. 
Lower costs are given for gas engines using producer gas 
generated from refuse. The particulars given are 
sufficient to enable an estimate of cost to be made from 
known local conditions. 
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THE CAUSE OF HIGH PRICES. 


In a short but instructive paper read last week at 
a meeting of the Economics Section of the British 
Association, Sir Alfred Yarrow, F.R.S., attributes 
the rise of prices during the past thirty years to 
four causes. These are the increase in the world’s 
output of gold ; reduced production owing to labour 


troubles; restrictions by trade unions; and the | 


aftermath of the war, with its consequent excessive 
taxation. The cost of living, he states, reached a 
minimum in 1896, when 61/. would purchase as 
much as 127]. in 1926. In 1885, the world’s output 
of gold was about 20,000,000/. per annum. This 
rose steadily till 1899, when the South African war 
caused a fall, but though this reduced the production 
of the Transvaal almost to insignificance, the world’s 
output was little short of 60,000,000/. in 1900. 
From that date onwards, the increase was very rapid, 
the output reaching about 97,000,000/7. in 1913, and 
being nearly as much in 1915. Then, however, 
there was a rapid fall to a minimum of about 
66,000,000/. in 1922; there was then a rise, and in 
1926 the world’s output was about 83,000,000/., of 
which about one-half came from the Transvaal. 

History shows that a large increase in the quantity 
of gold in circulation invariably tends to raise 
prices ; but some counteracting factors may develop, 
since a profusion of gold makes it possible to finance 
improvements in transport and in manufacturing 
methods. It is certainly noteworthy that, between 
the years 1896 and 1913, the price of commodities 
advanced far less rapidly than did the world’s out- 
put of gold. 

In medieval times, gold and wealth were regarded 
as practically synonymous, and most nations 
severely restricted the export of the precious 
metals. Spain, to whom came almost the whole 
of the produce of the American mines, held firmly 
to the above policy. The price of commodities 
rose accordingly to fantastic heights, and this was 
attributed not to the surplus of gold but to the 
export of Spanish manufactures either to foreign 
nations or to the colonies. The export of article 
after article was accordingly prohibited, with the 
result that Spain ceased to be a manufacturing 
country, and, in fact, all industry came to be looked 
upon as more or less degrading. Five-sixths of the 
manufactured commodities used in Spain were 
imported, and nine-tenths of the trade with the 
colonies was foreign. It is interesting to note 
that a policy almost the reverse of this is being 
followed by America, the principal gold holder of 
to-day. Whilst there is no restriction on the free 
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movement of gold from America, imports of manu- 
factured goods are subject to tariffs which are meant 
to be prohibitive. It will be interesting for the 
historian of the future to compare the effects of 
this policy with that followed by Spain. 

Part of the rise of prices in the years preceding 
| the war was undoubtedly due to industrial ill-will, 
| which had been fostered by the street-corner orator 
|and the “ progressive” journalist, with special 
insistence during the decade between 1896 and 
1906. A statement made by the late Lord Lever- 
hulme during the period in question, illustrates 
| this very forcibly. He said that houses at Port 
| Sunlight were costing some 300/. more than identical 
structures erected a few years earlier. Neither 
materials nor wages had substantially risen during 
| the period in question, but output had been reduced. 
| Similar conditions ruled in many engineering works, 
where, in spite of improvements in plant, costs, in 
certain cases, rose markedly. In one instance, the 
output of a night staff in a boiler shop fell almost to 
insignificance. A Mosscrop recorder was then in- 
stalled, and showed that during most of the night 
the machines were only at work for a few minutes 
per hour. Part of the responsibility for this 
| deplorable state of affairs must undoubtedly be 
| “discredited? to certain shortsighted employers, 
| who believed themselves to be losing money if a 
| piece worker, by taking thought, doubled his pay. 
|The reward for daring to think was in far too 
| many cases a cut in the piece rates. In this con- 
| nection it is interesting to note that recent reports 
| of the Home Office inspectors show many instances 
| of accidents arising from an excess of zeal on the 
| part of the workman. Even when working on 
| time, men take risks because they want to get on 
| with their work. 
| Whilst the increased output of gold has largely 
| offset improvements in transport and industry, Sir 
| Alfred’s curves show very convincingly that the war 




















and its aftermath has been still more potent an 
influence in raising the cost of living. The gold 
output fell rapidly from 1915, and attained a mini- 
mum in 1922. Prices, on the other hand, became 
a maximum in 1920, in which year 251/. would pur- 
chase only as much as 61l. in 1896. More than a 
quarter of the rise in prices is attributed by Sir Alfred 
to the depreciation of the paper currency, which 
reached a maximum in the year stated, when the 
export of gold was forbidden from Britain. As 
confidence was restored, prices fell, though even in 
1924 a considerable fraction of the enhanced costs 
of commodities, as compared with 1906, was still 
due to the depreciated value of the Treasury 
note. The embargo on gold export was removed 
in 1925, and undoubtedly caused not a little 
inconvenience at the time. This, however, was 
temporary, and nobody outside that school of 
politicians which is incapable of learning from 
experience would now like to abandon the gold 
basis. Part of the enhanced price of commodities 
is undoubtedly due to excessive rates and taxes, 
but Sir Alfred, though noting this, makes no 
estimate as to what proportion of the total rise is 
thus to be accounted for. 








RAILWAY BRIDGE OVER THE 
ELBE AT HAMERTEN. 


(Concluded from page 226.) 


THE methods employed for the erection of the 
bridge are illustrated by Figs. 36 to 40, above, 
and by Figs. 41 to 50, on page 348. Photographs 
showing the work at different stages are repro- 
duced in Figs. 51 to 53, page 349, and in 
Figs. 54 to 57, page 362. The River Elbe Com- 
missioners insisted that the main span must be 
erected by building out, but agreed that false work 
might be used for the smaller spans. This con- 
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DOUBLE-TRACK RAILWAY BRIDGE OVER THE ELBE AT HAMERTEN. 


AKTIENGESELLSCHAFT FRIED. KRUPP, ENGINEERS, RHEINHAUSEN. 


CONSTRUCTED BY THE 











Fia. 51. Errction or Marin River SPAN. 














Fie. 52. Bripck Reapy FoR ERECTION oF MAIN SPAN. 


cession was, however, subject to the rigid restriction 
that not more than three openings should be 
obstructed by trestles at any one time. It was 
decided, accordingly, to make the false work of 
steel. The trusses first erected were those for 
spans 1, 2 and 3 (see Fig. 1, page 225 ante), and the 
same steelwork was subsequently employed, with 


Fie. 53. 


|the upper chord of the steelwork and moved 
|forward as each successive panel was completed, 
the process being shown diagrammatically in Figs. 
| 48 to 50, opposite, whilst Figs. 41 to 47 show details 
of the provision made for supporting the overhang- 
ing weight. To this end, the steel frame, shown in 


| Fig. 42, was erected immediately over the end of | senger train. 








JUNCTION OF Spans Nos. 3 AND 4. 


| when three panels had been completed on the east 


side and four on the other, the interspace was care- 
fully measured and the closing piece of the lower 
chord made to these measurements at the Rhein- 
hausen shops. This was dispatched to the bridge 
site on goods wagons attached to an express pas- 
On its arrival, however, the tempera- 


little modification or alteration, for the erection of | the cantilever extension of the central girder, as|ture had fallen 10 deg. below that at which the 


spans 4, 6, 7, 8, and 9. In the case of span No. 6, 
which lies to the west of the main opening, it was 
necessary to support the steel posts on piling, as 
indicated in Figs. 39 and 40, special care being taken 
to ensure the rigidity of the false work just under 
the junction between the cantilever extension of 
the central girder and truss No. 6. Elsewhere the 
ground was sufficiently firm to permit of the false 
work being supported by sleepers, as indicated in 
Fig. 38. The false work superstructure consisted 
of braced beams, as shown in Figs. 38 and 39, page 
347, and also in the photographs reproduced in 
Figs. 54 and 55, page 362. It was considerably 
wider than the trusses to be erected, which were 
straddled by the traveller, as indicated in Fig. 38. 
The erection of the main central span was effected 
with the aid of a traveller, which was supported on 


\indicated in Fig. 50 and in Fig. 56, page 362. This 


rested at its base on 150-ton hydraulic jacks, and its 
|upper end was tied back to the steelwork of the 





measurements had been made, and it was necessary 
to wait eight days before the temperature rose 
sufficiently to permit of the joints being riveted up. 


/ completed side span (see Figs. 41 and 43), whilst in | This done, additional measurements were made to 
the other direction it was tied to the upper chords of | fix the length of the closing piece of the top chord 
|the main span, as shown in Figs. 44 and 45. A| and the lengths of the corresponding main diagonal. 
platform 25 m. long and 13 m. wide was suspended | These were then finished as rapidly as possible at 


|from the traveller and moved forward with it. 
had a floor of thick planking, which, in addition to 
facilitating the erection of the bridge floor and the 
| lower chord members, protected the river traffic from 
| any articles which might be accidentally dropped by 
|the workmen. It is clearly shown in Fig. 57, page 
| 362, which is reproduced from a photograph taken 
| during a comparatively early stage of the erection 
}of this span. The elevations of the truss joints 
| were carefully checked as the work proceeded, and 





It| Rheinhausen to the exact dimensions given, and, 


as in the case of the lower chord, the pieces were 
forwarded to the bridge by express train. When 
the junction was finally completed, the rams of the 
150-ton jacks under the struts of the toggles by 
which the overhang was, during erection, tied back 
to the side span trusses, were quietly run back, 
so that the central trusses became self-supporting. 
The deflection taken under this change of stress was 
31 mm., whilst the calculated amount was 41-9 mm. 
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A difference of this order between calculated and 
observed deflections is usual with riveted girder 
work. 

The erection of the bridge occupied about 12 
months, and the total cost was about 4,500,000 
marks. Some 3,130 tons of medium steel were used, 
in addition to 334 tons of soft steel and 144 tons of 
steel castings. 








THE BRITISH ASSOCIATION AT 
LEEDS. 


(Continued from page 335.) 
SECTION G.—ENGINEERING. 


SupER-TENSION CABLES. 


As all the papers on the programme for the meeting 
of Monday, September 5, dealt with electrical sub- 
jects, and some involved electrical demonstrations, 
the meeting was held in the lecture theatre of the 
Electrical Department of the University. The 
first paper, by Mr. P. Dunsheath, bore the above 
title and will be reprinted in a later issue of 
ENGINEERING. In the meantime, we may explain 
that it dealt with the economic factors of power 
transmission by underground cables, the dielectric 
characteristics at higher voltages, metal-sheathed 
and metallised-core cables, the uses of single-core 
and three-core cables, cables for the 132,000-volt 
transmission system of the Electricity Commissioners, 
and the methods of assessing the qualities of 
cables. 

Professor G. W. O. Howe, who occupied the 
chair in the absence of Sir James Henderson, called 
on Mr. Dunsheath to read his paper, which he did 
in abridged form. The discussion, which followed 
on the reading of the paper, was opened by Mr. W. B. 
Woodhouse, who said the paper dealt with a very 
interesting and important subject, as the develop- 
ment of electric supply was dependent upon solutions 
being found for many of the problems referred to 
by the author. The present position, he said, 
was somewhat unsatisfactory ; things were moving 
rapidly and many unexpected problems had been 
encountered. Oil-impregnated paper, which was 
a wholly satisfactory dielectric at 11,000 volts, was 
not satisfactory at 33,000 volts, and it was a 
question whether we had reached the limit of that 
type of dielectric. The 132,000-volt cable shown in 
the paper seemed to be a reversion to a type 
invented as long as some 50 years ago. In this 
arrangement the cable was located in a pipe 
with insulating material between the cable and the 
pipe to prevent contact, but oil was used as the 
actual insulation. It was possible that one solution 
of the present problem would be to use some spongy 
material to hold the oil. Another point was the limi- 
tations to the employment of three-core cables. At 
the present time, it could be said very definitely that 
we were approaching the limit to the use of these 
cables. He would be sorry, however, for the 
limit to be set at 33,000 or 66,000 volts, and he 
hoped cable makers would be able to get over the 
difficulties. Research might also be directed to 
discover some means for reducing the relative 
expansion between the conductor and the material 
surrounding it. He thought, however, that good 
progress was being made by British cable makers. 

Professor W. Cramp, the next speaker, after 
congratulating the author on the information given 
in his paper, said that the latter referred to the 
necessity for linking up overhead lines with under- 
ground cables without intervening transformers. 
This, however, would put a short circuit across 
the line with respect to the oscillations set up by 
lightning discharges and other similar disturbances. 
He thought that this would cause trouble at the 
junction, the pressure then being not limited to 
132,000 volts. The author, he continued, appeared 
to support the view that plain three-core cables were 
satisfactory up to 33,000 volts, but unaccountable 
breakdowns sometimes occurred on cables for 
pressures from 30,000 volts to 33,000 volts, and his 
own opinion was that the limit at which plain 
three-core cables should be used was below 30,000 
volts. With regard to the losses in armouring 


referred to in the paper, Professor Cramp enquired 
why non-magnetic material was not employed for 
the armouring, and suggested that at 33,000 volts, 





sheathing should be used with armouring of non- 
magnetic material. 

The only other speaker on this paper, Mr. H. W. 
Clothier, enquired as to the prospects of inter- 
sheathed cables. In switchgear design, he said, 
condenser-type insulators were essential, and he 
thought they would be useful in cable work. They 
appeared to come on to common ground in one of 
the illustrations in the paper, which showed a section 
of a cable with strengthening strands incorporated. 
He wished to know what material was used for the 
strengthening strands, and enquired whether they 
could be used in connection with automatic control 
and protective devices. 

Mr. Dunsheath then made his reply, which had 
to be brief as the time allotted to the paper had been 
exceeded. He thanked Mr. Woodhouse for his 
remarks, and pointed out to Professor Cramp that 
he had definitely stated in his paper that 33,000 volt 
cables should be constructed with metal sheathing. 
The use of non-magnetic material for armouring 
was purely a matter of cost. Bronze armouring 
would be advantageous from the point of view of 
losses, but its cost would be prohibitive. In answer 
to Mr. Clothier, he said the strengthening strands 
were of steel wire, but they could be made as a 
separate cable and used for protection or automatic 
control. 

The Chairman then proposed a vote of thanks to 
Mr. Dunsheath, and in doing so, said he felt some 
apology was due to him, and to the other authors 
of papers, owing to the smallness of the audience. 
This, he said, had been caused by the fact that 
many members had attended the address being 
delivered in Section A on the subject of relativity, 
by Professor Whittaker. He then called on Mr. 
H. W. Clothier to read his paper on switchgear for 
alternating current. 


ALTERNATING-CURRENT SWITCHGEAR. 


This paper, which we shall reprint in abridged 
form later, after referring to the comparatively 
recent developments in the design and construction 
of switchgear, outlines some of the outstanding 
problems and indicates the lines which their solu- 
tions are likely to take. The problems considered in- 
clude those relating to insulation, relief to operators, 
breaking capacity of circuit breakers, metal-clad 
auxiliary apparatus, current measurements in 
high-voltage circuits, factors affecting economy, 
and the draw-out feature in metal-clad switchgear. 
The essential factors for safety in all electrical 
plant and apparatus are given as the complete 
enclosure of all conductors when alive, the effective 
earthing of all accessible metal which may become 
alive by accident, and the provision of safe and 
easy means for isolating moving parts for inspection. 
The paper shows how these principles are applied 
to switchgear ranging in capacity from the domestic 
plug and socket to the largest circuit breakers for 
use in super-power stations. 

Mr. Clothier then read his paper, showing, in the 
course of it, a model of an automatic synchronising 
device, and also demonstrating the use of a plug 
connection for controlling a domestic electric heater. 
At its conclusion, Professor Howe called on Mr. W. B. 
Woodhouse to open the discussion. Mr. Wood- 
house first remarked that, in the list of names of 
those who had assisted in the development of 
switchgear, that of Mr. Clothier should certainly 
have been included, since many of the developments 
made during the last 30 years had been due to him. 
Switchgear, he said, was the most inefficient part 
of an electrical system. If it were required to tap 
5-h.p. from a power-transmission line it was neces- 
sary to provide a switch capable of breaking the 
whole power of the line. He was glad to see the 
reference in the paper to the work of the Electrical 
Research Association, and remarked that that 
body could do better work if more funds were 
available, and also if it had access to a larger power 
system to carry out tests on. With regard to 
protective devices, it had been the practice to use 
such devices with weak apparatus or faulty machines, 
but they had been found to give as much trouble 
as the apparatus they were intended to protect. 
We had, however, now passed that stage, and, as 
further progress was made, still fewer additions 
would be made to the gear. He had no doubt that 








the new problems arising from the large power 
stations of the future would be satisfactorily solved. 

Professor E. W. Marchant said he had been inter- 
ested in the slow break shown by the author in 
connection with the electrical heater, and would be 
glad to know if the break occurred at the zero- 
current point. In connection with Mr. Woodhouse’s 
remarks on the necessity of putting large circuit 
breakers on a power-transmission line, he thought 
that this would not be the case where direct-current 
distribution could be used. He had been informed 
by engineers at Liverpool that the damage to 
switches on motor-generator sets was much less 
than that on rotary-converter sets. With regard 
to outdoor stations advocated by the author, he 
doubted whether these would prove economical. 
It would be more expensive, he thought, to 
construct protective devices to withstand all weather 
conditions than to erect a building to cover them. 
He would be glad to hear the author’s views on 
relative costs of the indoor and outdoor types. 

Mr. P. Dunsheath, the last speaker on Mr. Clothier’s 
paper, said it was sometimes thought that the pro- 
vision of adequate protection in electrical apparatus 
added to the cost, but if the matter were examined 
further, it would be seen that this was not neces- 
sarily the case. The plug and socket shown by the 
author was doubtless comparatively expensive, but 
its use avoided the necessity for a switch, so that 
safety was combined with economy. For safety, 
however, it would be necessary for the earth circuit 
to be broken after the power circuit in the case of 
a plug and socket connected to an electric heater, 
and he presumed that this was the case in the fitting 
shown by the author. 

Mr. Clothier’s reply was then taken, and in it he 
expressed himself as in full agreement with the 
remarks of Mr. Woodhouse. His desire was to cut 
out as much gear as possible, and to leave only that 
which was thoroughly reliable. In answer to Pro- 
fessor Marchant, he said that breaking tests on the 
plug shown were being made at the National Physical 
Laboratory, and he hoped that oscillograph records 
would be taken to show just when the break occurred. 
With regard to the economy of outdoor stations, he 
could not then give relative costs, but he thought 
there could be no doubt that metal cladding was 
economical, or it would not have been employed in 
circumstances where cost was the dominating factor. 
If metal cladding were used for other reasons, there 
was no great difficulty in making it weatherproof. 
It was for that reason that he had suggested that it 
would be the ultimate form of switchgear. Another 
point in favour of outdoor gear was that there was 
some risk from the oil in a building, but none in an 
outdoor installation. With regard to the point 
raised by Mr. Dunsheath, he said the earth connec- 
tion was made before and broken after the power 
circuit, so that all possible danger from shock was 
eliminated. 


Tue SrrenetH oF MetTAL-FILAMENT Lamps. 


The next item on the programme was a paper 
by Mr. F. Murgatroyd, entitled ‘‘ The Mechanical 
Strength of Metal-Filament-Electric Lamps,” which 
we intend to reprint in a later issue of ENGINEERING. 
In the first section of the paper, general considera- 
tions affecting light efficiency are briefly discussed, 
and the use of gas filling, spiral filaments and anti- 
vibration fittings are referred to. The second section 
relates to the metal filament itself and discusses the 
questions of grain growth and grain size, the effect 
of stress and vibration and of temperature, while 
the third section describes apparatus for comparing 
the strength of lamps by shock tests and also gives 
the results on lamps of different types. The fourth, 
and last, section of the paper gives conclusions and 
recommendations, one of the former being to the 
effect that a lamp is weaker when burning than 
when cold. 

The author read portions of his paper and sum- 
maris2d the remainder, and when he had done so 
the Chairman invited discussion. The first speaker, 
Professor E. W. Marchant, said that, to him, the 
most interesting point was that a lamp was stronger 
when cold than when burning, as many people held 
the opposite view. At the present time, the cost of 
electrical energy was so low that economy in current 
consumption was of less importance than was 
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formerly the case. It did not now pay to destroy a 
lamp of which the efficiency had fallen off, so that 
the question of the life of a lamp was of greater 
moment than it had been a few years ago. The 
paper was of great value as an indication of the 
means by which the life of a lamp could be increased. 

Professor Cramp said he was not clear with regard 
to the effect of the length of the filament on the 
life of a lamp, and would be glad of some further 
information on this point. Owing to the high volt- 
ages used, the filament had necessarily to be of 
great length, and it was, therefore, wound into a 
spiral, but its life must depend upon the proper 
spacing of the supports. He was interested to hear 
from the previous speaker that the cost of energy 
was so low that it paid to use inefficient lamps, but 
he thought it would be better if the prices of lamps 
were reduced sufficiently to enable them to be 
scrapped earlier. He would be glad to know if pure 
tungsten were the best material for filaments. 
Certain alloys, he thought, had been tried without 
success, but the old tantalum-filament lamps 
appeared to have a longer life than the modern 
tungsten lamps; he had himself had some of the 
former type in use for over 11 years. 

Dr. R. L. Smith Rose, referring to the conclusion 
to the effect that a lamp was stronger when cold 
than when burning, enquired if the applied voltage 
affected this, and pointed out that, when the cost 
of energy was very low, it would pay to under-run 
the lamps in order to increase their life. Professor 
Howe said he had been surprised to hear that lamps 
were stronger cold than’when burning. He thought, 
however, that when new they were equally strong 
in either condition. There were, however, certain 
cases in which other considerations than life or 
efficiency were of even more importance to the user. 
As an instance of this, he mentioned that his own 
250-volt direct-current supply in Glasgow was about 
to be changed over, as a temporary measure, to an 
alternating current supply at 25 cycles, and he was 
therefore considerably perturbed with regard to 
the possible effects of temperature fluctuations on 
luminosity. This showed how factors which were 
previously of little importance suddenly came into 
prominence. 

Mr. Murgatroyd, who then replied, said it was 
certainly a fact that lamps were weaker when 
burning. The effects of vibration and shock were 
first shown in the fracture of the filament, and it 
was this which had first to be improved. In answer 
to Professor Cramp’s remarks on the subject of the 
length of the filaments, he said he approved of the 
squirrel-cage form for low-consumption traction 
lamps of about 20 watts, but, for high-consumption 
lamps exceeding 60 watts, it was necessary to 
spiralise the filament. All possible methods of 
mounting filaments had, however, by no means 
been exhausted. It would be possible to use two 
squirrel-cage type filaments in series in one bulb, 
but there would then be more cold spots at the 
points of support. With regard to the materials 
for filaments, he said, the reason tungsten was 
employed was that it could be used at a high 
temperature, and consequently at a high efficiency. 
Tungsten, he thought, could be produced with a 
purity of 99-9 per cent., but other materials, such 
as thoria, were added to the tungsten to produce 
certain effects on the crystal growth. It was 
possible to specify what the crystal structure of the 
filament should be after a certain time. In answer 
to Dr. Smith Rose’s question on the subject of the 
effect of temperature on strength when burning, he 
had no exact information. As a user of electric 
lamps, he agreed with the remarks of Professor 
Marchant and Professor Cramp with regard to 
their life and cost. He did not want to specify a 
life of 900 or 1,000 hours for a lamp; there should 
be no limit to its life, and the price should be the 
lowest possible. 


JET-WAVE RECTIFIER. 


But little time remained for the other papers on 
the programme, and the author of the next paper, 
bearing the above title, merely outlined the principle 
of-his rectifier and briefly explained its develop- 
ment. After doing so, he mentioned that a 100-kw., 
550-volt rectifier had been constructed with an 
efficiency of 92 per cent., and preparations were now 





being made for the construction of much larger 
rectifiers, in which it was only necessary to multiply 
the number of jets. The first part of the paper will 
be found on page 338 of our last week’s issue, and 
the conclusion on page 377, so that we need not 
deal further with it here. There was no time for the 
discussion of the paper, but the Chairman explained, 
in proposing a vote of thanks to Dr. Hartmann, 
that, after the meeting, a 10-kw. rectifier would be 
shown in operation in the electrical engineering 
laboratory of the University, and members desirous 
of obtaining any further information could do so 
then. 
A CLosE-VoLTAGE REGULATOR. 


The last paper on the programme for the morning 
was one bearing the above title, the author of 
which was Mr. F. C. Turner. In calling on him to 
give a brief outline of the paper, the Chairman 
expressed regret that there would be no time for 
discussion. This paper, which we shall reprint 
later, describes a method of automatically con- 
trolling the voltage of a direct-current generator 
within fine limits. The apparatus was required 
for use in connection with the supply of constant- 
temperature furnaces and fatigue-testing machines 
running for long periods, and the paper shows that 
the permissible voltage variation is of the order of 
0:5 volt in 200. Various methods of maintaining 
a constant voltage are dealt with and shown 
either to permit too large a variation or to be 
too costly. The author therefore devised a 
thermionic-valve operated relay, which gives 
control within the desired limits and can be 
constructed at a moderate cost. The design 
of this is described, and another regulator, capable 
of controlling the voltage within + 0-03 volt, is 
also dealt with. A diagram illustrating the 
behaviour of the regulator over a long period is 
included in the paper. 

The author rapidly summarised the paper, 
explaining his remarks with the aid of lantern 
slides. He mentioned, in conclusion, that as copies 
of the paper were in the hands of all present, any 
points which he had not been able to make clear 
would doubtless be understood on reference to the 
printed text. In proposing a vote of thanks to 
the author, Professor Howe remarked that it was 
an excellent example of the numerous uses to which 
the thermionic valve could be adapted, in addition 
to those in connection with wireless telegraphy and 
telephony for which it had been originally intended. 
The meeting then adjourned. 


Tue EFFICIENCY OF INTERNAL-COMBUSTION 
ENGINES. 


The meeting of Tuesday, September 6, was held 
in the Emmanuel School, and the chair was taken 
by Sir James Henderson. The first paper on the 
programme was one by Professor W. T. David, 
which we reprint on page 371 of this issue. In this 
paper, the author puts forward two suggestions, the 
first being that the ideal efficiencies of internal- 
combustion engines, calculated upon the basis of 
the generally accepted specific-heat and dissociation 
data, are too low ; the second suggestion is that the 
ideal efficiencies increase with compression ratio at 
a rate, not only greater than that indicated by the 
air standard, but also greater than that indicated 
by ideal efficiency calculations based upon the 
usual specific-heat data. The suggestions are based 
on the theory that the combustion is not complete 
at the point of maximum pressure, and various 
experiments supporting this view are described. 

Professor David having read his paper, the Chair- 
man invited discussion, remarking that the paper 
was a bold and suggestive one, which he hoped 
would be fully discussed. The first speaker, 
Professor F. C. Lea, in the course of his remarks, 
expressed the view that an endeavour should be 
made to discover some standard of reference for 
comparing all types of internal-combustion engines. 
Sir James Henderson said that one or two definitions 
appeared to be called for in connection with the 
paper. When, for instance, was burning complete ? 
He took it to be when all thermal and chemical 
action had ceased. The study of thermal and 
chemical equilibrium, Sir James continued, had 
first been carried out in connection with some of his 
own work on high explosives. Planck’s quantum 





theory had enabled them to calculate the conditions 
for chemical and thermal equilibrium. Nernst and 
his colleagues had worked out the theory, and when 
Einstein worked out his equation based on the 
quantum theory, the speaker had applied it to the 
explosion of cordite. Comparing the results with 
Nobel’s work, he had found a marked agreement, 
which convinced him of the accuracy of the Einstein 
equation. With the help of Professor Hesse, he 
had calculated the ideal indicator diagram for a 
gun. The temperatures reached were, of course, 
much higher in a gun than in an engine, but there 
was no experimental evidence, in the ideal diagram, 
as calculated, of any marked delay in establishing 
thermal and chemical equilibrium, so that there 
was no delay in the burning. Applying the same 
calculations to internal-combustion engines, we 
encountered the fact that the temperatures were 
much lower, and it was therefore more difficult to 
say when combustion was complete. There must, 
however, be some delay due to the cylinder walls, 
which would affect the indicator diagram. The cold 
layer of gas mixture in contact with the walls 
might burn after the main body of the gas, and so 
mask the effects obtained in the experiments. 
Flame was, therefore, not a good indicator of the 
progress of combustion, although it was difficult 
to get a better one. In conclusion, Sir James 
remarked that the author’s experiments were good, 
but he was a little doubtful of the theoretical 
deductions from them. He particularly wished to 
know what the author meant when he spoke of 
combustion being complete. 

Professor W. Cramp enquired if the author had 
considered some experiments carried out by Professor 
Burstall on explosions in spheres. In these, a 
quite definite delay could be traced in the burning of 
the gas from the centre outwards, the delay being 
of the same order of magnitude as that involved in 
the rise of pressure to the maximum in the author’s 
experiments. This showed the presence of un- 
combined gas and indicated that combustion took 
place comparatively slowly throughout the mixture. 

In his reply, which was then taken, Professor David 
first remarked that, as his suggestions had been 
described as bold, he would draw attention to the 
account, given in the paper, of some engine experi- 
ments made by Ricardo. It was there stated that, 
according to Tizard, Ricardo had actually measured 
a thermal efficiency of 33 per cent. for an engine for 
which the calculated ideal efficiency was 36 per 
cent. In view of the known heat losses, the propor- 
tion of the ideal efficiency obtained on test was 
altogether too high. He therefore thought that 
“bold” was not quite the right word to apply to 
his suggestions. His own experiments had been 
conducted with exceptional care to obtain the 
highest possible accuracy. All pressures were 
recorded on photographic films, four or five records 
being made under the same conditions, and no 
experiment being accepted unless the records could 
be accurately superimposed one upon the other. 
With regard to Professor Lea’s remarks on the 
subject of a standard of comparison for internal- 
combustion engines, he thought that, at the moment, 
there was nothing better than the air standard. 
The committee of the Institution of Civil Engineers 
had suggested the use of the Atkinson cycle, which 
was very desirable from some points of view, though 
not perhaps from that of the student. Another 
suggestion covering Professor Lea’s point was the 
use of a dual-combustion cycle, but this again 
would present difficulties to students. In answer 
to the President’s enquiry as to what was meant by 
burning being complete, he said he meant this in the 
ordinary engineering sense. He regarded com- 
bustion as being complete whén the whole of the 
carbon and oxygen present had been converted 
into carbon dioxide in its normal form. He could 
not draw any picture in molecular terms of what 
had happened, but he could say that the whole of 
the chemical energy had not been converted into 
pressure energy or temperature energy. Dissocia- 
tion did not enter largely into the experiments, 
as most of them were conducted at temperatures 
below 2,000 deg. C. The President, Professor David 
continued, had suggested that the flame was not a 
good indicator in following the process of combus- 
tion, on account of the effect of the surface layer. 
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He, however, had not appreciated that difficulty 
himself, although he probably would have done so 
had he been working at the enormous densities 
used in Sir James’ experiments. In answer to 
Professor Cramp, he said he had not mentioned the 
experiments referred to as it had been necessary to 
keep the paper short. The experiments, however, 
were very interesting and supported his own views. 


(To be continued.) 





THE SHIPPING, ENGINEERING AND 
MACHINERY EXHIBITION AT 
OLYMPIA. 

(Continued from page 325.) 

BEFORE continuing our description of the exhibits, 
a reference may be made to the official opening of 
the Exhibition on the 8th inst. We were unable 
to deal with this in our last issue, as we had gone to 
press before it took place. In declaring the Exhibi- 
tion open, His Grace the Duke of Northumberland, 
President of the Institution of Naval Architects, 
mentioned that it was just twenty-one years since 
the first exhibition was held in 1906. Continuing, he 
referred to the high quality of the exhibits, which 
he had had an opportunity of examining, and stated 
that such exhibitions were of great importance in 
extending British trade throughout the world; in 
addition, they had a considerable educational value 
for the public. Dr. H. 8. Hele-Shaw, the Chair- 
man of the Committee of Experts for the Exhibition, 
in proposing a vote of thanks to His Grace, men- 
tioned that the organisers had aimed at attracting 
business men from all parts of the world, and 
particularly from the British Empire. A number 
of the leading engineering institutions were arrang- 
ing official visits, and delegates were attending from 
all parts of the Empire. 

The Inaugural Dinner was held on the evening 
of the opening day, the Duke of Northumberland 
being in the chair. Sir J. Fortescue-Flannery, in 
proposing the toast of ‘‘ Shipping and Commerce,” 
expressed some doubt whether the Chancellor 
of the Exchequer was right when, in a recent 
speech, he stated that trade was rapidly resuming 
its normal prosperity. The speaker, however, was 
able to state that shipbuilding prospects were im- 
proving. Among other speakers was Sir Ernest W. 
Petter, who proposed the toast of ‘‘ Success to the 
Exhibition,” and referred to the recent settlement of 
the wages dispute in the engineering industry. He 
stated that the country was greatly indebted to the 
workers and their unions for the spirit they had 
displayed throughout the negotiations. 

Continuing our description of the exhibits, 
Messrs. C. A. Vandervell and Company, Limited, 
Acton, London, W., are showing the signalling 
searchlight illustrated in Fig. 59 on this page. Al- 
though primarily intended for use as a day or night- 
signalling lamp, it can be quickly converted either 
into a searchlight or a flood light. The barrel and 
trunnions are constructed of naval brass, while 
the parabolic reflector is of silver rolled on copper. 
A gas-filled lamp is employed as the lighting unit, 
and, by means of a special focusing arrangement, 
it can be ‘traversed in the longitudinal axis of the 
Jamp, thus permitting any desired angle of beam 
diffusion. The lamp is swung vertically in a 
gimbal bracket fitted with clamps, while rotation 
is effected round a bearing in the base. The 
signals are transmitted by means of a cylindrical 
shutter, which fits round the bulb. When the 


trigger, which is visible at the rear of the barrel, is | 
operated, the shutter is drawn back clear of the | 
bulb, so that the light is projected on to the reflector. | 


While signalling is in progress, a steady light is 
shown through the open end of the shutter, and in 
this way an indication is given to the signaller that 
his signals are being read. The telescope at the 
top of the lamp allows the distant station to be 
constantly aligned. To convert the signalling lamp 
into a searchlight, the beam is focused by the 
focusing knob, the shutter being kept permanently 
out of the beam by a catch on the control grip. 
A widely-diffused beam for flood-lighting purposes 
can be obtained by throwing the bulb out of focus. 
This firm have adapted the device previously 
used in their automatic lifeboat lighting equipment 
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to an apparatus which 














Fia. 59. Daytient SIGNALLING Lamp; MEssRs. 
C. A. VANDERVELL AND Co., LIMITED. 


Fie. 60. Buoyant Ligut; Messrs. 
C. A. VANDERVELL AND Co., LiMiTED. 





illuminates a_ lifebuoy, 
or other buoyant ob- 
ject, directly the latter 
reaches the water, thus 
complying with the 
Board of Trade Life 
Saving Regulations, 
1926. ‘This appliance, 
of which an illustration 
is given in Fig. 60, on 
this page, is entirely 
self-contained, and con- 
sists essentially of three 
compartments, the 
uppermost of which 
contains the electric 














lamp, the central one 
the battery, consisting 
of two Nife alkaline 
cells, and the lowest, 
the fioat or plunger unit. 
bottom chamber is pierced. 
apparatus is immersed, the hydrostatic pressure 
forces the plunger upwards, so that it bridges two 
contacts and completes the electric circuit. Access 


The base 


guard and lamp fitting, two operations which can 
be easily effected. The whole equipment is water- 
tight, and is so weighted that it will float with the 
light uppermost directly it reaches the water. An 
eyelet is provided in the main body of the apparatus, 


or other life-saving device. 
The third exhibit on this stand is the compen- 





ditions. The machine used in this system is illus- 
trated by the photograph reproduced in Fig. 61, 
and a diagram of the internal connections is given 
in Fig. 62. It will be seen from these, that the dy- 
namo and regulator are combined in one unit. The 
former is a shunt-wound machine, the shunt wind- 
ing of which is shown at F on the diagram, while 
BB, are the brushes. The regulator, shown to 
the right of the diagram, has a resistance R, which 
is connected in the dynamo field, and is periodically 
short-circuited by the contact points CD. One end 
of the field winding F is connected direct to the 
brush B, and the other to the brush B, through 
the contacts CD or the resistance R. Depending, 
therefore, upon whether these contacts are open or 





of this 
When, therefore, the 


to the battery is obtained by removing the lamp 


so that it can easily be attached to a lifebuoy | 


sated voltage control dynamo-lighting system, which | 
is being demonstrated under actual running con- | 
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| Fias. 61 anD 62. 350-Watt Ligutinc DyNAMO; 
Messrs. C. A. VANDERVELL AND Co., LIMITED. 


; ee : : 
| closed, resistance is inserted in or switched out of 


|the field circuit. As will be seen, one of the 
|contacts to which reference has been made is 
| mounted on a rigid member H, while the other is on 
|a spring-controlled armature G, which is attracted 
| by the core of the solenoid Q, on which are two 
| windings V and A. The first of these is a high- 
| resistance coil, and is connected directly across the 
| dynamo brushes, while the latter is a low-resistance 
| coil which, together with the shunt SS, carries the 
| dynamo current. These two windings are arranged 
| so as to assist each other. The terminals K and L 
| are connected to the lamp or battery leads. With 
|the dynamo on open circuit, the winding V and 
| resistance R, the tension of the control spring of the 
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Fie. 63. 


Fig. 64. 

















Fia. 65. 
Fias. 63 To 65. Fire-ExtTinauisHina APPARATUS FOR SHiIpPs ; Messrs. WALTER KIDDE AND Co. (INC.). 


armature G and the air gap of the regulator are all 
adjusted so that the voltage across KL is the highest 
required for charging the battery. When the load 
comes on, the coil A assists coil V, so that though 
to begin with the terminal voltage is less than the 
maximum, it gradually creeps up to that figure as 
the charging proceeds. At the same time, the 
current falls in accordance with the charging require- 





ments. Itis stated that, by suitably combining the 
winding A and the shunt SS in relation to the 
other variables, any combination of lamps and 
battery loads can be dealt with, and the output 
divided between the dynamo and battery in almost 
any proportion. In this way, it is claimed, 
an output is ensured which is automatically 
altered in accordance with the variation in the 








lighting load, while, at the same time, the battery 
is charged at a rate which will serve to maintain 
a constant full-charge voltage. If, on starting 
up, the battery is completely discharged, it is sub- 
jected to a high initial overload rate of charge, while, 
at the same time, the full voltage is available on 
the lamps. As charging proceeds, the rate of 
charging is automatically reduced so that over- 
charging is avoided, and, at the same time, the 
lighting voltage remains constant. The charging 
range of the 350-watt set illustrated is from 0 to 
30 amperes, with an overload rate of 40 amperes. 
It is very compact, being only 64 in. in diameter and 
weighing 60 lb. The cutting-in speed is 480 r.p.m., 
thespeed at full charge being from 900r.p.m. upwards. 

It is unnecessary to emphasise the special dangers 
associated with a fire on board a vessel at sea, 
and it is satisfactory to record that these dangers 
have been very appreciably reduced in the last 
few years. A contributing factor in this direction 
has been the increased facility for calling assistance 
by wireless messages, and we refer elsewhere in 
our account of the Exhibition to the development 
of apparatus for automatically calling attention to 
SOS signals from other vessels. Undoubtedly 
this is a most important step in the direction of 
increased safety, but nothing can take the place of 
effective fire-extinguishing apparatus on the vessel 
itself. Among the more recent developments in 
the latter direction, the Lux-Rich equipment has 
proved extremely effective. This apparatus is 
shown on the stand of Messrs. Walter Kidde and 
Company, Incorporated, 140, Cedar-street, New 
York, but it can best be described by dealing with 
an installation on an actual ship, and we have 
accordingly selected the photographs reproduced 
in Figs. 63 to 65 on this page. 

«The apparatus consists essentially of a battery 
of cylinders, shown in Fig. 65, containing carbon- 
dioxide gas, which is connected by a system of 
pipe lines to various points in the holds, engine and 
boiler rooms, and so on. The pipe lines from the 
cylinders are brought up to one or more valve 
boxes situated at any convenient point on the 
vessel. One of the valve boxes is shown in Fig. 64, 
and, in addition to the pipes from the cylinders, the 
valves are connected to two other sets of pipes, 
one set being brought up to a smoke-detecting 
cabinet shown in Fig. 63, in the wheel-house, and 
the pipes in the other set terminating at the various 
points where a fire is most likely to occur, or where 
it would be particularly dangerous. The valves are 
of the three-way type, so that normally the gas 
lines can be shut off, and there is a line connecting 
each point in the hold, or engine-room, at which 
a pipe terminates, with the detector cabinet. The 
lines are of galvanised piping, } in. in diameter 
throughout, and, as far as possible, are clipped to the 
underside of the various decks. 

The detector cabinet consists of a sealed box 
with a glass front. A partial vacuum is maintained 
in the chamber by a small exhauster, and air 
samples from the various points in the ship to which 
the pipes are run, are thus constantly passing 
through the detector. The cabinet is strongly 
illuminated by the two lamps under the smoke tubes, 
shown in Fig. 63, the light being focused up each 
tube. The four lamps shown at the bottom of the 
cabinet in this figure are merely spares. The 
presence of even a small amount of smoke in the 
air from one of the pipes shows up clearly by diffus- 
ing the light rays. The air from the chamber is 
exhausted into the wheel house, thus affording a 
second means of detection by the sense of smell. 
As soon as smoke is observed issuing from one of 
the pipes, the corresponding three-way valve is 
operated to shut off the pipe leading to the cabinet, 
and to connect the battery of CO, cylinders to the 
pipe leading to the point from which the smoke 
has been drawn. 

The quantity of gas required is determined by the 
volume of the largest space to be protected, but the 
number of cylinders necessary is relatively small 
owing to the high pressure at which the gas is 
stored. Among the advantages of the system may 
be mentioned the fact that carbon-dioxide gas is 
harmless to foodstuffs, and cannot cause such 
cargoes as soya beans or coffee to swell. The gas, 
of course, is not poisonous, and is easily removed 
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Fic. 68. 





by ventilation after the fire has been extin- | 
guished. 

The Marconi International Marine Communication 
Company, Limited, London, are showing several 
new pieces of apparatus, and we may first refer 
to a 1}-kw. continuous and interrupted-continuous | 
wave transmitter, which we illustrate in Fig. 66, | 
above. It enables the bands trom 600 to 850 m. 
and from 2,000 to 2,700 m. to be covered | 
with only one equipment, and has been specially | 








designed for the selective operation which is becom- | 
ing increasingly necessary as the employment of | 
wireless for many purposes develops. For signal- | 


Fie. 69. 


ling on the long wave-lengths, continuous waves | Fies. 68 anp 69. Avto-ALARM FoR SHips; Messrs. Marconi INTERNATIONAL 
only are employed, but for shorter wave- lengths | MARINE COMMUNICATION CoMPANY, LIMITED. 


either continuous waves or interrupted-continu- | 

ous waves can be used. The interrupted-con- | mitter is approximately 800 miles on interrupted- 
tinuous wave is obtained by disconnecting part of | continuous waves and 1,500 to 2,000 miles on 
the smoothing circuit and modulating the con- | continuous waves. 

tinuous waves with the generator frequency. The; The second piece of apparatus on this stand, to 
normal daylight range obtainable with this trans- | which we may call attention, is the }-kw. telephone 


set for use on small ships which do not carry a 
wireless operator. This set, which is illustrated in 
Fig. 67, is completely enclosed, only the three 
controls required for operating the instrument being 
placed outside the case. For reception purposes, 
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either head telephones or a loud speaker can be used 
to receive on a fixed wave-length between 150 and 
230 metres. The generator provides both the 
high and low tension current for the two modu- 
lating valves, and one oscillator valve, used in trans- 
mitting. The four valves used for reception are 
supplied from batteries. The installation has a 
range of 250 miles, and is intended for ship to 
shore and ship to ship communication, especially in 
trawler fleets. 

Perhaps the most important exhibit on this 
stand, however, is the auto-alarm device, which 
is the firm’s contribution to the solution of the 
problem of ensuring that wireless alarm signals 
shall be received on board ship, even when the 
operator is off duty. As explained on page 321 of 
our last issue, when dealing with the exhibits of 
Messrs. The Radio Communication Company, 
Limited, this signal is sent as a preliminary 
to the distress signal, and consists of a series of 
dashes lasting 4 seconds, with an interval of 1 second 
between them. This signal actuates the receiving 
instrument, and causes bells to ring on the bridge, 
and in the wireless-operator’s cabin. A general 
view of the apparatus installed in position is given 
in Fig. 69, page 354. It consists essentially of a 
combined tuned amplifier and receiver, in which 
three valves are used. The first of these is a 
detector, the second acts as a note-magnifier, while 
the third, which is a four-electrode valve, controls 
the relay circuits. The receiver is used exclusively 
for auto-alarm purposes, and is connected to the 
aerial through a switch which disconnects all the 
other wireless apparatus. The aerial circuit is 
direct coupled to a closed circuit, which is designed to 
respond equally to all wave-lengths between 585 and 
615 metres. The detector and note-magnifier valves 
are transformer coupled, and the second and third 
valves are choke-capacity coupled. The received 
signals are passed to a selector, an illustration of 
which is given in Fig. 68 on the same page. The tuning 
of the various components of this piece of apparatus 
is such that it will respond only to the succession 
of dashes which constitute the alarm signal. On 


the termination of the third successive dash, the 
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) alarm bells will ring, and these can only be switched 


off from the wireless room. In more detail, the 
primary movement of the selector is governed by 
the movement of the relay tongue. In the state 
of rest, this tongue is held against its front stop, 
and a circuit is completed through the first magnet, 
thus holding the primary arm down against the 
action of its spring. When a signal of sufficient 
strength arrives, the relay tongue falls away from 
the front stop, the current through the first magnet 
is broken, and the primary selector arm is forced up 
by the spring, its rate of travel being controlled by 
an air dashpot. During the continuance of an 
incoming signal of sufficient strength, the relay 
tongue chatters against its back stop, the circuit 
through the first magnet remaining open and the 
selector continuing in operation. At the end of a 
period of three seconds, a contact is closed which 
rotates a shaft carrying the ringing contacts by a 
distance represented by one tooth of a pawl wheel 
mounted onit. If the dash is false, however, that is, 
if it last five seconds, a second contact is closed and 
re-sets the selector. A second arm, known as the 
secondary arm, ensures that the correct operation 
of the mechanism depends on the correctness of the 
spacing period. If the space is less than one-fifth 
of a second, or more than 2 seconds, contacts are 
closed, which again re-set the selector. On the 
termination of the third consecutive dash, the 
shaft carrying the ringing contacts has rotated 
sufficiently to close the ringing contacts. Once 
the ringing circuit has been closed, the contacts are 
short-circuited, and the alarm bells will go on 
ringing until the apparatus is switched off from 
the wireless cabin. 

It will be convenient here to refer to another auto- 
alarm apparatus, which is being shown at Olympia 
by Messrs. Siemens Brothers and Company, Limited, 
of Woolwich. This device is, of course, intended 
for the same purpose as that which we have just 
described, and the signal again consists of a series 
of 4-second dashes interspersed with 1-second 
spaces, the whole signal lasting one minute. The 
instrument, the front .panels of which are shown 
in Fig. 70, comprises a tuner with a _ single- 








valve detector circuit. This is adjusted to respond to 
signals between 585 m. and 615 m., having a steady 
note frequency of not less than 100 per second when 
the strength of signals after the valve is such as to 
be comfortably audible to the trained ear. The 
received signals are amplified by a two-valve ampli- 
fier, and rectified on a single-valve detector, before 
being passed to the selector relay. A view of the 
selector is given in Fig.71. This consists essentially 
of a phonic motor which is fed with interrupted direct 
current from a 6-volt battery through a 25-cycle 
tuning fork. The speed of the motor is maintained 
constant by a second tuning fork. A small centri- 
fugal governor, which expands as the motor rotates 
and separates two contacts, is mounted on an ex- 
tension of the phonic-motor shaft. Should the 
motor stop, these contacts are closed and warning 
bells are rung. 

Assuming that the incoming signal is correct in 
spacing and sequence, it passes through the receiver 
and amplifier, the last valve of which rectifies the 
low-frequency current. The input relay, which 
is provided with marking and spacing contacts, 
is included in the plate circuit of this valve. As 
soon as a signal arrives, the plate-circuit voltage is 
reduced and the relay is caused to open. The 
marking contacts are thereby closed and, in turn, close 
a 6-volt circuit and energise the clutch coils. The 
electro-magnetic clutch then engages the rotating 
motor wheel and drives the main shaft, on which a 
special toothed wheel is mounted. This wheel is 
arranged so that, in 4 seconds, it travels to its first 
notch from the zero position. _ When this occurs, a 
ratchet, controlled by a spring, engages in the notch 
and holds the wheel fast. The signal then ceases 
and the input relay releases the electro-magnetic 
clutch, causing the main shaft to disengage the 
motor wheel. A recovery spring causes the main 
shaft to return to its zero position, leaving the wheel 
with the ratchet-arm in the first notch. 

After an interval of 1 second, the next dash 
commences, and the foregoing cycle of operations is 
repeated. The wheel is again turned forward so 
that, at the end of 4 seconds, the ratchet-arm engages 
with the second notch. In the same way, at the 
end of the third dash, engagement is made with 
the third notch, and finally, at the end of the fourth 
dash, the bell circuit is completed. The wheel is 
designed so that signals lasting anything from 
34 seconds to 4 seconds will actuate the device 
and give the alarm, and the tolerance for the space 
is anything from instantaneous break up to 14 
seconds. In the event of the signal lasting more 
than 54 seconds, a cam on the main shaft trips two 
contacts and breaks the circuit of the electro- 
magnetic clutch, so that the main shaft can return to 
its zero position. Simultaneously, a second cam 
operates an electro-magnet which holds the ratchet 
clear of the notched wheel. If the duration of the 
dash is less than 34 seconds, the wheel does not 
rotate far enough for the ratchet to engage with the 
notch, and at the end of the signal the wheel is 
returned to its zero position by the recovery spring. 
If a 4-second dash is received which is followed by an 
incorrect time interval, the operation of the device 
is prevented by the following arrangement: As soon 
as the arm engages on the time wheel, a circuit is 
formed through the metallic portion of the wheel and 
the space contacts of the input relay, and an auxiliary - 
clutch comes into action. This carries a cam which, 
after 1}? seconds, closes the circuit of an electro- 
magnet. This magnet pulls the ratchet-arm away 
from the time wheel and causes it to return to its 
zero position. In order to avoid the possibility of a 
breakdown, arrangements are made whereby the bell 
will ring if any fault develops in the valves. On the 
other hand, the whole installation can be tested with- 
out ringing the bridge bell. 

The same firm are also showing examples of their 
well-known engine-room telegraphs, revolution indi- 
cators, helm and look-out indicators, as well as torsion 
meters of the Hopkinson-Thring and Ford types, and 
pyrometers and thermometers. 

Messrs. Automatic and Electric Furnaces, Limited, 
173, Farringdon-road, London, E.C., are exhibiting 
a number of Wild-Barfield furnaces in opera- 
tion, and are also demonstrating the precision 
hardening of small tools such as taps, dies and 
other parts. A new pattern of furnace, which has 
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recently been designed by this firm, is illustrated 
in Fig. 72, Plate XXVII. It consists essentially 
of an arched chamber, measuring 2 ft. 7 in. by 
1 ft. 8 in. by 10 in., and is intended for the 
precision hardening of large gears, tools and other 
wearing parts. It has an output of 175 Ib. of 
hardened steel per hour, and its maximum electrical 
loading is 15 kw. The magnetic indicator, with 
which the furnace is fitted, enables the exact moment 
for quenching to be determined by the operator. 

This firm is also showing a new pattern of carbur- 
ising furnace, the heating elements of which are 
totally enclosed in the refractory-brick lining of the 
chamber. This precludes any risk of their being 
damaged by the soot or gases from the carburising 
compound. The elements themselves consist of 
spirals of high-quality nickel-chromium wire, and 
are run throughout the length on the sides of the 
furnace. The individual spirals are connected to 
easily accessible ’bus-bars at the back, so as to 
facilitate replacement in case of need. This 
furnace is fitted with automatic temperature-control 
gear, which consists essentially of a pyrometer 
regulator connected to an automatic make-and- 
break switch (see Fig. 74). The regulator is fitted 
with an adjustable pointer, which is set at the 
temperature it is desired to maintain in the chamber. 
When this temperature is recorded on the regulator 
from a thermo-couple in the furnace, the automatic 
clapper switch breaks the heating circuit. This 
causes the temperature to fall slightly, but directly 
this occurs, the heating circuit is re-made and the 
operation is repeated. It is thus possible to maintain 
a constant temperature without the intervention 
of the operator. 

Another furnace which is shown in operation 
in conjunction with automatic temperature control 
is an air tempering oven with an internal capacity of 
16 in. by 16in. by 12in. In this design, the heaters 
are fitted to the sides of the oven, and a removable 
perforated basket is provided to carry the work 
which is to be tempered. In this case the automatic 
temperature control consists of a dial thermometer 
with a relay and make-and-break switch, the general 
arrangement of which is shown in Fig. 73. 

Messrs. Allen-Liversidge, Limited, of Victoria 
Station House, London, 8.W.1, are showing a 
number of patterns of their welding equipment, which 
are operated either by high or low-pressure oxy- 
acetylene or by electricity. Though in the last-named 
type of apparatus the consumption of energy can be 
kept within reasonable limits by the introduction 
of automatic features into the design, this is not 
so easy when a gas is used. Interest, therefore, 
attaches to the ‘* Alda” welding gas economiser, 
which is being shown, and a photograph of which is 
reproduced in Fig. 75. As will be seen, this consists 
essentially of a valve-box, which can be clamped to 
the bench, and carries a forked lever. When the 
lever is depressed, by hanging the blow-pipe on it, 
the supply of gases is cut off and wastage is avoided. 
On lifting the blowpipe, the supplies are re- 
established, and the flame is re-lighted from a 
pilot jet. An important point is that no adjust- 
ment of pressure is necessary. It is stated that, in 
an actual test carried out under ordinary workshop 
conditions, the use of the economisers in welding 
100 parts of mild-steel tanks of 18 gauge material, 
with a longitudinal seam oi 12 in. and a circum- 
ferential seam of 25} in., resulted in a saving of 
14-5 per cent. in the gas consumption. 

It is impossible in the space at our disposal to 
deal at any length with the numerous examples of 
small tools exhibited, but those shown on the stand 
of Messrs. Atalanta, Limited, 1-3, Brixton-road, 
8.W.9, are of somewhat special interest. Many of 
our readers will be aware that this firm was founded 
scon after the war to afford an outlet for women 
who had acquired a high degree of mechanical 
and, in some cases, technical, skill in enginering 
work, while employed on the production of muni- 
tions. Opportunities for these workers to continue 
their employment in an ordinary works were few 
and far between, and largely owing to the influence 
and financial support of the Hon. Lady Parsons, 
the firm of Atalanta, Limited, was initiated to meet 
their requirements. The staff and employees are 
exclusively women, and the firm is engaged mainly 
in the production of small components. They are 
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showing a number of these, and also screwdrivers, 
chucks, and jigs, the two former being of their 
own design, at the exhibition. We illustrate one 
example of each of these exhibits in Figs. 76 
to 78, on Plate XXVII. The Atalanta screw- 
driver, shown in Fig. 76, is fairly well known, but 
to those who are not familiar with the tool it may 
be mentioned that it terminates in a loose knob 
instead of the usual handle, the shank being 
provided with a milled ring which can be fixed at 
any convenient height for the operator. After 
inserting the blade in the screw slot, the knob is 
pressed against the palm of the hand, and the blade is 
then turned, by means of the milled ring, using the 
finger and thumb, It will be appreciated that the 
screwdriver is only intended for small or delicate 
work, such as model making or the assembly of 
wireless sets. It is made in three sizes, a Bakelite 
knob being available as an alternative to the 
standard steel knob in the two larger sizes. In 
addition, box spanners can be supplied to fit on 
the blade of the smallest tool. 

The same principle of operation is employed for 
the tool shown in Fig. 77, the shank in this case 
terminating in a small chuck, which can be used 
for holding taps, reamers and so on. Collets are 
provided for shanks up to }-in. in diameter. The 
third tool, illustrated in Fig. 78, is a jig for enabling 
radial holes to be accurately drilled in round bars 
from } in. to ? in. in diameter. The longitudinal 
and transverse vee grooves, visible in the figure, 
are of exactly the same size, and the work being 
inserted in the longitudinal groove, a bush of the 
same external diameter, and with the required 
size of hole, is inserted in the cross groove. The 
two halves of the jig are clamped up by inserting 
the tool in a machine or bench vice. A set of 
standard bushes is supplied with each jig. These 
are centred, but not drilled, and are left soft, thus 
enabling the purchaser to drill to his requirements. 
All the tools referred to are accurately made and 
well finished. 

One of the first essentials in the design of any 
form of steering gear for ships is to prevent the 
shocks from heavy seas that strike the rudder from 
being transmitted to the rest of the equipment, and 
it is also important for the operation of the rudder 
itself to be effected under the worst conditions with 
the minimum amount of human effort and the 
maximum of certainty. Careful attention to these 
considerations has been given in the design of the 
Donkin-Scott steering gear, which forms one of the 
principal exhibits on the stand of Messrs. Laurence 
Scott and Company, Limited, of Norwich. Illustra- 
tions of the gear are given in Figs. 79 to 83, 
Plate XXVIII. 

As regards the electrical portion, the chief de- 
sideratum is that the equipment shall be absolutely 
reliable, which not only means careful design and 
manufacture, but, in the case of the control apparatus, 
a minimum number of positions at which breaking 
of the current, and hence wear of the contacts. can 
take place. In the case of the Donkin-Scott gear, 
the method of control allows such breaks of current 
to be entirely eliminated, the whole equipment being 
worked by setting up and stopping the flow of the 
current in permanently-closed circuits. Great care 
is also taken in the actual construction of the motors, 
so as to preclude all likelihood of breakdown on 
that score. The insulation throughout is of mica 
and micanite. 

The method of operation is most easily explained 
by reference to the diagram reproduced in Fig. 83. 
It will be seen that the equipment consists essenti- 
ally of a motor-generator which is supplied from the 
line. This machine is kept running continuously while 
the steering gear is in use. The generator of this 
machine supplies current at a varying voltage to 
the main motor, which is connected directly to the 
steering gear. These variations are effected by 
altering the current supplied from the exciter. 
To ensure that the motor of the motor-generator set 
will continue to run under all normal conditions, it 
is provided with trips, which only open the circuit 
when the supply entirely fails, and with a device 
which automatically re-starts it when the supply 
is re-established. The only effect of a drop in 
voltage is, therefore, to slow down the gear. The 
control equipment, as is clear from the diagram, 





operates on the Wheatstone-bridge principle, and 
consists essentially of two rheostats, one of which is 
fixed in the wheel house, the other being in the 
steering-engine compartment and connected to the 
main motor. Each of these resistances forms two 
arms of the conventional bridge, while the place of 
the galvanometer is taken by the exciter field 
winding. The slide on the rheostat in the wheel 
house is in the form of a nut, which is fed backwards 
and forwards by a lead screw, in accordance with 
the movement of the wheel. Thus any movement 
of the wheel displaces the slider, upsetting the elec- 
trical balance of the system, and current therefore 
flows through the exciter-field winding. The other 
rheostat is mounted on the main steering-gear motor, 
from which it is driven through reduction gearing. 

When a current is caused to flow in the exciter 
field by the movement of the steering wheel, the 
exciter supplies current to the shunt winding of the 
generator. The latter machine in turn supplies current 
to the main-motor armature, at a voltage which de- 
pends on the current flowing in the generator shunt ; 
in other words, on the amount the slider on the 
wheel rheostat has been displaced. The consequent 
movement of the main motor armature moves the 
rudder rheostat, so that its slider is brought into a 
position corresponding with that of the wheel-house 
slider. When this occurs, the Wheatstone bridge is 
again balanced, so that no current flows through 
the exciter field. The generator, therefore, loses 
its excitation, and the main motor its armature 
current, so that the whole system comes to rest. 

An important feature is that the voltage of the 
generator, and therefore the speed of the main 
motor, depends on the difference in position between 
the two sliders. The result is that when the helm 
is put hard over, the movement is at first very 
rapid, gradually slowing down as coincidence is 
reached. This slowing down takes place without 
any loss of operating torque, as the generator is 
arranged to supply a large current at a low voltage, 
in order that the movement may be completed. 
To eliminate damage that might otherwise be 
caused by the action of the sea on the rudder, the 
rheostat of the latter is made rather larger than the 
one in the wheel house, so that an ‘‘ over-run”’ is 
provided. The effect of such over-run on the 
electrical equipment is to reverse the current in 
the exciter-field winding, and to turn the main 
motor through a sufficient number of revolutions 
to cause the two sliders once again to be in corres- 
pondence. As an additional safety precaution, 
limit switches are provided in the two sides of the 
bridge. 

The mechanical portion of the gear is made 
by Messrs. Donkin and Company, Limited, of 
Newcastle-on-Tyne, and is illustrated in Figs. 
79 to 82. It consists of a cast-steel spring- 
harnessed quadrant and tiller on the rudder post. 
The tiller is shrunk on and keyed rigidly to the 
post, while the quadrant is loose. The connection 
between the quadrant and tiller is made by strong 
steel buffer springs, which absorb all shock due 
to the sea, and thus protect the pinion and worm 
gearing from damage. The worm gearing con- 
sists of a hard gun-metal rim mounted on the 
pinion centre, the whole being totally enclosed and 
immersed in oil. The worm, which is driven by the 
motor through a flexible coupling, is of hardened 
and ground forged steel. The end-thrust is taken 
on a heavy ball-thrust bearing, and the worm 
wheel is integral with the pinion, the combination 
running loose on the main shaft. The whole of the 
worm and pinion gearing, together with the main 
motor, is mounted on a heavy bedplate, which, in 
turn, is fixed to a cast-iron sole plate. The latter is 
bolted to the deck, and so arranged that the worm 
and pinion gearing can be withdrawn from engage- 
ment with the quadrant, should it be necessary to 
use the emergency steering gear. The worm-driven 
hand gear, which operates on an auxiliary toothed 
quadrant, can be arranged to work from the poop 
above or from the steering-gear compartment itself. 

Messrs. Arrol-Johnston and the Aster Engi- 
neering Company (1913), Limited, Wembley, 
Middlesex, are showing a comprehensive range of 
petrol and paraffin engines, made up into sets for 
pumping, house-lighting and so on. They are also 
showing Aster Anthony feed-water regulators and 
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Fie. 84. 1-Kw. Lieutine Set; Messrs. ARROL-JOHNSTON 
AND AsTER ENGINEERING Company (1913), LimrrEeD. 


donkey pumps. Several of these exhibits have 
already been described in our columns, and we 
may refer particularly to the account of the feed- 
water regulators given on page 665 of vol. exx. 

Two exhibits of this firm with which we have 
not previously dealt are shown in Figs. 84 and 85 
on this page. The first of these illustrations shows a 
1-kw. semi-automatic country-house lighting set. 
As will be seen from the figure, the engine, generator 
and switchboard are built up into one compact 
unit. The engine is a single-cylinder, water-cooled 
model with overhead valves. The cylinder head is 
detachable. Aluminium pistons are fitted, special 
provision being made to avoid piston slap. The 
connecting rod is machined from an H-section drop 
stamping, and is fitted with a split big-end bearing, 
lined with white metal, and a bronze-bushed small- 
end bearing. The valves are operated by push-rods 
and fulcrum levers, the latter being supported on 
self-oiling roller bearings mounted on the cylinder 
head. The camshaft is driven by enclosed skew- 
gearing running in oil, and the crankshaft, machined 
from a nickel-steel drop forging, is carried on ball 
and roller bearings, extended to support the dynamo 
armature. Lubrication is on the trough system, 
with a piston pump, driven from the camshaft, to 
maintain the oil level. Coil ignition is employed. 

As can be seen in the illustration, the dynamo 
yoke is cast integral with the engine crank-case. 
The dynamo is of the four-pole type, with slotted- 
drum armature mounted directly on the engine 
crankshaft. A battery of 27 cells is provided with 
the set, the standard voltage being 50. A some- 
what larger set of the same type is made with an 
air-cooled engine, the output in this case being 
3-5 kw. 

The engine for the pumping set shown in Fig. 85 
is identical with the one employed for the 1-kw. 
lighting set described above. The pump is of the 
well-known type manufactured by Messrs. The 
Rees Roturbo Manufacturing Company, Limited, 
Wolverhampton, and is designed for a head of 
70 ft. It is direct coupled to the engine, and runs 
at a speed of 1,400 r.p.m. The two units are bolted 














together by means of a cast-iron distance piece, as 
shown in the illustration, and this is of sufficient 
length to give convenient access to the pump gland. 
The set should prove very convenient for a wide 
variety of purposes, but more particularly in 
agricultural work. It has an output of 3,500 gallons 
per hour against a 70-ft. head, or 500 gallons per 
hour against a 95-ft. head. 

The Atlantic Engine Company (1920) Limited, of 
Wishaw, Scotland, are showing a range of marine 
engines, compressor units and lighting sets. We 
illustrate the largest marine engine exhibited in 
Fig. 86, page 358, and may mention that it is primarily 
intended for use in high-class work such as yachts. 
As will be clear from the figure, it is a six-cylinder 
model, each cylinder forming a separate casting. 
The bore of the cylinders is 5 in. and the piston 
stroke 6 in. The engine develops 51 h.p. to 54 h.p. 
on petrol, and 45 h.p. to 48 h.p. on paraffin, the 
two figures in each case corresponding to speeds of 
750 r.p.m. and 900 r.p.m. Overhead inlet valves 
are employed, operated from the cam shaft in the 
crankcase by push rods bearing on rocker arms. 
Both the camshaft and the crankshaft are one- 
piece forgings. The big-end bearings are of die-cast 
white metal, while the small-end bearings consist 
of hard phosphor-bronze bushes in the piston, the 
pin being fixed in the connecting rod. 

A seven-bearing hollow crankshaft is employed, 
and all the bearings are white-metal lined. Hoffmann 
thrust bearings are employed to take both the ahead 
and astern thrusts, the ahead thrust being taken by 
the end of the crankcase, and the astern thrust by 
the gear-box wall. Lubrication is effected by a 
gear pump, driven off the camshaft through spur 
gearing. The oil is forced to the main and camshaft 
bearings and to the big ends, the small ends and 
pistons being splash lubricated. Surplus-oil return 
holes are drilled through the piston below the bottom 
piston ring at the usual angle. The flywheel is at 
the forward end of the engine, as shown in the 
illustration. The circulating pump is of the plunger 
type, and is bolted to the gear-box. Itis driven by 
an eccentric from the secondary shaft in the box. 





Fie. 85. AGRICULTURAL Pumpine Set; Messrs. ARROL-JOHNSTON 
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The engine is very accessible, large inspection 
doors being provided on both sides of the crank- 
case to give access to the big ends. On removing the 
end cover of the gear-box, the whole of the clutch 
mechanism can be withdrawn without taking down 
any part of the engine. The top half of the gear- 
box can also be readily removed to give access to 
the secondary shaft and other parts. Separate 
models are supplied to run on petrol or paraffin. 
The petrol model is fitted with a hot-water muff 
over the induction pipe, while the paraffin model is 
fitted with an exhaust-gas vaporiser. A Simms 
magneto, with an impulse-starting arrangement, is 
standard on all engines. All models can be fitted 
with a bilge pump, driven by the same eccentric 
as the circulating-water pump, and can be adapted 
for deck control. A self-starter can also be fitted 
if required. 

The engine of the lighting set, illustrated in 
Fig. 87, is generally similar in mechanical details to 
the six-cylinder unit dealt with above, and need not 
therefore be described in detail. The cylinder has a 
bore of 4 in., and the stroke is 5 in.; the engine 
develops 5 h.p. at 1,000 r.p.m. Side-by-side valves 
are employed, and the set is designed to run on 
paraffin, with petrol starting. A governor of the 
usual centrifugal type is fitted, which can be readily 
adjusted by turning a milled nut. Cooling is by 
thermo-syphon, and the bearings are splash lubri- 
cated throughout. The generator develops 2 kw. 
at 50 volts. 

In addition to examples of their various types 
of marine engine previously exhibited, Messrs. John 
I. Thornycroft and Company, Limited, Thornycroft 
House, Smith-square, 8.W.1, are exhibiting the new 
model shown in Figs. 88 to 90, Plate XXIX. This 
model, known as the RD/4, has been evolved from 
the smaller RA/4 type, already dealt with in our 
columns, for which a considerable demand has been 
experienced since the last exhibition. 

The engine is a four-cylinder unit, having a bore and 
stroke of 43 in. and 5} in., respectively, and develop- 
ing 35 brake horse-power on paraffin, or 40 brake 
horse-power on petrol, at 1,100 r.p.m. A reducing 
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gear can be fitted behind the reverse gear, as shown 
dotted to the left of Fig. 88. This gives a propeller 
speed of 366 r.p.m., rendering the engine suitable for 
installation in large fishing boats and passenger- 
carrying craft running on the heavier fuel. With- 
out the reduction gear, the engine is suitable 
for higher-speed boats, or the cabin-cruiser class 
of yacht. As will be clear from the illustra- 
tions, the engine resembles the earlier models 
already on the market, being of compact and 
clean design. Simplicity of control, complete 
accessibility, and low fuel and oil consumption, 
have all received attention in the design. The reverse 
gear is combined with the engine, thereby ensuring 
a short, compact unit, designed solely for marine 
work. The reducing gear, already referred to, adds 
very slightly to the length of the engine. 

The cylinders are in the form of a monobloc 
casting with detachable head, as shown in the 
sections, Figs. 88 and 89. Large doors are provided 
to give access to the water-jackets for cleaning. The 
valves are of the side-by-side type, the inlet valve 
being made from 3 per cent. nickel steel, and the 
exhaust valve from stainless steel. The valves are 
interchangeable as regards size. Renewable guides 
are fitted for both the valves and the tappets. The 
latter have offset mushroom heads to ensure even 
wear. 

The crankshaft and reverse gear are mounted in 
the lower half of the crankcase, as shown in Figs. 88 
and 89. Both halves of the crankcase are of cast 
iron, and the lower half is provided with a con- 
tinuous ledge for bolting to the boat bearers, 
as shown in Fig. 90. This enables the whole 
engine to be dismantled without the alignment 
between the crankshaft and the propeller shaft 
being disturbed. Webs are cast between the 
bearer arms to prevent anything falling into 
the bilge. The crankshaft is carried on three white- 
metal bearings of ample length. The pistons are 
of cast iron, and are fitted with two rings. The 
gudgeon pins are of the floating type, made from 
hardened steel. The connecting-rod is of Duralumin, 
and the big-end bearings are of gunmetal, lined with 
white metal. The position of the camshaft is clearly 
shown in the sections. It is driven from the crank- 
shaft through helical spur gearing. 

Forced lubrication is employed, the plunger pump 
being driven off the camshaft. The oil is drawn 
from the crankcase through a brass strainer, and 
forced to the main bearings and connecting-rod big 
ends. An indicator registers the oil pressure, which 
is regulated by a relief valve. Surplus oil is returned 
to the crankcase via the timing gears. The valve 
gear, and all other moving parts, are amply lubri- 
cated. A large oil-filler cap is provided on the 
crankcase. 

The vaporiser consists of an entirely new type 
of paraffin carburettor, mounted directly on a 
heat-adjusting vaporiser, the arrangement of the 
parts being visible in the various figures. The heat 
is supplied by the exhaust gases passing round the 
incoming mixture ; the mixture is then led to a fully- 
balanced automatic air valve, through the throttle 
box bolted directly on to the cylinder casting. By 
adjusting the heat delivered to the vaporiser, the 
engine can be made to run slowly on light throttle 
for indefinite periods. A Zenivh carburettor is fitted 
on the petrol models.. A double-acting plunger 
type water pump, running at half engine speed, is 
mounted on the front cover of the engine; a 
governor is also fitted as standard, operating 
directly on to the throttle-control valve. The 
reverse gear is of the epicyclic type, operated by 
expanding clutches, the gears being mounted 
directly in the flywheel. The arrangement of the 
reverse mechanism is shown in Fig. 88. The thrust 
is taken by means of Timken roller bearings. 

An impulse starting magneto is driven in tandem 
with a large dynamo, and an electric starter can be 
fitted if required; ‘hand-starting gear is provided 
at the after end, close to the throttle and reverse-gear 
controls. A water-cooled exhaust pipe is fitted, on 
to which is bolted a water-injection type silencer. 
Dual ignition, by means of a second magneto, can 
be fitted if required, and also a bilge pump of the 
sliding vane type, operated through a disconnecting 
dog clutch. All the controls can, if necessary, be 
taken off the engine and led away to any con- 
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venient position on deck, with a minimum of extra 
fittings. 

The consumption of fuel, which is guaranteed 
not to be exceeded on full-power brake test at 
the makers’ works, is 0-8 lb. per brake horse-power 
per hour. This is equivalent to an hourly consump- 
tion of approximately 3} gallons. The performance 
curves, on both paraffin and petrol, are shown in 
Fig. 102, on page 359, and are self-explanatory. 

Although the stand of Messrs. J. Samuel White 
and Company, Limited, East Cowes, I. of W., is 
distinguished by a selection of models of interesting 
vessels, both naval and mercantile, built by the firm, 
probably the display of their oil-burning apparatus 
will attract most attention. An example of a self- 
contained unit of the J. Samuel White oil-fuel 
burning installation (low-pressure system) is illus- 
trated in Figs. 91 to 100, on Plate XXX. The pump 
is of the horizontal, single-cylinder type. The 
suction is fitted with a duplex strainer with change- 
over valves to give access for cleaning while the in- 
stallation is working. The discharge, at a pressure 
of from 25 lb. to 60 lb. per square inch, according to 
the rate of evaporation required, is led into the lower 
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half of[the heater header. The heater tubes are 
bent in U form, both ends being fixed in one tube 
plate in order to avoid any danger of leakage from 
expansion, and the two arms are divided in the header 
by a horizontal diaphragm, the heated oil, then 
nearly at flash point, being discharged from the 
upper half to the duplex discharge strainer which, 
like the suction strainer, is fitted with change-over 
valves. The whole installation is mounted on a 
common base plate in the usual manner, its general 
arrangement being clear from Figs. 91 to 93. 

There are two types of burner, one of which is 
designed so that, with fuel oils of low viscosity, i.e., 
below 900 seconds (Redwood No. 1) at normal 
temperature, no pre-heating is required when light- 
ing up, a hand- or electrically-driven pump being 
allthatis necessary. The elimination of the auxiliary 
heater, with its paraffin or other burner, by this 
means is very often a great convenience. The 
burner, though it will start on cold oil, is intended 
to work normally on hot oil, and the means by which 
it is altered from one to the other condition will be 
clear from Figs. 94 and 97. The burner body 
differs in one essential respect from that intended 
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for hot oil only, as it is perforated at the end to 
allow for the passage of the sprayer spindle. This 
is formed with a screw at its outer end, and, after 
passing through a gland, is attached to a milled 
cap forming a handwheel by which it is given longi- 
tudinal travel. When the spindle is withdrawn, 
the issuing oil takes the normal course. Passing 
up the centre of the body, it enters the space 
between the cap and the end of the body through 
holes in the latter, and is then forced through three 
or four slots, the number depending on the capacity 
of the burner, in an annular disc on the spindle. The 
disc contains a circular recess to the sides of which 
the slots are tangent (see Fig. 99), thus giving the oil 
the necessary spin to ensure proper atomisation on 
its passage through the hole in the orifice plate, 
and subsequent emergence in a cone of fine spray. 
To light up with cold oil, the spindle is screwed 
forward so that its end passes through the orifice 
plate. It is seen in this position in Fig. 97. The 
inner end of the spindle is turned down to a cone 
terminating in a button having a shoulder at right 
angles to the axis. With the spindle thus set, 
the whirling oil follows the conical surface, and, 
passing through a narrow annular opening, is 
abruptly checked by the shoulder on the button. 
This results in such a degree of minute atomisation 
that the cold oil will ignite from a lighted torch. The 
spindle is left in the forward position until sufficient 
steam is raised in the boiler to circulate through the 
heater, and when the oil is thus warmed the 
spindle is withdrawn. Using it always with cold 


oil would not prove so economical as working with 
the heater. 








The burner for hot oil only is illustrated in Figs. 98 
and 100. There is no spindle, but the details are other- 
wise generally similar to those of the burner just 
described. The method of connecting the body with 
the oil-supply pipe is identical in both types. The 
burner head is made with a conical nipple on an 
axis parallel to that of the body, the passage through 
the nipple communicating with the body. A hollow 
block, to which is attached a union for the supply 
pipe, receives the conical nipple in a metal-to-metal 
joint, the two parts being kept together by a swivel- 
ling bridge with a screw-down attachment. The 
block is supported upon a stud projecting from the 
furnace front. By rotating the stud, the exact 
amount of projection of the burner into the furnace 
can be adjusted. The remaining exhibits, illus- 
trating oil-burning apparatus, include a hinged fur- 
nace front, with a special form of air register, and 
an ordinary type furnace front for natural draught. 

Amongst the miscellaneous appliances shown for 
ships, the elevator, or lift, finds a place. The use 
of this apparatus, due to the tendency in modern 
designs to increase the number of decks amidships, 
is changing from a luxury to a necessity in pas- 
senger craft, not only for the convenience of pas- 
sengers, but for such purposes as service to main 
engine rooms. The office on the stand of Messrs. 
J. and E. Hall, Limited, Dartford, is a typical 
example of a passenger-lift cage as manufactured 
at Dartford. This branch of the firm’s activities is 
carried out in collaboration with Messrs. Medway’s 
Safety Lift Company, Limited, which firm is 
under Messrs. Hall’s control, all the parts for the 
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Messrs. Hall. The display on the stand includes a 
12-h.p. worm-reduction gear for a maximum motor 
speed of 1,000 r.p.m., suitable for reduction ratios 
ranging from 58 to 1, to 43 to 1, and coupled to a 
remote-control reversing automatic switchgear, 
which can be used up to 600 volts on direct current. 
Among the many examples of electrically-operated 
winches which are being shown, attention may be 
called to those exhibited by the Sunderland Forge 
and Engineering Company, Limited, of Sunderland. 
These include a worm-geared ship’s cargo winch, 
which is capable of lifting 5 tons at 90 ft. per minute, 
3 tons at 120 ft. per minute, or 14 tons at 300 ft. per 
minute, while the hook can be lifted light at 400 ft. 
per minute. This winch, as shown in Fig. 101, is 
driven by a watertight motor with an output of 
45 h.p. when running at 275 r.p.m., and is provided 
with a centre barrel, two warp ends and a foot- 
operated brake. The high speeds for which this 
equipment is designed are obtained by the use of 
contactor control gear. This gear, which is also 
exhibited, is arranged to be suitable for mounting 
in the deckhouse. Speed adjustment is effected 
electrically without the use of change gears. The 
foot brake is designed so that it is capable of bringing 
the moving parts quickly to rest when lowering the 
heaviest load. Anemergency hand brake, which can 
also hold the full load, is fitted in addition. The 
great advantage of the contactor gear is that, apart 
from switching on and off, control is practically taken 
out of the hands of the operator. The machine is, 
therefore, protected against rough handling, while, 
at the same time, the maximum acceleration consis- 
tent with the load on the hook is obtained. Special 
care has naturally been taken in constructing the 
winch and control gear to render it immune from 
the effects of sea water, and, with this end in 
view, all brass parts have been treated to prevent ~ 
corrosion. 
A smaller winch, with a maximum load of 3 tons 
at a speed of 120 ft. per minute, is also on view. 
This is intended for installation on board ship, and 
is driven by a 33 h.p. motor, which runs at 275 r.p.m. 
It has a centre barrel, one warp end, and a foot and 
magnetic brake. Several steam-driven generating 
sets for ships’ lighting and power installations are 








among the other exhibits on this stand, while 
attention may also be called to an enclosed ventilated 
drip-proof vertical motor, which is fitted with roller 
journal bearing and a double ball-thrust bearing. 
This motor is arranged for driving a vertical spindle 
pump and has an output of 15 h.p. at 1,150 to 
1,550 r.p.m. 

In addition to the marine auxiliary set described 
in our last issue, Messrs. Ruston and Hornsby, 
Limited, Lincoln, are showing a 90 brake horse- 
power three-cylinder marine engine, which is 
generally similar in working details, but is fitted 





work, other than the electric motors, being made by 





with a reversing clutch mounted on the bed- 
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plate extended for this purpose. They are also 
showing examples of centrifugal pumps, one of 
which we illustrate in Fig. 103, page 359. The 
series in which this pump is included has been 
developed to meet the demand for a serviceable 
high-efficiency unit at a low price. As will be 
evident from the illustration, the design is exceed- 
ingly simple, a useful feature being that the casing 
carrying the delivery branch can be swivelled into 
any one of eight different positions, thus rendering | 
the pump very adaptable. The pump can be supplied 
with either British Standard flanges, as shown in 
the figure, or with the suction and delivery branches 
screwed to British Standard pipe-thread sizes. 

The impeller is of the single-suction type, and is 
hydraulically balanced ; it is of enclosed or shrouded 
construction, and is of cast iron. The casing is 
also of cast iron, and is of volute form to give a 
high efficiency. It is bolted directly on to a bracket 
on the bedplate, as shown, and as explained, registers 
in eight different positions. ‘The spindle is of steel, 
and is fully protected from scouring action. The 
bedplate, also of cast iron, is formed in one piece 
with the seating for the outer bearing and the pump 
head, thus ensuring true alignment of the spindle. 
Both impeller and outer bearings are of gunmetal. 
the former being lubricated from a grease cup, and 
the latter by means of an oil ring. A water seal 
is provided for the spindle gland, preventing 
leakage of air from the stuffing box. This obviates | 
the necessity for a tight gland, with the accom- 
panying possibility of scoring the spindle. The 
pumps are made with suction and delivery branches 
varying between 1} in. and 3 in., and can be supplied 
with gunmetal or cast-steel impellers and casings, 
and with bronze shafts. 

In dealing, on page 353, with the Lux-Rich fire- 
extinguishing equipment for ships, we omitted to 
mention that the London office of Messrs. Walter 
Kidde and Company, Incorporated, is at 2, Victoria- 
street, Westminster, S.W.1. 

(To be continued.) 
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TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Victorian Government Railways are calling 
for tenders, to be presented by October 19, for track and 
line relays (Ref. No. BX. 3796).—The State Electricity 
Commission of Victoria is calling for tenders, to be pre- 
sented by December 12, for plant for electric precipi- 
tation of brown coal dust) Ref. No. BX. 3800).—The 
Nelson City Council, New Zealand, invites tenders, to be 
presented by November 15, for a 750 kw. steam turbo- 
alternator and auxiliaries (Ref. No. BX. 3794).—Three 
separate tenders have been sent out by the South 
African Railways and Harbours Board: (I), for the 
supply, and delivery only, of structural bridgework for 
Worcester Fore Bay line. Tenders to reach Johannes- 
burg by October 13. Local representation is essentia 
(Ref. No. AX. 5200)—(II) For the supply, delivery, 
erection, testing and placing in commercial service of one 
electric freight locomotive 3 ft. 6 in. gauge, 3,600 h.p., to 
tenderers’ design, but governed by the South African 
specification No. L-25 (Tender No. 1081). Tenders to 
reach Johannesburg by October 27 (Ref. No. AX. 5205).— 
(11I) For the supply of train lighting belting required 
during the year 1928. Tenders to be presented by 
October 20 (Ref. No. BX. 3801)—The Victorian 
Government Railways are calling for tenders to be pre- 
sented by October 19, for point detection transformers 
(Ref. No. BX. 3795).—The_Chilean State Railways invite 
tenders, to be presented by October 20, for the supply | 
of 37,000 tons of steel rails and accessories (Ref. No. AX. 
5194).—The}| Wellington Hospital Board, New Zealand, | 
is calling for tenders, to be presented by October 27, for 
electrical and oil-fuel bakehouse and kitchen equipment | 
(Ref. No. BX. 3781).—The Public Works Department, | 
Wellington, New Zealand, is inviting tenders for the| Prrsonat.—QOn and after September 16 the Manchester 
supply and delivery, c. and f. Wellington, of two sets | address of Messrs. Johnson and Phillips, Limited, Elec- 
of transformer-oil drying and testiny, apparatus for the | trical Engineers and Cable Makers, Charlton, London, 
Waikaremoana electric power scheme. Section 76. | S.E.7, will be 26, Corporation-street ; the stores will be in 
Tenders will be received at Wellington until Nov-| Hodsons-square. The company’s Birmingham depot will 
ember 29 (Ref. No. AX. 5175).—The New Zealand | be transferred on September 29 to Suffolk House, Suffolk- 
Public Works Department is inviting tenders, covering | street.—The name of Messrs. The Photector Company, 
delivery, cost, and freight to Wellington, for the supply | Limited, of 711 and 715, Fulham-road, London, S.W.6, 
of valves, pipes, bends, and branches. Tenders to be| has been changed to Messrs. Korting and Mathiesen 
wresented to the Secretary, Public Works Tender! Electrical, Limited, but there will be no change in business 
3oard, Wellington, by November 25. (Ref. No.| policy or management.—An interesting British steel 
AX. 5182)—The Dunedin City Corporation Tram- | making process, invented by Messrs. Hamilton and Evans, 
ways, New Zealand, are inviting tenders, to be | has recently been adopted by two of the largest German 
presented by November 12, for the supply and delivery | steelworks; as a result of a series of demonstrations, 
of one 2-ton overhead travelling crane, complete with | licences have been granted to Friedrich Krupp A.-G. of 
an electric hoist for lifting 4,480 Ib., and suitable for aj Essen, and Vereinigte Stahlwerke A.-G. of Hamborn, 
3-phase 400-volt 50-cycle supply (Ref. No. AX. 5179).— | by the Stainless Iron and Alloys Company, Limited, of 
The Posts and cine ‘one Department, Melbourne, is | 14, Blackfriars-street, Manchester, and 17, Victoria- 
calling for tenders, to be presented by October 25, for| street, London, S.W.1., to make stainless iron and steel 
switchboard and instrument cords (Ref, No, BX, 3779). | in open hearth furnaces by their patented process. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Stocks of Cleveland pig 
iron continue to decrease steadily, the restricted produc- 
tion being unequal to the gradually expanding demand. 
Until quite recently, demand has been almost entirely 
confined to quantities for local consumption and for 
consumers in Scotland, but home buyers at a distance, as 
well as Continental customers, are once more paying 
attention to this market, and while nothing approaching 
a boom or even normal autumn demand is expected, 
prospects are distinctly brighter. For home purposes 
No. 1 grade is 70s.; No. 3 g.m.b., 67s. 6d.; No. 4 
foundry, 66s. 6d.; and No. 4 forge, 66s.; while for 
shipment to Scotland and to destinations abroad quota- 
tions are 2s, 6d. below these figures. 


Hematite-—Producers of East Coast hematite are 
taking a rather firmer stand following fairly good sales 
to home buyers and to the Continent, the latter being 
parcels sold to specified analysis. In this branch also 
the iron stor.’ at makers’ works is becoming smaller by 
degrees, but stocks are still heavy and mixed numbers 
are still on sale at 75s., both for home use and for export. 


Foreign Ore.—The foreign ore market continues 
inactive, consumers having heavy supplies on hand and 
large quantities to accept against old contracts. Nomin- 
ally, best rubio remains at 21s. c.i.f. Tees. 


Blast-furnace Coke.—Durham furnace-coke makers are 
not disposing of the whole of their output. Local users 
are buying sparingly, as they expect a still further fall in 
values, though ruling rates are already very unprofitable. 
Good medium qualities are obtainable at 18s. delivered 
here. 


Manufactured Iron and Steel.—Finished-iron manu- 
facturers have a good deal of work to execute, and steel- 
makers have a fair number of contracts to complete, 
but while inquiries show improvement new orders are 
not readily secured. Common iron bars are 101. 15s. ; 
best bars, 111. 5s. ; best best bars, 11/. 15s. ; iron rivets, 
lll. 15s.; steel rivets, 12/.; packing (parallel), 8. ; 
packing (tapered), 111; steel billets (soft), 71. 12s. 6d. ; 
steel billets (medium), 8/. 2s. 6d. ; steel billets (hard), 
81. 12s. 6d. ; steel ship plates, 8/. 2s. 6d.; steel angles, 
7l. 12s. 6d.; steel joists, 7/. 12s, 6d. ; heavy steel rails, 
81. 10s. ; and galvanised corrugated sheets, 141, 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—While, viewed as a whole, the position 
is believed to be improving, it reveals several unsatis- 
factory features. Buying of raw and _ semi-finished 
materials is still at a minimum despite the attractively 
low basis of revised quotations, and there is no call for 
open-hearth steel of such a tonnage as would warrant the 
general restarting of furnaces. The latest reports from 
representative concerns further emphasise the difficulties 
of the past year’s operations, Sheffield Forge and Rolling 
Mills Co., record another substantial loss, bringing their 
total loss for the past six years to over 111,000/. Heavy 
engineers and foundrymen also complain of the effect of 
foreign competition. Despite the most rigorous economies 
in production they find it impossible to equal the low 
prices quoted by French and Belgian rivals. There is 
also evidence of price-cutting on home account with the 
object of strengthening order books. Steelmakers 
generally are disinclined to express any opinion on the new 
process that is to be exploited in Sheffield for the direct 
production of steel from ore. Two electric furnaces are 
to be installed, arrangements having been made for the 
storage of suitable ores. The promoters are confident 
that a substantial economy in production costs will result. 

South Yorkshire Coal Trade.—In view of the improved 
demand for best house coal, a more general revision of 
prices is expected within the next fortnight. Owing to 
the restricted output at the collieries, best brands are 
difficult to obtain, though there is an abundant supply of 
inferior fuel on offer. Inland demand for industrial fuel 
is maintained at a fairly substantial level, while export 
prices tend to harden as a result of the recovery of 
business lost to Continental competitors during last 
year’s stoppage. Small fuel represents the weakest 
section, special prices being quoted for spot lots. The 
market for steel-making coke shows signs of recovery. 
Quotations :—Best branch handpicked, 27s. 6d. to 
28s. 6d. ; best house coal, 21s. to 22s. 6d. ; screened house 
coal, 19s. to 21s. ; screened house nuts, 16s. to 17s. 6d. ; 
Yorkshire hards, 16s. to 17s. ; Derbyshire hards, 16s. to 
l7s.; rough slacks, 9s. 6d. to 10s. 6d.; nutty slacks, 
7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 6d. : 

Hull Coal Traffic_—The total quantity received from 
South Yorkshire last month, namely, 286,391 tons, was 
4,000 tons less than in July. The total for January to 
August this year was 2,188,350 tons as compared with 
1,301,200 tons during the corresponding eight months of 
1926, the huge difference being accounted for by last 
year’s coalstrike. An analysis of exports shows a further 
steady improvement with several of the principal markets 
overseas. The main expansion is with South America, 
France and Sweden, but increased sales are also recorded 
with Iceland, Italy, Norway and Germany. 





ContTract.—Messrs Sterns, Limited, of London, 
manufacturers of the Deso series of lubricating oils, 
have secured the contract for the supply of oil for the 
Ruston and Hornsby cold-starting heavy-oil engines 
at the Post Office wireless-beam station at Bodmin, 
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NOTES FROM THE SOUTH-WEST. 


CarpiFr, Wednesday. 


The Coal Trade.—Shipments of coal as cargo from 
South Wales in the past week, at 448,880 tons, were 
29,000 tons less than in the preceding six days, the 
reduction being chiefly due to the delayed arrival of 
expected shipping, caused by foggy weather, and the 
consequent disorganisation resulting from lack of ton- 
nage. At Newport, however, shipments were increased 
from 57,010 tons to 106,370 tons, at Port Talbot from 
28,720 tons to 42,460 tons, and at Llanelly from 2,430 
tons to 5,500 tons, but at Cardiff reduced from 316,900 
tons to 231,550 tons and at Swansea from 71,890 tons 
to 63,000 tons. Exports to Algeria were raised from 
4,600 tons to 17,700 tons and to Egypt from 17,500 tons 
to 23,000 tons, but reduced to Argentina from 73,150 
tons to 52,400 tons, to Brazil from 41,010 tons to 37,900 
tons, to Canada from 25,300 tons to 19,650 tons, to 
France from 107,140 tons to 103,310 tons,: to Italy 
from 64,000 tons to 51,640 tons, and to Spain from 
31,760 tons to 17,570 tons. Though inquiries for Welsh 
coal are circulating on moderate lines, actual business 
continues to come along very slowly, and is insufficient 
to absorb the available quantities of large coal, despite 
lessened production caused by the frequency of pit 
stoppages due to lack of trade. Salesmen, however, 
refuse to discount prices further, and best Admiralty 
large rules from 20s. to 20s, 6d. with Monmouthshires 
from 17s. to 18s, 6d, and drys from 18s. to 19s. Smalls, 
on the other hand, are rather tight, owing to reduced 
outputs caused by the lessened production of large. 
In many cases sellers will not dispose of small without 
large, in which case they are prepared to take 6d. to 9d, 
per ton less than is the case when bought without large. 
Best smalls without large rule up to 14s. 6d., but with 
large can be secured at less than 14s, Sized coals, too, 
are rather scarce, the make being limited by the lack 
of demand for large. 


Iron and Steel.—The question of continuing the pool- 
ing scheme, established in January last for stabilising 
the price of Welsh tinplates, was considered at a meeting 
held at Swansea yesterday. The principal features of 
the scheme are the allocation of outputs according to 
the state of the trade, and the compensation of makers 
producing less than their allotted quotas at the cost of 
those producing in excess of their periodical quota. It 
was eventually decided to leave the matter in abeyance 
for a month. Shipments of tinplates in the past week 
totalled 5,977 tons, compared with 4,238 tons in the 
preceding week, but those of galvanised sheets were 
lowered from 9,900 tons to 422 tons, and of other iron 
and steel goods from 10,691 to 1,383 tons. 





BRIDGING OF THE LiTtTLE BEett.—The bill for the con- 
struction of the bridge across the Little Belt, between the 
Island of Funen and the mainland of Jutland, has been 
passed by the Danish Legislature, in its revised form, 
and work has already been begun at both ends of the 
bridge. It is an engineering operation of considerable 
magnitude, and requires very careful handling owing to 
the depth of the water, the strong currents, and, in winter, 
the presence of ice. The mainland end of the bridge is 
a few miles south of the city of Fredericia, and the southern 
end is at Strib, near the town of Middelfart, in Funen, 
on the main railway line across the island to Nyborg, 
whence the train ferry takes the wagons across to 
Korsér for Copenhagen. 





THE Institution: oF Crivin ENGINEERS.—A . visit 
of members of the Birmingham and District Associa- 
tion of the Institution of Civil Engineers, to the Bartley 
Green and Frankley Reservoirs of the Birmingham 
Corporation, has been arranged to take place on 
October 1 next. The party will assemble outside the 
Council House, Birmingham, at 10.30 a.m. and will 
travel by motor-bus to Bartley Green Reservoir, arriving 
there about 11 o’clock. Members wishing to travel in 
their own cars should make their own way to Bartley 
Green Reservoir. Lunch will be served after inspecting 
the reservoir, and members will then proceed to Frankley 
Reservoir, which will also be inspected. The party will 
arrive back in Birmingham about 4 o’clock. A pamphlet 
describing the works has been prepared, a copy of which 
can be obtained from the secretary of the Birmingham and 
District Association, Prince’s Chambers, 6, Corporation- 
street, Birmingham. Members intending to be present 
should notify the secretary not later than September 24. 





MepicaL SUPPLIES FOR THE GREEK RED CRoss.— 
The British Commercial Secretary at Athens reports 
that he has been approached by the Greek Red Cross 
regarding their desire to receive offers for various instal- 
lations for their new hospital, and nurses’ hostel, now 
under construction at Athens. The installations referred 
to are as follows :—X-ray apparatus, heating and steam 
installations, cold storage plant, hot-water supply, cold- 
water supply with draining and sanitary apparatus, 
kitchen outfit, water pumping installation, water puri- 
fication plant, operating theatre, laboratory, etc., disin- 
fecting and sterilising installation. Offers should reach 
the “‘ Croix Rouge Hellénique,” rue Solonos 41, Athens, 
not later than October 1. Local representation is highly 
desirable. The general conditions of tender, etc., to- 
-gether with the plans indicating the situation of the 
various installations, are in the possession of the 
Department of Overseas Trade, 35, Old Queen-street, 
London, S.W.1. On and after Friday, September 16, 
they will be available for loan to British firms. The 
Reference No. C 2411 should be quoted in all com- 
munications with the Department. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scottish Steel Trade-—Movement in the Scottish steel 
trade is still very slow and specifications are not coming 
in at all freely. Makers in most instances are finding 
much difficulty in securing new business, both on home 
and export account, and as orders on hand are getting 
worked off, the outlook at the moment is not very promis- 
ing. The rebate scheme has not been received with 
open arms by buyers and some, indeed, have been rather 
hostile to it. The opposition will probably die down 
eventually and then conditions will show some improve- 
ment. Inquiries coming in do not amount to a heavy 
tonnage. In the black sheet trade the firms turning 
out light gauges of black and galvanised sorts are busy 
and well booked up, and reports show that inquiries 
in the market indicate the prospect of an increased 
tonnage still being required. On the other hand, there 
has been no expansion in the demand for the heavy 
gauges, and employment at the works is very poor. 
Prices show little change and are as follows :—Boiler 
plates, 11/. per ton; ship plates, 81. 2s. 6d. per ton; 
sections, 7/. 12s. 6d. per ton; and sheets, }-in., 9/. per 
ton, all delivered Glasgow stations. The export price 
for sheets :—Gal. Cor., 24 b.g.—is 141. 5s. per ton, f.o.b. 
Glasgow. 


Malleable Iron Trade.—There is no change to report 
in the state of the malleable-iron trade of the West of 
Scotland. Orders are very scarce and inquiries are not 
encouraging. The steel re-rolling branches are also very 
quiet as there is a very limited demand. Prices are 
unchanged and are as follows :—‘‘ Crown ” bars, 101. 15s. 
per ton, and re-rolled steel bars, 71. 17s. 6d. per ton, 
both delivered Glasgow stations. The export prices 
are 10/. 5s. and 7l. 10s. per ton, respectively. 


Scottish Pig-Iron Trade.—A dull tone prevails in the 
Scottish pig-iron trade, and as a result of the very poor 
demand, which has existed for some time, three furnaces 
were blown out last week. This will make a difference 
in the production, but stocks all round are quite ample 
for the current demand. Prices are steadily tending 
easier. Current quotations are :—Hematite, 77s. per 
ton, delivered at the steel works ; foundry iron, No. 1, 
80s. per ton; and No. 3, 75s. per ton, both on trucks at 
makers’ yards. 


Scottish Pig-Iron Shipments——The shipments of 
Scottish pig-iron continue on a small scale, and the 
amount shipped at Glasgow Harbour, for the week ending 
last Saturday, was only 403 tons, Of this total, 307 tons 
went overseas, and 96 tons went coastwise. For the 
corresponding week of last year, the figures were 699 tons 
overseas and 10 tons coastwise, making a total shipment 
of 709 tons. 











Royat AERONAUTICAL Socrety.—The councils and 
general bodies of members of the Royal Aeronautical 
Society and the Institution of Aeronautical Engineers 
have come to an agreement upon the terms of amalgama- 
tion, and the two bodies are now getting together to put 
the agreement into practical effect. The full terms of the 
agreement, and a brief history of the negotiations leading 
up to it, are published in the Journal of the Royal Aero- 
nautical Society for September. 





Tue AssocriATION OF SPECIAL LIBRARIES AND 
INFORMATION BuREAUX.—Formed to facilitate the co- 
ordination and systematic use of sources of information 
in science, industry, commerce and public affairs, the 
Association of Special Libraries and Information Bureaux 
will hold its fourth conference at Trinity College, Cam- 
bridge, on September 23 next and the two succeeding 
days. Some 200 organisations, interested in research, 
will be represented at the Conference. Sir Geoffrey 
Butler, K.B.E., will deliver the presidential address, and 
among the papers to be given will be, ‘‘ Co-operation 
between Libraries, Government Departments, Political 
Societies, and other special Institutes,’ by Mr. B. M. 
Headicar ; and “ Recent Developments in Connection 
with the Science Library,” by Colonel Sir Henry Lyons, 
F.R.S. Papers will also be given by Mr. A, E. Overton 
and Sir Richard Gregory. In addition, informal dis- 
cussions and sectional meetings will take place, These 
will deal with information and statistics in commerce 
and industry, patent classification, and information 
bureaux questions. 


RECONSTRUCTION OF CENTRAL LONDON RAILWAY 
Cars.—About a year ago, the Underground Company 
expressed their intention of remodelling the whole of the 
rolling stock on the Central London Railway so as to 
bring it up to the saime standard of comfort and efficiency 
as the new stock now in service on the Hampstead and 
City lines. In all, 120 cars, or about one-half of the 
entire stock, have now been reconstructed and placed in 
service, and work on the remaining 139 cars is being 
pushed forward with allspeed. This constitutes, approxi- 
mately, 20 reconstructed trains. The reconstructed 
stock has been found particularly serviceable during 
rush hours. The specially wide doors which are fitted 
render ingress and egress more speedy, thus permitting 
a closer interval train service to be worked. In brief, 
the improvements include new upholstered seats, 
pneumatically-operated doors, better lighting, improved 
ventilation and smoother starting. The manually- 
operated gates at the ends of the cars have been taken 
away and the whole platform enclosed for inclusion in 
the seating place. The air-operated doors are sited with 
a view to facilitating quicker loading and unloading of the 
cars at stations. As a result of the above modifications, 
the general appearance of the cars has been considerably 
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NOTICES OF MEETINGS. 





THE Iron AND Steet Institute. Autumn Meeting, 
Glasgow.—Tuesday, September 20, to Thursday, Sep- 
tember 22, at the Royal Technical College, Glasgow. 
Tuesday, September 20, at 10 a.m. ‘“‘ The Economic and 
Social Development of the American Iron and Steel 
Industry,” by Mr. T. W. Robinson. ‘‘ The Behaviour of 
Mild Steel under Prolonged Stress at 300 deg. C.,” by 
Dr. W. Rosenhain and Professor D. Hanson. “ 
Constitution of Silicon-Carbon-Iron Alloys, and a New 
Theory of the Cast Irons,”’ by Professor D. Hanson. ‘“‘ The 
Influence of Nickel and Silicon on an Iron-Carbon Alloy,” 
by Dr. A. B. Everest, Mr. T. H. Turner and Professor D. 
Hanson. At 2.15 p.m., Visits to works. Wednesday, 
September 21, at 10 a.m. ‘‘ The Use of Silica Gel as a 
Medium for Drying Blast,’’ by Mr. E. H. Lewis. “ The 
Effect of Varying Ash in the Coke on Blast-Furnace. 
Working,” by Mr. C. S. Gill. ‘‘ A Contribution to the 
Theory of the Blast-Furnace Process,” by Professor F. 
Wiist. ‘“‘ High-Frequency Induction Melting,’”’ by Mr. 
D. F. Campbell. At 2.15 p.m., Visits to various works. 
Wednesday evening, Dinner at the Central Hotel, 
Glasgow. Thursday, September 22, at 10 a.m. “* Mag- 
netic and other Changes concerned in the Temper- 
Brittleness of Nickel-Chromium Steels,’ by Dr. H. A. 
Dickie. ‘‘ The Influence of Cold-Rolling and Subsequent 
Annealing on the Hardness of Mild Steel,’’ by Professor 
C. A. Edwards and Professor K. Kuwada. ‘The Work- 
Hardening of Steel by Abrasion,” by Mr. E. G. Herbert. 
“The Solution of Carbon in a-Iron and its Precipita- 
tion,” by Mr. J. H. Whiteley. “‘On the Quantitive 
Measurement of the Cutting Power of Cutlery,” by 
Professor K. Honda and Mr. K. Takahasi. ‘ The 
Mechanism of Tempering of Steels,” by Mr. T. Matsushita 
and Mr. K. Nagasawa. ‘“‘ A Testing Machine for Repeated 
Impact, and a Preliminary Investigation on the Effects of 
Repeated Impact on Lowmoor Iron,”’ by Professor J. H. 
Smith and Dr. F. V. Warnock. At 2.15 p.m., Visits to 
various works. Friday, September 23, All-day excur- 
sion on the Firth of Clyde. 


Tue InstiruTE oF Marine ENGINEERS.—Tuesday, 
September 20, at 3 p.m., at the Engineering and Ship- 
building Exhibition, Olympia, W. ‘The Case Against 
the Airship,” by Mr. E. F. Spanner. “‘ Motorships in 
Relation to World Trade Routes,” by Mr. A. C. Hardy. 


THE INsTITUTION OF MuNICIPAL AND County ENGI- 
NEERS: SoutH Miptanp District.—Friday, September 
23, at 11 a.m., at the Building Research Station, Garston, 
near Watford. ‘ Building Research, with Special 
Reference to the Work of the Building Research Station,” 
by Dr. W. N. Thomas. 





Gas InpustRY IN CONFERENCE.—Gas undertakings in 
all parts of the country will be represented at the six- 
teenth annual conference of the British Commercial Gas 
Association, to be held in Southampton from Monday to 
Wednesday, October 3 to 5, under the presidency of 
Sir Russell Bencraft, M.R.C.S.E., J.P., deputy-chairman 
of the Southampton Gaslight and Coke Company. 

Macuine Toot AND ENGINEERING EXHIBITION.— 
Organised by the Machine Tool Trades Association, 
70, Victoria-street, London, 8.W.1, the fourth Machine 
Tool and Engineering Exhibition will be held at Olympia, 
London, W.14, from September 5 to 22, 1928. Tho 
Exhibition will be open to the public, each day, from 
11 a.m, to 9 p.m. (Saturdays, from 10 a.m. to 10 p.m.). 
No goods of German manufacture may be exhibited. 
Machine tools, accessories thereto, including small toois 
and wood-working machinery, may only be exhibited 
by members of the Association. Machine-tool firms, 
which are not members of the Association, may not, 
without special permission from the Exhibition Com- 
mittee, exhibit their goods on the stands of members 
unless the latter sell these goods regularly. The space 
rentals will be 2s. 6d., 4s. 6d., and 7s. 6d., according to 
position. Further particulars regarding the Exhibition 
and its activities, and a pamphlet entitled “* Exhibitors’ 
Guide,’”’ may be obtained from the Exhibition Manager, 
The Machine Tool Trades Association, 70, Victoria- 
street, London, 8.W.1. 

Nortu-East Coast Exuisition.—It is proposed to 
hold a large industrial exhibition, to be known as the 
North-East Coast Exhibition, on the Town Moor, New- 
castle-on-Tyne, from the middle of May to the end of 
October, 1929. The main object of the promoters is to 
encourage and stimulate the trade and industries of the 
district by presenting an opportunity to manufacturers 
and others to show the world what the neighbourhood 
can produce, It is also hoped that the Exhibition will 
be helpful in the effort now being made to attract new 
industries to the district. The exhibits will embrace 
manufactures of every description, and manufacturers 
from all other parts of Great Britain and the Overseas 
Dominions will be invited to participate. Educational, 
scientific, commercial and other organisations will be 
invited to hold conferences in the Exhibition. The 
whole site, which will occupy about 100 acres, will be 
tastefully laid out and will include a court of honour, 
flower beds and borders, roads and paths. A special 
feature will be made of the decorative lighting effects of 
the buildings and grounds. His Majesty the King is 
patron of the Exhibition, and His Grace the Duke of 
Northumberland, the Rt. Hon. the Earl of Durham, and 
Sir Hugh Bell are joint local patrons. The President 
is the Hon. Sir Charles A. Parsons, F.R.S., and the 
chairman of the executive committee, Councillor A. W. 
Lambert, M.C., Lord Mayor of Newcastle-on-Tyne. The 
offices of the Exhibition are at Pearl Buildings, Northum- 
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Fie. 75. ‘Atpa’’ Gas EconomisEerR ; Messrs. ALLEN-LIVERSIDGE, LIMITED. 









































EXHIBITS AT THE SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION AT OLYMPIA. 


(For Description, see Page 352.) 
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Fras. 72 to 74. Exgcorric Furnaces; Messrs. AUTOMATIC 
AND ELectric FurNAcEs, LIMITED. 

















Fiqa. 77. 








Fia. 78. 


Fias. 76 To 73. Smartt Toots; Messrs. ATALANTA, LIMITED. 
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ELECTRIC STEERING 


MESSRS. 


GEAR AT THE SHIPPING AND 


LAURENCE SCOTT AND CO., 


MACHINERY 
EXHIBITION. 


LIMITED, ENGINEERS, NORWICH. 


(For Description, see Page 352.) 
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MARINE 
MACHINERY 


I. THORNYCROFT AND CO., 
(For Description, see Page 352.) 
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LIMITED, ENGINEERS, LONDON. 
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OIL-FUEL BURNING INSTALLATION AT THE SHIPPING AND 
MACHINERY EXHIBITION. . 


MESSRS. J. SAMUEL WHITE AND CO., LIMITED, ENGINEERS, EAST COWES, I. OF W. 


(For Description, see Page 352.) 


es 

































































oe . 
a Fig. 93 faa 
A 
a 
= Dae 
\ 
Cro 
NT \ 
& ‘ 
NY _ ‘ot > 
\/\ 
5 Sars es Gf 
=O) 
{i 
£2) at); 
: My 
t+ om ? ete 
f — 














- 5:3" Overall Length 











- Fig.97. | 
_ fi 7 IN TZ, FULL SIZE. 


Ss 









a 












atl 















oO. 


= naan) 


“ENGINEERING” 









Ri EEK G 
















































hae ae capent — 
ASTIN SSS 
Ze \ NWS Ce ; 
f i | Seca snob a eit wo : - : 
WO WA A yy nw SSS 
Za Lhe 






































Fig. 100. 
HOT TYPE. - Ht ren 











FULL =e. 








“ENGINEERING” 








(Zo face page 359.) 


SEPT. 


I 


Offices 
35 and 36, 











TI 
For all ot 
TI 


Th 
Foreign | 
plete copie 








advertiseme 
guaranteed. 
the wrappe! 
on applicat 
wide, divisi 
Serial adver 
able regula 
guaranteed. 


TIME FO 


Advertis 
current w 
later than 
sequence | 
early with 
for standiz 
10 days pr 


All accour 
Cheques shc 
Bank, Limi 
Orders shot 
Strand,  W. C 





CANADA, Tor 
87, Queen 
EDINBURGH: | 
FRANCE, Paris 
For advei 
167, Rue 
GERMANY: E 
W.35. 
GLascow: W 
and Com] 
InpiA, Calcut 
Thacker a 
Iraty: U. He 
and any | 
JaPAn, Tokio : 
LIVERPOOL: M 
MANCHESTER : 
New ZBALAWN 
Wellingtor 
Norway, Oslo 
41 and 43 





SEPT. 16, 1927.] _ 


INEERING. ° 





ENG 


363 














ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TuixGceaPuic ) “* ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
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" SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 
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THE NAVAL ENGINEER. 

Mucu of the interesting Presidential address 
delivered by Captain Onyon, M.V.O., on Tuesday 
last, to the Institute of Marine Engineers was 
devoted to a discussion of the effects, actual and 
probable, of the low esteem in which the naval 
engineer has of late been held at the Admiralty. 
In discussing the Fleet Order issued in 1925 which 
deprived the engineer of military rank, we expressed 
the fear that the old difficulty of obtaining candidates 
for engineer’s commissions would recur, and that 
trouble in this connection is already being experi- 
enced seems to be borne out by the figures given by 
Captain Onyon. It is extremely curious to note 
how persistent has been the hostility with which the 
engineer has been regarded by a certain type of 
executive officer. His intrusion into the navy was 
perforce submitted to, and it is quite understandable 
that the necessity should have been far from welcome 
to men much of whose hard-earned experience 


h|was thereby reduced in value, or even rendered 


obsolete. That this resentment should still be 
prevalent after the experiences of the late war is, 
however, difficult to understand. Captain Onyon 
states, however, that it is the opposition of the 
Treasury alone which has checked a movement to 
confine naval engineers strictly to engine room 
duties and to establish a new class of subordinate 
engineer officer, to look after electrical plant and 
gun machinery, under the direction of the deck 
officers. 

This plan lacks at any rate the element of novelty, 
as amongst the many expedients proposed for avoid- 
ing an otherwise inevitable improvement in the 
status of the engineer, was a scheme by which deck 
officers were to be put in nominal charge of the engine 
room, with artificers as the working staff. Plans 
to this end were actually prepared by the Captains 
of the Vernon and Excellent who considered that a 
deck officer could pick up all the technical equipment 
that was necessary in the course of a four weeks’ 
training. 

When knowledge spread as to how the engineer 
was regarded by the executive branch of the Navy 
it became increasingly difficult to attract recruits. 
Matters at length reached such a pass that restric- 
tions were imposed on the retirement of engineers. 








Entries to Keyham fell off alarmingly and an 
attempt to obtain recruits from the public schools 
proved unsuccessful, since the head masters’ con- 
ference, on learning the true conditions of service, 
advised parents to ignore the Admiralty’s appeal. 
Application was next made to the technical colleges, 
but unavailingly, and at long last, mainly by the 
insistence and courage of Lord Fisher, the oppo- 
sition was beaten down, and a reform long overdue 
effected. 

It cannot be said that the Selborne-Fisher 
scheme accomplished all that was hoped for, since 
even with equal status the great majority of the 
cadets preferred deck to engine room duties. With 
the advent of Earl Beatty to the Admiralty, how- 
ever, matters seem to have rapidly worsened. In 
the years 1925, 1926, and 1927, an aggregate of only 
20 young officers from Dartmouth elected to proceed 
to Keyham. In 1927 the number was in fact only 
four. The Navy needs about 50 engineering recruits 
per annum, and the old plan of trying to make up the 
deficit from the public schools is being reverted to, 
and, probably, when the conditions are fully realised, 
will prove as great a failure as before. By the Sel- 
borne-Fisher scheme it was hoped that of the total 
number of young cadets leaving Dartmouth each 
term, 15 would elect for the engineering branch. 
Lately, however, the number has been of the order 
of two per term. There is thus a surplus of some 


76 |40 per annum taking up deck duties. Capt. Onyon 


pointed out that one result will be the “‘ axing” of 


0 | this surplus, which will be compulsorily retired later 


on as lieutenants and lieutenant-commanders and 
thus tend to further swell the ranks of the un- 
skilled unemployed. 

Captain Onyon was one of the first to enter 
under the scheme for training engineers established 
in the late ’seventies and notes that the methods of 
training adopted were wasteful and inadequate. 
The aspirants for engineer’s commissions were left 
very much to their own devices and had to pick up 
as best they could, the knowledge needed for passing 
their examinations. They wandered about Ports- 
mouth Dockyard and visited the various ships 
building, and Captain Onyon recalls that he himself 
spent three months on the Inflexible, which took 
nine years to build. The Dreadnought, it is inter- 
esting to note, though an entirely new type of boat, 
was laid down in 1905 and ran her trials before the 
end of 1906. 

It would seem that the methods of training at the 
date in question were inferior even to those ruling at 
the same time in private yards. Here again the 
apprentice had largely to pick up knowledge as 
he could, but he was at least given definite jobs, 
whereas Captain Onyon states he had none during 
the three months he spent on the Inflexible. The 
present-day training at Keyham, which includes 
six months’ sea experience, is, he considers, excellent, 
and it is greatly to be regretted that the Admiralty 
by their recent policy have discouraged entries to it. 

As the result of inquiries, Captain Onyon finds 
that, in the case of the mercantile marine, there is 
no lack of candidates for the engine room. These 
come mostly from large works on the Clyde and 
North East Coast, and the quality is stated to be 
satisfactory, though a certain proportion have, 
inevitably, to be weeded out. The training in 
these large works is said now to be good. Ap- 
prentices are encouraged to attend classes and are 
not confined to repetition work as was at one time 
a prevalent practice. On the average about 75 per 
cent. of those who become marine engineers do so 
with the intention of remaining in sea service. 
Others, however, simply go to sea for a short time 
to acquire useful experience and to fit themselves 
for shore berths. 

In spite of the increasing number of motor ships 
there is, it appears, a certain shortage of candidates 
for motor certificates. and of those who do enter a 
large proportion find difficulty in passing the 
examination for second class certificates. During 
1926 the total number of marine engineer certificates 
granted was 1,428, of which 706 were ordinary 
second class certificates, 478 ordinary first class 
certificates and only 18 extra first class. Of first 
class motor certificates only 143 were granted, 
and only 83 of the second class. In 1919 the corres- 
ponding figures were 3 and 21. 
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PATENT OFFICE PRACTICE. 


THE Patent Acts and patent office rules provide 
for the hearing of certain matters by the comptroller 
of patents and for an appeal from his decision to a 
law officer of the Crown. Matters which are 
heard by the comptroller may be divided into two 
parts, namely :—(a) those which are of the nature 
of appeals from an examiner’s decision to reject a 
patent application, or to insert references in an 
application to some prior specification by way of 
notice to the public, and (6) oppositions to the 
grant of letters patent on the grounds provided by 
aw. 

It is impracticable for the comptroller personally 
to deal with every matter of this kind, so that 
some of the work is delegated to other officials. 
These, broadly speaking, may be said to be scientifi- 
cally trained, and they are aided by similarly trained 
assistants, so that on the whole it may be conceded 
that, as far as patent application matters are con- 
cerned, the hearing officers are fully qualified to 
deal with scientific points. The appeal from such 
officers is to a law officer of the Crown, as has been 
stated, and it is not expected that a law officer of 
the Crown shall be first a scientist, but rather first a 
lawyer. That being so, it follows that the law 
officers are sometimes called on to deal with matters 
which, as scientific matters, they would regard as 
out of their jurisdiction. This gives rise to difficulty 
when it is remembered that the law officers deal with 
patent matters not strictly as an appeal from the 
comptroller’s decision, but rather as a re-hearing of 
the whole case. They are frequently assisted by 
counsel, because it is common practice for applicants 
to employ counsel when the matter has reached a 
stage when it is necessary to bring it before a law 
officer, but there is not usually available in 
proceedings before the law officer so much scientific 
assistance as there is in the earlier proceedings in the 
patent office, or, indeed, in later proceedings in a 
court of law. Applicants, therefore, do not always 
understand just how far the law officers expect to 
deal with scientific matters. 

This has recently been made clear by a decision 
of the Solicitor-General, and it is therefore important 
to note what he has decided in respect of it. The 
law officer holds that it is impossible to deal with 
arguments which might be raised before a more 
expert tribunal just as they would be dealt with by 
that body, and that the duties of a law officer are 
more to consider whether the comptroller has made 
a mistake in interpreting or applying the law. It is 
admitted that, if it can be plainly shown the comp- 
troller has, in fact, erred on some technical matter, 
the law officer can come to a conclusion and decide 
thereon, but that the decision of a purely technical 
question in the ordinary way should be left to the 
comptroller, in view of the assistance which he has 
within the patent office. The law officer rules that, 
on a technical point, unless some plain or admitted 
mistake has been made, it must be assumed that 
matters have been correctly dealt with by the 
comptroller, and that a re-hearing before him is not 
the occasion for reviewing the whole field of enquiry 
in connection with such technical matters. The 
point is to consider whether any mistake has been 
made in the application or interpretation of the law. 
This decision will guide applicants in deciding 
whether to appeal to the law officer or not in the 
circumstances of any particular case. 





INSTITUTION OF PUBLIC LIGHTING 
ENGINEERS. 


TuE fourth annual meeting and conference of the 
Institution of Public Lighting Engineers was held 
at Brighton this week, from September 13 to 15, 
under the presidency of Mr. A. C. Cramb, borough 
electrical engineer of Croydon. At the formal open- 
ing proceedings, on Tuesday, the chair was taken 
by Mr. R. Davison, the retiring president, and an 
official welcome to the Institution was offered by 
Mr. J. Lord Thompson, Deputy Mayor of Brighton. 
Mr. Cramb then delivered his presidential address, 
in the course of which he remarked that there 
seemed to be two schools of thought in regard to 
street lighting: those who considered expenditure 
on this service waste of money, and the enthusiasts, 





who did not pay due regard to the economic aspect. 
The proper course lay in a happy mean between the 
two extremes. With the rapid increase in fast 
motor traffic, illumination was as important as 
road construction; and it should be one of the 
duties of the Institution to see that the Ministry of 
Transport was kept fully aware of this. The cost 
of lighting all thoroughfares, on which there was 
any considerable amount of traffic, should be contri- 
buted from two sources. The local authority should 
provide reasonable illumination, in order to ensure 
public safety, and this should be supplemented by 
grants from the fund subscribed by motor owners 
through taxation to meet the extra expenditure 
necessitated by the traffic conditions. Illumination 
of thoroughfares was so essential a matter, that it 
should come under proper centralised expert control, 
so as to prevent the variations, which were caused 
by the boundaries of neighbouring local authorities. 
The planting of trees, such as was now common, 
should not be allowed to interfere with the illumi- 
nation; and the proper procedure was to decide 
on a scheme for the latter, erect the necessary 
lighting units, and then group the trees so that they 
caused no interference. A higher standard of design 
of supports and fittings was also desirable, but the 
most important aims of the street lighting engineer 
should be efficiency. This could be accomplished by 
the use of modern reflecting and refracting devices. 

On the conclusion of Mr. Cramb’s address, a dis- 
cussion on the “ British Engineering Standards 
Association Draft Specification for Street Light- 
ing” was opened with a paper by Messrs. L. B. W. 
Jolley, J. M. Waldram, and R. Watson. The 
authors recalled that standard clauses for inclusion 
in a specification of street lighting were drawn up 
in 1913 by a Committee of the various bodies con- 
cerned, but were never brought into use. The 
present specification was necessarily in advance of 
that of 1913, as it suggested higher standards of 
illumination and provided for the better and more 
uniform distribution of that illumination on the 
surface of the street by clauses covering the height 
of the light units for each class and their spacing 
in relation thereto. In addition, an attempt was 
made to obviate the possibility of the objectionable 
glare which might result in any particular case. 
The Committee appointed to consider the subject 
had at once decided that the starting point for 
mandatory requirements was a classification of 
lighting installations, by means of the minimum 
horizontal illumination which should be permissible 
on the surface of the street in defined classes. The 
specification was, therefore, prepared on this basis 
with provisions for securing adequate and suitable 
distribution of illumination along the road surface 
of each of the classes referred to. The specification 
was issued in draft form for discussion, and as a 
result certain amendments were made. These 
principally concerned the substitution of the term 
“test-point ” for “ mid-span”’ point, such test- 
points being shown in the plans of typical instal- 
lations ; the addition of a class H grade of instal- 
lation, having a rated main test-point grade of 
illumination of 0-01 ft.-candle for residential and 
other streets, where through traffic was not ordin- 
arily expected ; some variation of the tolerance in 
illumination under rated conditions in any section 
of street treated; and the modification of the 
apparently mandatory character of the glare 
clause. 

The authors next discussed the variables in a 
street lighting installation at some length, and 
pointed out that, generally speaking, the effect 
of increasing the spacing-height ratio was to decrease 
the minimum illumination and to increase the 
diversity. If the height remained fixed, the maxi- 
mum illumination was unaffected. Out of the 
illumination factors, which entered into each street 
lighting installation, the Committee picked out the 
horizontal mean test-point illumination not as a 
criterion of excellence, but as a method of classify- 
ing installations. An upper limit was set to the 
spacing-height ratio, which was not a recommended 
value, but a figure which the designer must in no 
event exceed. A consideration of the variables in 
the problem showed that the horizontal mean test- 
point illumination was the most suitable quantity 
for classifying installations, but that it must be 





accompanied by other obligatory clauses, so chosen 
as to present no conflict of requirements. 

In some supplementary remarks Mr. J. M. 
Waldram said that the criticism had been made 
that no mandatory clauses dealing with average 
illumination had been included in the specification. 
The quantity of illumination was not, however, a 
good criterion in street illumination, as only reflected 
light could be measured, and this was affected by the 
condition of the street surface at the time of the 
test. 

Mr. J. F. Colquhoun pointed out that 11 ft. 6 in. 
was now a very usual height for street lighting 
standards. This would bring them into the lowest 
class in the specification. Nevertheless the test 
data given in the paper showed it was possible for 
such lamps to fall into a higher class when illumi- 
nation was taken as a basis, while observations 
indicated that they were by no means the worst 
in appearance. There seemed to be something 
contradictory here. To increase the standards 
in the way suggested would cost 10s. to 15s. each, 
and it was therefore necessary to be certain that 
real improvement would result. 

Mr. H. T. Harrison remarked that Mr. Trotter 
in 1891 had given examples of street lighting round 
London, where the illumination was as low as 
0-005 foot-candles. In 1927 similar examples 
could be found, while a more distressing fact was 
that some streets were now worse lighted than they 
were in 1913. Progress had in fact been small 
and not general. It was to be hoped that the specifi- 
cation would change this. 

Mr. J. S. Dow said that it was necessary to recog- 
nise that the specification had its limitations. It 
was a large assumption that figures for glare deter- 
mined in the laboratory also applied to street 
conditions. It was important that the idea should 
not go forward that there was no reason to screen 
the light. Mr. L. Gaster said that the question of 
street lighting had been referred back by the 
International Commission owing to the great 
differences in the standards in the various countries. 
The specification would form a good basis for the 
future, but it was not perfect. 

Mr. H. Dickinson thought the specification would 
help towards greater uniformity, and show the 
authorities the necessity for spending more money 
on improving illumination. 

At the conclusion of the meeting the members 
were entertained to luncheon by the Brighton and 
Hove General Gas Company, and subsequently 
visited the gas company’s works at Portslade and 
the Corporation Power Station at Southwick. 
The annual dinner of the Association was held in 
the evening. 

On Wednesday morning a paper descriptive of 
the ‘ Public Lighting of Brighton ’’ was read by 
Mr. John Christie, engineer and manager of the 
Brighton Electricity Department. After pointing 
out that the Marine Parade had been lighted 
experimentally by electricity as far back as 1881, 
the author said that the first section of public 
lighting in the King’s Road was switched on in 
1891, and was later extended to the eastern front 
and the central main thoroughfares. The original 
gas lamps in the side streets were gradually changed 
over to electricity until, out of 3,704 public lamps 
to-day, only 240 were gas. In 1913 a scheme was 
prepared for replacing the open-type lamps by 
flame arcs, but the war caused this to be abandoned, 
and for financial reasons it had only been gradually 
that these units had been replaced by high candle- 
power gas-filled lamps and more modern fittings. 
The fittings in the side streets were now being 
modernised, and gas-filled lamps were being gene- 
rally used. In the Valley-gardens “‘ White Way ” 
lighting was employed, and a special fitting was 
used for illuminating the refuges. The war memorial 
was flood-lighted. In conclusion, Mr. Christie 
said he did not see any economy in time-switch 
control over manual operation. 

Mr. Christie’s paper was followed by a communi- 
cation on “Street Lighting and Traffic Problems,” 
by Mr. R. L. Matthews, chief constable of Leeds, 
in which he remarked that the overhead centrally- 
hung lamp was the best type for illuminating 
important thoroughfares. It illuminated a very 
large surface, and threw no shadow in the centre of 
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the road. Care was necessary in locating the lamps, 
especially where the road made a sharp bend, and 
some universal system should therefore be followed. 
A modification in the lighting of obstructions was 
suggested to reduce the risk of drivers mistaking the 
present red light for a stationary vehicle, and 
attempting to pass it on the offside. The glare from 
motor car head-lights, and the consequent dangers, 
might be reduced by obscuring the top portion of 
the front glass, so as to prevent light being thrown 
upwards. An auxiliary light fixed either under the 
near side dumb iron or the running board would 
assist the traffic constable. 

A short discussion took place on these two papers, 
and after some formal business had been transacted 
it was announced that next year’s meeting would be 
held in Sheffield. 





THE PORT OF LONDON. 


THat the Thames is steadily growing in favour 
with shipowners is strikingly shown in the annual 
statement just issued by the Port of London 
Authority. The total tonnage using the Port has 
increased as follows :— 


Year. Tonnage. Year. Tonnage. 

1920 32,758,000 1924 45,392,649 
1921 34,089,783 1925 47,064,975 
1923 39,215,062 1926 49,278,173 


The corresponding figure for 1913 was 40,083,202, 
but there was a great falling-off during the war 
years, the minimum being reached in 1918, when 
the tonnage using the port fell to 14,564,008. 
To this, however, should be added that of certain 
ships employed on Government service, and not 
included in the returns. The present report refers 
to the year ending March 31, 1927, and thus covers 
the period of the general strike and the coal stop- 
page. Most of the men engaged in discharging 
cargo in the docks were employed directly by the 
shipowners. The total number registered as trans- 
port workers was about 52,000, of which 5,820 
belonged to the docks staff. Most of these were on 
the permanent list, and were employed in ware- 
houses, but there were also about 1,700 dock 
labourers. Of the established staff about two-thirds 
remained loyal to the Authority, but all save 18 
of the labourers ceased work. 

It had, of course, been obvious for many months 
that a general strike was imminent, and the Port 
Authority had accordingly made their arrangements 
in advance. Destroyers were sent to the docks 
endangered, and arrived there on the morning of 
May 4. . 

Outside of the docks intimidation was rampant, 
and arrangements were made accordingly that 
goods should be transferred from the docks under 
military convoy. To facilitate matters the traffic 
was concentrated so far as possible in the London 
and St. Katharine Dock systems and in the Royal 
Victoria and Albert and King George Dock systems. 
The leading idea was to make one area safe at a 
time, and to extend protection to the other areas 
progressively. The wisdom of the course pursued 
was established by the result. Once the criminal 
and disaffected minority realised that the convoys 
were effectively guarded their destructive enthusiasm 
evaporated. The first of these convoys left the docks 
on Saturday, May 8. It consisted of 150 motor 
lorries conveying flour. On Monday, May 10, 
meat supplies were convoyed in a similar way, 
and the system was further developed during the 
ensuing week. That the will for destruction was 
there, but subdued by fear, was clearly demonstrated 
by the Borough Council of West Ham, which cut off 
the supply of electricity to the docks, thus endanger- 
ing some 300,000 mutton carcases in cold storage. 
Fortunately steps had been taken in advance to 
meet this attack on the public weal, and the dis- 
tributing mains were coupled up to an emergency 
supply within 20 minutes after the stoppage. 

The number of volunteers engaged at any one 
time in the docks was 1,238. They slept partly on 
board ship and partly in the Authority’s sheds. 

Good progress has been made during the year in 
port improvements. The first stage of the work in 
hand at the India and Millwall Docks is nearly 
complete, and tenders will shortly be invited for the 
second stage of these improvements, which will 


_ ENGINEERING. 











include the construction of a new entrance lock to 
the South-West India Dock. This lock will be 
590 ft. long and 80 ft. wide, and will have a depth 
of 35 ft. below Thames high water. Tenders have 
been let for very extensive new works at Tilbury. 
These include the construction of a new entrance 
lock 1,000 ft. long by 110 ft. wide. The depth of the 
sill will be 454 ft. below low water of spring tides. 
A dry dock is also to be constructed here. This will 
be 750 ft. long by 110 ft. and 37} ft. deep at the 
sill. 

During the year 1,883,709 cubic yards were 
dredged from the Thames, and 1,289,580 cubic 
yards of mud were removed from the docks. The 
shoals on the eastern side of Lower Hope Reach 
are being removed in order to widen the navigable 
channel. For most of the distance between the Nore 
and Tilbury this is 1,000 ft. wide, with a minimum 
depth at low water of 30 ft. 








THE INTERNATIONAL CONFERENCE 
OF SCIENTIFIC MANAGEMENT AT 
ROME. 

Tue third International Congress of Scientific 
Management was held in Rome during the week 
commencing Monday, September 5. The opening 
ceremony took place in the Capitol, and addresses 
of welcome were delivered by prominent representa- 
tives of the State, the City of Rome, and industry. 
Professor Senator Luigi Luiggi, the President of 
the Congress, occupied the chair; and Senator 
Belluzzo, Minister of National Economy, in the 
course of his oration, stated that the Prime Minister 
of Italy, Signor Mussolini, followed with great 
interest the discussions of questions regarding the 
organisation of work. An address was also delivered 
by Francesco Mauro, President of the International 
Committee on Scientific Management at Geneva, 
and of the Italian Committee. During the after- 
noon the delegates were entertained by the muni- 
cipal authorities. 

The actual business of the Congress commenced 
on Tuesday, when the thirteen thousand delegates, 
which included 28 from Great Britain and 32 from 
the United States, began the task of discussing 
some of the 163 papers which were presented. This 
huge task was made a little difficult owing to the 
delay in distributing the papers, only a portion of 
which was available when the Congress opened. 
Apart from this one drawback, however, the organi- 
sation worked admirably, and the Italian committee 
are to be congratulated upon the excellent arrange- 
ments which they had made in connection with the 
business of the Congress and for the housing and 
entertainment of so large a gathering, drawn from 
about forty countries. 

The work of the Congress was divided into four 
sections :—(a) Industry; (6) Agriculture;  (c) 
Public Services ; and (d) Domestic Economy. The 
chairman of the Industrial Section was Mr. J. Free- 
man, a United States representative. In this 
section was a paper by Mr. L. Urwick, of London, 
describing management research groups in Great 
Britain. The author pointed out that, prior to the 
war, the scientific management movement met 
with the open hostility of the trade union organisa- 
tions, but the changes which war conditions brought 
about in the industrial structure and the demand 
they created for exceptional outputs in engineering 
and munition works contributed in modifying this 
attitude. At the present time there are from 50 to 
60 organisations devoted to the study of the 
problems of scientific management, and the co- 
ordination of these studies and of the experiments 
so far made, is being carried on through an organisa- 
tion established on similar lines to that of the Manu- 
facturers’ Research Association of Massachusetts. 
In 1926 three management research groups were 
formed, and they have worked through 1927 with 
considerable success. In each of the groups from 
10 to 15 companies are affiliated, and among the 
problems so far studied are the following: the 
organisation of constituent companies; how to 
establish an industrial relations department ; the 
simplification of patterns and processes ; the rela- 
tion of design to production; the organisation of 
export trade, &c. The movement in Great Britain 








estimated, but certain aspects have been exhaus- 
tively studied, and the work accomplished by the 
British Engineering Standards Association, and by 
the National Institute of Industrial Psychology, 
are of great importance and equal to anything done 
elsewhere. 

F. W. Lawe, M.A., Secretary of the National 
Institute of Industrial Psychology, London, traced 
the development of industrial psychology in Great 
Britain, and pointed to some of the remarkable 
results which it had already achieved in increased 
outputs. He pointed out that British efforts aimed 
at the encouragement of the scientific spirit in 
industry—measurement instead of guess work, 
controlled experiment in place of trial and error, 
as well as a scientific knowledge of the worker. An 
important field of work for the psychologist was the 
study of the development of skill, which naturally 
involved the development of the training methods 
whereby the worker acquired correct habits of work. 
The fundamental importance of psychology and 
physiology in industry becomes clear when we 
recognise that the essence of successful organisation 
is to understand the human reaction to environ- 
ment—both mental and physical. In industry it 
is essential that working conditions should be such 
that the human organism will perform and maintain 
its best level of work and well-being. Objective 
evidence of the effects of the working environ- 
ment (both mental and physical) is to be found in the 
comparison of records of illness, lost time, acci- 
dents, spoilt work, labour turnover, and especially 
in the varying rate of output under different con- 
ditions during the day, week or year. The regular 
collation of statistics under these heads should be 
a normal function of management. 

Further evidence in favour of the scientific 
selection of workers was brought forward by Dr. 
Paul Sollier and M. José Drabs, of Brussels, who 
quoted from a recent British official report that the 
problem is not merely urgent, but that its successful 
solution is really profitable. The authors emphasised 
the need of reducing industrial accidents and illness, 
and they pointed to the considerable charges upon 
industry due to this source in Great Britain, the 
United States, Belgium, France, and Germany. 
Two years’ experience in important Belgian manu- 
facturing concerns have convinced the authors that 
the problem of increased output and a lower 
incidence of industrial accidents can be solved in a 
large measure by the scientific selection of workers. 
Mr. Otto S. Beyer, junr., of Washington, U.S.A., 
contended that the next important step in the 
scientific organisation of industry must lie in the 
development of co-operation between trade unions 
and managements, and he pointed out that co- 
operative effort can be applied to eliminating waste, 
improving production, bettering working conditions, 
stabilising employment, and increasing wages. The 
technique of union-management co-operation was 
perfected in the Pittsburgh shops of the Baltimore 
and Ohio Railroad, and from there had extended in 
recent years to all shops of that railroad, as well 
as to the shops of three other large railroad systems 
in the United States, and to the Canadian National 
Railway System. 

Mr. F. Hawksby described how scientific manage- 
ment methods had been successfully adopted in 
a British factory at York with trade union co- 
operation. 

Prof. J. Ermanski, of Moscow, said there was a 
tendency in Russia to-day to offer opposition to 
mass production mainly because it tended to replace 
nationalisation by intensification. He advocated 
rest intervals during an eight-hour working day, 
and cited, in support of this view, the evidence 
contained in Dr. G. Newman’s report on “ Industrial 
Fatigue and its Causes.”” Where rest intervals had 
been introduced in Russia, they had resulted in 
an increased yield per working day. He urged, 
however, that the number of intervals and their 
duration should be scientifically standardised. 

Mr. Morton C. Tuttle, of Boston, U.S.A., described 
the organisation and management of a moderate 
sized engineering construction company, handling 
from 1,000,000/. to 1,500,000/. worth of business 
yearly. Few of its operations are within 100 miles 
of its home office. Its problem is the control 
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developments, factories and buildings. The basic 
organisation of the company is as follows. 

The general manager has under him four main 
departments under the control respectively of the 
estimator, the general superintendent, the statis- 
tician, and the saies manager. The designs depart- 
ment in turn comes under the estimator, and the 
purchasing department and job superintendent 
under the general superintendent. As the designing 
engineer reports to the chief estimator, the manage- 
ment is able to control the design as well as the 
operations, and to budget each job from the start. 
The nature of the sales function is obvious. When 
a contract has been secured, plans and specifications 
are prepared by the estimator and designing engineer, 
and from these, the general superintendent, with 
the co-operation of the job superintendent, lays out 
a time schedule for the job in detail. This shows 
when each purchase is to be made, and the times at 
which each operation is to be started and com- 
pleted. The estimate is divided into a labour 
budget, and a materials budget. The units used in 
making the labour budget are based on costs of 
previous work, from which standard wages are 
derived for each class of like operations. The 
materials budget shows the cost above which 
materials may not be purchased without reference 
to the head office. Cost accounting is sharply 
separated from financial accounting and _ cost 
reports are made at regular intervals during the 
progress of each job. These pass on to the head 
office, where they are promptly analysed, and if 
unexpectedly high costs are disclosed, the resources 
of the head office are brought to bear on the problem. 
By the use of detailed time schedules and of labour 
and materials budgets, it is possible to control 
widely-scattered operations. Clear knowledge of 
what constitutes a standard performance and a 
standard cost for each operation permits proper 
consideration of problems of personnel, design, 
purchasing, supervision and detail performance. 

Engineer Dr. Tomaides gave a detailed account of 
the organisation and purposes of the technical 
department of the Austrian Federation of Industry. 
This body has given a fresh impetus to scientific 
management in Austria, and it is of interest to note 
that the initiative in the creation of this body was 
taken by technical men. Hitherto, the isolated 
and un-coordinated action taken had related mainly 
to standardisation and the elimination of waste, 
and in another connection to the scientific distri- 
bution of labour. The Federation comprises three 
main groups—standardisation, fuel saving, scientific 
organisation of work—and on the board of each 
group are from 12 to 16 men prominent in industry, 
science and public administration. The interest 
taken among the workers has been sufficient to 
give rise to the creation of a special section to study 
these questions in the Arbeiterkammer, a Vienna 
organisation of wage-earners and salaried employees. 

About three years ago Mr. John A. Carlson, of 
Stockholm, was asked to advise upon the applica- 
tion of the principles of scientific management to a 
cycle manufactory in Sweden. He advocated (1) 
the rearrangement and standardisation of stores 
of materials and control of purchasing and storing 
methods; (2) the introduction of an _ efficient 
planning method ; (3) the introduction of a system 
of production control to show whether work was 
performed according to schedules ; (4) specialisation 
of the foreman’s duties; (5) introduction of time 
studies. The planning and production control 
system occupied nearly one year in preparation, and 
Mr. Carlson enumerated at the Congress some bene- 
fits achieved. Production was increased about 
15 per cent. by the elimination: of lost time for men 
and machinery which arose through such simple 
causes as waiting for materials or instructions. 
Time studies were introduced at a later date and 
there followed an all-round increase in production, 
amounting in some instances to 100 per cent. At 
the end of 1923, there were 425 workers employed 
and 36,000 units were produced; this year 300 
workers produced 45,000 units. 

Taylor methods of management were installed 
by the New England Butt Company, manufacturers 
of textile machinery, about 15 years ago, and Mr. 
Aldrich John, who was general manager of the 
company at the time, claimed that this installation 





offered a definite instance where Taylor methods 
have been preserved practically intact, with just 
that development necessary to keep pace with 
modern progress both in the specific industry and 
in manufacturing practice in general. Mr. John 
asserted that both management and men were 
thoroughly satisfied with the results obtained under 
the Taylor system and have no wish to revert to 
former methods. 

Doubts having been expressed about the value of 
modern methods in the machining of sundry parts 
distinct from mass production, Mr. M. Wurth-Micha 
and Mr. G. Mathiaux have shown that, by following 
certain lines, all doubts can be removed. They 
urged that such work must be carried out in accord- 
ance with simple plans, each plan dealing with a 
single part and containing all particulars required 
by the worker. Suitable tools in sufficient quan- 
tities, and the raw materials, must be carefully stored, 
and records maintained, while scientific tests must be 
applied to the selection of workmen. Experience 
has proved that piece rates of wages payment are 
more satisfactory than are time rates; lost time 
has been reduced, and machinery more economically 
employed ; the earning power of workers has been in- 
creased owing to the savings effected on estimated 
time; and better relations have been established 
between employers and employed. 

Mr. R. Bolaffi drew attention to the importance 
of a rational use of machine tools and discussed the 
advantages of scientific grinding and tempering. He 
urged that greater consideration should be given to 
working results in construction plans. 

Mr. Chas. R. Hook, of the American Rolling Mill 
Co., described the application of scientific manage- 
ment principles to one phase of the management of 
a particular American iron and steel mill—the 
selection and training of employees. The latter is 
governed by the principle that co-operation of man- 
agement with men is the foundation of successful 
operation. To promote this objective, the per- 
sonnel work is organised into the following six 
departments, which serve manufacturing, sales 
and management staff departments—employment, 
medical, training, safety, mutual interest, personal 
records. There are also advisory committees, ap- 
proximately 50 in number, representing all groups 
in the organisation, which are elected annually by 
secret ballot. The committees are empowered to 
take up with a superintendent of a department any 
question of production or personnel, which they con- 
sider is not being properly handled. A superin- 
tendent may also call upon a committee for infor- 
mation or advice. The separate committees may be 
called together as a general committee, under the 
chairmanship of the general manager to discuss 
management questions. These committees have no 
administrative, executive or legislative functions ; 
they constitute a channel by which information and 
advice may pass between management and workers, 
and are a means whereby common understandings 
may be fostered. 

Signor Mussolini delivered an address to the 
delegates in the Capitol before the close of the 
Congress. He has manifested the greatest interest 
in its work. In Italy the practical applications of 
scientific management are no novelty. All these 
activities were recently grouped and given a con- 
siderable impetus by a central body, the Ente 
Nazionale Italiano per l’Organizzazione Scientifica 
del Lavoro (“‘ Enios*’). This body has the support 
of the Government, as well as of Employers’ Associa- 
tions. The former is setting an example by a syste- 
matic application, in all State Departments, of the 
new methods, and is enabling Enios to undertake 
the rapid introduction of these methods in Italian 
industry. 








BRAzILIAN OVERSEAS TRADE.—According to a recent 
issue of the Monthly Bulletin of the British Chamber of 
Commerce in Brazil, the imports into Brazil from the 
British Empire, during 1926, amounted to 18,198,3251., 
of which 2,990,866/. came from the British Dominions and 
Possessions. Exports to the British Empire totalled 
4,194,7081. only, of which 3,224,5731. were despatched 
to the United Kingdom. The United States bulk very 
largely in the overseas trade of Brazil, importing coffee, 
rubber, cocoa, manganese and lumber, and exporting 
motor cars, railway material, electric supplies and other 
manufactured goods. In 1926, United States imports 
from Brazil amounted to 45,103,290/., and exports to 
Brazil totalled 23,308,962, 





THE INSTITUTE OF METALS. 
(Continued from page 336.) 
CONTINUING our report of the recent Derby meet- 
ing of the Institute of Metals, we have now to deal 
with the proceedings which followed Dr. M. L. V. 
Gayler’s paper on “The Under-Cooling of Some 
Aluminium Alloys.” 


ALUMINIUM-SILICON-IRON ALLOYS. 


The second paper taken on Wednesday morning, 
September 7, was by Dr. A. G. C. Gwyer and Mr. 
H. W. L. Phillips. It was on the subject of “‘ The 
Constitution of Alloys of Aluminium with Silicon 
and Iron,” and was presented by Dr. Gwyer. 
The first part of the contribution dealt with an 
investigation into the constitution of binary alloys 
of aluminium with silicon and with iron. The 
second portion dealt with the constitution of certain 
of the ternary alloys of aluminium, silicon, and iron, 
under both equilibrium and meta-stable conditions. 
We intend to reproduce this paper in a forthcoming 
issue. 

The first speaker in the discussion was Mr. D. R. 
Tullis, who stated that he would again like to 
emphasise the importance of dissolved gases in this 
class of alloy. He was quite convinced that they 
had a very important effect on the behaviour of the 
alloys. It would, he thought, be unfortunate if so 
much valuable work was being done on alloys with- 
out giving due recognition to the importance of dis- 
solved gases. Dr. M. L. V. Gayler, who spoke next, 
said she wished to make a slight modification in the 
Fe,Al,; + A zone of the authors’ aluminium-iron 
alloy equilibrium diagram. Towards the latter 
part of the paper the authors had stated that 
the labile-shower phenomenon was of compara- 
tively frequent occurrence ; the globules—probably 
consisting of X pseudomorphic after FeAl; or B— 
appeared as little clusters like rosettes, which could 
only be resolved with difficulty under the highest 
powers of the microscope. She herself had continu- 
ally come across these rosettes in silicon-aluminium 
alloys. Mr. H. W. L. Phillips, in a very brief reply, 
stated that they had no information to give the 
meeting on the question of dissolved gases. Dr. 
Gayler’s suggested slight modification of the alumi- 
nium-iron equilibrium diagram was, he thought, of 
little importance. 


CorpPER-T1IN ALLOYS. 


A contribution bearing the title, ““The Equili- 
brium Diagram of Copper-Tin Alloys Containing 
from 10 to 25 Atomic per cent. Tin,” was next 
considered. It was read in abstract by the author, 
Mr. A. R. Raper, who stated that the present 
investigation formed a continuation of the work 
done by Stockdale on this system. A series of 
alloys had been examined, both by thermal and by 
micrographic analysis, and the results obtained had 
confirmed, in many respects, the classical work of 
Roberts-Austen and of Heycock and Neville. The 
«-+- 8 and 8 boundary had been carefully deter- 
mined micrographically. This boundary showed a 
sudden change in direction at 580 deg. C., which, 
together with other micrographic evidence, favoured 
Stockdale’s view of a polymorphic change of the 
8 constituent. The eutectoid point had been 
found to be at Sn 16-5 (or 73-15 per cent. copper 
by .weight), the temperature of the inversion 
being 520 deg. C. The transformation curve had 
been determined carefully by thermal analysis, 
and the results were entirely in agreement with 
those of Roberts-Austen and Stansfield. In par- 
ticular, the slight horizontal indicated by them at 
about 610 deg. C. had been confirmed. As deter- 
mined by the present author, it existed from Sn 
22-5 to Sn 25, at a temperature of 638 deg. C. The 
inclusion of this new horizontal in the diagram 
made the interpretation of this region easier, and 
evidence for a new eutectoid at Sn 23 had been 
obtained. 

The discussion was opened by Dr. J. L. Haughton, 
who thought that Mr. Raper had cleared up what 
was easily the most complicated portion of the 
copper-tin diagram. In referring to the alloys 
from Sn 20 to Sn 25, Mr. Raper had stated that it 
would appear that a careful examination of this 
area by the electrical-resistance method would be 
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very instructive. He hoped Mr. Raper would be 
able to do something in this direction. A study of 
the B+ y and the §’ changes, on these lines, 
would be very useful. He deprecated the print- 
ing in the paper of the phrase “« + 8 — B boun- 
dary ” when it was desired to refer to the boundary 
between the «+ 8 zone and the 8 zone. He 
considered that the phrase “a + 8/8 boundary ”’ 
would have been much more explicit and satis- 
factory. The next speaker, Professor T. Turner, 
stated that, in some of the equilibrium diagrams 
submitted to the Institute, the percentages of the 
constituent metals were atomic, and, in others 
they were weight percentages. He thought it would 
be a good plan to have both weight and atomic 
percentages given in all cases. The last speaker, 
Dr. W. Rosenhain, said that it might appear to 
some that the time and energy spent in deter- 
mining what might seem to be minor points in 
connection with the equilibria of alloy systems 
was not entirely worth while. These alloy systems 
were, however, being investigated with a wider 
aim in view. What metallurgists were seeking 
was to obtain a deeper knowledge of all metals and 
alloys. The elucidation of these “ minor points ” 
was not important in the case of one alloy system 
only, but was also true of all systems, and the 
satisfactory determination of every possible alloy 
system would eventually convert metallurgy into 
a very accurate, and, in some respects, a mathe- 
matical science. In a very brief reply, Mr. Raper 
stated that he regretted that, at present, he was 
not in a position to carry out the electrical resist- 
ance work on the alloys they were discussing, as 
suggested by Dr. Haughton. In answer to Pro- 
fessor Turner, he quite agreed that percentages by 
weight, as well as atomic percentages, should be 
given in all diagrams. 


Tue Leap-Tin Eutectic. 


The fourth paper dealt with was entitled “‘ Effect 
of Work and Annealing on the Lead-Tin Eutectic.”’ 
It was read in abstract by the author, Mr. F. Har- 
greaves. This contribution to the proceedings will 
be found on page 375 of the present issue. 

The first speaker in the discussion, Mr. A. H. 
Mundey, stated that, some time ago, Mr. J. Cartland 
and he had performed a series- of tests, and, 
as a result, had come to the conclusion that it was 
a bad thing te hammer-dress bearings. More 
recently he had made some experiments with a 
63 per cent. tin, 37 per cent. lead alloy. He had 
had chill-cast strips, 1, in. thick, produced, and had 
subjected this material to ten passes through a rolling 
mill. He had found that the reductions in hardness 
numbers, with continued rolling, lay on a smooth 
curve, and that the Brinell values decreased from 
14-4to 9. The Brinell hardness numbers had been 
measured as accurately as possible, and he had 
been somewhat alarmed at the reduction in hard- 
ness found. Lead alloys were employed exten- 
sively in the printing industry. The leads between 
the lines of type had to be as hard as possible, and 
also to remain flexible. One method of manu- 
facturing this material was to cast it in the form of 
continuous strip and then roll it. In an alloy 
containing from 7 to 8 per cent. of antimony, 
from 2 to 3 per cent. of tin, and the remainder lead, 
no reduction whatever in the hardness was found 
after ten passes through the rolling mill. It was 
possible, therefore, to have lead alloys which were 
not softened by cold work. 

Professor T. Turner said that the paper had 
opened up a new field ; it was not only of practical 
importance, but was also of theoretical interest. 
The question naturally arose why this pheno- 
menon of softening took place, and this could only 
be decided by thorough research. Sir John 
Dewrance, who spoke next, stated that when 

performing compression tests on white-metal alloys, 
in quite a number of cases there was no drop in the 
resistance to compression until the complete yield 
of the specimen took place. Dr. W. Rosenhain, 
the next speaker, thought that the paper was full 
of surprises. He had never come across the 
phenomenon referred to by Mr. Hargreaves. He 
would like further details of how the hammering 
was done, and how the Brinell testing was carried out, 


of the load and the method of support. In answer 
to Mr. Mundey, he would like to point out that it 
was impossible to make a Brinell hardness deter- 
mination on a strip ;, in. thick, much less on a 
strip one-half that thickness. Brinell measure- 
ments. in cases of this kind, were subject to pitfalls. 
The whole question was a curious one. If the 
phenomenon of softening happened in the lead- 
tin eutectic it should happen in all eutectics, if 
it were peculiar to eutectics. .On the other hand, 
soft metals and alloys possessed various peculiarities. 
In the first place, these materials were capable of 
self-annealing at ordinary temperatures, and, 
secondly, they possessed the capacity of age- 
hardening. In any case, the method of determining 
softness and hardness must be strictly investigated. 

Mr. H. O'Neill stated that the load employed 
by the author seemed to him to be quite a reasonable 
one. At Manchester University, the students were 
given a lead-tin eutectic ; they rolled it out, taking 
the scleroscope number of the rolled specimens. 
They always found that the hardness, as determined 
by the scleroscope, increased with the cold work. 
If softening did actually occur, it might be due to the 
breaking up of the eutectic as a result of the cold 
work. It might become spheroidalised in much 
the same way as pearlite became spheroidalised by 
the balling up of the cementite. It should be borne 
in mind, however, that both lead and tin hardened 
definitely when worked, and that, according to the 
scleroscope, the eutectic also hardened. The last 
speaker in the discussion, Dr. D. H. Ingall, stated 
that Mr. Hargreaves had said that the time of 
application of the load was 30 seconds. He would 
like to know if the author had any data regarding 
the application of the load for longer periods. He 
himself had done some work on determining the 
Brinell hardness of lead-tin alloys at temperatures 
above room temperatures. If, at temperatures of 
from 100 deg. to 150 deg. C., the load were left on 
the specimen for a long time, the determination was 
absolutely valueless, as not only the ball, but also 
the holder sank into the specimen. 

Mr. Hargreaves then made his reply. He stated 
that the whole discussion turned on the question 
of what was “hardness.” He himself had not 
spoken of hardness, but of Brinell hardness. The 
hammering had been done carefully on an anvil. 
He had carried out repeated tests and had dupli- 
cated his results in all cases. The testing methods 
had been given in detail in the paper, and the 
conditions laid down by the B.E.S.A. for such tests 
had been observed. Sir John Dewrance had 
referred to a yield-point in compression tests on 
white metals. He himself had never been able to 
find such a yield-point. Dr. Rosenhain had asked 
whether the softening they were discussing was a 
characteristic of eutectic alloys in general. Obviously 
it was not. The scleroscope had been mentioned 
by Mr. O’Neill. Here again the question must be 
asked, ‘‘ What constitutes hardness?” In con- 
clusion, he would like to add that the thickness of 
his specimens was ample for Brinell-hardness 
determinations. 

A short paper entitled ‘‘ Researches on Inter- 
metallic Compounds. VI.—The Reaction between 
Solid Magnesium and Liquid Tin,” by Dr. W. 
Hume-Rothery, was next on the agenda. In the 
absence of the author it was taken as read, and, 
as no one intimated his desire to take part in the 
discussion, the meeting proceeded directly to the 
next paper. 


CoppPER-MAGNESIUM ALLOYS. 


This was a contribution dealing with “ The Copper- 
Magnesium Alloys,” by the late Mr. W. T. Cook and 
Mr. W. R. D. Jones, and was the last paper presented 
to the meeting on Wednesday morning. In the ab- 
sence of Mr. Jones, the paper was taken as read. The 
authors stated that the contribution set forth an 
investigation on the forging of copper-magnesium 
alloys, and was a continuation of that given on 
the casting of these alloys and the mechanical 
properties of chill-cast bars.* The ductility of the 
forged alloys depended primarily on the forging 
temperature. If this temperature were low, the 
elongation and the reduction of area were impaired 








particularly in regard to the duration of application 





seriously, and the values were not restored by sub- 
sequent heat treatment. The mechanical properties 
of copper-magnesium alloys, containing up to 11 ‘per 
cent of copper, were not improved by simple heat 
treatment, which caused a general decrease in test 
values. The addition of copper to magnesium, up 
to about 2 per cent., was beneficial. Beyond this 
amount the increase in tenacity was small, whilst 
there was a regular decrease in ductility and a 
proportional increase in specific gravity. There 
was no advantage in adding more than this amount 
of copper to magnesium, either for castings or 
forgings. 

Dr. J. W. Jenkin congratulated the authors on 
the results of the mechanical tests. If such results 
could be obtained on forgings, there was some hope 
for the copper-magnesium alloys. He was some- 
what puzzled about the burning of the copper- 
magnesium bars referred to in the paper. The 
authors had stated that, during the experiments on 
heat treatment on two different sets of bars, the 
furnace was allowed accidently to reach too high a 
temperature. The bars did not take fire until the 
furnace doors were opened, but as soon as the air 
entered, the bars began to burn. Continuing, Dr. 
Jenkin said that he would like to know if any 
melting had taken place ; he presumed not. He had 
always thought that the danger of burning in 
magnesium alloys had been over-rated, but, in the 
light of this experience, it was necessary for metal- 
lurgists to revise their ideas. The authors had 
stated further that the effect of the burning had 
not been as serious as would have been expected. 
This was a curious statement, and he would like to 
know exactly what was the authors’ opinion on 
the subject of burning. 

The general meeting then adjourned until 10 a.m. 
on the following day, Thursday, September 8. 
The members, however, reassembled at 2.30 p.m. 
on Wednesday afternoon in order to visit the car- 
riage, wagon and locomotive works of the London, 
Midland and Scottish Railway Company and the 
factories of the Royal Crown Derby Porcelain Com- 
pany, Limited. Inthe evening, at 8 p.m., an enjoy- 
able reception was held by the Mayor and Mayoress 
of Derby, at the Art Gallery in the Strand. 

When the adjourned meeting of the Institute 
was resumed on Thursday, September 8, in the 
Lecture Hall of the Derby Municipal Technical 
College, Sir John Dewrance again occupied the 
Chair. The President stated that Mr. W. A. 
Cowan, assistant chief chemist in the research 
laboratories of the National Lead Company, New 
York, was present that morning, and had brought 
with him the synopsis of a paper which he 
proposed to present at the next spring meet- 
ing of the Institute. In order to give time for 
the preparation of discussion, he thought it would 
be a good plan if Mr. Cowan read this synopsis 
there and then ; he therefore called upon the author 
to present his contribution. 


SHRINKAGE CAVITIES IN Cast ALLOYS. 


The full title of the paper was ‘‘ Minute Shrinkage 
Cavities in Some Cast Alloys of Heterogeneous 
Structure.” Mr. Cowan opened by stating that 
shrinkage phenomena accounted for various kinds 
of cavities in cast metals. These occurred at 
spaces where liquid metal solidified last. The 
mechanism was more readily explained, and the 
locality controlled, in homogeneous than in hetero- 
geneous alloys. In certain of the latter, minute 
cavities were attributed to the shrinkage of small 
amounts of a relatively low freezing point com- 
ponent, which froze last, after the bulk of the 
alloy had solidified at higher temperatures. Where 
this remaining liquid segregated, minute cavities 
were formed because some shrinkage necessarily 
took place, accompanying the change in volume 
between the liquid and solid phases of the com- 
ponent. As an instance of alloys in which this 
phenomenon took place, some tin-base alloys were 
found to contain minute cavities when small per- 
centages of lead were present, but to be practically 
free from such cavities when no lead was present. 
The bulk of the alloysinvestigated were composed of a 
solid solution of antimony in tin, solidifying at 237 deg. 
C., while the small amount of eutectic mixture of this 
with lead, which was present, solidified at a lower 





*See ENGINEERING 1926, vol. exxii, page 714. 


produced minute shrinkage cavities. The examina- 
tion of the microstructure of alloys containing some 
lead showed cavities located at ihe eutectic areas, 
probably between crystalline grains, while the 
microstructure of a similar alloy, without lead, 
showed no cavities. The shrinkage cavities were 
found to occur both in commercial ingots and in 
specimens prepared in the laboratory. Cavities in 
cast metals were formed by other agencies, namely, 
solid inclusions, gases, &c.; again, defects caused 
by polishing might be interpreted as cavities in 
some cases. 


Grain GROWTH IN COMPRESSED METAL 
POWDER. 


The next paper taken was by Dr. C. J. Smithells 
and Messrs. W. R. Pitkin and J. W. Avery. It was 
entitled ‘Grain Growth in Compressed Metal 
Powder.”’ Dr. Smithells, who read the contribution 
in abstract, stated that the experiments described 
in the paper showed definitely that grain growth 
in bars of pressed tungsten powder was a function 
of the temperature, the particle size, and the 
pressure used in preparing the bar. Employing 
powders, the mean particle size of which ranged 
from 0-6 to 3-5 yu, and pressures between 8 tons 
and 32 tons per square inch, the temperature at 
which grain growth could first be detected varied 
from 1,100 deg. K. to 1,500 deg. K. These condi- 
tions covered those usually employed in the technical 
preparation of ductile tungsten. The ‘results were 
in conflict with those obtained by Sauerwald, who 
found that grain growth took place at from 2,800 
deg. K. to 3,000 deg. K. (2,500 deg. to 2,700 deg. C.), 
independently of the pressure or particle size. No 
other data on pressed powders were available for 
comparison, but the results were in accordance with 
many established facts of grain growth and recrys- 
tallisation in worked metals. It was well known 
that the equilibrium grain size was larger the 
higher the temperature of annealing. The authors 
had found that a coarse powder required a higher 
temperature to produce grain growth than a fine 
powder. Further, the recrystallisation temperature 
in worked metal was lower the greater the degree of 
deformation. They had also found grain growth 
in all powders at a lower temperature the higher 
the pressure used. 

Dr. W. Rosenhain, who opened the discussion, 
stated that he doubted whether the nomenclature 
that the authors had used and the interpretation 
they had placed on their results were justified. He 
doubted whether the phenomena which took place 
when a powder was pressed together, and made to 
coalesce, were of the same order as grain growth in 
a metal. He would like to know if the structure 
within the powder was distorted in a manner 
similar to that in cold-worked material. Even if 
this were so, the question arose whether the 
action which occurred when the powder particles 
were brought together was of the same order as 
the rearrangement of grain structure which took 
place in cold-worked materials. The phenomena 
described in the paper appeared more character- 
istic of the coalescence of a powder into a more 
continuous form of metal, rather than crystalline 
grain growth. 

Sir Henry Fowler, who spoke next, said that the 
great trouble which engineers had to face was the 
breaking down of material. The paper before the 
meeting, on the other hand, showed how materials 
could be built up. The authors had demonstrated 
something of the meaning of cohesion. This might 
help engineers to understand why, after a certain 
length of time, cohesion ceased, and a material broke 
down. 

The next speaker, Professor F. C. Thompson, 
stated that in another branch of metallurgy, results 
identical with those obtained by the authors had 
been secured. He referred to the amalgamation 
of dental alloys. In this process, both grain size 
and pressure were of considerable importance. 

Dr. Smithells, in his reply, said that he had been 
asked whether the individual grains in the powders 
he had used were crystalline. The grains were, 
in fact, definitely crystalline, but were highly 
strained owing to the fact that they had been 
deposited atom by atom during the reduction 
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process from the oxide. The whole point of Dr. 
Rosenhain’s argument turned on the question of 
nomenclature. He (Dr. Smithell) considered that 
grain growth was an atom by atom process. In the 
early stages of the compression process, large 
numbers of small grains were present, and these 
were gradually replaced by large grains, so that 
grain growth must in reality have taken place. 
Dr. Rosenhain here interposed the statement that, 
while he agreed that. grain growth took place, 
coalescence also acted as an agent in the bringing 
together of several small particles to form one large 
whole. 
(To be continued.) 








THE LATE DR. C. PULFRICH. 


WE regret to record the accidental death of Professor 
Carl Pulfrich, well known by his universal refractometer 
and by many other optical measuring instruments, 
brought out by the Zeisswerke of Jena. A strong man 
and in good health, he was drowned last month, in his 
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sixth-ninth year, while bathing at Timmendorf, on the 
shores of the Baltic. He held the honorary degree of 
Dr. Ing. 

Carl Pulfrich was born on September 24, 1858, at 
Burtscheid, near Diisseldorf, and studied at the 
University of Bonn, where he graduated in 1881. 
Having enjoyed the friendship of Rudolf Clausius, 
of thermodynamic fame, he contributed a memoir 
on the work of Clausius to the Proceedings of the 
Institution of Civil Engineers, when Clausius died 
in August, 1888. In 1890, Dr. Ernst Abbe, who 
died in 1905, appointed Pulfrich chief of the measuring 
department of the Zeisswerke, and he retained this 
position all his life. He soon made his name known 
by his original designs, improved constructions and 
his accurate work, as well as by his writings on optical 
problems. He wrote several books and pamphlets 
and contributed many papers to various scientific 
societies, chiefly the Deutsche Physikalische Gesell- 
schaft, and journals, particularly the Zeitschrift fiir 
Instrumentenkunde, which included him among its 
regular collaborators. His last contribution to this 
journal, dealing with the production of a pure spectrum 
by the aid of the boundary line of total reflection, 
appeared in the same September number that. briefly 
announced his death. Total reflection was one of the 
first problems he had investigated. The Pulfrich 
universal refractometer was described by him in 
1897. Of his other inventions and papers, we may 
mention his stereo-comparator, his theory of the Zeiss 
double telescope, his portable photo-theodolite for 
making coastal surveys from on board ship, his 
stereo-photogrammeter for contours, telemeters, photo- 
graphic spectroscopes, interference apparatus, mirror 
stereoscopes and apparatus for stereoscopic X-ray 
measurements. He also improved astronomical 
methods: One of his latest instruments was the step- 
photometer of 1925 for comparative estimates of the 
depth of colour and turbidity and the examination of 
colloids. In 1921 he modified the Abbe microscope. 
Respected as a hard and conscientious worker, he was 
of a genial disposition and most popular with his 
colleagues. Several instruments designated by his 
name will serve to keep his work in mind. 


LETTERS TO THE EDITOR. 


OUR LATEST BATTLESHIPS. 
To THE Eprror oF ENGINEERING. 

Str,—In your issue of July 22, after discussing the 
appearance of the Nelson class and the disposition of 
their main and auxiliary armament, you draw the 
conclusion that the general design of these battleships 
is the result of war experience. Such experience has, 
no doubt, been embodied in the design of these ships, 
but, at the same time, I think it is to a great extent a 
freak design resulting from the limitations imposed on 
tonnage by the Washington Conference. It is a 
curious but well-known fact that a perfect design of 
almost any category usually results in a handsome 
structure. 

In the sketch herewith I have merely traced your 
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silhouette of the Nelson, but have shifted the super- 
structures up to the second gun turret and placed the 
third turret aft. The immediate result is not only a 
silhouette of quite pleasing proportions, but, more 
important still, also, I venture to say, a more useful 
fighting ship. It is obvious, however, that a single 
massed position for the main armament will account 
for appreciably less weight in armour protection, 
construction of magazines, &c., than two or more 
smaller gun positions built into different parts of the 
ship. A similar argument applies to the triple-gun 
turrets of the Nelson class, as compared with our 
traditional twin turrets, and it is well known that the 
former are not really favoured in British naval circles. 
It is also doubtful, for several reasons, whether a ship 
in line with my sketch could be constructed without 
lengthening the hull of the vessel, and thus adding 
still further to the total weight. 

In view of these considerations, I think it may be 
fairly safely assumed that the adoption of triple-gun 
turrets and the general disposition of the armament 
are the outcome of a desire to crowd the greatest 
possible gun power into the imposed 35,000-ton limit. 
They are undoubtedly battleships of tremendous 
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offensive power, but with all their eggs in one basket, 
so to speak, and of doubtful value for rear action. 
Given an absolutely free hand, I feel sure that our 
naval designers would never have added _ these 
“tankers”? to the group of imposing capital ships 
forming the present British battle squadrons. 
Yours truly, 
I. T. Matron. 
17, Grosvenor Road, 
Whalley Range, Manchester. 
September 1, 1927. 








ANCIENT SCOTTISH IRONWORKS. 


To THE EpiItoR OF ENGINEERING. 

Smr,—When I was recently on holiday at a place 
called, by the railway company, Taynuilt, which is a 
few miles east of Oban, I found in the hotel an old map, 
which showed the location of some iron works. I made 
enquiry, and was told that remnants of these iron works 
were still in existence, so I visited them. 

It appears that these iron works were located upon 
Loch Etive at the village which, at that time, was called 
«‘Bonawe.”” They were erected there because there 
were considerable forests and a large number of 
charcoal-burning pits, where charcoal was burnt 
and prepared for the furnaces. The ore, I understand, 
was brought by ship from Cumberland. I enclose a 
photograph (See Fig. 1, page 369), which shows the blast 
furnace in the form of a square building, but the furnace 
itself is circular, increasing in diameter as it descends 
from the chimney to the bottom where the outlet is. 

The ironwork over the mouth of the opening has cast 
on it the letters ‘* Bonaw 1753.” At the side of the 
blast furnace, as shown in Fig. 2, is the old water 
wheel, which I suppose worked the blowers. The 
site was chosen so that the furnace is built at the top 
of a rather sharp declivity, and the third photograph, 
Fig. 3, shows the building, which was on the level with 
the top of the furnace, by which evidently the raw 
materials were brought and fed in, so that there was no 
lifting or hoisting, except the original bringing up from 
the edge of the loch to the upper ground by road. 

| understand a good deal of the material which was 
used in the Napoleonic wars, was produced at this 
furnace, and there is a monolith shaft erected on a hill 
near the furnace which bears a board stating that 
it was erected by the workmen of ‘‘ Bonaw” furnace to 
the memory of Nelson. This was, I believe, the first 
memorial erected to this admiral. 

Yours faithfully, 
Ll. B. ArKkrnson. 

Cable Makers’ Association, Sardinia-street, 

London, W.C.2. 








THE FEDERATION OF LEATHER BELTING MANUFAC- 
TURERS.—A meeting of the above Federation resolved 
that, owing to continued advances, varying from 20 per 
cent. to 30 per cent., in all classes of raw hides, the ques- 
tion of replacement values should be given serious con- 
sideration, and customers notified of a substantial in- 
crease immediately. The Committee suggest a minimum 
advance on replacement values of 10 per cent. above 
present prices. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Chelsea Polytechnic.—A pamphlet containing some 
particulars of the courses in metallurgy and assaying 
to be held at Chelsea Polytechnic, Manresa-road, 
Chelsea, London, S.W.3, during the 1927-28 session 
has just reached us. The department of chemistry 
and metallurgy of the Polytechnic contains laboratories 
for wet and dry assaying, metallurgy and pyrometry, 
heat treatment, and mechanical testing; and both day 
and evening courses in general metallurgy and assay- 
ing are available. The general courses are suitable 
for candidates for the London University degree in 
metallurgy, the Institute of Chemistry diploma in 
metallurgical chemistry, and technical students gener- 
ally ; and the engineering metallurgy courses have been 
arranged to meet the requirements of candidates 
for the Institution of Mechanical Engineers’ associate- 
membership examination. The autumn term will 
commence on September 21, and students will be en- 
rolled on September 19 and 20. 

Metallurgical Lectures.—A course of 25 lectures on 
“Tron and Steel,’’ on Tuesdays, from 6.30 to 7.30 
p-m., commencing on Tuesday, September 20 next, 
and a course of 20 lectures on ‘‘ Speciai Steels and Non- 
Ferrous Metals,”’ on Thursdays, from 6.30 to 7.30 p.m., 
commencing on Thursday, September 22 next, will be 
given at the City of London College, White-street and 
Ropemaker-street, Moorfields, London, E.C.2, by Mr. 
T. Barton Kelly. The fee for the first course is 25s. 
and that for the second 20s.; the fee for both courses 
is 35s. A College examination in iron and steel will 
be held at the conclusion of the course, and the J. Gray 
Buchanan prize of 3/. will be awarded on the results 
of the examination. Full particulars regarding the 
courses and the examination may be obtained from 
the secretary of the College at the address given above. 

University of Manchester.—The prospectus for the 
session 1927-1928, recently issued by the Faculty of 
Technology of the University of Manchester, deals with 
the University courses held in the Municipal College of 
Technology, Manchester. The work of the College 
includes advanced study and research in various 
branches of science and technology. Three - year 
courses are available, leading to degrees and certi- 
ficates in mechanical, electrical, municipal and sanitary 
engineering, applied chemistry (including metallurgy, 
electro-chemistry, fuels, and the chemistry of textiles), 
mining, textile industries, and industrial administra- 
tion. Part-time day courses for engineering and other 
apprentices, and evening classes in most of the above 
subjects are held. A prospectus of part-time courses 
in mechanical engineering has been issued. For day 
students, the Michaelmas term will begin on October 6 
next. The part-time courses, on the other hand, will 
commence on October 3. Copies of the above pros- 
pectuses may be obtained from the Principal, Municipal 
College of Technology, Manchester. 

City and Guilds of London Institute.—The programme, 
for the session 1927-1928, of the Department of 
Technology of the City and Guilds of London Institute 
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has just been issued. It contains the general regulations 
for the registration of classes and the examination of 
candidates, together with the syllabuses of the various 
courses of instruction. As is well known, the object 
of the Department of Technology is the holding of 
annual examinations in over 80 technical subjects, 
which include all branches of engineering and metallurgy, 
at centres throughout Great Britain and Ireland, the 
Overseas Dominions, India, and the Crown Colonies. 
The above-mentioned programme is obtainable from 
Messrs. Lamley and Company, 1-5, Exhibition-road, 
London, 8.W.7, or any bookseller, price 3s. 6d. net. 
It is not sold from the head office of the Institute nor 
from the office of the Department of Technology. All 
inquiries relating to the work of the department should, 
however, be addressed to the Superintendent, Depart- 
ment of Technology, City and Guilds of London 
Institute, 29, Roland Gardens, London, S.W.7. 

University College, Swansea.—The prospectus of the 
Department of Engineering of the University College of 
Swansea, for the session 1927-1928, has just reached us. 
It contains particulars of the degree and diploma courses 
held in the college in each of the three main branches of 
engineering, namely, civil, mechanical, and electrical 
engineering. The courses extend over three years and 
the Michaelmas term will commence on October 4 next. 
Copies of the prospectus may be obtained on application 
to the Principal, University College, Singleton Park, 
Swansea. 

University College, London, Faculty of Engineering.— 
The prospectus, for the session 1927-1928, of the 
Faculty of Engineering of the University of London, 
University College, Gower-street, London, W.C.1, 
is now available. In it are set out particulars 
regarding degree and diploma courses, held at the 
College, in mechanical, electrical, civil, and municipal 
engineering. The prospectus also contains details of 
special courses of lectures on heating and ventilating 
engineering, electro-communication, hygiene and public 
health, and chemical engineering. Copies of the 
prospectus may be obtained from the College Committee 
at the address given above. The first term of the 
forthcoming session will commence on October 3 next. 

The Royal Technical College, Glasgow.—The calendar 
for the one hundred and thirty-second session (1927- 
1928) of The Royal Technical College, Glasgow, has 
just come to hand. It contains particulars of day and 
evening classes in metallurgy, civil, mechanical, 
electrical and mining engineering, naval architecture, 
and other technical subjects. The courses set out are 
recommended to candidates for the degree of B.Sc., 
and are prescribed for the diploma and associateship 
of the college. Generally speaking, the day courses for a 
degree in an engineering subject cover four years, and 
those for a diploma, three years. The calendar also 
contains chapters on the constitution and history of the 
College, the scheme of affiliation with the University 
of Glasgow, students’ societies, appointments held by 
Associates and other past students of the College, and 
other matters of interest. The evening classes of the 
new session will commence on September 19, and the 
day classes on September 20, next. 














Fie. 3. 


London University Guide—We have received from 
the University Tutorial Press, Limited, Burlington 
House, Cambridge, a copy of the recently published 
London University Guide and University Correspondence 
College Calendar. This publication, which has not 
been issued since 1924, forms a handy book of reference, 
giving, in a simplified form, all information with 
regard to matriculation and external degree examina- 
tions of London University which is likely to be required 
by students. The volume contains full details on 
such matters as University regulations and syllabuses; 
and advice regarding the text-books required by intend - 
ing candidates is also included. Some 15 pages of the 
book are devoted to the work of the University Corre- 
spondence College, and particulars of courses, fees, &c., 
are given. The publication bears the date ‘‘ 1929” 
on the outside cover; this is possible because the 
special subjects prescribed for the examinations 
of the University of London for the years 1928 and 1929 
have been included. On the other hand, ‘‘ 1927-28 ” 
appears on the title page. The book, which will prove 
useful to students, teachers, and others interested in 
University education, may be obtained from the 
University Tutorial Press, price 2s. 6d. net. 








LAUNCH OF A DREDGER.—Messrs. Lobnitz and Com- 
pany, Limited, Renfrew, launched recently the powerful 
bucket dredger, Lady Combe, built to the order of the 
Crown Agents for the Colonies, and intended for service 
in the Port of Lagos. 





Om EneIne CaApPAciry witH SUPERCHARGING.—An 
interesting series of tests were recently conducted with 
the co-operation of the Swiss Locomotive and Machine 
Works and Messrs. Brown Boveri and Company to 
determine the effect of supercharging on a four-stroke 
Diesel engine of 500-h.p. Alterations were made on the 
engine to permit air charging under pressure and the 
taking of the exhaust to a single-stage gas turbine to 
drive the blower. With a charging pressure of 6 to 7 lb. 
per square inch, it is claimed that the power was increased 
by 50 per cent., while the heat carried away by the cooling 
water was reduced, indicating smaller heat stresses on the 
metal. 





Atomic HYDROGEN IN WELDING.—As a result of the 
work of Dr. Irving Langmuir, of the research laboratories 
of the General Electric Company of America, it has now 
become possible to weld metals which were formerly 
quite unsuited to the process. By the passage of a 
stream of hydrogen through the are made between two 
electrodes, atomic hydrogen is produced which re-forms 
into molecules some distance from the arc, and liberating 
great amounts of heat at the place where it is required, 
maintains more effective welding temperatures 
than were formerly available. The presence of the 
hydrogen ensures freedom from oxide, and metals con- 
taining chromium, aluminium, silicon and manganese 
may be welded by the process without fluxes and without 
surface oxidation. With the machines already available 
on the market, the tungsten electrodes pass through a 
nozzle for the hydrogen gas, and the arc is passed from 
electrode to electrode and not from electrode to the job, 
as in ordinary arc welding. A filler rod may be used in 
the work as in gas welding, in cases where added metal 
is required, 








Tue difference on the subject of representation, which 
recently developed between the Miners Federation of 
Great Britain and the Amalgamated Engineering Union, 
has now been adjusted. Ata further conference between 
representatives of the two executives, Mr. Herbert 
Smith stated that his executive and districts were agree- 
able to accept the proposals submitted by the engineers, 
with whom they desired to maintain good relations. 
The agreement between the Amalgamated Engineering 
Union and the Miners Federation would, therefore, 
Mr. Smith said, be amended in accordance with the 
following declarations :—‘‘ That we are prepared to 
inform our lodge secretaries that a member or members 
of the A.E.U. having a grievance with his employers at 
the colliery in respect of wages or conditions of employ- 
ment, may, subject to the colliery lodge officials being 
notified, and the case laid before the lodge, invite a 
representative of his union to assist him in the presen- 
tation of the case. That the agreement be amended so 
as to ensure that a representative of the Amalgamated 
Engineering Union may also attend in an advisory 
capacity a meeting with the Coal Owners’ Association 
in the event of a question affecting a member of the 
A.E.U. not being settled with the management.” 


In August, the home-branch membership of the 
Amalgamated Engineering Union increased from 
192,348 to 192,869, and the Colonial branch member- 
ship from 27,618 to 27,852. The number of members 
in receipt of sick benefit increased from 5,114 to 5,125, 
the number in recéipt of superannuation benefit from 
9,656 to 9,718, and the number in receipt of donation 
benefit from 5,682 to 6,158. The total number of 
unemployed members increased from 13,780 to 14,039, 
raising the percentage, calculated in the usual way, 
to 6-75. 

The financial report of the Amalgamated Engineering 
Union for the second quarter of the current year states 
that during the three months, the General Fund 
increased from 203,934l. 10s. 8d. to 223,7271. 1s. 5d., 
and the Superannuation Reserve Fund from 1,527,1321. 
8s. 3d. to 1,534,5101. 9s. 9d. The total amount paid 
out in respect of the five statutory benefits—including 
22,9981. 16s. 6d. extra payments to superannuated 
members—was 131,268l1. 16s. 3d. Between July 1, 
1920, and June 30, 1927, the benefits paid amounted to 
7,345,8541. 19s. State Unemployment and State 
Health Insurance benefits are not included in that 
figure. 

The Ministry of Labour states that on September 5, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,074,600, of whom 840,500 were men, 35,700 boys, 
163,700 women, and 34,700 girls. Of the total number, 
693,600 were wholly unemployed, 317,100 temporarily 
stopped, and 63,900 normally in casual employment. 
On August 29, 1927, 690,388 were wholly unemployed, 
295,914 temporarily stopped, and 62,959 normally in 
casual employment, Of the 1,049,261 persons idle 
on the latter date, 823,444 were men, 35,959 boys, 
156,081 women, and 33,777 girls. On September 6, 
1926, the number of unemployed persons was 1,559,535, 
of whom 1,170,840 were men, 47,371 boys, 295,298 
women, and 46,026 girls. 


Telegraphing on Monday last, the Riga correspon- 
dent of The Times stated that Soviet statistics relating 
to the growth of unemployment in the U.S.S.R. show 
that the registered unemployed averaged 848,000, 
1,017,000, and 1,353,000 during 1924, 1925, and 1926 
respectively. Reconstruction work and the power of 
towns to absorb the workless, it is pointed out, have 
decreased, and unemployment is rapidly increasing, 
in the present year particularly, because of the ‘* drastic 
reduction in the number of State employees.” 


On the recommendation of the General Council, the 
Trades Union Congress, at its meeting in Edinburgh 
last week, decided that ‘‘no uveful purpose will be 
served by continuing negotiations with the All-Russian 
Council of Trade Unions, so leng as their present 
attitude and policy are maintained.’”” The vote was 
2,551,000 for the recommendation and 620,000 against 
it. The Miners’ Federation’s block vote of 700,000 
was not used. The only large organisation to vote 
against the General Council’s proposal was the National 
Union of Railwaymen. Mr. Bevin’s speech in support 
of the recommendation stated the issue clearly and 
not unfairly. Running through the business, there 
were, he said, two distinct moral standards. There 
was the moral standard accepted by the British move- 
ment, to hammer out differences, and when decisions 
were arrived at, loyally and honourably to abide by 
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the means. These two standards could not be recon- 
ciled in the promotion of a unified movement. He 
believed that the adoption of the resolution which 
had been moved would give the General Council 
freedom to approach the question of international 
unity from an entirely new standpoint. 


At Friday’s sitting, Mr. A. G. Tomkins, a representa- 
tive of the Furnishing Trades Association, moved the 
suspension of the standing orders in order that he might 
subsequently move that the National Union of Seamen 
be expelled from Congress, and that the Transport and 
General Workers’ Union be urged to open a marine 
section and to organise seamen on a trade union basis. 
In the event of a refusal on the part of the Transport 
and General Workers, he was prepared, he said, to 
move that the incoming General Council be instructed 
to take such action as may be deemed advisable to 
provide opportunities for the recruitment of seamen in 
a trade union organisation under the temporary control 
of the General Council. Mr. Pollitt, one of the dele- 
gates of the Boilermakers’ Society, seconded. On a 
show of hands, the resolution was defeated by 291 
votes to 63. A motion was subsequently carried that 
the matter should be referred to the Disputes Committee 
of the General Council for consideration. 


Mr. A. B. Swales, a member of the General Council, 
moved a comprehensive resolution protesting against 
‘the action of the Government in its attack on the 
Labour movement by forcing the Trades Disputes 
Bill through the House of Commons without any attempt 
at impartial preliminary inquiry or mandate from the 
people.” The Congress was invited to affirm its 
determination to maintain the rights Which Labour 
had secured in the past, including: the application of 
the strike, and to pledge itself to work steadfastly for 
the repeal of the measure. Mr. J. H. Clynes, M.P., 
seconded the resolution, which was carried. 


A long resolution submitted for the consideration of 
the Congress, condemned all industrial peace arrange- 
ments ** having as their basis the indefinite continuance 
of capitalism and wage slavery,”’ and declared it to 
be ‘‘the business of the trade union movement to 
organise the workers for the struggle against 
capitalism.” The previous question was moved and 
carried by a large majority. 


The futility of sympathetic strikes, which seek to 
achieve industrial objects by paralysing transport and 
other public services, has been demonstrated anew in 
the case of the Queensland trouble. On August 23, 
a railway servant was suspended for refusing to handle 
goods for the South Johnstone sugar mill, at which a 
strike was in progress. On succeeding days, other 
employees were dealt with in like manner for similar 
offences, and on September 1, the whole of the railway- 
men—about 11,000 in all—were dismissed by proclama- 
tion, on account “‘ of the impossibility of working the 
line owing to the hostility cf the railwaymen’s union.” 
The railway service was brought to a complete stand- 
still on September 3. With the aid of, principally, 
motor vehicles, communications were largely re- 
established within a comparatively short time, and on 
Saturday night last the trouble with the railwaymen 
came to an end on terms laid down by Mr. McCormack, 
the Prime Minister, who had declared earlier during 
the stoppage that he was not going to allow “a noisy 
minority to control the country.” The general public 
were apparently of the same mind. 


In the difference which has arisen in London between 
the National Federated Electrical Association and the 
Electrical Trades Union, two issues are raised which 
most negotiators of labour affairs would much rather 
leave alone. The men employed by a firm of con- 
tractors objected to the continued employment of 
a fellow worker who had ceased, strictly speaking, to 
be a member of their union. The general rule in British 
industry is that employers do not discriminate against 
union men, and union men do not object to work with 
non-union men, and no doubt it will apply, when the 
matter comes to be hammered out, in this particular 
instance. The other inconvenient issue is that, under 
the agreement which governs the relations of the 
National Federated Electrical Association and the 
Electrical Trades Union, differences must be referred 
for consideration to a joint committee before a stoppage 
can take place. On neither of these issues, obviously, 
can the employers afford to give way. 


The new Treasury regulations governing member- 
ship of trade unions by established Civil servants 





require, subject to certain provisions, that no estab- 
lished Civil servant shall, after December 31, 1927, 
be a member, delegate, or representative of any 
organisation of which the primary object is to influence 
or affect the remuneration and conditions of employ- 
ment of its members unless a certificate of approval 
is in force certifying that the organisation is an approved 
association. In Part I of the Schedule the conditions 
which must be fulfilled by approved organisations are 
stated to be as follow :—Membership of the associa- 
tion must be confined to persons employed by or under 
the Crown. The association must be in all respects 
independent of and not affiliated to :—(a) any organ- 
isation of which the primary object is to influence 
or affect the remuneration and conditions of employ- 
ment of its members, the membership of which is not 
confined to persons employed by or under the Crown ; 
or (6) any federation which comprises any such 
organisation. The objects of the association must 
not include political objects. The association must 
not be associated directly or indirectly with any poli- 
tical party or organisation. 


Any person, however, who on July 29, 1927, was an 
established Civil servant may remain a member of any 
trade union or organisation not composed wholly or 
mainly of persons employed by or under the Crown, 
notwithstanding that it is not an approved associa- 
tion, if he had at that date been a member for more 
than six months and there had on April 4, 1927, 
accrued or begun to accrue to him a right to any 
future payment during incapacity, or by way of super- 
annuation, or on the death of himself or his wife, or 
as provision for his children. It is also provided that 
any person employed by or under the Crown on July 29, 
1926, who thereafter becomes an established Civil 
servant may remain, so long as he is not appointed to 
a position of supervision or management, a member 
of any trade union or organisation not composed 
wholly or mainly of persons employed by or under 
the Crown, notwithstanding that.it is not an approved 
association, if on the date when he became an estab- 
lished Civil servant he was a member of the trade 
union or organisation, and under the rules thereof 
there had at that date accrued or begun to accrue 
to him a right to similar payments. 


A person who, in addition to being an established 
Civil servant is, apart from his service as such, also 
engaged in some other occupation, may be a member, 
delegate, or representative, of any trade union or 
organisation, notwithstanding that it is not an approved 
association. Any organisation of which the primary 
object is to influence or affect the remuneration and 
conditions of employment of its members shall, if it 
complies with the requirements of the regulations, be 
entitled to a certificate of approval so long as the 
Treasury is satisfied that the organisation does not 
infringe the conditions to be fulfilled by approved 
organisations. 


Man and Metal, the organ of the Iron and Steel 
Trades Confederation, raises an interesting point 
relating to the right to combine. Notwithstanding the 
fact, it says, that the right to combine is twice men- 
tioned in the Peace Treaty, first in the Preamble as 
one of the necessary conditions for universal peace 
and social justice, and later in Article 427, commonly 
known as the ‘Labour Charter’—it is therein 
described as the “right of association for all lawful 
purposes by the employed as well as the employers ”’— 
the employers, at the recent International Labour 
Conference, voted down a questionnaire which it was 
proposed to send to the Governments associated with 
the League of Nations. The employers also, it is 
stated, voted against a Convention based upon the 
questionnaire being set down for discussion at next 
year’s Conference. 

In the opinion of Man and Metal, Part 13 of the 
Peace Treaty, which is headed ‘* Organisation of 
Labour,” is very important, and the workers in 
countries affiliated to the League of Nations ought to 
insist on their Governments arranging for them to 
have the advantage of it. In view of the employers’ 
vote, it seems to the writer that there is a world-wide 
determination on the part of the employing class to 
deny freedom of association to the workers of the 
world. Brazil, he says, has actually made it illegal 
to form trade unions. “If,” he proceeds, “the 
workers are not to have the right to organise, and if 
their political activities are to be crippled and their 
trade union rights taken away from them, what 
avenue is left for peaceful progress? The activities 
of modern governments are making Communists by 
the thousand, and this country, with its ‘Get Rid of 
the Reds’ counsel, and its office-raiding, safe-breaking 
Home Secretary, is little or no better than the rest.” 
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THE IDEAL EFFICIENCY OF 
INTERNAL-COMBUSTION ENGINES.* 


By Proressor W. T. Davip. 


Two suggestions are put forward in this paper: the 
first, that the ideal efficiencies of internal-combustion 
engines calculated upon the basis of the generally 
accepted specific heat and dissociation data are too 
low, and the second, that the ideal efficiencies increase 
with compression ratio at a rate not only greater than 
that indicated by the air standard, but also greater 
than that indicated by ideal efficiency calculations 
based upon the usual specific-heat data. 

Ideal Efficiencies and Specific Heats.—In calculating 
the ideal possible efficiencies of internal-combustion 
engines, it is customary, in my view rightly, to assume 
complete combustion of the charge during explosion 
(it will be convenient to confine the attention to the 
constant-volume cycle), and to disregard heat loss, but 
to take into account the variation with temperature 
of the true specific heats of the constituents of the 
burnt charge and dissociation (if any) due to tempera- 
ture. The view here put forward is that the true 
specific heat and dissociation values usually employed 
are too high, and that, consequently, the ideal efficiencies 
calculated by means of them are too low; in other 
words, the ideal possible efficiencies approach rather 
more closely to the air standard than is generally 
supposed. How much more closely it is not possible 
to say at present, but it may be of interest to give the 
reasons for this view. 

The usually accepted values for specific heats and 


had not been converted into thermal energy. It 
cannot be explained interms of temperature dissociation, 
because the estimated proportion of uncombined gas 
(about 10 per cent.) was independent of the tempera- 
ture attained during explosion, and, moreover, the 
temperature attained in some of the explosions was so 
low that temperature dissociation was negligible. 
During the last few years, in conjunction with 
Messrs. S. G. Richardson, W. Davies, R. A. Smith 
and B. H. Thorp, experiments have been made with pure 
gases (mainly CO and H, mixtures) by the aid of optical 
indicating and flame photography. Space does not 
permit an account to be given of these experiments, 
but it may be said that they show that, even in 
explosions of pure gases, chemical equilibrium is far 
from being attained at the moment of maximum 
pressure. In proof of this may be cited the experi- 
mental observation that when gaseous mixtures of 
given calorific value are diluted with a given volume of 
diatomic diluents (or mixtures of these), the maximum 
pressures developed on explosion depend very much 
upon the nature of the diatomic diluents, in spite of the 
fact that the specific heats of the diatomic diluents are 
approximately the same, and their volume was such, in 
some of the experiments, as to keep the explosion 
temperatures well below that at which temperature 
dissociation becomes appreciable. Thus, the mixture 
2CO + O0,-+ CO develops a much higher pressure 
than the mixture 2CO + O, + nO, when exploded at 
atmospheric temperature and density and containing 
the same moisture content for all values of n, even 
after making an allowance for the difference in heat 





loss in the two mixtures due to different explosion 
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temperature dissociation are derived from closed-] 
vessel experiments, and are calculated from them on 
the assumption that chemical equilibrium is attained 
by the time the maximum pressure is developed. 
There is, however, a large volume of evidence that 
this is far from being the case, and that a considerable 
proportion of the chemical energy of the original 
mixture has not been converted into thermal energy 
when the maximum pressure is reached, even when the 
explosion experiments are made under conditions 
which cause temperature dissociation to be a negligible 
factor. If this view is correct, it will be obvious that 
specific-heat values deduced from such experiments, 
in which no allowance is made for incomplete combus- 
tion, are seriously over estimated. Similarly, dissocia- 
tion values determined from high-temperature ex- 
plosions, in which no allowance is made for incomplete 
combustion, are seriously over estimated. 

It will now be clear that the problem whether ideal 
efficiencies, calculated upon the basis of usually accepted 
specific heat and dissociation values, are too low or not 
depends upon whether or not chemical equilibrium is 
established at maximum pressure in explosion experi- 
ments. It is therefore proposed to review briefly the 
evidence for this. 

Some early experiments of the author’s, in which 
simultaneous measurements of pressure and heat loss 
were made during closed-vessel explosions of mixtures of 
coal gas and air of various strengths, showed that in 
weak mixtures the internal energy at the maximum 
temperatures in the gaseous mixtures after explosions 
was greater than that remaining in strong mixtures 
after they had cooled to the maximum temperatures 
of the weak mixtures.t In view of the fact that 
the strong mixtures took an appreciable time to cool 
to these temperatures, it is reasonable to assume that 
chemical equilibrium in them had been more or less 
established, and the only explanation of the greater 
amount of energy in the weak mixtures at their maxi- 
mum temperature would appear to be that, by the 
time the maximum temperature was developed, the 
whole of the chemical energy of the original mixture 





* Paper read before Section G of the British Asso- 
ciation at Leeds, September 6, 1927. 
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times. A similar phenomenon is found for hydrogen 
explosions. 

[t is true that, at very high initial densities, Professor 
Bone’s experiments suggest that the reverse is the case, 
that is, that the mixture 2CO + O, + nO, will develop 
a higher pressure than the mixture 2CO + O, + CO; 
but while this is a perplexing phenomenon, the signifi- 
cant point is that these mixtures, of the same calorific 
value and approximately the same specific heat, develop 
different maximum pressures on explosion under 
conditions such that temperature dissociation is 
negligible. The explanation seems to be that combus- 
tion is more complete at maximum pressure in the one 
case than in the other. A very complete series of 
investigations has been made by Mr. Smith with moist 
CO +0,-+N, mixtures in varying proportions, 
initially at atmospheric temperature and density, in a 
6-in. spherical vessel. He shows that in the mixtures 
2CO + O, + x Ng (zN, being varied so as to investigate 
the temperature range 1,600*deg. C. to 3,000 deg. C.) 
there is, at the moment of maximum pressure, at least 
10 per cent. of uncombined gas when the temperatures 
developed are less than about 2,000 deg. C., but, as the 
temperatures increase beyond this figure, the proportion 
of uncombined gas increases. We attribute the un- 
combined gas below 2,000 deg. C. to incomplete 
combustion, and the greater amount at higher tempera- 
tures partly to incomplete combustion and partly to 
temperature dissociation. 

In the flame photography experiments which we have 
also been making, pressure and luminosity, during and 
after explosion, are correlated on the same photographic 
film, as shown in the accompanying engraving. Ifit may 
be assumed that at temperatures used in the laboratory, 
luminosity in gases like CO,, H,O, CO, H., O, and Ng, re- 
quires chemical activity, or quasi-chemical activity, for 
its manifestation, then there is no doubt that chemical, 
or quasi-chemical, activity proceeds for some time after 
maximum pressure is reached, for luminosity of sufficient 
intensity to mark a rapid photographic film continues 
for a considerable time after maximum pressure, and 
luminosity visible to the eye for a good deal longer. 

In another type of experiment we have been able to 
obtain rather higher maximum pressures in CO-air 
and CH,-air mixtures by insolating the mixtures before 





t “ Proc. Roy. Soc.,” A, vol. xcviii, 1920, pp. 303-18. 





explosion with infra-red radiation of the type absorb- 


able by the combustible gas.* Owing to the difficulty 
in obtaining large pieces of diathermanous material for 
these experiments, we have only been able to introduce 
very small quantities of radiation; nevertheless the 
effect upon maximum pressure is appreciable. We 
interpret these experiments as indicating that infra- 
red radiation of the correct type acts as a kind of 
catalyst, speeding-up combustion and so developing 
higher maximum pressures. 

It is perhaps important to state that while I have 
frequently made use of the phrase “incomplete com- 
bustion,” I do not attempt to offer an explanation in 
molecular terms as to what is meant by it. In employ- 
ing the phrase, I merely mean that the chemical energy 
of the charge has not been completely converted into 
thermal energy in equilibrium with temperature. 

Recent experimental work on internal-combustion 
engines seems also to show that the actual thermal 
efficiency attained is greater than that to be expected 
from calculations of the ideal efficiency based upon 
specific heat and dissociation values derived from 
explosion experiments. Thus, Mr. H. T. Tizard states 
that Mr. Ricardo has found an efficiency of 33 per cent. 
for an engine running under such conditions that his 
calculated ideal efficiency was only 36 per cent.f In 
view of the known losses in the engine, the actual effi- 
ciency realised is altogether too high a proportion of 
that calculated. I have been unable to find the exact 
figure given by Tizard in any of Ricardo’s published 
work, but in his book on “‘ Engines of High Output”’ 
(p. 49) he gives experimental results which support this 
view, and which lead him to suggest that the specific- 
heat values upon which the ideal efficiencies are calcu- 
lated are too high. 

The Variation of the Ideal Efficiency with Compression 
Ratio.—When mixtures of the same composition are 
exploded in a closed vessel at various initial densities 
but at the same initial temperature, it is found that 
the ratio of the maximum pressure developed to the 
initial pressure (and therefore the maximum tempera- 
ture developed) increases as the initial pressure increases. 
I have elsewheret given reasons for believing that this 
is mainly due to two causes—(i) that as the density 
increases, combustion becomes more complete at maxi- 
mum pressure, and (ii) that the specific heats of the 
products of combustion (CO, and H,0) at high tempera- 
tures decreases as the density increases. If the latter 
assumption is correct (and it has experimental founda- 
tion) the ideal efficiency will clearly increase with com- 
pression ratio at a greater rate than that calculated on 
the basis of specific heats which are independent of the 
density. 

Support for this view is to be found in some experi- 
ments by Messrs. Tizard and Pye. They show that the 
actual thermal efficiency of an engine increases with 
compression ratio more rapidly than is indicated by 
their efficiency calculations. Thus, with a compres- 
sion ratio of 4, they find the ratio of the actual to their 
calculated efficiency to be 0-82, whereas with a compres- 
sion ratio of 7 they find this ratio to be 0-85.§ When 
it is realised that, on account of rather higher explosion 
temperatures and greater ratio of surface to volume, 
the proportional heat loss is greater at the higher 
compression ratios, the rate of increase of the actual 
efficiency with compression ratio is unexpectedly high, 
and it is not suggested that the decrease in the specific 
heats with density is sufficient to explain it. It is 
thought that the other factor mentioned above, viz., 
more complete combustion during explosion, must 
also be operative. Temperature dissociation might, at 
first sight, be thought to have some significance in 
connection with these results, but this would operate 
slightly in the other direction, for the decrease in 
dissociation due to higher pressure at the higher com- 
pression ratio is probably more than offset by the 
increase due to the rather higher explosion tempera- 
tures, 





Tue Suez Canat.—The effects of the coal strike are 
shown in the reduction in the passage of ships through the 
Suez Canal during last year. In 1925, the number of 
vessels which passed through the canal was 5,537, whereas 
in 1926 only 4,980 made the same journey. 





Tue UsE or A GEAR DRIVE FoR A HypDRO-ELECTRIC 
GENERATOR.—In a small hydro-electric installation at 
Nialden’s Ulispinneri A.-B., in Sweden, the head of water 
varies between 5ft. and 7 ft. On account of the low fall, 
it was only possible to use a water turbine running at 
83 r.p.m., @ most uneconomical speed for direct coupling 
to a generator requiring 100 h.p., which was the power 
available For this reason, the Allmanna Svenska 
Elektriska A.-B. suggested the introduction of a planetary 
gear to provide a speed of 1,000 r.p.m. for the electric 
generator. The gear, which has helical teeth, runs com- 
pletely immersed in oil, and has given complete satisfac- 
tion during the two years it has been in operation. 





* “ Proc, Roy. Soc.,” A, vol. cviii, p. 393. 
+ “ Trans. Far. Soc.,” No. 69, vol. xxii, p. 352. 
t “ Phil. Mag.,” February, 1926, p. 335. 








§ Empire Motor Fuels Committee Report, p. 14. 
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TRANSPORT ON THE FARM.* 
By R. Bortase Matruews, Wh.Ex., A.M.Inst.C.E., 
M.L.E.E. 

AGRICULTURE has now arrived at the stage where 
the problem of the introduction of considerably more 
machinery, and electric power to operate it, must 
inevitably be faced. There are many who believe 
that the industry has arrived at the cross-roads, 
where it must be decided whether it is to drift back 
to uneconomical small holdings, or become more and 
more industrialised and consequently profitable. 

Widespread interest is being shown in the fact that 
agriculture is less prosperous than practically any 
other industry in the country. This fact cannot be 
too strongly emphasised, as agriculture is still the 
largest industry in the country. 

Farming has seriously lagged behind all other in- 
dustries in the use of power—particularly of electric 
power—and to-day, life and labour on the farm are 
of the most arduous and trying nature. Many of the 
farm duties are carried out just as they were one 
hundred years ago, yet similar operations in other 
industries are performed by convenient power, requir- 
ing only the controlling hand and mind of man. 


(hauled after the wagon) lifted on to the vehicle. 





This method is used by the author. ‘A portable folding 
hay elevator for building stacks is often seen, and 
while this elevator is a step in the right direction, it 
still requires man labour to fork the load on to it from 
the wagon. In England it is often horse-operated, 
though rarely electrically worked. This reliance on 
man labour around the farm buildings is not only 
costly, but at harvesting time is very inconvenient, 
as all the available men are required in the field. A 
great improvement in the method of handling a 
crop isto utilise specially-prepared slings or auto- 
matic grapple forks (a typical appliance of this kind, 
manufactured by Messrs. Beatty Brothers, Ltd., 
London, is shown in Fig. 1) in place of the eleva- 
tors. The sling method is by far the better, as the 
grapple fork is rather on the small side, requiring a 
number of lifts when dealing with a whole wagon load. 
With the sling method, the carts are unloaded in one 
lift. These slings are placed in the empty wagon which 
is to be used for carrying the crop from the field ; 
when the vehicle is loaded, the sling is fastened over 
the load and, on arrival at its destination, the whole 
load is lifted in one operation. In its simplest form, 
this carrier consists of a long pole placed at the bottom 








made by the aid of automatic grapple forks. These 
grapple forks can also be used for feeding on to electri- 
cally-driven chain conveyors, which deliver the crop 
to the final point (see Fig. 2). 

Fig. 3 shows the general arrangement of the Temper- 
ley type transporter, so frequently employed on farms 
for lifting complete cart-loads of crops. The trans- 
porter is operated by an electrically-driven hoisting 
gear, provided with two hoisting drums and two sets of 
brakes. The gear is conveniently located near the 
unloading point, thus giving complete control to the 
man-in-charge. Fig. 4 shows diagrammatically the 
principle of operation of the transporter carriage. The 
load has to be hoisted to the top of the barn, when the 
lifting pulleys jamb. Then the load can be traversed 
in either direction. In Fig. 5 some of the constructional 
details are given, from which it will be observed that 
the whole arrangement is of very cheap and simple 
design. 

It is noteworthy that an entirely new class of very 
light and cheap transporters, conveyors, &c., has come 
into being for farm purposes. With a heavier construc- 
tion, the use could not have returned the interest and 
depreciation on the capital. 

Cart Loaders or Stackers.—Endless belts of about 
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of the wagon with two pairs 
of ropes attached to it by 








Fia. 1. 


The author believes that the standard of living, 
expressed in common purchasing power of money, is 


tripping clips at about 2 or 
3 ft. from either end. When 
the wagon is loaded, the ends 
of the ropes are hooked on 
to another lighter pole which is thrust horizontally 


| across the top of the load. On arrival at the barn, the 


almost in exact ratio to the amount of power at the | 


disposal of the worker, and it is hoped that this paper 
will show how the introduction of comparatively simple 
transport equipment can expedite and facilitate the 
work on the farm, thereby reducing the amount of 
labour employed per unit ‘of work performed, though, 
be it noted, this does not imply fewer workers on the 
land, but rather a natural extension of cultivation 
with more work done per man employed. 

A large proportion of the cost of hay and corn, 
especially that fed on the farm itself, is accounted 
for by the high labour costs involved in the handling 
of the material. Only too frequently hay is carried 
in single trusses on the shoulders cf a man from the 
rick yard to the barn; this alone rearly doubles the 
cost. Then with the grain crop, for instance, there 
is the pitching of the sheaves from man to man, then 
on to the thresher and afterwards the hauling away and 
distribution of the grain, straw and chaff, respectively. 
In the majority of cases all this work is done by hand, 
whereas it could be performed more efficiently and 
speedily, and at lower cost, by the aid of mechanical 
equipment, preferably electrically operated. 

Transport from Field to Barn.—In the field, the hay 
should be windrowed and by means of a hay loader 





* Paper read before Section G of the British Association 
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| by an electrically-driven winch. 


whole load thus encircled, is lifted and taken into 
the barn in one operation by means of an overhead run- 
way on the Temperley transporter principle, operated 
When the position 


| where it is desired to dump the load is reached, a cord 





attached to the tripping clips is pulled, which releases 
the whole lot. A 3 to 5 h.p. motor is large enough 
to drive the winch. Long-fibre soft-laid manilla 
should be used for sling ropes, so as to avoid kinks. 

The trip rope must always be sd arranged that the 
load does not fall upon it. Rope nets can be used as 
an alternative to the pole clip arrangement, by placing 
the nets in the wagon before commencing loading and 
then unloading by dropping one side of the net. 
Additional head room is required to clear the net 
properly when opened out. 

Another method is to equip the wagon with removable 
wooden skeleton platforms. In this case, the hoisting 
arrangement in the barn consists of a rectangular frame, 
with ropes at each corner, to clip on the corners of the 
removable platform in the cart. When the load has 
been elevated and traversed to the required spot, the 
carrier can be dropped at one side by means of a 
special tripping rope. This method is not so neat an 
arrangement as the pole type holder. There are many 
types of these equipments to be seen on Continental 
farms to-day. 

Any subsequent re-distribution of the crop can be 
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12 in. or so in width, mounted on a suitable frame and 
mechanically-driven, are very useful for loading roots, 
stones or other materials. The frame carrying the 
belting is inclined at such an angle that grips or buckets: 
are not needed on the surface of the belt. The whole 
arrangement is generally mounted on wheels, of large 
diameter, to facilitate moving it about. Such appli- 
ances are in use in other industries, but the construction 
is usually far too heavy and expensive for farm appli- 
cation. 

Thrashing.—Electrically-driven portable chain con- 
veyors should be employed to transport the sheaves 
from the rick yard or barns to the thrashing machine 
(see Fig. 6). An automatic device should be incorpor- 
ated on the thrashing machine for cutting the bands on 
the sheaves and spreading out each sheaf before 
delivering it on to the thrashing drum. 

With the introduction of mechanical delivery devices, 
the thrashing machine can be permanently mounted on 
foundations at about 4 ft. above the floor level, thus 
leaving ample room for bagging, &c., when required. 
When permanent thrashers are installed, the straw 
leaving the machine can be baled, or passed into 
a sheaf binder, or blown to the straw yard through 
a tube, or transported by an inclined elevator. With 
all methods, except the pneumatic-tube method, 
the straw should eventually be delivered on to a 
horizontal conveyor. At convenient intervals, trap- 
doors placed in the run-way of this horizontal con- 
veyor will permit of the delivery of the straw at any 
desired point. If required, the straw can be conveyed 
from one building across a road-way into a barn at 
right-angles to the first, by arranging for the first 
conveyor to deliver on to a second conveyor, which is 
placed underneath and at right-angles to it. The grain 
can be moved by either Jacob’s ladders (buckets 
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mounted on endless belts) or special worm conveyors, 
which deliver the grain on to horizontal or inclined 
belt type conveyors, direct to the granary. 

The length of the pneumatic delivery tubes can be 
as much as 200 yards. The tubes are usually made up 
of 10-ft. lengths of light galvanised piping. An 
arrestor should be fitted to the last tube end, so as to 
collect the straw neatly where required. A 5-h.p. 
motor-driven fan can carry grain or straw for a distance 
of 50 yards, while an 8-h.p. fan may well double the 
distance and a 10-h.p. size will carry 200 yards. Even 
smaller motors can be employed if fans of efficient 
design are used and attention is paid to the form of 
the ejecting device. 

Most of the conveyors described are of extremely 
simple construction ; hence the capital cost is not great. 
Where new farm buildings are being erected, and it is 
intended to use these modern mechanical improve- 
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ments, provision should be made in arranging the 
buildings so as to gain the utmost advantage from the 
new method. It might be of interest to point out that, 
in Fifeshire, one of the first uses made of electricity 
on those farms connected to an electric power supply, 
was for the handling of the output of the thrashing 
machine by mechanical means. By many ingenious 
little contrivances, the Scotch barns, which are nearly 
all low-roofed buildings and, apparently, quite unsuit- 
able, were equipped with elevators and conveyors. 

When thrashing machines are equipped in this way, 
only one or two attendants are required on the machine. 
Another man will attend to the feeding of the con- 
veyors in the rick yard and another will look after the 
straw yard or barn. 

The Cow House.—The cleaning of byres and stables 





is probably one of the most disagreeable and the 
heaviest of all farm tasks, yet on all dairy farms it is 
one of the most important pieces of work. The usual 
method is to remove all the dung and straw by means 
of barrows; this is both a time wasting and formidable 
undertaking, as 12 to 16 tons of manure have to be 
handled per cow per annum. The introduction of the 
mechanical overhead manure carrier means a great 
saving in time and a lightening of the work, for these 
carriers can convey four times as much as a barrow 
and can be used at any time, whatever state the yards 





may be in. Trams on rails are sometimes used, but 
the rails are a source of danger to the animals and are 
also in the way and hold dirt. 

The necessity for the thorough cleaning of the cow 
byres need not be emphasised, though it will be readily 
recognised that, where a simple means of removing the 
manure is available, the work is done more efficiently 
and thoroughly. Also there is no danger of the manure 
dump being made up near the dairy door, thus keeping 
the byre and dairy comparatively free from germs and 
flies, an impossible task when a manure dump is near 
at hand. 

These overhead conveyors generally consist of an 
overhead track, of a cruciform section. This rail is 
very ingeniously suspended by light standardised link 
hangers fittings from the roof, or from special metal 
or wood standard supports (see Figs. 7 to 10). To 
deliver to a wide manure heap, a swing pole or radial 
track is often utilised, or a very light equivalent of 
the engineers’ travelling crane. The swing pole can 
be of steel, good ash or cedar. A 35-ft. swing will 
give a dumping area greater than that obtained by 
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running a straight overhead track from the cow 
byres. 

Illustrations are given in Figs. 11, 12 and 13, of a 
very simple type of overhead rope runway designed 
by the author for his own farm. It consists merely of 
a steel rope with straining shackles at both ends. One 
end is supported on a convenient wall and the other 
on a substantial post, which is stayed with a guy wire 
to give it additional stability. A self-tipping manure 
carrier is employed on this rope runway, which trips 
when it comes in contact with a stop affixed to the rope. 
From the cowhouse door, the loaded carrier will run 
out of its own accord (though preferably assisted with 
a slight push) as its weight causes the rope to sag. 
On tripping and dumping its load, the strain on the 
wire is released, the rope springs up and provides a down 
hill path for the automatic return of the carrier. It 
must be admitted, however, that the tension on the 
rope must be just correct, or this convenient auto- 
matic feature does not operate well. While designed 
for straight runs, transfers of carriers from intersecting 
ropes can be made by aid of special connecting castings, 
as the carrier wheels are without yokes on one side. 

Overhead tracks should be erected nearly over the 
dung channels throughout the cow byres, and to the 
manure heap. In addition they should be installed 


from one track to another can easily be accomplished 
by aid of standard fittings. 

The carriers should be arranged so that they can be 
lowered on to the floor and brought close to the dung 
gutter, thus enabling them to be filled easily and 
quickly. The author has made designs for one cow 
byre, in which the carrier was lowered into a special 
pit in the dung channel, so that the dung could be 
directly squeegeed into it, thus saving all lifting. The 
carriers can be operated by a boy, as there is no 
heavy lifting or pushing. They are equipped with gear 
hoisting mechanism, while a friction brake can be used 
for lowering them by their own weight. The overhead 
track should be taken from about 50 to 100 ft. away 
from the door of the byre, so that the manure is dumped 
at a reasonable distance away. While manure convey- 
ing may appear to be but a small duty in the routine 
of farm work, it should be remembered that this 
work has to be done 365 days of the year. In the 
saving of labour alone these carriers pay for themselves 
in a very short time, while the byres are kept in better 
condition, and the approaches are kept clear of manure. 








over the feed alleys and to the feed room. Switching 
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Smaller overhead runways can be erected for carry- 
ing food down the byre and also for carrying milk 
churns from the diary. An alternative method for | 
dealing with the manure in the byre is to construct 
an underground passage, equipped with a tram- 
way, under the cow house dung channel. These under- 
ground tracks should be so arranged that there is a 
slight slope in the direction of the dump outside the 
buildings. In the dung channels, openings should be 
arranged in the gutter at convenient intervals for 
squeegeeing the manure into the trams on the under- 
ground track. This method is naturally only prac- 
tical where provision is made at the time the buildings 
are designed. It is probably one of the best means of 
removing manure, as in this way none of the liquid 
manure is lost. 

In New Zealand, it is a common practice to convey 
the milk as it is drawn from the cow by a milking 
machine, direct to the cooler in the dairy, through 
tinned pipes. This saves all handling and carrying of 
buckets. When a cow house is fitted with complete 
modern electro-mechanical equipment, it is possible 
for three men to attend to, clean and milk 150 cows. 
This compares very favourably with the accepted 
trade union rate, under ordinary conditions, of ten 
cows per man. 

Central Manuring Plants.—The system of manuring 
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of fruit farms, by using stand pipes in the orchards, | 
was first carried out in Switzerland some years ago. | 
The stand pipes are connected to a manure tank, | 
adjoining the main cow byres, by means of under- 
ground pipes. The urine from the cow sheds flows | 
into this tank. When the plant is about to be used, | 
old rotted manure is thrown into the tank, water is | 
added and the whole contents agitated by means of | 
revolving arms, or by circulation through centrifugal | 
pumps. 

A force pump, taking its supply from the tank, 
pumps the mixture through the pipes to the orchard, 
where it is distributed by means of a hose pipe and 
nozzle. The earlier methods used were only suitable | 
for orchard or market-garden work ; the process, how- | 
ever, has now been further developed and is being 
adapted for general farm work, as it undoubtedly | 
saves a good deal of labour both of horses and of men. | 
Comparatively cheap pipes, placed about 3 ft. in the | 
ground, are quite satisfactory. The process is being | 
carried still further by employing powerful hydraulic | 
jets for washing the fresh dung off the straw (see Fig. | 
14). The mixed dung and straw from the cow house | 
is placed in shallow pits and is washed daily, the | 
mixed liquid passing into the agitating pits, whence | 
it is pe mped to the fields. Incidentally, in times of | 
drought, tie equipment can be employed for watering | | 
the crops. | 

Light Railways on Farms.—While the introduction of | 
light railways may seem a big step forward in our | 
present methods of agriculture, nevertheless, con- | 
sideration of the possibilities, especially in view of the 
fact that light railways are now used on a number of | 
European and Colonial farms, might provide a useful | 
subject for discussion. Continental experience seems to | 
show that a number of the large better-class dairy farms | 
might well be equipped with light railways radiating 
from the buildings to some of the fields. These railways | 
can be operated by horses, oil, or electric power. In | 
Denmark, light railways are run from the fields along: | 
side the country roads to the sugar-beet factories. | 
These are generally equipped and operated by the | 
factory proprietors. 

Tonnage to be Transported.— A consideration of the | 
tonnage required to be moved per acre, and an analysis | 
of the output of a large dairy farm ‘should be made | 
when studying this problem. Assuming that a herd | 
of 250 cows is kept, and the farm has an arable 
area of 420 acres, then a rough estimate of the produce | 
of a six-year rotation of crops would be as follows :— | 


Oats 
Clover ... 
Wheat 1 
Peas “’ 
Wheat 
Roots ... 37 4 
® The total produce nin therefore be 420 x 8 = 
3,360 tons per annum. It would be necessary to | 
remove to the fields 9 tons of farmyard manure per | 
acre, or a total of 3,780 tons, and at least 2 cwt. of | 
artificial fertiliser per acre, or 42 tons. 

The transport of milk produced also presents a | 
formidable task. As each cow should give an average | 
annual yield of 7,000 lb., the total yield of the whole | 
herd would be 7,000 x 250 = 780 tons. If 30 tons | 
of milk is allowed for calves, &c., it will leave 750 tons | 
to be transported to the nearest milk-collecting centre. | 
Each cow and calf requires § ton of concentrated | 


? ton straw. 
(two crops) 
} ton straw 


1 ton per acre 
4 


} ton straw. 











food per annum; half of this could be grown on the 
farm, while the remainder would take the form of 
| cake, meal, &c., and would have to be obtained from 
some outside source. This would necessitate carrying 


§ of 200 = 78 tons. About 100 tons of wheat and oats 


esis also be sold in the outside market. This means 
that the total weight of material moved about the farm 
would be as follows :— 





Tons. 
3,360 
3,780 

42 


7,182 


Crops ... 
Farmyard manure 
Artificial manure 


Total 


while the following material would have to be moved 
to or from a central depot :— 
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Tons. 

Milk 750 
Corn ... pe 100 
Concentrated food 78 
Artificial manure 42 
Total 970 


or a grand total of 8,152 tons per annum. 

It might be said that the case quoted is not a usual 
one, and that if such intensive methods were adopted, 
the lot of the farmer would be more difficult than it is 
to-day, owing to the difficulty of marketing surplus 
milk. While this may, at first sight, appear reasonable, 
it will not bear a great deal of investigation. To take 
only one aspect of the case, an aspect, by the way, 
which shows without question that, though the market 
for milk is not what many would wish it, there is still 
a national need for a much greater supply of milk. 
There are about 8,000,000 children in this country 
who should receive at least two pints of pure, clean, 
fresh milk a day. If they received this amount, 
they alone would require about 730,000,000 gallons 
per annum; that they do not receive anything 
approaching this quantity can be seen by the agri- 
cultural report for 1925, which shows that the total 
sales of milk for the year 1925 were only 880,000,000 
gallons. This shows clearly that there is considerable 
scope for a very large increase in the milk supply. 
The introduction of mechanical labour-saving devices 
will lower the cost of production, whilst, at the same 
time, ensuring a cleaner supply of milk, which will 
increase the demand, as a cheaper grade of good milk 
will be available to many who to-day cannot afford 
to purchase it in large quantities. 

Conclusion.—The question of transport, and the 
introduction of electro-mechanical appliances for all 
the farm buildings, is relatively simple if farming is 
carried on on modern lines, as then the power demand 
would be so great that the electricity supply under- 
takings would be anxious to cultivate the rural load 
and would naturally provide the farmer with the 
necessary distribution system that would enable him 
to employ it. 





EFFECT OF WORK AND ANNEALING 
ON THE LEAD-TIN EUTECTIC.* 
By F. Harereaves, A.R.S.M., D.LC., F.1.C. 


A SOFTENING action as a result of work at air tem- 
perature on a specimen of lead-tin eutectic having 
been noticed, experiments were made to find the 
relationship between the amount of such softening 
and the degree of working. The effect of annealing 
at different temperatures for varying periods was 
also determined. The latter treatment causes, in 
general, an increase in hardness. Although much time 
has been spent on the micrographic part of the subject, 
difficulties have been experienced, and it has been 
decided to present the subject almost solely from the 
standpoint of the changes in one (complex) physical 
property, that of Brinell hardness. Brief reference 
is made to certain of the more marked changes in 
structure which accompany the changes in hardness. 
The effect of work at room temperature on metals 
and alloys is, in general, to harden them, and though 
a softening action as a result of work has been claimed 
by some workers, there appears to be no such estab- 
lished case. 

In the experiments on the lead-tin eutectic, the 
alloy was cast in a rather heavy steel mould, approxi- 
mately } in. internal diameter by 1} in. high. The 
mould was preheated, and as one ingot solidified, another 
was cast. The pouring temperature of the metal was 
not kept constant, and, in a series, the last poured was 
the coldest and had the highest mould temperature. 
Note of the relative times of solidification was made, 
and the macrostructure examined with reference to 
the rate of solidification. The etching agent used was 
one which showed the orientation of the tin crystals 
of the eutectic (dilute ferric chloride and hydrochloric 
acid). Brinell hardness determinations were carried 


out, both on the prepared ends and, in some cases, | PO 


on the sides of the cylinders, flats being filed on them 
for this purpose. In other cases, the hardness was 
determined on the face of the ingot, cut transversely 
near the middle. 

The sample cut to convenient height, varying from 
0-4 in. to 1-0 in., was next hammered until the desired 
reduction in thickness (height) had been attained, the 
flat surface prepared on emery, and the hardness 
determined within 15 minutes. In most cases, only one 
impression was made, so that the specimen could take 
the requisite number of impressions made at intervals 
afterwards. When one side was filled, the specimen was 
carefully ground on emery until the impressions were 
obliterated, and then the other side was prepared and 
further impressions made there. Duplicate impressions 





* Paper read before the Institute of Metals, Derby, 





were made when particularly desirable. Such a method 
as hammering, to effect reduction in thickness, appears, 
on the face of it, to be a very crude procedure, but 
practically no ‘ barrel” or “‘ mushroom ”’ effect was 
obtained. Only in the case of sample No. 3, which was 
reduced 78 per cent. in thickness, was any such 
effect appreciable. The fact that the sides of the 
samples remained practically parallel shows, of course, 
that the amount of work received by different parts of 
the specimen was as nearly constant as the nature of 
the process allowed. These facts, taken in conjunction 
with the results obtained, demonstrate, it is claimed, 
that the methods used are reasonably sound, 

The hardness was again determined after standing 
for 24 hours at room temperature, and again at suit- 
able intervals until the alteration in hardness had 
almost ceased. Longer periods at room temperature 
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increased. No. 1B solidified most slowly and No. 3 
most rapidly. The hardness and macrostructure 
are interesting. No. 1B has a radiating macro- 
structure, and No. 3 a fine granular structure, and 
the more slowly solidified No. 1B had a distinctly 
greater hardness than the other. It is also to be 
noted that the hardness figures of the granular sample 
are more nearly constant than those of the -other. 
Fig. 3 shows some very interesting relations. 

Hardness Immediately after Working.—(a) All the 
samples show a reduction in hardness. (b) The 
amount of softening is independent of the initial 
hardness, which ranges from 12-5 to 17-5. (c) There 
is a critical value in the amount of work at about 
30 per cent. reduction in thickness. Above this value, 
the figures lie on a good curve, and at 78 per cent. 
reduction the hardness is less than that of either 
constituent in the pure state. Below this value, the 
reduction in hardness is much less, and an intermediate 
transition stage is evident. 

Maximum Hardness on Standing at Room Tempera- 
ture and at 100 deg. C.—The curves connecting these 
take a similar course, and gradually converge until 
coincident at 14-5 per cent. with the value observed 
immediately after hammering. 

Hardness after Heating at 170 deg. to 175 deg. C.—In 
the samples of 45 per cent. reduction and over, the 
hardness figures lie on a curve which droops at 78 per 
cent. reduction. The values observed bear no relation 
to the hardness in the as-cast condition, and are, in all 
but one case, much lower. The samples of 26-5 per 
cent. reduction, and less, show a return to the figures 
for the as-cast samples. Between 26-5 per cent. and 
45 per cent. reduction there is a transition range. 
Subsequent tests indicate the probability of the exis- 
tence of further changes in hardness on standing at 
room temperature after this treatment. 
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Hardness after Different Periods. 
Hard- | Reduc- At 
—_— ——_ ness as tion 170 deg. 
, Cast. | Per cent. In Air Days. At 100 deg. C. Hours. to 
175 deg. 
Cc. 
Minutes, 
Imme- 
diately. 
Period _ _— _ —_— 1 5 11 — ? 4} 93 20 
3 14-1* — 4-22 5-4 7°6 7-24 — 7°6 8-47 8-46 11-4 
14-3 78 4-18* 
14-1 
14-3 
Period — —_ — _— 1 5 12 — 1} 8} 28 5 
100 12-5 66 6°15 7:0 7°24 7°7 _ 9:5 9-18* 9-36 12-9 
9-07 
Period —- — — — 19 33 50 
8-3 8-3 8-26 
Period — _ — — 1 7 15 —- 2} 6 — ) 
1B 16-8* — 7-2 a8 8-9 3 _ 9-1 9-55 _— 12-85 
15:8 60 -- — _ _ — — 9-58* | 
15-6 | 
16°6 
Period es — = = 1 10 _ — 1} 6} = 20 
2A 15-4 45 8-4 9-6 9-28 — _— 10°15 9-95 _ 2-7 
9-52* 
Period _ — —_— —_ 1 7 13 16 1} 64 — 20 
4A 17-3 35 9-2 8-9 9-66 10-65 10-15 a 11:7 _- 13-9 
10-7 
Period = = — _ 1 5 6 8 14 64 = 20 
- | }s1 10-4 | 10-9 | 12-4 | 11-55| 1-2 | 12-65) 18-45) — | 16-4 
Period _- — — — 1 7 _ —_— 1} 6} — | 20 
2B 15-4 26°5 14-0 13-5 13-3 _— —_— 12-65 12-65 -- } 15°5 
Period —_ — — — 1 5 8 — 14 63 | 20 
5B 16-5 14°5 13-7 13-3 13-7 12-65 — 13-7 13-5 = | 16-3 
* More than one determination. 


were, in some cases, desirable, but time did not permit 
in the present exploratory work. The specimens 
were subsequently heated at 100 deg. C., and the 
hardness measured at intervals until a more or less 
constant figure was obtained, and finally they were 
annealed at a temperature just below the melting 
int. 

Brinell Hardness Determinations.—These were very 
carefully carried out on an Amsler 30-ton hydraulic 
tensile testing machine, with pendulum dynamometer, 
according to the conditions laid down by the British 
Engineering Standards Association. A ball of 10 mm. 
diameter was used, with a load of 100 kg., and time 
of application was 30 seconds. The conditions respecting 
area of impression and distance from edge of specimen 
were observed, as also was the relation of depth of 
impression to thickness of specimen. The thinnest 
sample used was 0-23 in. in thickness (No. 3). All 
the results obtained are tabulated in Table II. The 
initial hardness of the samples varies considerably, 
the range being 12-5 to over 17. The lowest figure 
refers to the sample cut from the slowly-cooled mass, 
Samples Nos. 1B, 2A, and 2B, and No. 3, were cast 
in succession, and, as previously remarked, the pouring 
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temperature gradually fell and the mould temperature 








Effect of Standing at Room Temperature after Working. 
—Below 30 per cent. reduction there is a general 
increase in hardness followed by a fall. It is evident’ 
that a longer duration of the tests would be of interest. 
The samples of less than 30 per cent. reduction show, 
on the whole, a reduction in hardness on standing. 

Effect of Heating at 100 deg. C.—In all except the 
sample of 26-5 per cent. reduction, there is an increase 
in hardness, followed, in most cases, by a reduction. 
Sample No. 100 shows that, after 28 hours, the hardness 
is little different from that observed after eight hours 
at this temperature. 

Microscopic Work.— Observations on specimens 
having @ coarse structure show that the effect of work 
is more or less to obliterate the structure, as seen by 
etching the specimen with the ferric-chloride reagent ; 
25 per cent. reduction in thickness almost destroys 
distinctions in orientation of the tin constituent, and, 
after 60 per cent. reduction, no trace can be found of it. 
The eutectic structure, as seen by etching with silver 
nitrate, is little affected in planes normal to the direction 
of hammering. Standing in air, and heating at 
100 deg. C., cause a gradual return of the etching 
contrast of the crystals of tin constituent, but, even 
after 30 hours at 100 deg. C., the contrast is very 
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slight. In the case of a sample reduced 60 per cent., 
there is a marked recovery in this contrast after 
10 minutes at 135 deg. C. In addition to these changes, 
there is a gradual development of slip zones as shown 
by etching, and these are quite well marked after 
heating at 135 deg. C. A further change is the re- 
crystallisation of the tin constituent, and, on standing 
20 days at air temperature after working, distinct 
small polygonal crystals of tin can be seen to have 
formed in the coarser parts of the eutectic, particularly 
at the junctions of the eutectic colonies. After heating 
at 100 deg. C. for 30 hours, although the amount of 
recrystallisation has increased, it is still confined to 
the coarser eutectic structure, and the same remark 
applies to a short annealing at 135 deg. C. After 
heating for a few minutes at a temperature just below 
the melting-point, the whole sample is found to have 
recrystallised, forming mostly polygonal grains. The 
eutectic structure still survives in many places, and 
is particularly perfect in the finer lamine. The coarser 
portions show a granular structure. Attention is 
drawn to this to show that the recrystallisation is a 
phenomenon quite distinct from that of coalescence 
resulting from prolonged heating, in which the first 
parts to be affected would be the finer lamine. After 
this recrystallisation, no sign of the original relatively 
large grains of tin exists, and no slip zones are revealed 
by etching. The result is what might be termed a 
pseudomorphic eutectic structure, in which the units 
of orientation are very much smaller than before. 
Theoretical Aspects of the Results.—The results 
obtained by the author, and by other workers, point to 
a lag in the time and temperature factors respecting 
recovery from the effects of work. It is evident that, 
in a complex alloy such as a eutectic, certain of the 
internal changes taking place during working and 
annealing will seldom be normal for both constituents 
at the same time and in the same locality. The mecha- 
nism of strain* in the lead-tin eutectic may be recalled. 
Distortion occurs by the formation of twins in the 
tin crystals, and the lead is compelled to move with it. 
When a small primary fragment of lead crosses the 
path of a zone of slip, even this is compelled to slip in 
conformity with the tin crystal. Respecting the 
recovery of the lead-tin eutectic from work, it would 
be expected that the finer the structure the greater the 
lag, and it is actually observed that recrystallisation 
first occurs in the coarser parts of the eutectic. The 
tin-zine eutectic, which contains only 9-5 per cent. 
zine, after merely straining, shows, on standing at air 
temperature, recrystallisation into polygonal grains of 
the tin constituent in the coarser portions. As a 
result of the lag which appears in eutectics, it is thought 
to be highly probable that some phenomena, which may 
be very fleeting in pure metals or may only slightly 
indicate their presence, may be so slowed down as to 
be observable at leisure in such alloys. As many 
bearing metals consist largely of the eutectic structure, 
a better understanding of their action in service 
should be obtained. A similar remark applies to 
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THE PROTECTION OF ALUMINIUM 
AND ITS ALLOYS AGAINST COR- 
ROSION.+ 

By H. Surron, M.Se., and A. J. Srpery. 


‘THE tendency of aluminium and its alloys to corrode 
under certain conditions has been recognised from the 
earliest application of these metals, and has been the 
subject of extensive investigation. Much valuable light 
has been thrown on related problems by the work of 
Bengough and his collaborators, Seligman and Williams, 
Bailey and others. The resistance of aluminium to 
corrosion by ordinary industrial waters and sea-water 
is in striking contrast to its position in the table of 
electrode potentials and its chemical reactivity. The 
extent to which aluminium resists corrosion under 
normal atmospheric conditions is generally attributed 
to the presence of a protective film of aluminium oxide 
or hydroxide, and to the capacity of the metal to 
combine chemically to form this protective film on 
freshly-cut or scraped surfaces. 

The object of the present paper is to describe the 
methods of protection of aluminium against corrosion 
which have so far proved the most wecessful in the 
experience of the authors. 








Part I.—Prorection sy ANopIC OXIDATION. 


A process for the protection of aluminium and certain 
aluminium alloys by anodic oxidation was worked out 
by G. D. Bengough and J. M. Stuart.t The process con- 





* Hargreaves, “‘ The Application of Strain Methods to 
the Investigation of the Structure of Eutectic Alloys,” 
J. Inst. Metals, 1927, xxxvii, pages 103-105. 

t Paper read before the Institute of Metals, Derby, 
on September 8, 1927. Abridged. 

~ G. D. Bengough and J. M. Stuart, English Patent 
223,994, August 2, 1923. 





sists in making the articles of aluminium or aluminium 
alloy the anode in a 3 per cent. solution of chromic 
acid, or its equivalent salt, in water, maintained at a 
temperature of 40 deg. C. The voltage is raised from 
0 to 50 volts over a period of one hour, during which 
a dense resistant coating of oxide forms on the surface 
of the articles. Subsequent application of grease or 
paint improves the protection against corrosion afforded 
by the film. The ungreased film may be dyed by 
immersion in aqueous solutions of dyes, for which 
aluminium hydroxide is a suitable mordant.* Early 
work on this process was described in a paper read at 
the Oxford meeting of the British Association.t The 
anodic oxidation process has been applied extensively 
to aluminium and Duralumin aircraft parts as well 
as to aluminium casting alloys, and experiments 
will be described on alloys of the following percentage 
chemical compositions, observed by analysis :— 
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Each alloy was treated in the following conditions : 
(a) Sand-cast, as cast (12-in. bars, 1 in. in diam.) 
(b) me machined = 
(c) Chill-cast, as cast *» 

=a machined = 


In the case of alloys L.5 and L.24, tests were 
made also on heat-treated material. The L.5 alloy 
was soaked at 500 deg. C. for 2 hours, and the 
“Y” alloy at 520 deg. C. for 6 hours, followed by 
quenching in boiling water and ageing 7 days in each 
ease. The anodic treatment of L.5 chill-castings 
required less current than the sand-castings, but 
machining reduced the current consumption of sand- 
castings. The treatment of heat-treated castings 
required rather lower current densities than that of 
castings not heat treated. The anodic treatment of 
the cast 15 per cent. zinc alloy required moderate 
amperage. “ Y”’ alloy castings required very high 
current indeed, but rather less after heat-treatment. 
The sand-cast machined bars consumed less current 
than the others of this series, an unusual experience in 
the anodic treatment of cast alloys. The curves 
obtained during anodic treatment of cast aluminium- 
silicon alloy are shown in Fig. 9. The amperage curves 
observed in anodic treatment of rolled “ Y” alloy 
sheet are shown in Fig. 10. It may be observed that 
the current consumption is not much influenced by 
heat-treatment. Another series of experiments on the 
same materials, after pickling in 10 per cent. NaOH 
and 30 per cent. HNO;, gave similar amperage curves, 
Treatment of aluminium casting alloys containing 
7 per cent. and 12 per cent. copper of the types 
corresponding to B.E.S.A. L.11 and L.8 was not 
possible, owing to the high copper content. With 
these alloys, breakdown of the very thin film already 
formed appears to occur at 20-30 volts. In genera!, the 
anodic treatment of cast aluminium alloys requires 
much heavier current than that of commercial 
aluminium and wrought aluminium alloys. The 
current consumption in the treatment of particular 
alloys is sensitive to the influence of surface condition, 
and where high-current consumption is expected, it 
has been found beneficial to prolong the preliminary 
immersion in boiling water, 

In the authors’ laboratory, the corrosion tests 
employed in order to ascertain the protection afforded 
were as follows: (a) sea-water spray test; (b) sea- 
water “‘ wet and dry” test. In the sea-water spray 
test, the samples were exposed to the open air but 
protected from rain, and were sprayed with sea-water 
from the English Channel at intervals of approximately 
three hours three times each day. For this purpose, a 
compressed-air spray was employed. In the sea- 
water “‘ wet and dry ” test, the samples were completely 
immersed in sea-water for 24 hours and exposed to 
the atmosphere for 24 hours alternately. In the 
authors’ experience, these tests have been found to 
reproduce the severe conditions to which parts of 
marine aircraft are exposed. The results of sea-water 
spray tests on treated samples, to which lanoline had 
been applied in the form of a 15 per cent. solution in 
benzene, are indicated in Table I, on the opposite page, 
together with the results of tests on untreated samples. 





* G. D Bengough and J. M. Stuart, English Patent 
223,995, August 2, 1923. 

t+ G. D. Bengough and H. Sutton, British Association, 
August 9, 1926, ENGINEERING, 1926, vol. «xxii, pages 
274-277. 





After considerable experience of the process and its 
application, the authors are of the opinion that it 
constitutes a marked advance towards the solution 
of the problem of protecting aluminium and certain of 
the light alloys against corrosion. 


Part II.—Protrection By ELectro-DEposITED 
CoaTINGS. 


The electro-deposited coatings, to which the authors 
will confine their attention, are those of zinc, cadmium, 
and nickel. Preliminary experiments on the plating 
of aluminium and its alloys showed that the usual 
methods adopted in the plating of other metals could 
not be satisfactorily applied, especially with regard to 
the preparation of the surface. Various methods of 
preparation were tried, including: (1) cleaning with 
pumice, emery, also grease solvents, such as benzene, 
&c.; (2) amalgamation by means of salts of mercury ; 
(3) pickling, both in acids and alkalis; (4) dipping in 
certain reagents, e.g., ferric-chloride solution, &c. ; 
(5) sand-blasting. Of these, sand-blasting appeared 
to be the most satisfactory method, and best results 
were secured by using moderately fine sand with air at a 
pressure of 5 Ib. per square inch. 


Fig.9. ANODIC TREATMENT OF /2 PER CENT. 
SILICON-ALUMINIUM ALLOY BARS. 
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Fig.10. ANODIC TREATMENT OF ROLLED 
“Y” ALLOY SHEETS. 
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Zinc Coatings.—Two baths, the coatings obtained 
from which afforded good protection to aluminium and 
light alloys, were as follows :— 
(a) Cyanide bath containing : 
zine cyanide. 
sodium cyanide, 
25-0 ,, caustic soda, 
1,000 c.c. water. 
(b) Sulphate bath containing : 


200 grm, zine sulphate (ZnSO,.7H,O) crystals per litre. 

0-1 grm. B-naphthol per litre. 

Observations made during a number of early experi- 
ments showed that the amount of free cyanide present 
in the solution was a very important factor in connec- 
tion with the successful use of the cyanide bath in the 
plating of aluminium and aluminium alloys. 37-4 grm. 
of sodium cyanide per litre appeared to be the minimum 
quantity that could be employed for dissolving the 
zine cyanide in a moderate space of time, but it was 
found that the solution so obtained contained too much 
free cyanide. Experiments showed that the best 
conditions for plating light alloys in this solution were 
obtained by allowing a new bath to stand for a few 
days with the zinc anodes immersed, until the free 
cyanide content of the bath had dropped within the 
range 4 to 10 grm. per litre, and afterwards maintaining 
it in this range. The plating properties of the bath 
were improved by agitation, which also assisted in 
keeping the anodes clean. 

The method adopted for preparing the sulphate bath 
consisted of dissolving the requisite quantity of 
8-naphthol in hot distilled water and adding the aqueous 
solution to the zinc-sulphate solution, Experiments 
made to ascertain the best working conditions showed 
that the useful range of acidity, as determined by a 
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universal indicator, corresponded to pH 3-5-4:5. 
In the plating of pure aluminium, the best results were 
obtained at about pH 4:3. Alloys containing copper, 
e.g., Duralumin, L.8, L.11, containing, respectively, 
4, 12, and 7 per cent. copper, approximately, required 
higher degrees of acidity, pH values up to 3-5 being 
employed. The optimum acidity appeared to rise with 
increasing copper content. Good plating properties, as 
regards ease of manipulation, were exhibited by the 
8-naphthol-sulphate bath, but its ‘“‘ throwing power” 
was poor. Some attempts made to improve the 
“throwing power” by adding agents, such as zinc 
chloride, sodium sulphate, sodium fluoride, &c., were 
without useful! results. The normal current density 
employed was 8 amperes per square foot, but the bath 
could be used at current densities as high as 16 amperes 
per square foot. The efficiency was high, the yield of 
zine being usually more than 80 per cent. of the calcu- 
lated amount. 

From the two baths described above, equally satis- 
factory deposits were obtained when either commer- 
cially pure rolled or cast zinc anodes were used. 

Cadmium Coatings.—Experiments on the electro- 
deposition of cadmium on aluminium were described 
by Desch and Vellan,* who employed a sulphate bath 
containing ammonia and peptone. A solution which 
the authors found satisfactory was one due to Brunnert 
and recommended by Schlotter.{ The composition 
was as follows :— 

8-2 grm. cadmium cyanide, 
29-8 ,, potassium cyanide, 
1,000 c.c. water. 

This bath possessed good plating properties and 
“throwing power” when used at normal temperature 
and with a current density in the range of 4 amperes to 
12 amperes per square foot. The anodes employed 
consisted of cast plates of high-grade commercial 
cadmium. 

Nickel Coatings.—Nickel deposits of various thick- 
nesses were produced from solutions of various types, 
representing those used for depositing nickel on other 
metals. On sand-blasted samples of aluminium, 
Duralumin, and cast-aluminium alloys, satisfactory 
nickel deposits were obtained. 

Corrosion Tests on Zinc-, Cadmium-, and Nickel- 
Coated Samples.—A comprehensive series of plated 
samples of commercial aluminium and Duralumin, in 
the form of rolled sheets, and sand-cast bars in the 
following casting alloys, L.5, L.8, L.11, and L.24, 
prepared from aluminium of 99-5 per cent. purity, 
was subjected to sea-water “wet and dry”’ tests 
and to sea-water spray tests. The coatings were 
all from 0-0004 to 0-0005 in. thick. After test, the 
samples were cleaned for examination with concentrated 
nitric acid in order to remove the remaining metal 
coating and the corrosion product. 

(1) Aluminium.—Zinc-plated samples of aluminium 
showed very little corrosion of the aluminium after 
12 months. In all cases, the zine coating showed 
corrosion, and during the test it was difficult to 
distinguish corrosion of the coating from that of the 
underlying metal or that of both together. Examina- 
tion of the cleaned metal indicated that the corrosion 
which occurred was principally confined to the zinc 
coating. After 20 months, there was slight pitting. 
Cadmium-plated aluminium samples showed corrosion 
at certain points, and effervescence was observed at 
these places when the samples were moist. From these 
centres, fairly large pits eventually developed. The 
adverse electrochemical effect of the less electro-positive 
cadmium on the aluminium appears to be serious at 
points at which imperfections in the coating occur. 
Samples of nickel-plated aluminium having deposits of 
approximately 0-0005 in. exhibited serious corrosion at 
numerous points over the surface at a very early stage. 
There was severe pitting of the aluminium, and the 
attack was plainly more severe on account of contact 
with the electro-negative nickel coating than that on 
uncoated aluminium. 

(2) Duralumin.—The results obtained with Duralu- 
min samples were similar to those obtained with 
aluminium. Zine coatings afforded good protection 
over periods of 12 months, and there was only very 
slight pitting after 20 months. Nickel coatings gave 
rise to serious local pitting. 

(3) Alloy L.5 (Sand-cast: 13-5 per cent. Zinc, 3 per 
cent. Copper)—Zine coatings gave good protection 
over periods of test of 12 months. The deposits from 
the zinc-sulphate f-naphthol bath appeared to give 
better protection than those from the cyanide bath. 

(4) Alloy L.8 (Sand-cast : 12 per cent. Copper).—Zine 
coatings 0-0005 in. thick gave good protection, but 
there were slight indications of pitting of the alloy. 

(5) Alloy L.11 (Sand-cast: 7 per cent. Copper).— 
Excellent results were obtained with zinc and cadmium 





* Desch and Vellan, Trans. Faraday Soc., 1925, vol. xxi, 
page 17, See also ENGINEERING, 1924, vol. exvii, page 506. 

T Brunner, Electrolytische Abscheidung der Metalle aus 
den Cyanidelosungen. Diss., Dresden, 1907. 


t Schlotter, Galvanostegie, 1910. 





coatings, and the cleaned samples were not seriously 
pitted after 23 months’ test. In some cases, the metallic 
cadmium had been removed completely by the sea- 
water, but none of the basis alloy was corroded. 

(6) Alloy £.24 (Sand-cast : 4 per cent. Copper, 2 per 
cent. Nickel, 1-5 per cent. Magnesium).—Good protection 
was obtained by zinc coatings over periods of 12 months, 
and there was only very slight pitting of the alloy after 
25 months’ test. 

Conclusions.—In general, zinc coatings 0-0005 in. 
thick afforded a considerable measure of protection to 
aluminium, and the alloys included in the investigation, 
against corrosion by sea-water. 

“The potentials of the metals zinc and cadmium 
indicate that they would not be expected to protect 
aluminium electrochemically.* The metals are each 


TABLE I, 





Condition after 12 Months’ Test. 








Sample. ers 
Anodically Treated. Untreated. 
Aluminium — sheet Corrosion negligible | Pitted locally. 
(commercial) 
Duralumin sheet | A few minute pits | Surface pitted, incip- 
(commercial) visible ient blistering. 
Lo = 
As sand-cast ..| Good ee ..| Severely pitted. 
Sand-cast and | Isolated spots of | Thickly coated with 
machined W.D. W.D. Slight pitting. 
As chill-cast .| Several very small | Coated with loose 
spots of W.D. W.D. Deeply pitted. 
Chill- cast and Do. Covered with rough 
machined W.D. No serious 
pitting. 
Sand-cast, heat- | One or two spots of | Covered with W.D. 
treated W.D. Some pitting. (Less 
serious than in the 
case of the corres- 
ponding sample “ as 
sand-cast.’’) 
Sand-cast, heat- | Few spots of W.D. | Coated with W.D. No 
treated, and appreciable pitting. 
machined 
Chill-cast and | Few spots of W.D. | Coated with W.D. 


heat-treated Slight pitting. 


Chill-cast, heat- | Several small spots} Covered with rough 
treated, and| of W.D. W.D. Numerous 
machined small pits visible. 

L.24: 
As sand-cast .| Good .| Covered with greenish 
corrosion product. 
Severely pitted. 
Sand-cast and | Good .| Covered with thick 
machined ‘ W.D. Some pitting. 
(Not serious.) 
As chill-cast .| Good .| Much patchy W.D. 
Corrosion slight. 

Chill-cast and | Good .| Covered with W.D. 
machined Very slight pitting. 

Sand-cast and | Good .| Covered with loose 
heat-treated greenish deposit. 

Severely corroded. 

Sand-cast, heat- | Good .| Covered with W.D. 
treated, and Pitted locally. 
machined 

Chill-cast, and | Good ., Seriously corroded. 
heat-treated 

Chill-cast, heat- | Good .| Covered with rough 
treated, and w.D Groups of 
machined small pits. 

15 per cent. Zn/Al: 
As sand-cast .| Good .| Covered with W.D. 
Slightly pitted. 

Sand-cast and | Good Do. 
machined 

As chill-cast .| Good as es Do. 

Chill-cast and | One or two small Do. 
machined spots of W.D. 


12 per cent. Si/ Al: 


As sand-cast .| One or two spots | Covered with W.D. 
of W.D. 


Groups of small pits. 

Sand-cast and | Good -| Much patchy W.D. 

machined Large area showing 
small pits. 

As chill-cast .| Good .| Covered with patchy 
W.D. Numerous 
groups of small pits. 

Chill-cast and | Good .| Covered with patchy 

machined _ W.D. 50 per cent. 


of the surface dotted 
with small pits. 











W.D. = White deposit. 


generally recognised to be less reactive than aluminium, 
on the basis of electrode potentials. The authors feel 
that it should be assumed that the extremely thin 
deposits employed were porous, and did not protect 
by mere isolation of the metal from the corroding agent. 
This view is borne out by the early pitting observed in a 
few cases. The protection would therefore appear to be 
attributable to the formation of a protective film of 
mixed oxides, hydroxides, or basic salts on the samples, 
The observed behaviour of cadmium deposits on alloy 
L.11 points clearly to such an effect, as, in some cases, 
the protection was still satisfactory after the cadmium 
metal coating had disappeared. To a less extent, the 
same effect was observed with a number of the zinc 
coatings. In the case of nickel coatings on aluminium 
and Duralumin, the marked corrosion appears to be due 
to selective corrosion of the aluminium in contact with a 
much less electro-positive metal. 


Comparing the anodic process with zinc- and 
cadmium-plating for the protection of aluminium and 
aluminium alloy parts used in aircraft construction, 
the following points may be noted: (1) The anodic 
treatment of aluminium, Duralumin, and certain 
aluminium alloys, followed by application of grease, 
affords a considerable measure of protection against 
corrosion by sea-water. (2) The increase in weight due 
to anodic treatment and the subsequent application of 
lanoline is negligible compared with that involved by 
plating. (3) Parts in contact with iron, steel, copper, 
brass, or other copper alloys, cannot be treated anodi- 
cally, and treatment of the aluminium or aluminium- 
alloy parts is necessary before attachment to extraneous 
metals oralloys. (4) The “ limiting radius of bending” 
of thin sheets of aluminium is increased slightly by the 
somewhat brittle anodic film. (5) The insulating 
properties of the film are likely to cause difficulty in 
securing good electrical contact where desired. (6) 
The “throwing power” of the anodic process is 
probably much greater than that of the best-known 
plating bath, and enables parts having irregular shape 
to be treated without special arrangements. 

The experiments on the zinc- or cadmium-plating 
processes permit the following observations : (a) Zine 
and cadmium may be deposited on aluminium and all 
the aluminium alloys so far investigated, and deposits 
0-0005 in. thick afford a considerable measure of 
protection, with the single exception of cadmium on 
aluminium. (b) Deposits of this thickness weigh 
approximately 0-6 to 0-74 oz. per square foot. (c) 
Parts in contact with steel and other metals may be 
plated without dismantling. (d) The “throwing 
power ” of zine and cadmium cyanide baths is good, 
but not so good as that of the anodic oxidation process. 
That of the zinc sulphate baths tried appears to be 
relatively poor. 





DEVELOPMENT OF THE JET - WAVE 
. RECTIFIER.* 


By Jut. HarTMann. 
(Concluded from page 340.) 


An electrode of the tungsten-knife type is shown in 
Fig. 9 on page 339 ante, The secondary electrodes are 
given the shape of wedges e, and e,. When the jet- 
wave is passing from E, to E,, the resistance r, is short- 
circuited, while r, is introduced during the time it 
takes for the jet-wave to travel through the distance /. 
It will be understood that this time is very well defined, 
for it commences when J touches e, and ends when J 
reaches E,. Fig. 10, on page 339 ante, shows a practical 
form of a tungsten-knife commutator with a single 
knife. The two electrode-sides have been built up of 
wedges to avoid splashing of the mercury. The 
secondary electrodes have been furnished with cylin- 
drical steel pieces along which an accidental are will 
move away from the main parts of the electrode. The 
electrode was designed for, and used through long 
periods in, a 100-kw., 500-volt three-jet rectifier. 

Stabilised Commutators.—The difficulties with regard 
to stability previously mentioned were, as stated, prac- 
tically overcome by means of slender double knives. 
Later on, a simple device was invented which com- 
pletely solved the problem of stability in jet-wave- 
commutators. In order to make the significance of 
the device clear, some data from the practical work 
with the commutator must be given. In _ the 
commutator referred to, the jet-wave travelled in 
a vertical plane. By simple means, the zero position 
of the commutator might be determined, i.e., the 
position in which the centre of the overlapping inter- 
val 71, Fig. 6a, page 338 ante, coincides with the 
zero-point 0 of the phase-voltage E. When working, 
the said centre should have a position of, say, 10 per 


cent. of ? before the zero-point. This is achieved 
by raising the commutator 10 per cent. of half a wave- 
length » of the jet-wave over the zero position. In 


the case considered, the frequency was 50 cycles, 
and the velocity of the jet was 6 metres per second. 


Thus, = 6 cm. and 10 per cent. of this is equal 


to 6 mm. When the commutator was lowered as 
much as 4 mm. from the normal position, the spark 
was apt to change into an arc and the working was 
thus unstable. The position thus referred to is called 
the limit of stability. The adhesion phenomenon, 
referred to above, with a knife of 5 mm., now gave 
rise to a sudden increase of the limit of stability from 
2mm. above the zero position to 6 mm. above the same, 
and so made the working unstable with the normal 
position of the commutator. With a double knife, 
the components of which were only 2-5 mm. high, 
the changes in adhesion would only raise the limit of 
stability as much as 1 mm., and so made the said 





* See U. R. Evans, J. Inst. Metals, 1923, vol. xxx, 
page 241. 





* Paper read before Section G of the British Associa- 





tion at Leeds, September 5, 1927. Abridged. 
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changes insignificant, and left a fair margin to cover 
accidental changes in frequency. 

With regard to the effect of the latter changes, it is 
evident that an increase of p per cent. in frequency 
will diminish the distance / from the field to the zero 
position of the commutator by p per cent., and con- 
sequently the commutator ought to be raised p per 
cent. of the said distance. In the case considered, 
the distance was 100 mm. With a margin of 3 mm. 
between the working position and the limit of stability, 
an increase of at least 2 per cent. in the frequency 
could thus be tolerated with the commutator in a 
fixed position. This corresponds fairly well to ordinary 
working conditions and, as a matter of fact, commu- 
tators like that indicated have worked for weeks in 
the municipal power station at Copenhagen. 

Now, it might be asked why the electrode could not 
be raised to such a height over the zero position that 


Fig. 1. 
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even the accidental changes of the limit of stability 
with heavier knives, or changes of zero point due to | 
alterations of frequency greater than 2 per cent., 
could be tolerated. The answer is given in Fig. 11, 
which represents the change in the spark loss with the 
position of the commutator. The normal working 
position of the commutator is 0. When lowered 
(— sign) from this position, the loss does not change, 
but when raised the loss soon increases rather rapidly, 
This is, of course, due to the phase voltage being 
higher during the commutation. 

The stabilisation device referred to above is illus- 
trated in Fig. 12. It consists solely of two insulated 
knives W; and W, introduced between the secondary | 
electrodes e; and e, and the electrode sides E; and E,. 
A little before, or rather almost simultaneously with, 
the cutting of the jet-band by the knife W, the knife 
Wi, in the commutator indicated in the figure, will | 
cut the band between E; and ¢), thereby introducing | 


| would suffice. The question, however, is not quite so 


| auxiliary electrodes, the jet-wave being produced 


the left-hand resistance 7. If now an arc should be 
formed, the short-circuit current must pass r, with 
the result that the arc is extinguished. It was found 
that when a simple commutator, such as that in Fig. 9, 
page 339 ante, with a single, rather heavy knife, was pro- 
vided with the two knives W and W,, Fig. 12, it could 
safely be worked in a position as low as 3 per cent. of a 
half-wave over the zero position, or even in that actual 
position. If kept in a position 10 per cent. over the 
zero point, an increase in frequency of at least 5 per cent. 
may be allowed in the case considered above. The 
commutator has therefore been made practically inde- 
pendent of frequency changes. It should be noted that 
all the figures correspond to a normal commutator 
designed for a frequency of 50 cycles per second. With 
a commutator for a frequency of 25 cycles per second, 
changes in frequency twice as great as those indicated 
above can be permitted. 





Vv 









which shows a double-commutator, the working of 
which will easily be understood. By means of three 
we systems, a three-phase series rectifier may be 
uilt. 

In its simplest form, such a rectifier can only 
be used in cases in which the direct current produced 
is kept practically constant. Any change in the current 
will alter the amplitude of the jet-wave and this latter 
quantity should be kept constant, at any rate with a 
tolerance of about 20 per cent. If, however, the field- 
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The Auxiliary-Electrode Problem.—The main problems 
in the development of the jet-wave commutator were 
the production of the commutator proper, dealt with 
above, and the design of auxiliary electrodes, i.e., elec- | 
trodes through which the auxiliary current is intro- | 
duced and through which the rectified current is 
tapped out of the jet-wave. The auxiliary-electrode 
problem has been the more difficult of the two, owing 
to the fact that the jet and the jet-wave are extremely 
sensitive systems which are apt to break down, or 
suffer considerable deformation, at a slight touch. 
The electrodes considered have to be in unbroken con- 
tact with the wave and, as a rule, to transmit rather 
heavy currents into the same. 

It might be thought that auxiliary electrodes could 
be entirely avoided or that, at any rate, a single elec- 
trode for the auxiliary current and the rectified current 


simple, as will be apparent. The first rectifiers which 
were developed consisted of commutators without 


either by the alternating current to be rectified or by 
the rectified current proper. In the latter case, the 
field was a synchronous alternating field, An example 
of the first kind of commutator is illustrated in Fig. 13, 
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magnet is provided with a compound winding carrying 
the rectified current and acting against the main 
windings, considerably larger variations in the current 
produced may be tolerated. Probably the rectified 
current may be reduced to 25 to 30 per cent. of its 
maximum value. Again, by means of groups of com- 
mutators working in parallel, one can undoubtedly 
make the range of regulation still wider or practically 
complete, the number of commutators in action being 
automatically reduced when the load is diminished. 
Thus in larger groups there is a possiblity of applying 
commutators of the simple form referred to above. 
The most complete solution of the problem of current- 
regulation, however, is, of course, a commutator of 
which the jet-wave is produced by means of an auxiliary 
current passed through that part of the jet-wave which 
is within the magnetic field. This solution requires 
at least one auxiliary electrode, namely one common to 
the auxiliary current and the rectified current, which 
is now only allowed to flow in that part of the jet- 
wave which is not occupied by the auxiliary current. 
In the first rectifiers with an auxiliary-current circuit, 
such a common electrode was employed. It had to 
be placed just beneath the magnetic field, but as close 
to it as possible, because electrodes for lower positions 
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had not then been invented. It was soon found tha 
considerable difficulties arose from the use of this| by a distance a little less than the diameter of the 
arrangement, owing partly to the stray field of the| jet, and adjusted so that the jet wave passes the 
magnet and partly to the fact that a certain fraction | intervening gap making contact with the ribs. The 
of the rectified current, the stray current, would make | curry-comb electrode may be used for the transmission 
its way through the upper part of the jet, where only | of still heavier currents than the paring electrode, 
the auxiliary current should flow . and is more robust than the latter. The deformation 


Eventually the problem was solved by providing | caused by it does not, as a rule, influence the commu- | 


an electrode each for the auxiliary current and rectified | tation sensibly. The contact resistance is about the 
current, the electrode for the rectified current being | same as with the paring electrode. 

adjusted as close to the commutator electrode as} Electrodes for the Rectified Current—The paring 
possible, in order to reduce the resistance of the commu- | electrode is only suitable for adjustment near the field. 
tator. For a long time, the commutator with two | The curry-comb electrode, on the other hand, proved 
auxiliary electrodes was generally employed, and, in| adaptable for greater distances, and so solved the 
certain combinations, the two separate electrodes are | problem of a special electrode for the rectified current. 
actually a necessity. However, with the new electrodes | It was found that currents up to at least 200 amperes 
for greater distances, the employment of one common | could be passed through the electrode in stationary 
electrode was again rendered possible, since such an| working. The deformation of the wave to which it 
electrode can be placed well outside the stray field, | gives rise does not, as a rule, impair the commutation. 
so that the effect of the latter is eliminated. At the This was demonstrated directly by removing the ribs 


same time, the resistance of the auxiliary-current | just above the knife of the commutator, these ribs 
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circuit is increased, thus reducing the stray current, | not being necessary for the transmission of the current. 
in some cases to a value which may be neglected.|The deformation was also studied by means of 
Due to these facts, commutators with only one| instantaneous photographs. It proved that the 











auxiliary electrode have again been adopted, and 
have, in some cases, proved of great advantage. 

One of the very first solutions of the auxiliary- 
electrode problem is shown in Fig. 14. It consists 
of a knife E! with its edge parallel to the plane of 
the jet wave, and adjusted so that it takes a fine cut 
off the jet wave. Through this electrode, termed the 
paring electrode, fairly heavy currents may safely be 
passed into the jet wave. The electrode, as a rule, is 
designed as a double-electrode with two knives on 
opposite sides of the jet wave. By this arrangement, 
small variations in the direction of the jet have been 
made harmless, and, at the same time, the electrode 
has been made capable of carrying heavier currents. 
The deformation of the jet wave caused by the electrode 
is practically insignificant. 

The paring-electrode was used for years during the 
development of the rectifiers, but has been replaced 
by the electrode shown in Fig. 15, known as the 
curry-comb electrode. The latter, as a rule, consists 
of two members made in the following simple way: 
In a cylindrical piece of steel, a series of sharp equi- 
distant ribs are produced by turning, or a sharp-edged | 
thread is cut. Afterwards, the cylinder is bent to| 
circular form with a radius equa! to the distance from | 
the centre of the field to the electrode proper. The | 





sensitivity increases greatly with increasing velocity 
of the jet. Fig. 3, page 338 ante, shows a jet wave with 
a velocity of 4m. per sec. Hardly any deformation due 
to the electrode appears. At a velocity of 6 m. 
per second, the deformation is somewhat greater, 
and at a velocity of 7 m. per second it is very marked. 
The deformation, however, also depends on the 
diameter of the jet, and is less the thinner the jet. 
It should be noted that 7 m. per second is the upper- 
most limit of the velocities hitherto utilised, 6 m. 
per second being the normal velocity with larger 
commutators. 

We now proceed to consider quite a different type 
of auxiliary electrode, the so-called wedge electrode 
shown in Fig. 16. It consists of a rather slender steel 
wedge placed in the middle plane of the commutator 
with the edge perpendicular to the plane of the 
jet wave. If the height of the wedge is greater than 


half the wave-length > the wedge will be connected 


alternately for half a period with E; and E,. At 
the moment considered, it is connected with EF, 
through the part J; of the wave. The wedge may 
accordingly be used for tapping the rectified current 
out of the wave. The wedge commutator must be 
provided with two knives Wi and W,, one on either 





two equal members of the electrode are separated | side of the wedge. It has proved a robust and reliable 


| device, especially adaptable for heavy currents, 
| because the mean value of the resistance in the band 
between E and E; or E, is comparatively small. 
| It is interesting to note that the wedge electrode 
{cannot be used as a joint electrode for the rectified 
jand the auxiliary current, as, while the band J, 
has a safe contact with the wedge, the band between E 
and the nozzle has not. In the photograph reproduced 
in Fig. 17, the difference is manifest. In addition, the 
figure shows, in its upper part, the deformation caused 
by the electrode for the auxiliary current, a curry- 
comb electrode. The irregularities, as will be seen, 
are, in the main, smoothed out by surface tension 
before the wave has travelled through half a wave- 
length. 

The influence of mechanical vibrations on the 
deflected jet was studied by means of a special device 
in which the electrode struck by the jet was replaced 
by one of the branches of a tuning fork, which was 
mechanically coupled to the jet-pipe through a stiff 












































Fig. 25. 


steel bar. The contact between the jet and the fork 
caused the latter to vibrate. The vibrations were 
transmitted to the jet, through the bar and the jet- 
pipe, and periodic deformations of great regularity 
were set up in the jet. These, again, gave rise to a 
periodic force, synchronous with the vibrations of the 
fork, acting on the latter and so maintaining its vibra- 
tions. 

The Hydrodynamic Circuit.—In the last section of 
the paper we shall consider the remaining parts of the 
commutator and the complete rectifier. In Fig. 18 
a diagram of the hydrodynamic circuit of the com- 
mutator is given. The mercury, after having been 
utilised in the jet-wave, makes its way to the reservoir 
R, and from this to the pump P. The latter returns 
the mercury to the reservoir R, R,, from which it 
flows to the jet-forming nozzle N. By means of the 
overflow T;, the surface is kept at a constant level 
in the reservoir R,. The surplus mercury goes to the 
reservoir R;, which communicates with the pipe 
T,, and serves to store the mercury from the upper 
part of the circuit when the commutator is not 
working. 

A more detailed drawing of the jet-forming system 
is given in Fig. 19. The nozzle is separately shown 
in Fig. 19a. Several types of nozzles have been studied. 
It was found that, in order to obtain a jet the velocity 
of which is as constant as is required in the systems 
here considered, an obtuse conical bore, like that shown 
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in Fig. 19a, had to be used. The top angle a has 
been standardised at 120 deg. With this angle, the 
diameter of the jet a little below the jet-hole is nearly 
0-84 d,, d, being the diameter of the bore. The 
velocity v of the jet may, in practically all cases, be 
calculated from the simple expression 
= / 2gh, 

h being the head. 

The jet wave must, of course, in most cases, be elec- 
trically insulated. This is effected by means of a 
simple device, a so-called drop separator, which 
breaks the electrical connection without interrupting 
the hydrodynamic circuit. The drop separator in 
Figs. 18 and 19 consists of a reservoir R, separated 
from R, by a fibre-tube I,. The bottom of Ro is made 
of a perforated steel plate B,. Through the holes, the 
mercury flow takes the form of a rain of mercury 
drops which form a safe insulator for the lower reser- 
voir R,. Asimilar separator D,, Fig. 18, must, of course, 
be inserted in the overflow T,. The reservoir is further 
provided with a float valve V, which cuts off the jet 
when the surface in R, falls below a certain level. 
Furthermore, a mercury gauge A is furnished. The 
pump P, Fig. 18, in larger rectifiers, is a motor-driven 
centrifugal pump with a vertical shaft and without a 
stuffing-box. 

It may be appropriate here to describe a special 
pump, an electromagnetic pump, which has no moving 
parts at all except the mercury. A diagram of it is 
given in Fig. 20. The main member of the pump may 
be said to be a slit between the pole pieces NS of an 
electromagnet. The surfaces of the pole pieces, which 
form the walls of the slit, are covered with an insulating 
coating, and the slit is closed above and below by two 
electrodes E; and E,. The slit or channel is inserted 
in the lower part of the hydrodynamic circuit, for 
instance, in the pipe T,, Fig. 18, forming part of the 
same and being always filled with mercury. When 
working, an electric current is passed from E, to E, 
through the mercury. By interaction with the mag- 
netic field, this current produces a mechanical force, 
or a pressure gradient, sufficient to raise the mercury 
through a height proportional to the current. The 
pump, which certainly has many applications, is still 
in course of development. On account of the very 
heavy current required, it has been found appropriate 
to build it for alternating current, passed through 
the slit and the windings of the alternating-current 
magnet in series. The problem is to give the apparatus 
an efficiency of about 10 per cent., a value which will 
be sufficient to make it suitable for rectifier systems. 
With the new pump, all rotating parts would be 
eliminated and the rectifier made a kind of stationary 
transformer. 

The Medium for the Commutation.—As already 
stated, commutation takes place in a closed chamber 
filled with hydrogen, or a mixture of hydrogen and an 
inert gas such as nitrogen. The effect of hydrogen is 
to absorb the energy of the commutation spark within 
a@ comparatively short time, say 10 times more rapidly 
than nitrogen or any other gas, except perhaps helium. 
If, therefore, the energy of an ordinary large commuta- 
tion spark, containing, for instance, 20 watt-sec., is 
absorbed by hydrogen in something like 0-002 sec., it 
will probably take 0-02 sec. in nitrogen, which means 
that, with ordinary alternating currents, the spark 
would last for more than half a period, and thus make 
all commutation impossible. The chamber is filled 
once for all with hydrogen, and need not be refilled 
unless it is opened for repairs or renewals of the working 
parts. During normal working, hydrogen is only needed 
to cover the exceedingly small loss due to inevitable 
leakages. The hydrogen is taken from a high-pressure 
cylinder. In the chamber, a constant excess pres- 
sure of, say, 5 to 10 cm. water gauge, must be 
maintained. ’ 

It has been urged that the hydrogen charge involves 
considerable risk from the possibility of an explosion. 


This possibility, however, is only present during the | 


filling of the chamber, in that the rectifier might, by 
carelessness, be started up before al] atmospheric air 
had been driven out of the chamber. It is, however, 
easy to remove practically every chance of accident 
either by the introduction oi mechanical means of 
control, or by washing the air out of the chamber, 
previous to the filling with hydrogen, by means of some 
inert gas like nitrogen. 
cautions indicated, an explosion should take place, it 
will do no real damage, because the chamber is provided 
with very light windows of mica, which are at once 
blown out. A very simple precaution against the 
danger of explosion consists in the use of ammonia for 
filling the chamber, A mixture of this gas and atmos- 
pheric air is not explosive. When the chamber is 
filled and the commutator started, the spark will 
dissociate the ammonia, producing a mixture of hydro- 
gen and nitrogen in the ratio of volumes of 3 to 1. 
This mixture is practically as suitable for commutation 
as pure hydrogen. 


If, notwithstanding the pre- | 


The Commutator Chamber and the Complete Rectifier.— 
In the course of time, two types of chambers have been 
developed. In the earlier type, the whole of the 
magnet was inside the commutation chamber, but 
later the coils, and the corresponding parts of the cores, 
were placed outside. The advantage of this is that a 
comparatively high temperature, say, 100 deg. C., may 
be allowed in the chamber, so that artificial cooling of 
the latter may, in many cases, be unnecessary. 

In Figs. 21 to 23, the chamber of a complete three- 
phase-rectifier for about 100 kw. is shown. It will 
be seen that the front of the chamber is provided with 
a door with three windows W for the inspection of the 
three commutators. Together with windows in the 
end walls of the chamber, they also serve as a means 
of protection against explosions and are made, as 
stated above, of mica-sheets. The illustrations show 
the slides S for the adjustment, by the hand-wheels H, 
of the main-electrodes E; E,. Furthermore, the 
insulated terminals ¢,, #,, ¢;, are indicated. The 
meaning of the suffixes will be understood from 
the diagram given in Fig. 24. The arrangement 
of the terminals is not the best possible. In later 
rectifiers, all terminals have either been moved to the 
top of the chamber or have been carried through the 
back wall. It has proved desirable to avoid all material 
inside the chamber which may be attacked by mercury, 
even if such material is covered with, say, nickel, which 
is not affected by mercury. Consequently, the ter- 
minals are now made of steel. The insulators for 
the terminals have hitherto been made of fibre. The 
jet-pipe and the cores of the magnet are separated 
from the top of the chamber by similar insulators, but 
these are now always made of an inorganic material, 
preferably marble, because it is essential that these 
insulators should not shrink by the heating of the 
chamber. 

Finally, a complete three-phase rectifier, of 200-300 
kw. capacity, is shown in Fig. 25. It consists of six 
commutators, mounted in two chambers. The head 
of the jets was originally 2-25 m. Later, it was reduced 
to 1-75 m., and similar rectifiers have even been 
worked with jets of only 1-25 m. head. The rectifier 
was photographed in the H.C. Oersted Works. After 
this paper had been written, a 100-kw., 220-volt, 
rectifier was installed in the Northern Cable and Wire 
Works, Copenhagen, where it has since been operated 
practically without any trouble. 








Export oF LocoMOTIVES FROM MANCHESTER.—A 
consignment of 15 locomotives was recently shipped at 
Manchester Docks, for India, in the specially designed 
steamer Beldis. The vessel is equipped with special 
gear for lifting the locomotives and lowering them into 
the hold. The consignment consisted of five broad- 
gauge locomotives built by Messrs. Nasmyth, Wilson 
and Company, Limited, Patricroft, near Manchester, 
and 10 metre-gauge locomotives built at the Vulcan 
Foundry, Limited, Earlestown, Lancashire. 





Hicu Pressure STeAM IN SWEDEN.—The most recent 
addition to the list of power stations using high pressure 
steam is that at Slite, Sweden, where a unit of 5,600 kw. 
capacity, designed for a maximum steam pressure of 
890 lb. per square inch, has been installed. T'wo boilers. 
each with a heating surface of 2,420 sq. ft., are used to 
supply the steam, which is superheated to 750 deg. F. 
before entering the H.P. turbine. The turbines are of 
the Ljungstrém double-rotation type and the high 
pressure unit gives 1,400 kw., with a steam pressure 
reduction to 140 lb. owe square inch. Prior to entering 
the low pressure set, the temperature of the steam is again 
raised to 750 deg. F. 





Great WESTERN Railway SUGGESTIONS SCHEME.— 
The thirteenth annual report of the G.W.R. Suggestions 
and Inventions Committee, for the year ending Marci: 31 
last, shows that 3,525 suggestions were dealt with. 
The percentage of suggestions recommended for adoption, 
to those dealt with, is 15-17, as compared with 15-50 in 
the previous year. Although the number of suggestions 
submitted during the past year was slightly below the 
number received during the previous twelve months, the 
general standard was somewhat higher, and an increased 
sum was distributed in monetary awards. The sugges- 
tions scheme was inaugurated in 1913, and, since then, 
29,698 suggestions have been submitted by members of 
the railway staff. 





BetGian TRADE witH Inp1A.—It is reported from 
| Brussels that, according to local press reports, a co-opera- 
tive society, to be known as ‘‘ The Belgian Manufacturers’ 
Corporation,”’ has been formed for the creation of offices 
in British India, for the sale in British India, Burma and 
Ceylon of the goods manufactured by the associates, 





and for all commercial operations intended to develop 
| the export of Belgian products to India. A centralising 
| Oftice is to be opened in Brussels in order to carry out 
| business, concentrate certain expenses, and permit of 
| rational arrangements for grouped shipments, as well as 
| to facilitate exports to India, and to create a service of 
| commercial and industrial information concerning the 
Indian market. The capital is unlimited, but fixed at 
a minimum of 675,000 francs, represented by 135 
; Shares fully subscribed. 





CATALOGUES. 


Oil-Fuel Burner.—A new catalogue describing the 
Rotamisor liquid-fuel burning system, as applied to 
furnaces, is to hand from Messrs. Combustions, Limited, 
31, St. Mary Axe, London, E.C.3. 


Electric Motors.—Messrs. Brooks Motors, Limited, 
Huddersfield, have issued a new catalogue giving full 
details of a range of alternating-current motors with 
capacities from } h.p. to 200 h.p. 


Valves.—Messrs. G. Dikkers and Company (England), 
Limited, Avenue Chambers, Southampton-row, London,. 
W.C.1, have issued a catalogue with dimensions of an 
extensive range of sluice valves for water, steam, oil, 
and gas. 


Road-Dressing Materials.—Messrs. Dorman, Long and 
Company, Limited, Middlesbrough, have issued a 
catalogue dealing with the application of their coal-tar 
product “Tarfroid”’ for binding and surface dressing 
of roads, and for painting. 


Screwing Sets——A new edition of their catalogue of 
taps, dies and screwing sets, with stocks and wrenches, 
is to hand from Messrs. B.S.A. Tools, Limited, Spark- 
brook, Birmingham. These include all the usual sizes 
and threads, to British and other standards. 


Oil Engines.—A very full and clear description of 
their two-stroke, surface-ignition oil engines has been 
issued, as a new catalogue, by Messrs. Petters, Limited, 
Yeovil. Seven standard sizes, ranging from 5 brake 
horse-power to 36 brake horse-power, are dealt with. 


Coal-Conveying Plant.—A catalogue of plant for con- 
veying coal, ashes, &c., is to hand from Messrs. Henry 
Simon, Limited, Mount-street, Manchester. Pneumatic- 
and mechanical types are shown, and the whole operations 
of loading, unloading and distribution are provided for. 


Screwing Dies.—Messrs. Alfred Herbert, Limited, 
Coventry, have issued a pamphlet relating to the Coventry 
die head and Wickman gauges for screw threads. It 
contains illustrations of many examples of simple and 
complex pieces of repetition work, and records of rapid. 
and accurate operation. 

Electric Cables.—The Okonite-Callender Cable Com- 
pany, Inc., New York, U.S.A., have sent us a catalogue of 
their aerial power cables, with illustrations of equipments 
in service and in course of erection. Their London agents 
are Messrs. William Geipel and Company, Limited,,. 
St. Thomas-street, S.E.1. 

Electric Control Gear.—Messrs. Brookhirst Switch- 
gear, Limited, Chester, have issued a catalogue dealing 
with the complete range of their electric control gear for 
marine service, and also a pamphlet describing installa- 
tions supplied for a number of ships, mainly with oil- 
engine propelling machinery. 

Cement Mills.—A pamphlet describing the machines 
and processes used in cement making, and including 
sections on manufacture of cement, machinery for 
cement works, combination ball and tube mills, rotary 
kilns and coolers, is to hand from Messrs. Head, Wright- 
son and Company, Limited, Thornaby-on-Tees. 
ing Machines—A catalogue of mechanical. 
shovels, cranes, and drag-line excavators, driven by 
petrol engines or by electric motors, is to hand from the- 
Koehring Company, Milwaukee, U.S.A. The principal 
parts are separately described, and illustrations of 
machines at work indicate the conditions for which they 
are suitable. 


Hydraulic Machinery.—Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, Openshaw, Man- 
chester, have issued a catalogue showing many examples 
of large hydraulic machinery made by them, including 
steam pumping engines, presses for forging and for 
dealing with wheels, spring buckling, commutators, 
flanging, tube staving, flattening, and other operations. 


Separators.—A catalogue describing the construction 
of his “‘Supreme”’ vortex separator for removing solid 
and liquid impurities from air, gas and steam, has been 
issued by Mr. William Alexander, 167, St. Vincent-street, 
Glasgow. ‘These separators are made in several types 
for fitting inside steam boilers under the stop valve, or 
on a pipe line; small high-pressure and large low- 
pressure types are also supplied. 


Engineering Stores.—Messrs. W. H. Willcox and 
Company, Limited, 38, Southwark-street, London, S.E.1, 
are issuing a new edition of their general catalogue in 
three sections, in separate bindings, of which the first 
two are to hand. The first deals with oils, packing, 
belting, cans and tanks, steam-engine fittings, boiler 
mountings and similar articles. The second section 
relates to pumps and fittings for water, oil, petrol and 
other liquids, including tubes, hose, &c., and lamps and 
lanterns for engineers. Illustrations, dimensions and 
prices are given for nearly all the items. 


BR. " 








Motor VESSELS FOR THE HAMBURG-AMERICAN LINE, 
—Two vessels have been ordered by the Hamburg- 
American Line, one from Messrs. Blohm Jand Voss, of 
Hamburg, and the other from Bremer Vulcan, of Wege- 
sack, in which M.A.N. double-acting two-stroke engines 
are to be fitted. These ships will be combined cargo 
and passenger vessels of 540 ft. length, 72 ft. beam and 
37 ft. depth. They will be propelled at a regular service 
speed of 8-9 knots by four engines, two driving each 
propeller shaft through single-reduction gearing. Each 
engine will be a six-cylinder unit with a cylinder diameter 
19-7 in. and a stroke of 23-6 in. They will run at 
230 r.p.m., giving, through the gears, 110 r.p.m. at the 


propellers. 






































SEPT. 23, 1927.] 


ENGINEERING. 


381 








THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 


By Brysson CunnincHaM, D.Sc., M.Inst.C.E. 
II. Tue Port or NEw York. 
(Concluded from page 289.) 


Jamaica Bay Port Development Scheme.—Jamaica 
Bay is a coastal inlet, with an area of 26 square 
miles, situated on the Atlantic seaboard of Long 
Island and coming within the south-easterly boun- 
dary of Greater New York. It is well sheltered by 
a strip of coastline, and is entered from the Atlantic 
by a strait, called Rockaway Inlet, 3,000 ft. wide, 
separating Barren Island from Rockaway Beach 
as shown in Fig. 45 annexed. Both by its 
proximity to the open sea and its physical 
features, it is admirably adapted to the forma- 
tion of harbourage and to development as a 
port area. At present the depth in the entrance 
channel is from 25 ft. to 35 ft., and there are some 
shoal patches of sand with about 8 ft. to 10 ft. of 
water over them. These are easily removable. 





piers will be built of substantial widths, with rail 
alongside the ship, with such cargo-handling 
machinery demonstrated to be necessary and 
economical, the ratio of increase must be con- 
sidered from the turnover of cargo possible. It is 
safe to say that, with scientific planning, the 
development of Jamaica Bay along the mainland 
alone will provide 200 per cent. of the present 
steamship facilities. 

** Jamaica Bay has all the essentials of a modern 
seaport. It will take care of the business of the 
port for all time. The work of developing will, of 
necessity, be carried over a long period of time, 
on account of its magnitude, but it behoves us at 
present to think of the future. We must lay down 
a complete original plan and build enough in advance 
of the demands of the times, as indicated by the past 
growth of the City, so that it will be possible to 
capture the trade when it seeks the port.” 

A commencement has, indeed, already been made 
in pier construction at Jamaica Bay, and again 
through the courtesy of Mr. Keller, it is possible 
to illustrate in Figs. 46 to 59 on pages 382 to 384, 
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The adopted programme of improvement includes 
the formation of an entrance channel 30 ft. deep and 
1,500 ft. wide, and the work is to be carried out by the 
United States Government. The City of New York, 
however, contemplates the development and con- 
solidation of the interior islands of the bay, with the 
formation of a channel or waterway, 30 ft. deep 
and 2,500 ft. wide, round the entire sweep of the 
shore front, widening out in front of Rockaway 
Park, Belle Harbour and Neponset, to an ample 
roadstead for shipping, with a length of about 
2} miles and a maximum width of 1} miles. This will 
afford safe and convenient anchorage for about 
150 ships. | 

As regards the internal development, the scheme, | 
which it is intended to work out along the lines | 
shown in Fig. 45, proposes the formation of a 
series of piers, or jetties, with intervening slips, 
or basins. Some of the piers will be 2,000 ft. 
long and 750 ft. wide ; others, 1,000 ft. to 1,500 ft. 
long and from 300 ft. to 400 ft. wide. All the 
slips will be from 300 ft. to 450 ft. in width. 

In a recent paper descriptive of the project, the 
Chief Engineer of the Department of Docks, New 
York City, says:—‘‘The area for development 
under consideration from Barren Island to the Long 
Island Railroad crossing of Jamaica Bay would 
afford wharfage for ocean steamers to the extent 
of 50 per cent. of the present facilities for this 
purpose in the entire City of New York. The 
progressive development from the Long Island 
Railroad easterly would easily provide another 
50 per cent. It is thus apparent that in a virgin 
territory, where the City can plan along modern 
lines, learning from the mistakes and shortcomings 
of the past, facilities can be provided in the future 
that will for all time assure to the City the supremacy 
of the world. The potential increase of 100 per 
cent. in steamship facilities is based entirely on a 
numerical comparison. When it is considered that 











the type of construction adopted in the case of 
Canarsie Pier at the foot of Rockaway Parkway. 
Springing at right angles from a proposed marginal 
street or roadway, the pier, as shown in Fig. 46, 
extends outward into the bay and has a length of 
600 ft. from the bulkhead line, and a width of 
400 ft. It consists of a core or enclosure of dredged 
filling, faced on each side, and at the outer end and 
inner wings by a piled structure, forming a wharf or 
platform, 27 ft. in width, along the whole perimeter. 
There is a depth alongside the pier of 40 ft. of water. 
From the plan and sections of the pier, with con- 
structional details, which are given in Figs. 47 to 53 
on pages 382 and 383, it will be seen that the bearing 
piles are arranged generally at 10-ft. intervals, in 
three parallel rows, distant about 8 ft. apart, and 
that these support deck beams set transversely to 
the frontage line. Each set of bearing piles has 
two inclined braces running diagonally across it. 
The piles and braces are of reinforced concrete, 
14 in. square, with l-in. chamfered edges, the 
reinforcement consisting of longitudinal j-in. 
square plain bars and }-in. square tie-rods or hoops, 
set horizontally, at intervals, as shown in the detail 
given in Fig. 58 on page 384. The sheet piling, 
illustrated in Fig 59, consists of similar reinforced 
concrete members, 20 in. by 24 in., tongued and 
grooved at the sides, as shown, and with the toe 
bevelled so as to form a tight lateral joint in driving. 
The piles were driven by means of the joint action 
of a steam hammer and an hydraulic jet, acting 
simultaneously, except that the final set of the pile 
was obtained under the action of the steam hammer 
only. Circular holes, 12 in. in diameter, are 
arranged in the sheet piling at 80-ft. intervals, in 
order to provide vents for future drainage. The 
platform superstructure of the wharf, shown in 
Fig. 48, consists of a series of transverse reinforced 
concrete beams, 3 ft. 6 in. deep, with superimposed 
reinforced concrete slabs, 10 in. thick, having a 


surface finish of cement mortar, 2 in. thick. The 
deck surface is provided with a fall of 4 in. from 
back to front of the wharf. 

Front, rear, and side elevations of the pier 
structure are given in Figs. 49 to 53, from which it 
will be seen that timber fenders and walings are 
fixed along the pier frontage, the former being set 
at 9 ft. and 10 ft. intervals, corresponding with the 
rows of bearing piles, which are set more closely 
together at the corners of the pier and other 
necessary places. The fender piles, which are 
perhaps best shown in Fig. 48, are of oak of circular 
section, 14 in. diameter at 2 ft. from the butt end, 
and 5 in. diameter at the point. 

The composition of the concrete work in the 
pier is as follows: All the concrete piles were 
fabricated with a mixture consisting of 4 part 
natural trass, 1 part Portland cement, 1} parts 
sand and 2} parts broken stone, ranging in size from 
4 in. to 1 in., and containing no limestone. In 
all other concrete, the admixture was } part natural 
trass, 1 part Portland cement, 2 parts sand and 
5 parts broken stone, ranging from } in. to  in., 
also containing no limestone. Only if required 
by the nature of the driving were the concrete 
piles provided with iron shoes. 

Port Newark Development Scheme.—On the 
other side of New York Bay, the City of Newark, 
which lies within the port district, has in hand an 
important terminal scheme with the object of 
providing accommodation for a _ considerable 
influx of shipping which, it is expected, will arise 
by reason of the favourable position of Newark as 
being a port area located on the mainland in direct 
contact with the trunk lines of railway serving 
the interior of the country. 

The project was initiated in 1914, when a site 
of 1,100 acres adjacent to the City of Newark 
was acquired for development purposes, and the 
work was commenced by dredging an inshore 
channel to the water-front from the main channel 
in Newark Bay. This ship channel is over a mile 
and a third in length, and it has a minimum width 
of 200 ft., with a depth of 30 ft. It leads into a 
basin or embayment, 685 ft. in width, with parallel 
sides, on the northern of which are located sheds 
and sidings for the reception and handling of general 
cargo. There is also a municipal wharf at the 
western extremity of the basin, extending across the 
full width. 

The United States Government have lately 
undertaken the widening of the approach channel 
to 400 ft., and have appropriated a sum of two 
million dollars for this purpose. The outlay of 
the municipality itself has amounted to over 
eight million dollars. 

Cargo Handling—The prevalent method of 
cargo handling at American ports is so distinctive 
and so different from that which is customary in 
this country and the ports of Western Europe, that 
some short description of it will be interesting. 
The process is known as Burtoning, and is a com- 
bined use of ship’s gear with a quayside pulley— 
a variation of the practice in England with two 
ships’ booms, or a boom and crane, which is called 
the Union Purchase. In brief terms, the cargo- 
lifting hook is attached jointly to the ends of two 
lines, and the load is swung between the vertical 
positions which the lines occupy at the extremities 
of their range. 

Along the frontage, therefore, of the pier sheds 
(see Figs. 39 to 42, pages 288 and 289 ante) 
at the port of New York and, indeed, at most 
American ports, at a height considerably above the 
eaves and some 70 ft. or 80 ft. from quay level, there 
is a longitudinal girder or rail, which is supported 
at intervals of a shed bay’s width by vertical 
standards, which are prolongations of the shed 
columns, or stanchions. This rail, or girder, affords 
a series of points of attachment for pulley blocks, 
which can be located, at convenience, opposite any 
hatchway in which work is being carried on. Each 
pulley block on the shed rail is operated in con- 
junction with another block on the ship, at the 
upper extremity of a boom, or derrick, plumbing the 
hatchway. The method of operation is as follows :— 
The ends of two lines are jointly attached by a 
single hook to the load to be lifted from the hold. 





One line passes vertically upwards over the sheave 
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at the head of the ship’s boom and then down to 
a winch on the deck ; the second line runs diagonally 
across to the pulley on the shed rail, whence it 
passes down to a winch in the shed. The first 
winch and line serve to raise the load to deck 
level, clear of the hatchway coamings; the second 
winch then takes charge and, by means of the second 
line, draws the load overside, the first line being 
slacked out to obviate any further lifting. When 
the load has reached a position vertically under the 
shed pulley, it is lowered to the ground or to the 
shed upper floor, as required. This is the sequence 
in unloading operations ; for loading, the process is 
reversed. 

Contrasted with the quay crane, the Burtoning 
system has the advantage of being extremely simple, 


7] 1 
i | 
“i 


I | 
 s 

| Existing Sheet 
|_| Pile Wall 
1 ! 


Fig. 46. | 

CARNARSIE PIER 

! 

—xnP | 
t 

Proposed| Marginal Street Wharf or |\Place 


d Sheet 
ile Bulkhead 





























te 
3 
ey 





© 
200020003 

PIER 
Concrete 
Pierhead Line, || Platform 
JAMAICA 




















B 


(214.C.) “ENGINEERING” 


Fig.48. 


GG YB L~ 
12x12" Wale a 
10°42" Fender Cap - 


CROSS SECTION 
ae G12" Curbl 





unforced Concrete Slab / 1. 


that sugar in bags has been discharged at the port 
of New York at the rate of 135 sets per hour. The 
conditions for such a high rate of working must be 
regarded as exceptional and due to the absence of 
any hitch whatever, both in serving from the hold 
and clearing from the quay, both of which ancillary 
functions exercise a powerful influence on the expedi- 
tion of Burtoning and craneage alike. 

Most of the New York piers are too narrow and 
insubstantially constructed for equipment with 
batteries of quay cranes, but there is a disposition 
to introduce them in the newer type of pier. It is 
recognised that the quay crane has a wider and more 
powerful range which may be of considerable service. 
Two of the new municipal piers on Staten Island, 
as already mentioned, have been laid out with 





the other side—a multiple process of handling which 
not only involves delay and is costly, but which 
necessitates the appropriation of a considerable 
extent of water frontage on Manhattan (nearly 
50 per cent. of the total available) for the accom- 
modation of car-float and ferry traffic, to the exclu- 
sion of ocean-going steamers and trading vessels. 
Of the three remaining railway lines, one stops at 
the borough of the Bronx, to the north, separated 
from Manhattan by the Harlem River; a second 
comes no farther than Long Island ; and the third 
is deflected to Staten Island. 

A typical New York railway goods terminal on 
the New Jersey shore—that of the Central Railroad 
of New Jersey—is shown in Fig. 43, on page 396. 
The track, train shed, and station in the centre of 
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tracks on which gantry cranes are 


swinging of jibs or booms. The load is moved in a | installed. 


direct line and is lowered on to a precise spot. 
Herein lies its particular weakness, or defect. It 
can only command a single line of movement, and 


The Traffic Congestion Problem.—The great evil 
besetting the port of New York is traffic congestion. 
The harbour certainly is spacious enough, and there 


if its depositing point be blocked, it is put out of | is abundant scope for water-front development, but, 


action until the place is clear. The quay crane is 
free from this disability on account of its radial 
action. 

It is claimed that Burtoning is more rapid than 
the action of a quay crane. In a general sense, 
this is true. The quay crane is often hampered by 
restrictions for which it is in no way responsible. 
A crane may be able to perform a complete cycle 
of operation—in and out—in a minute, but if it 
moves 50 sets per hour, it is doing very good work. 
The swinging hook, under favourable circumstances, 
is capable of keeping up 60 or 70 double journeys 
per hour. In times of perfect functioning, this 
rate may be even greatly exceeded. It is stated 





in spite of these two natural advantages, traffic is 
impeded and congestion is rife. The trouble arises 
mainly from the fact that Manhattan, the industrial, 
commercial, financial and social centre of New York, 
is an island, cut off on all sides from direct contact 
with the mainland. By reason of this insular 
condition, of eleven main or trunk railway lines 
which serve the port district, only one possesses a 
goods terminus on Manhattan. Seven lines bring 


their freight-laden wagons to the extreme edge of | 300 


the mainland of New Jersey, within a mile of their 
destination, there to be transferred to car-float, or 
ferry, for conveyance across the Hudson, and again 
to be transferred to lorry, or road vehicle, on reaching 
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the illustration are for passengers who reach New 
York by ferry. The tracks on the right lead to the 
Central Railroad floating bridges on the water 
front, whence freight cars are despatched by water 
to and from points of Manhattan and other parts of 
the harbours. The car float and ferry traffic can 
be clearly distinguished in Fig. 44 on the same page, 
which is a general view of the lower end of Man- 
hattan island. The tall buildings form the business 
and financial district of New York. A closer view 
of a pier for cross-river traffic was given in Fig. 2, 
on page 287 ante. In reference to Fig. 44, it should 
be pointed out that this illustration was inadver- 
tently referred to in our previous article, on page 287 
of our issue of September 2, as appearing on page 


Naturally, the inquiry arises why these railway 
companies, faced with so serious an inconvenience 
to the working of their traffic, have not sought to 
overcome the physical disabilities and to reach their 
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main objective by such obvious contrivances as lin such a scheme be unsurmountable, but the 
bridges and tunnels. There are bridges, of course, | amount of capital investment required and the 
across the East and Harlem Rivers, but none across | debt charges thereon made it prohibitive. 

the Hudson within the harbour limits, though there The Authority, finally, after the fullest con- 
is a tunnel and two tubes for passenger service and | sideration, devised a scheme based on a principle 
a tunnel nearing completion for goods traffic. These, | ‘‘ which provides that the standard freight car 
however, are quite inadequate, and the answer to | carrying Manhattan traffic be stopped at the termini 
the question is that the configuration and natural |of the respective railroads, and that the freight 
features of the harbour have imposed serious | there be transferred from the standard car to special 
economical restrictions on both forms of construc- | container equipment for transportation to union 
tion, and especially as regards bridges. The width| terminals on Manhattan.” This subsidiary freight 





and depth of the Hudson, the height of the New| service to and from Manhattan was to be performed 


Jersey shore, and the relatively low level of Man- 
hattan, combined with the inordinate values of 
areas required for approach works, are conditions 
extremely unfavourable to either form of engineering 


by an underground, electrically-operated railroad, 
which would connect the termini of the respective 
trunk-line railroads in New Jersey, the New York 
Central Railroad on Manhattan, and the New York, 


from a financial, as from a physical point of view. | New Haven and Hartford Railroad in the Bronx, 


And so it comes about that there are no less than 
46{pier stations and six float-bridge connections to 
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with “ universal freight stations” on the island, 
set back from the water-front and located strategi- 





allow, will be located as near the centre of the zone 
in relation to short vehicular distances and traffic 
density, as may be possible. 

The stations will be of varying size, according to 
local requirements. The typical station, illustrated 
in Figs. 60 and 61 on page 384, will measure 
about 600 ft. by 200 ft. Two platform floors 
will be provided, one at ground level and one 
in the basement and will afford an aggregate of 
85,000 sq. ft. of goods handling space, with 1,600 
lin. ft. of tailboard space for lorries. The floor at 
ground level will be assigned to incoming freight and 
the basement floor to outgoing freight. The capacity 
of the typical terminal will be approximately 
570 inbound lorries and 700 outbound lorries per 
day of nine hours. The platforms will have an 
aggregate capacity of 2,700 tons per day. It is 
contemplated also that the platforms will be utilised 
as points of concentration and distribution for small 


Fig. 52. SECTION E.€. (Fig.4%7) 
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Fig.53. SECTION F.F 
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steam track terminals for railway goods transfer 
across the river to Manhattan alone, while 17 
ferries, 12 of which are railway-owned, carry 
vehicles and passengers within the limits of the 
port “district. About 100,000 car-floats, each 
carrying 10 railway wagons, i.e., 1,000,000 wagons 
in all, cross the river annually in both directions. 

It was this great and complicated question which 
led to the formation, in 1921, of the Port of New 
York Authority, a body of six commissioners repre- 
senting, jointly and equally, the States of New York 
and New Jersey, with a mandate to survey the 
whole situation and prepare a scheme for remedying 
an evil which had reached intolerable proportions 
and which threatened to stifle the life of the business 
community. 

After an exhaustive analytical study of the 
conditions, the Authority reached the ‘“ inescapable 
conclusion ”’ that to bring the traffic of all the trunk 
lines to Manhattan over a railroad operated with 
standard rolling-stock would never solve the problem. 
Not only would the operating difficulties involved 
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cally with respect to zones of equal freight traffic 
density. 

On account of the enormous cost of constructing 
such a rail connection, and the time which the 
undertaking would require, it is proposed as an 
interim measure, admitting of evolutionary develop- 
ment, to provide the universal inland freight stations 
and to serve them by motor-lorry and container 
units. 

The programme at present contemplated is, 
therefore, as follows :—There will be established 
on Manhattan Island nine terminal freight stations 
through which shippers and receivers may dispatch 
and receive their goods. It is believed that nine 
stations will suffice to serve the traffic of all the 
railroads. If, in the future, they should be found 
to be insufficient, additional stations will be provided. 

The stations will serve zones of approximately 
equal traffic or freight density, into which the whole 
island is to be divided. Each station will serve one 
zone and, within such limitations as availability of 
land for site, street access and traffic capacity 
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shipments of freight, moving via coastwise and inter- 
coastal steamers. 

Such is the proposal put forward for the amelio- 
ration, if not the cure, of New York Harbour traffic 
congestion. It is a bold conception and if each 
station is to cost, as roughly estimated, $8,000,000 
the outlay will be considerable. Theoretically, the 
project has much to commend it, and it has been 
not unfavourably received, but there are certain 
difficulties to be overcome. Some of these difficulties 
are indicated in the following extract from a recent 
article in the Engineering News Record. “The 
plan . . . proposes to handle practically all the 
freight now reaching Manhattan by means of car- 
floats, a total of something like 830,000 cars annually 
on trucks which will have to cross the river on 
ferries, or through the Holland tunnel. Assuming 
that these cars bring in 30 tons apiece, and that this 
freight is to be handled from the break-up yards 
in New Jersey to Manhattan Island, in 5-ton trucks, 
around 16,000 truck movements a day will have to 
be made across the Hudson River. The ferries are 
already taxed beyond their capacity for expeditious 
handling and such a movement through the 
vehicular tunnel in an 8-hour day would be over half 
its estimated capacity, probably more nearly equal 
to its entire capacity for handling such large trucks. 
Moreover, if any considerable part of this truck 
movement were to be made through the tunnel, it 
would create a new street traffic problem in the 
lower part of Manhattan Island.” 

Doubtless these and other important considera- 
tions have been fully weighed by the Authority, who, 
while admitting the seriousness of the position, are 
confident that their comprehensive plan affords 
the only solution of a problem which has become 
a menace to the prosperity of the port, so that the 
most drastic measures are fully justified. The 
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scheme in its entirety envisages an outlay of some- | 
thing like 200,000,000, dois. and the entertainment | 
of so colossal an enterprise, even in these days of | 
inflated expenditure, is striking proof of the courage- 
ous and far-sighted attitude of the leading American | 
Port Authority. 

In the preparation of the foregoing article, the 


THE INSTITUTE OF METALS. 
(Concluded from page 368.) 
Copprer-Zinc-CaDMIUM ALLoys. 
A PAPER bearing the title, ‘‘ The Constitution 
|and Physical Properties of Some of the Alloys of 
Copper, Zinc and Cadmium,” was next considered. 
author received courteous assistance and information | Mr. C. H. M. Jenkins, the author, who read his 
from a number of officials connected with the | contribution in abstract, stated that the present 
various organisations in control of the port, and he | investigation showed that the presence of cadmium 
desires to express his appreciation of the kind | in brass, under practical conditions, was not likely 
arrangements which were made by the Port of New | to cause any appreciable alteration in the properties. 
York Authority and by the State of New Jersey|The commonly-used alloys containing over from 
Board of Commerce and Navigation, in connection | 1 to 1} per cent. of cadmium, whether consisting 
with his recent visit. The photographs, from | of the a or the « + 8 phases, had poor physical 
which our general views were prepared, were sup- | properties, caused by the comparatively brittle 
plied by the Port Authority. They were taken by /|Cu,Cd compound occurring in positions often 
Fairchild Aerial Surveys Inc. |entirely surrounding the grains. By the addition 
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of cadmium the values for the tensile strength 
could be improved slightly, but this was counter- 
balanced by reductions in the value for the elonga- 
tions. The effect was more marked in the 70 : 30 
brass than in the 60: 40. On adding cadmium- 
bearing zinc to molten copper, a loss of cadmium 
occurred, but the greater proportion of the cadmium 
was retained in the brass, and was not lost by 











oxidation and volatilisation during melting. The 
most important effect of comparatively small 
additions of cadmium (1 to 2 per cent. and over) 
was the lowering of the solidus in « brass to below 
600 deg. C., and the consequent widening of the 
freezing range of these alloys. This tended to 
increase unsoundness in this material; the solidus 
of the 8 and y constituents of brass was not affected 
to the same degree. The general results of the 





investigation indicated that the use of cadmium- 
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bearing zinc, containing as much as 0-3 per cent. 
of cadmium, in the manufacture of brass, was not 
likely to produce any noticeable alteration in the 
properties, although it had been found that quite 
a considerable proportion of the cadmium content 
remained in the brass. 

Dr. F. Johnson, the only speaker in the subsequent 
discussion, said that, on first reading the paper, 
he thought there might be a possible application 
for these alloys in the manufacture of brazing 
solders. Further perusal showed, however, that 
the brittle constituent Cu,Cd was continually 
mentioned. This would, no doubt, render the 
material unsuitable for this purpose. It was, 
however, a matter which might be worth some 
consideration as the lowering of the melting point 
by the addition of cadmium was not the only advan- 
tage conferred upon these alloys. In a very brief 
reply, Mr. C. H. M. Jenkins stated that he did 
not think that the copper-zinc-cadmium alloys 
would be suitable for use as brazing solders as the 
high volatility of the cadmium would lead to porous 
joints. 


PROTECTION OF ALUMINIUM AGAINST CORROSION. 


A paper entitled, ‘‘ The Protection of Aluminium 
and its Alloys against Corrosion,” by Messrs. H. 
Sutton and A. J. Sidery, and another, entitled, 
‘“The Nature of the Film produced by Anodic 
Oxidation of Aluminium,” by Messrs. H. Sutton 
and J. W. W. Willstrop were next considered 
together. The first contribution was presented by 
Mr. Sidery; it will be found in abridged form on 
page 376 of our last issue. The second paper was 
read in abstract by Mr. H. Sutton. This described 
a method of isolating and identifying the film from 
anodically-treated aluminium. We hope to reprint 
this contribution in a subsequent issue. 

The discussion was opened by Mr. T. H. Turner, 
who said that modern conditions had made the 
flying boat indispensable within the British Empire ; 
this fact implied that the present experimental 
wooden types of craft would have to give place 
to metal types, in much the same way as wooden 
vessels had had to give way to steel ships in the 
past. For this purpose, various materials were 
available; these comprised Duralumin, or thin 
sheets of austenitic nickel-chromium irons, or of 
the high-nickel Monel-type alloys. Of these, 
Duralumin appeared the most suitable, but it was 
necessary to protect it against corrosion. A short 
time ago, while in the United States, he had visited 
Dr. H. W. Gillett at the Bureau of Standards, and 
the latter had shown him a metal-spraying process 
carried out in a somewhat novel manner. It was 
in fact, a development of Shoop’s original metal- 
spraying process. Sheets of Duralumin had been 
sprayed with pure aluminium and _ corrosion 
tests had shown that, after spraying, they were 
capable of resisting the action of sea water. This 
seeming anomaly was, doubtless, due to the fact 
that, during the spraying process, the pure alumi- 
nium had become oxidised and was thus better 
able to offer resistance to corrosive influences. 
Anodic -treatment methods were somewhat limited 
in scope ; using the spraying process, on the other 
hand, it would be possible to treat large surfaces 
such as the entire hull of a flying boat. The process 
could in fact, be likened to the painting of a ship’s 
plates. 

American metallurgists had found that when 
Duralumin was quenched in cold water it resisted 
corrosion better than when quenched in hot water. 
He would like to know if this procedure had been 
tried in this country. Recently, Dr. M. H. Haas 
had informed him that he had obtained satisfactory 
copper deposits on aluminium. The great danger 
of copper, zinc and nickel coatings, was, however, 
that, if the deposit became damaged, the corrosion 
of the underlying aluminium was hastened and 
aggravated. While on this subject he would 
like to inform the authors that nickel deposits only 
0-0005-in. thick were not sufficiently heavy for 
any purpose, a thickness of about 0-001-in. should 
have been taken. In conclusion, he would like 
to know (1) what was the largest size of the article 
which it was possible to treat anodically ; (2) 
whether the authors had tried deposits of copper and 
of chromium; and (3) whether they had verified 





in any way the influence of cold quenching Dura- 
lumin. Mr. H. L. Heathcote, the next speaker, 
agreed that electro-deposited coatings of nickel 
should be at least 0.001-in. in thickness. . 

Dr. W. Rosenhain stated that the anodic process 
was particularly successful in the case of alloys 
containing zinc. Those alloys which contained 
copper could not be anodically treated. Dr. 
Bengough had also shown that alloys of aluminium 
containing from 15 per cent. to 20 per cent. of 
zine responded very satisfactorily to the anodic 
oxidation treatment. This was of importance, 
because the use of high-zinc aluminium alloys 
had been abandoned on account of their liability 
to corrode. If it were possible to protect these 
alloys, the investigation of them would be resumed, 
because their mechanical properties were in many 
respects satisfactory. The anodic process had one 
immense advantage over any other; it auto- 
matically completed itself. If the piece under 
treatment were left in the bath until the current 
dropped, it was certain that no part of it was left 
uncovered. On the other hand, when using the 
spraying process described by Mr. Turner, there 
was no method of ascertaining whether the whole 
surface had been completely covered. It was 
probable, however, that, eventually, the spraying 
process would be adopted along with the anodic 
oxidation process. 

In the course of his reply, Mr. Sidery stated that 
they were actually carrying out corrosion tests on 
samples of aluminium of American origin, which 
were treated by the spraying process and subse- 
quently varnished. It was, however, too early to 
give any indication as to the degree of protection 
afforded. The specimens of Duralumin, upon 
which the experiments described in the paper had 
been carried out, had purposely been quenched in 
hot water in order to accentuate the tendency of 
the material to corrode. The thickness of the 
electro-deposited film of nickel had been limited to 
0-0005 in. solely on account of considerations of 
design; the material was intended for aircraft 
parts. He agreed that the results of their corrosion 
tests certainly did reopen a field for the aluminium- 
zinc alloys. Their tests had shown that this series 
of alloys behaved remarkably well under the anodic 
oxidation treatment. 


AGE HarDENING OF ELEKTRON ALLOYS. 


The next paper taken was on the subject of 
“* Age-Hardening Tests on Elektron Alloys”; it 
was read in abstract by the author, Dr. K. L. 
Meissner. The paper described tests carried out 
on six different elektron alloys in order to ascertain 
their capability of age hardening by ageing at room 
temperatures, and at elevated temperatures up to 
200 deg. C. We hope to reprint this contribution, 
in abridged form, in a subsequent issue. 

The discussion was opened by Mr. H. Sutton, 
who stated that he believed that Dr. Meissner had 
carried out a series of tests on the relative corrodi- 
bility of Duralumin and of various magnesium 
alloys. If that were the case, he would be glad to 
have a few remarks from Dr. Meissner on the 
subject. Dr. W. Rosenhain, who spoke next, 
stated that if it were possible to obtain alloys of 
magnesium, which were capable of age hardening 
like Duralumin and Y-alloy, they would prove 
industrially useful. As things stood at the present 
time, the strength/weight ratio of the magnesium 
alloys was not sufficiently better than that of the 
aluminium alloys for them to occupy a predominant 
place in industry. He noticed that Dr. Meissner 
had based his conclusions on Brinell hardness results 
principally. These values certainly did increase, 
in the majority of cases, as a result of ageing, but 
in no case was the Brinell number doubled, or even 
very materially increased. He regretted that 
Dr. Meissner had not carried out rather more tensile 
tests than he appeared to have done. These would 
have given a better indication of the actual value of 
the material under investigation. In the course of 
his reply, Dr. Meissner stated that he had not 
investigated the connection between the age- 
hardening treatment and the corrosion of magnesium 
alloys, as he had done in the case of the Duralumin 
alloys. He expected, however, that the corrosion 
of Elektron alloys would increase with the age- 





hardening temperature and period. As a result of 
further tests, he had obtained higher Brinell values 
than those quoted in the paper, but these had been 
accompanied by brittleness in the alloy, coupled 
with loss of ductility, and a lessening of the cold- 
working capacity. Taken altogether, he was not 
yet quite certain that it was possible to make the 
age-hardening treatment a practical success in the 
case of magnesium alloys. 


Tue System MaGnesium-CapMIUM. 


The equilibrium diagram of the system magnesium- 
cadmium was next considered by the meeting. A 
paper dealing with this subject, by Dr. W. Hume- 
Rothery and Mr. S. W. Rowell, was, in the unavoid- 
able absence of the authors, read in abstract by the 
Secretary. The paper stated that the present 
investigation had embraced thermal and micro- 
scopic methods. The system contained a solid 
solution based on cadmium, and denoted «, a 
definite inter-metallic compound, MgCd,, and a 
solid solution in magnesium, denoted 8. The solid 
solution « extended from 0 to about 24 atomic 
per cent. magnesium at most temperatures. The 
compound MgCd, did not form any solid solutions, 
whilst -the 8 solid solution extended from about 
40 to 100 atomic per cent. magnesium. The solidus 
and liquidus did not meet at the composition 
50 atomic per cent., as reported by earlier workers. 
The 8 solid solution underwent a transformation 
at temperatures of about 200 to 250 deg. C., but the 
maximum temperature of this change was at 
54 atomic per cent., and not at 50 atomic per cent., 
as previously reported. This change was not 
accompanied by any alteration in microstructure, 
and it had not been possible to obtain any two- 
phase alloys in this region, either by slow cooling, 
or by quenching. It was suggested that the change 
was of the same nature as that of the B brasses. 
Prolonged annealing was necessary to attain equi- 
librium in the solid alloys in the neighbourhood of 
the compound MgCd,. 

There was no discussion on this paper. 


Etcuine By CaTHopic DISINTEGRATION. 


The last paper dealt with by the meeting bore the 
title ‘‘ Note on Cathodic Disintegration as a Method 
of Etching Specimens for Metallography.” The 
author, Dr. C. S. Smith, is in America, and the 
paper was, therefore, not read. It deals with a 
method of etching specimens for microscopic 
examination by means of cathodic sputtering. 
Silver-copper alloys are stated to be particularly 
suited for etching by this process, which causes 
staining of the copper-rich constituent as well as 
the removal of the silver. We reproduce this con- 
tribution in abstract on page 410 of this issue. 

As an invitation to discuss the paper met with no 
response, the Chairman thanked the authors of all 
the papers for their contributions, and intimated 
that the business meetings had come to an end. 
Votes of thanks to the Mayor of Derby, to the 
chairman and members of-the Education Committee, 
and the Principal of the Municipal Technical College 
for the accommodation they had kindly afforded 
for the meeting, to Sir Henry Fowler and Mr. G. W. 
Wooliscroft, honorary local secretary, and to all 
others who had made the Derby meeting a success, 
terminated the proceedings. 

The afternoon was spent in visits to the works of 
Messrs. Rolls-Royce, Limited, Messrs. Ley’s Malle- 
able Castings Company, Limited, and to the printing 
works of Messrs. Bemrose and Sons. The whole 
of Friday, September 9, was devoted to a motor- 
coach excursion in the Peak District of Derbyshire. 





Great WESTERN RarLway Locomotives.—We have 
received an attractive little souvenir booklet published 
by the Great Western Railway in connection with the 
Centenary Exhibition and Pageant of the Baltimore and 
Ohio Railroad, Baltimore, Maryland, U.S.A., which 
function is being held from September 24 to October 8 
next. As already announced in our columns, the first, 
of the latest type of G.W.R. locomotives, the “ King 
George V ” was shipped to America for the Exhibition 
along with the reconstructed old broad-gauge engine, 
“North Star.”” The souvenir booklet is intended for 
distribution to visitors at the Exhibition, and contains 
a considerable amount of information respecting Great 
Western Railway locomotives and cognate subjects, The 
pamphlet is well illustrated, and contains a large-scale 
map of the Great Western Railway system. 
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THE SHIPPING, ENGINEERING AND 
MACHINERY EXHIBITION AT 
OLYMPIA. 

(Concluded from page 360.) 

ALTHOUGH we bave devoted a large amount of 
space to the description of machinery and appara- 
tus at this exhibition, which closes to-morrow, it has 
not been possible to deal with the total amount of 
material which we would have desired. We describe 
a further selection of exhibits below, but are com- 
pelled to carry other descriptions over to later issues. 

In recent years, considerable attention has been 
devoted to the question of superheating on loco- 
motives, the usual arrangement adopted being to 
pass the steam through a series of pipes located in 
the smoke tubes of the boiler. With this arrange- 
ment, the degree of superheat obtainable is limited 
by the fact that there is a rapid fall in temperature 
of the gases as they pass through the smoke tubes. 
In the Cruse-Gray superheater, illustrated in Figs. 
104 and 105, above, which is shown by Messrs. 
Bolton’s Superheater and Pipe Works, Limited, 
Adswood, Stockport, a new type of element has 
been introduced which is claimed to overcome this 
disadvantage. As will be seen from Fig. 104, this 
element consists of two concentric tubes, the gases 
passing through the inner one, and the steam 
passing between the space formed between the 
outside of this tube and the smoke tube proper. It 
will be clear that the portion of the gases which pass 
through the inner tube gives up its heat solely for 
superheating purposes, as it is isolated from con- 
tact with the smoke tubes, and that the rapid fall 
in temperature, due to heat being extracted by the 
boiler water, is avoided. 

An advantage of the system which will not be so 
apparent is that the superheat temperature rises 
very rapidly with the starting of the engine, thus 
bringing the superheater within the field of local 
services. The construction of the superheater 
follows the latest practice. The header and elements 
are of wrought steel throughout, so that there are 
no castings employed at any point. All the elements 
have flanged connections, and each joint is securely 
held by standard bolts and nuts. Special attention 
has been given to the arrangement of the superheater 
to render all the elements easily accessible for 
inspection and cleaning. Any element can be with- 
drawn and replaced without interfering with any 
other part of the superheater. The same firm are 
showing the Bolton-Gray high-pressure sectional 
superheater for all types of cylindrical and water- 





tube boilers, together with examples of welded pipe 
work for high pressures and temperatures, and the 
Gray’s patent expansion downtake. Besides 
effectively sealing the downtake, this apparatus also 
strengthens the downtake walls and reduces the 
amount of black smoke produced. 

The location of the stand of Messrs. The British 
Rotary Filter Company, Limited, 76, Victoria- 
street, S.W.1, permits the display only of a labora- 
tory type of the British Rovac Rotary Filter shown 
in Fig. 106. As, however, the larger industrial 
units made by the firm are likely to be of more 
general interest to engineers, we have also selected 
one of them for description. This is shown in 
Fig. 107, together with certain details in Figs. 108 
and 109. The list of substances which are 
separated in cake form from a slurry in ordinary 
manufacturing processes is a very long one, and it 
may be taken for granted that, with all of them, 
continuous operation of the filter or other apparatus 
is desirable, not only on account of the saving of 
time and labour thereby attained, but also because 
the product is likely to be in a more uniform 
condition. 

The Rovac rotary filter consists of a drum, the 
peripheral surface of which carries a perforated 
filter plate, and cloth or gauze suitably supported. 
The drum revolves upon trunnions, and is partly 
submerged in a trough containing the slurry to be 
filtered. A vacuum set up inside that portion of the 
drum which is immersed in the slurry causes the 
liquid or filtrate to pass through the filter cloth, 
and the solids to form in a cake on the surface of 
the filter medium. By further rotation, the drum 
passes out of the slurry and, the vacuum still being 
maintained, the solids on the drum are effectively 
drained or dried. Further rotation substitutes an 
air, steam, or water pressure for the vacuum 
inside one of the drum cells to loosen or wash the 
cake from the filter cloth, and assist the action of 
the scraper knife in removing the solids. 

This varied sequence of operations is effected 
in the following manner. From Fig. 108, which 
shows the drum with the perforated filter plate sup- 
porting the cloth removed, it will be seen that the 
circumference is divided into a number of self- 
contained cells or compartments. These are of 
streamline form, and are led to corresponding 
ports at the end of the trunnion on which the valve 
head is fitted. The valve head, looking on the face 
against which the trunnion ports rotate, is shown 
in Fig. 109, the external appearance being visible 
from Fig. 107. The two large vertical pipes in this 
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latter view are those by which the filtrate is drawm 
off, the short sight glass at the top being provided 
to enable its precise condition to be observed at any 
moment. The two smaller pipes leading into the 
valve head at the side are for the air, steam, or 
water connection for loosening the cake, and for 
scouring the filter cloth once every complete 
revolution of the drum. The filtrate is drawn off 
by the pump which maintains the vacuum, being 
retained between the pump and the outlet from the 
drum in a suitable tank, from which it is removed 
by a filtrate pump. With some materials, it is 
necessary that the cake should be washed before 
removal from the cloth, and this is effected by 
sprays directed on to the outer surface somewhat 
as indicated in Fig. 106. The wash water is naturally 
drawn into the inside of the drum, but, by an 
appropriate arrangement of the valve head, it can 
be drawn off by one of the large pipes previously 
alluded to, the mother liquor being drawn off by 
the other. This, of course, involves the use of 
two vacuum tanks and two separate filtrate pumps. 

The valve head is also so designed as to ensure 
the correct phase of the revolution for the intro- 
duction of the steam, water, or compressed air for 
loosening the cake and cleaning the filter cloth. 
The trough in which the drum revolves is roughly 
triangular in side elevation, the apex of the triangle 
being occupied by the axis of the paddle shaft, by 
the rotation of which the slurry is kept from 
settling. The shaft can be kept rotating, even 
when the drum is standing, and the level of the 
slurry is kept constant by an adjustable overflow 
pipe. The materials of which the machine is 
made depend upon the nature of the slurry to be 
handled, cast-iron, bronze, aluminium, or special- 
resistant metals being used. In the same way 
the filter screen is varied, filter cloth, gauze, or 
filter stone being provided as required, while the 
scraper knife is adjustable, and can also be varied, 
a rubber take-off roller being fitted to remove 
certain colloidal cakes. The scraper knife is shown 
in operation in Fig. 106, in which the vacuum tank 
containing filtrate is also visible. The laboratory 
model shown in this figure has only 2-5 sq. ft. of 
filter area, while the machine forming the subject of 
Fig. 107 has 35sq. ft. The largest pattern at present 
manufactured has a filter area of 200 sq. ft. The 
power consumption is low. 

The Spun-Sorbitic centrifugal castings shown on 
the stand of Messrs. Newton, Chambers and Com- 
pany, Limited, Thorncliffe Centrifugal Castings 
Department, Thorncliffe Ironworks, near Sheffield,. 
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constitute an interesting metallurgical exhibit. 
These castings, which comprise piston valve liners, 
pump liners and piston-ring drums, are made by the 
Hurst-Ball centrifugal casting process, and consist 
of a low-silicon cast iron having the eutectoid 
requirements of combined carbon in the finely- 
divided sorbitic form. In addition to the high- 
grade properties usually associated with sand-cast 
pearlitic iron, they possess the finely and uniformly- 
grained structure of centrifugal castings. The per- 


centage composition of the material, as determined 
by analysis, is as follows :—Combined carbon, 0-97 ; 
graphite, 2-03; total carbon, 3-00; silicon, 1°31 ; 
manganese, 0-42; sulphur, 0-11; and phosphorus, 
0-34. The tensile-test results obtained from test 
pieces cut from two rings indicate the strength of the 
The tests, which were conducted in 


material. 

















accordance with B.E.S.A. specification No. 5004, 
gave, in the first case, 28-9 tons per square inch, and, 
in the second, 26-4 tons per square inch. Cylindrical 
castings embodying ports, waterways, bosses, 
flanges, and belts can now be produced to any 
desired pattern, without the aid of expensive dies. 
This, needless to say, constitutes a distinct advan- 
tage. The castings machine exceptionally well at 
high speeds, and very good screw threads may 
be cut on them. The machined surface presents 
a smooth and uniform appearance free from 
defects. 

We have discussed more than once the policy 
of the Machine Tool Trades Association in restricting 
certain publicity activities of its members to a 
display at its own exhibition only. The effect of 
such restriction is very marked in the exhibition 
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Rovac Rotary Fiuters; Tue British Rotary Fitter Company, Limitep. 


now being described. Under English company 
titles we find collections of machine tools made in 
Germany or elsewhere, but the great names of 
the British trade are absent with one or two ex- 
ceptions. We do not for a moment belittle the tools 
so gathered together. They are, for the most part, 
of high standard and worth very close attention ; 
indeed, their good quality, both in design and 
manufacture, only emphasises the barrenness of the 
exhibition as regards competitive products from 
this country. No doubt more than one visitor, 
ignorant of the ban placed on general exhibitions by 
British machine tool makers, has drawn the wholly 
false inference that they had nothing as good to 
offer, and had therefore kept away. We are glad to 
see what the other man has to show, but express 
the hope that at the next exhibition of this kind 
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SpLinE GRINDER ; Mzssrs. E. H. Jones (Macuine Toots), Limtrep. 


Fias. 110 anv 111. 


opportunities for comparison with British material | 
will be given to the visitor. 

A striking assemblage of machine-tools of foreign | 
origin is found on the stand and annexe occupied | 
by Messrs. E. H. Jones (Machine Tools), Limited, 
Britannia Wharf, Baldwin Terrace, N.1, and two 
of these, the products of Fritz Werner Aktien- | 
Gesellschaft, Berlin-Marienfelde, we illustrate in | 
Figs. 110 to 113, onthis page. The increasing use of | 
the spline shaft, both in automobile and machine- 
tool practice, is being met by special apparatus for 
forming it. In the present example of a semi- 
automatic spline shaft grinding machine, Figs. 110 
and 111, three motors are used, for operating the | 
wheel, traversing the grinding head, and indexing 
the work respectively. Their location can be made 
out in the figures. The bed is a box casting of 
ample proportions. As will be seen from Fig. 110, 
there are two distinct ways, that for the grinding 
head being at a lower level than that carrying 
the tailstock, and having one V groove and one 
flat surface. The headstock is seen to the left of 
the bed in Fig. 110. It carries a collet chuck to | 
take one end of the spline shaft, the other being | 
supported on an ordinary centre on the tailstock. | 
The chuck is rotated by the small motor, situated 


above it, through a sufficient angle to expose a new | 
This is done auto- | 
matically and continuously, that is, the movement | 
With | 


groove to the grinding wheel. 


is made after each traverse of the wheel. 
hand indexing, there is a tendency to finish one groove 
at a time, which sometimes results in uneven work, 
due to wear of the grinder taking place before the 
last groove is reached. 


circumference of the shaft and the dividing accuracy 
is very high, being correct to 0-0004 in. Means are 
provided for altering the indexing to suit different 
numbers of grooves. 

The grinding head, in the centre of Fig. 110, 
carries its own motor, and the length of traverse 
may be varied to suit the length of the work. Varia- | 
tion in diameter for different sl afts, and for differ- 
ences in diameter of the grinding wheel, is met by | 
carrying the latter on a vertical slide. The head is | 
provided with means for dressing the wheels, and 
with swinging gauge arms. The maximum diameter 
of shaft that can be ground is 2 in., and the machines 
are made in four different sizes, to take varying | 
lengths of spindle ranging from 28 in. to 80in. The 
power required in all the sizes is 5 to 6-h.p. The 
controls are all readily accessible from the front 
of the machine. 

A cardinal feature of this grinder is that two | 
operations are performed on each spline shaft, as | 
follows. The circular portion of the shaft is ground | 


With continuous automatic | 
indexing, the wear is distributed evenly over the | 
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by a wheel concave on its periphery, and then the 


| sides of the splines are ground by a pair of wheels | 
The splines are ground quite | 
and the particular one in use at any moment is 


astride of the shaft. 
truly relative to the axis of the shaft, and all that is 
necessary to ensure accuracy is the measurement of 
the spline by a gap gauge. The several wheels are 
rapidly dressed by means of the device carried on the 
head, while the trueing of a wheel, for grinding a 


spline groove in one operation, involves obtaining | 
two angular faces and a concave periphery all in | 
their correct relative positions and is a matter of | 


some difficulty. 


The other tool we have selected for description is | 


also made by Messrs. Werner. It is an all-geared 


plain milling machine with self-contained motor drive | 
Rigidity | 
of the framework has been aimed at in the design, | 


and is illustrated in Figs. 112 and 113. 


and the column is particularly wide. The lower 
part contains the reservoir and pump for the 
cooling liquid, the latter being provided with a 
control lever for throwing it out of action. The 
upper part contains the spindle speed gears, of 
chrome nickel steel, and certain oil chambers from 


| of the controls. 


Of the two handwheels near the 
centre of the machine the largest operates the spindle 
speed change gear. There are eight spindle speeds, 


indicated by the revolutions per minute in plain 


| figures in a small glazed window near the handwheel. 


On a plate on the column are tabulated the cutting 
speeds under the diameters of the cutter and 
revolutions per minute. A similar useful device, 
giving the rates of feed, of which there are eight, is 
fitted at the smaller handwheel by which they are 
controlled. The feed spindle is operated from the 
main driving spindle by gear wheels, and the range 
of eight rates is, therefore, obtainable for each 
spindle speed. 

Stopping and starting are effected by a friction 
clutch operated by the long lever, seen at the centre 
of the machine and provided at both sides of it. 


|The motor or pulley may then be left running if 


desired, while the spindle is at rest. The handwheel 
near the top of the column is for adjustment of the 


| top arm, which is afterwards locked by the nuts on 


either side of the handwheel. The lifting and hand 


which oil is pumped over the gears and supplied | traversing gears for the table need no comment, 


to the main bearings. 


A main feature is simplicity | but the interesting turntable, fitted on the permanent 
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Fig.,114. Braun Heavy Duty LatHe; Mgssrs. Untrep Macuine Toot Company, LimItTEp. 
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table, is worth attention. This is a device intended 
to avoid idle time in setting work, and is.particularly 
useful for repetition work. It is shown in Fig. 112 
but notin Fig. 113. It consists of a swivelling table, 
which is locked exactly parallel to the slots of the 
machine table, and carries the work to be machined 
on one side of the centre. Finished work may be 
removed from the other half and new work fitted 
while milling is proceeding, and the machine is thus 
kept constantly at work, the table being swung round 
with fresh work as soon as a batch is completed. 

This principle is further developed in the circular 
table of the vertical continuous rotary milling 
machine in operation on Messrs. Jones’s stand. 
Machine tools of several kinds by various makers, 





comprising turret and other lathes, drilling 


LIMITED. 


machines and presses, vertical boring and turning 
mills, sawing and filing machines, &c., complete a 
well-chosen exhibit. 

One of the most notable selections of foreign 
machine tools is that on the two stands of Messrs. 
The United Machine Tool Company, Limited, 
Holborn Hall, Gray’s Inn-road, W.C.1. From the 
wide range of interesting machines displayed, we 
can only find space for a description of two, namely, 
the Braun heavy-duty sliding, surfacing and screw- 
cutting lathe illustrated in Fig. 114, above, and 
the Schmaltz automatic twist drill grinder, Fig. 115. 
The lathe, manufactured by Franz Braun Aktien- 
gesellschaft, Zerbst, has a very substantial bed, the 
vertical walls under the ways being cross-braced by 
a zig-zag arrangement of webs. The bed is sup- 





ported by cabinet legs at each end, that under the 
headstock containing the reservoir for the cooling 
fluid. The surfaces of the ways are chilled. An 
inverted V is provided at the front of the bed, 
immediately above the rack and leading screw, for 
the saddle, and a smaller inverted V is arranged at 
the back for the tailstock. The headstock is very 
neat, and is conveniently planned, the hand wheel 
and lever seen in the illustration near the chuck 
controlling the spindle speed, which is automatically 
recorded on a dial. The spindle is hollow, and only 
carries one spur wheel just behind the front bear- 
ing, thus reducing bending strains to a minimum. 
The sliding gears are carried on a countershaft, 
and, with a constant-speed motor drive or single- 
pulley drive, provide 12 spindle speeds. With the 
latter drive, the fitting of an additional back gear 
will double the number of spindle speeds. The 
lever at the end of the headstock is used when 
screw cutting to determine whether the thread shall 
be right or left hand. 

The lathe exhibited is fitted with a rapid-change 
gear box. This is seen immediately below the head- 
stock in Fig. 114. The leading screw and feed shaft 
are both driven from this box, with an interlock 
device. The gears permit the cutting of thirty-six 
different threads, Whitworth or metric as desired. 
Odd pitches can be cut by altering the change wheels. 
Operation of the change gear is very simple, rotation 
of the hand wheels shown, with a simultaneous lifting 
or lowering, as the case may be, effects the change, 
and indicates the position on a dial; the position 
required to give a particular result being shown 
on the engraved screw-cutting table above the 
hand wheels. The short lever on the box is for 
putting either the leading screw or feed shaft into 
gear. The long lever by the side of the box operates 
the reversing gear by means of clutches, and is 
connected by a separate shaft to another lever on 
the apron, so that control may be obtained from 
the saddle position as well as the headstock. 

The saddle cross-slide carries a tool post of 
ordinary pattern, but may be fitted with a turret. 
In either case stops are provided for both the 
longitudinal and cross traverse. The saddle apron 
is of box form, and the controls on it are very 
handily arranged. They control the direction of 
motion of the headstock spindle, starting and 
stopping, the feed, and reversal of the direction of 
the feed. Altogether the lathe is a good example of 
a straightforward machine for general work. 
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The automatic twist drill grinder, made by 
Messrs. Friedrich Schmaltz, G.M.B.H., Offenbach- 
on-Main, is shown in Fig. 115. It may be driven 
either by a motor, or from a self-contained counter- 
shaft. The body is made with a box base con- 
taining a tool cabinet, water tank, and pump. The 
drill holder can be rotated in a horizontal plane, so 
that it may be swung clear of the grinding wheel. The 
drill is held in a special chuck by a pair of jaws 
which grip it about ? in. to 1} in. from the point. 
Different sizes and formsof drillscan be accommodated 
by three collets of different bore and taper. These 
are pushed forward in the chuck by springs suitable 
to the particular length of drill being handled. The 
collets and springs not in use are stored in brackets 
on the side of the bed, as shown in Fig. 115. The 
drill is fed up to the wheel automatically, and both 
cutting angle and lip clearance can be regulated while 
the machine is running. The grinding wheel is 500 
mm. (19} in.) in diameter by 65 mm. (2% in.) thick, 
and in order to ensure even wear, is caused to oscillate 
in the direction of the length of its axis, the belt pulley 
upon which is made specially wide for this pur- 
pose. The smaller wheel, seen near this pulley, 
is for the point thinning attachment. The power 
required for this machine is 3-5 b.h.p. It can deal 
with drills from 30 mm. (1 ¥ in.) to 100 mm. (3 # in.) 
in diameter. A smaller machine for drills from 
10 mm. (# in.) to 60 mm. (2% in.) in diameter 
requires 2-h.p. The other tools making up this 
interesting exhibit are too numerous to particularise. 

We have already noticed certain forms of port- 
able electric tools. Other interesting examples 
are to be found on the stand of Messrs. Black and 
Decker, Limited, of Slough, Bucks. The standard de- 
signs of portable electric drills, &c., made by this firm 
have a substantial hexagonal body fitted with a uni- 
versal motor running on ball bearings, and cooled by 
a fan mounted on the armature shaft. A pistol 
grip combined with the trigger switch is fitted which 
increases the efficiency of the operator by affording 
more precise, and at the same time semi-automatic, 
control of the tool. A development in the direction 
of decreasing the weight of the tool, or conversely, 
increasing the power per lb. of weight while main- 
taining the speed, is to be found in the tools operat- 
ing on high cycle alternating current. These new 
tools have a squirrel-cage type of motor, running on 
current of a frequency of 180 cycles. The rotor is 
made of solid copper bars riveted and welded in 
position, and as there are consequently no revolving 
wires, commutator, or bushes, these sources of 
trouble in electric tools are eliminated. The rotor 
is mounted on ball bearings, the gears are of heat- 
treated high-grade steel, and the motor housing, 
gear casing, switch handle, &c., are of aluminium 
alloy, this combination resulting in a very light and 
simple tool which is likely to be very durable. This 
latter point is contributed to by the fact that, if the 
motor is stalled from any reason, there is nothing to 
burn out. Of course the installation of these tools 
is contingent on a supply of 180 cycle alternating 
current, which may present difficulties with only 
a few tools in use. We understand, however, that 
with ten or more tools, it is worth while to put in a 
special rotary transformer to supply the special 
current. 

Another appliance on this stand meriting com- 
ment is a semi-portable’ arm for carrying electric 
tools, such as drills, or stud-driving appliances. 
The arm is particularly useful when working on 
small and easily handled parts which do not need 
careful setting on a table, as for example nut run- 
ning on automobile cylinder heads which are moving 
ona conveyor. The appliance is shown in Fig. 116. 
The pedestal contains a vertically-adjustable spindle, 
with a travel of 24} ins., which carries in a long cross- 
head a sliding arm having a range of 24} in. to 27} in. 
dependent on the type of bracket fitted to hold the 





tool. In the figure, this is shown as partially rotat- 
able in a vertical plane, the total angle through | 
which it can be moved being 90 deg., that is 45 deg. | 
on each side of the horizontal centre. The total | 
vertical traverse of the tool, which is given by the | 
feed lever against the spring in the bracket, is 4 in. | 
As the tool may be swung round the bracket axis 

in a horizontal plane through a considerable arc, 

and the arm itself may revolve in a full circle, it is 

evident that the range of the tool is a large one. 
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Etrotric Loa; Mrssrs. ELectric SUBMERGED Loa Company, LIMITED. 
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Fig. 121. Rupprr ANGLE RecorDER; Messrs. 8. G. Brown, Limrrep. 


The principal exhibit on the stand of The 
Electric Submerged Log Company, of Trinity- 
square, London, E.C., is an apparatus bearing 
that name which has been designed by Captain 
B. Chernikeff. The log itself is illustrated in 
Fig. 117, page 390, and consists essentially of a 
brass casing with a handle on top. Near to its 
lower end, this casing is fitted with a flange for 
securing it to the hull, as shown in Fig. 118, while 
at the bottom is an eye in which the rotator vanes 
are carried. This rotator runs on an adjustable 
ball bearing, and consists of a simple vane device 
which, as it revolves, drives a small screw. This 
screw is in turn connected to a contact breaker in 
such a way that, every 11} revolutions of the vane, 
an impulse is sent over the connecting cable to 
the recording instruments on the bridge, or in other 
parts of the ship. The device is calibrated, so 
that contact is made once for every 400th part 
of a mile run by the ship. 

A special feature of the submerged log is that 
there is no packing round the vane device shaft, and 
the resistance to rotation, which is therefore very 
small, is practically constant at all speeds. The 
water-tight casing, in which the impulse mechanism 
is enclosed, is filled with oil, and brush friction 
at the electrical contacts is reduced to a minimum. 

The main instrument box, with which the log 
is connected, is shown in Fig. 119. As will be seen, 
it comprises a distance recorder, which registers 
every 400th part of a mile, and a speed indicator 
which is calibrated up to 36 knots. The case 
also contains the distributor, controlling switches, 
and a voltmeter, together with a small indicating 

e 





lamp which is lighted as each impulse is trans- 
mitted, thus showing whether the apparatus is in 
working order or not. The speed-indicator dial is 
calibrated in half-knots, and is composed of two 
parts, a time unit and a distance unit, which work 
in conjunction with one another, so that the speed 
is given directly. In the event of the speed changing, 
the necessary indication is given on the instrument 
within 21 secs. Any number of instruments can, 
of course, be operated from the one log via the 
main distributing box. The necessary current is 
supplied from an 8-volt accumulator. It may be 
noted that the log itself controls a relay in the main 
distributing box, and this in its turn distributes the 
necessary operating current through a commutator 
to the various instruments. A special feature about 
the instrument is that it will register with equal 
accuracy at both high and low speeds, as well as 
when the ship is altering its course very quickly. 
It is also unaffected by dip. Its position in the 
hull of the ship renders it immune from damage by 
floating obstructions, and it is also, it is claimed, 
unaffected by pitching and rolling. The dials of 
the distance recorders are calibrated up to 10,000 
miles, and the hands can be re-set at any time. 
In the separate instruments a speed table is 
provided below the indicator dial. This has 
a list of speeds up to 40 knots, together with the 
times in seconds, in parallel columns. Below this 
table there is a blue electric flash lamp, so that by 
noting the flashes of this lamp the speed of the 
vessel can be read off direct. The vane of the log 
used with this instrument is the same as that just 
described, except that 225 revolutions are made 
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between every contact, which corresponds to a 
distance of every 20th of a mile. 

The Anglo-Swedish Electric Welding Company, 
Limited, of Greenwich, London, are showing several 
examples of their well-known self-regulating welding 
sets, arranged for driving either by electric motors or 
oil engines, and designed for either portable or 
stationary work. The general appearance of these 
machines is illustrated in Fig. 120, on this page. 
In the machine shown, the generator can be regulated 
to give a constant output varying from 40 to 
250 amperes, while as much as 300 amperes can 
be supplied for short periods. It is totally enclosed, 
and regulation is entirely effected by a simple 
handwheel, which is fixed in front of a graduated 
scale. The set is suitable for welding with iron 
and steel electrodes from 2 mm. to 7 mm. in 
diameter, and with brass electrodes up to 5 mm. in 
diameter. Another piece of equipment on this stand, 
of which mention may be made, is a motor-generator, 
which will supply a constant current of from 10 to 
125 amps. and 150 amps. for short periods. It is 
suitable for use with iron and steel electrodes up to 
4 mm. in diameter. As regards the welding gener- 
ators made by this firm, it may be remarked that 
they are all provided with a small separate exciter 
on the main shaft, and that the various field windings 
are arranged so as to give the best open circuit and 
welding voltages for all sizes of electrodes within the 
capacity of the generator. The regulation is very 
precise. For instance, on the 250 amp. size of 
machine, there are 33 positions on the regulator, 
so that the use of a voltmeter and ammeter are 
said to be unnecessary. A table which gives the 
proper position on the regulator for welding with 
different sizes of steel, cast-iron, and bronze 
electrodes, is supplied with each generator. 

The layout of the stand of Messrs. 8. G. Brown, 
Limited, of North Acton, London, W., strikes a note 
of novelty in that an attempt has been made to 
install the apparatus shown in the positions in 
which it would actually be erected on board ship. 
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The arrangement followed is that of a modern bridge 
deck, at the fore end of which is the bridge itself. 
This houses the control unit of the automatic 
helmsmen, a new type of course recorder, and the 
rudder angle recorder, of which we give details 
below. A bearing repeater compass and electro- 
megaphones for two-way communications are also 
to be found here. Abaft this bridge is the chart 
room, which contains direction-finding equipment 
and a repeater compass, while further aft still is the 
Brown master gyro compass and its auxiliaries. 
The back part of the stand represents the after- 
steering engine-house, and contains the power unit 
of the automatic helmsman. This unit is started 
and stopped by the control unit on the bridge which, 
in turn, responds to any turning movement given to 
the master compass. The power unit is connected 
to an improvised rudder quadrant, while an arm 
from the rudder post is attached to a transmitter 
operating the rudder-angle recorder on the bridge. 
The various portions of this apparatus are illustrated 
in Fig. 121, on page 391. The transmitter unit, shown 
in the centre, consists of a step-by-step transmitter, 
actuated by a connecting link to a lever arm 
attached to the rudder post. The electrical circuit 
is closed as the rudder passes through the midship 
position, and thus gives automatic zero synchronisa- 
tion. The recorder unit, shown on the right, is 
arranged for marking a graph from a zero line in 
the centre to 45 deg. on each side. It consists of 
a clock mechanism which operates a continuous- 
running chart, and a step-by-step motor which is 
controlled from the rudder transmitter, and which 
actuates the recording pen. The fuse and resist- 
ance box, shown on the left, enables the instru- 
ment to be operated from the ship’s direct-current 
supply. 

How the sense of hearing in confirming normal, 
or detecting irregular, action in the internal parts 
of machines can be reinforced, is shown by the 
apparatus on the stand of Messrs. The Capac 
Company, Limited, 11, Wiilow-avenue, Barnes, 
S.W.13. The Bin-Aural apparatus there displayed 
enables obscure defects, such as lack of align- 
ment, insufficient lubrication, and other noise- 
creating and wear-causing troubles, to be traced to 
their source even when the parts are completely 
immersed in liquid. Defects from non-mechanical 
causes, such as leaks from water or gas pipes, can 
also be detected. Facilities are afforded on the 
stand for testing the instruments, which may be 
compared to the stethoscope of medicine, under 
actual working conditions. 

The sense of sight’ receives attention in the exhibit 
of Messrs. Ogilvy and Company, 20, Mortimer- 
street, W.1. This comprises a variety of micro- 
scopes and accessories, apparatus for photo-micro- 
graphy, and a Leitz profile projection machine. 
One of the most interesting exhibits consists of 
binocular magnifiers of which one pattern is shown 
in Fig. 122, on page 391. These are made by 
Messrs. Ernst Leitz, Wetzlar. The use of a single 
lens, worn over one eye, has long been a practice with 
watchmakers, but with the increase in production 
of fine and accurate instruments in the engineering 
world, something more effective was needed. The 
Leitz binocular magnifier, ¢s will be seen from the 
figure, leaves both hands free, and admits of a 
natural position of the head and eyes. It is carried 
upon a rack-and-pinion adjusting screw, by which 
the correct focus is obtained. As the eyes of 
most people differ somewhat in powers of vision, 
the left eyepiece is fitted with a slide for the 
correction of any such defect. The rack and 
pinion bracket may be attached to a curved stand 
for clamping to the edge of a table or bench, thus 
permitting swiveliing, tilting, and vertical move- 
ments. It may be used thus for the examination 
of finished parts. Other forms of stand permit the 
instrument to be moved about on a face plate, or 
on the table of a machine where, say, delicate 
drilling is being done. Actual operations can thus 
be watched. A modification of this stand with a 
horizontal arm removes the support entirely out of 
the way of the operator, should he require the 
space immediately in front of him to be clear. The 
magnifiers are made in two sizes, each of which has 
three pairs of eyepieces. That for low magnifica- 
tion, will enlarge 3}, 7 or 10$ diameters, according 
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Fig. 123. 
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to the eye piece, and has a working distance of 
about 5fins. The high magnification enlarges 10, 
20 or 30 diameters, and has a working distance of 
3}in. Binocular magnifiers are not to be confused 
with microscopes, as unlike the latter, they do not 
reverse or invert the image, while they have a 
stereoscopic effect. The use of both eyes is not 
so fatiguing as that of one eye only, and long- 
continued operations may be undertaken. 

The average marine motor, while probably giving 
as satisfactory service as a modern car engine, is 
designed with much less regard to external appear- 
ance. It is probable, however, that pleasure-craft 
owners in particular will ultimately insist on a neat 
layout, and it is interesting to note that the latest 
model designed by Messrs. J. W. Brooke and 
Company, Limited, Adrian Works, Lowestoft, 
leaves little to be desired in this respect. We 
illustrate this engine, which is shown on the firm’s 
stand with a number of older models, in Figs. 123 
and 124, above. The engine is rated at 40—100- 
h.p., and is based on the earlier 40—60-h.p. six- 
cylinder engine made by the firm. 

The cylinders, which have a bore of 4} in., the 
piston stroke being 4} in., are a neat monobloc 
casting with a detachable head, having a quickly 
detachable cover giving access to the vertical over- 
head valves and rocker mechanism. A feature of 
the valve mechanism lies in its location on the 
stationary rocker shaft. This is effected by means 
of split bushes secured by steel clips. By removing 
the latter, which can be done in a few moments, any 
one rocker can be slid off its valve or push rod. 
A hardened cap is imposed between the valve and 
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Messrs. J. W. BRoOKE AND Company, LIMITED. 


cup for the collection of surplus oil. The push rods, 
joined to a cup at the top end to form a seating for 
the ball of the rocker, are enclosed within the 
cylinder casting and within a neat aluminium cover. 
The forced-lubrication system delivers oil to the 
hollow rocker shaft, surplus oil draining back down 
the push rods over the rollers, and thence back 
to the sump, ensuring adequate lubrication of the 
valve gear, and also providing an oil cushion 
between the push rod and rollers. 

The drive for the camshaft, magneto, circulating 
pump, and dynamo is effected by Coventry silent 
chain, and is similar to that employed for the earlier 
engine, as described and illustrated on page 728 of 
vol. cxx of ENGINEERING. The chain driving the 
camshaft and magneto can be adjusted for tension 
by moving the housing for the magneto-spindle 
bearings laterally, slotted holes being provided for 
this purpose. The crankshaft has five bearings, and 
all reciprocating parts are housed within the top 
portion of the crank chamber, the lower half acting 
merely asa sump. The top portion may, therefore, 
be removed if required, leaving the lower portion 
on the engine beds, thus ensuring correct alignment 
on replacing. The reverse gear is of the con- 
ventional epicyclic type, forming one unit with 
the engine, and is totally enclosed. 

As will be clear from the illustration, the total 
enclosure of all parts is a special feature of the motor, 
and this applies particularly to the whole of the oil- 
circulating system, including the oil pump, which is 
housed within the timing case, forward of the motor, 
and is accessible by means of a small detachable 
cover. Starting is effected by means of a self- 


rocker, and the adjustable operating screw forms a | contained electric starter, housed with the electric 
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generator within the aft portion of the crank 
chamber. 

Other features of the engine, to which brief 
reference may be made, are that the exhaust and 
inlet are combined in one manifold, and that the 
plug leads are partially enclosed. The circulating 
pump is of the eccentric-drum type, and a three- 
way cock is fitted for passing the return water 
either to the exhaust pipe or directly overboard, 
as required. 

Another exhibit of the same firm, of which our 
space does not permit of more than a brief mention, 
is a runabout motor launch. This is 18 ft. long, 
and is equipped with a 10-h.p. motor. The design 


is very neatly carried out, and a special feature is | 


the arrangement of the controls to simulate motor- 
car practice, thus rendering the craft particularly 
easy to handle by those who are accustomed to car 
driving. The runabout has a speed of 16 m.p.h. 
Messrs. The Parsons Marine Steam Turbine 
Company, Limited, Wallsend-on-Tyne, have a 
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Hevte-SHaw-Breacoam GEAR; Messrs. GREENWOOD AND Bat Ley, LIMITED. 


characteristic and informative display, though 
naturally only a few parts of actual machinery, 
such as pinions and blading, can be exhibited, the 
greater part of the examples being models. Of the 
latter, perhaps the most noteworthy is that of a 
high-efficiency marine installation suitable for a 
single-screw vessel of 5,000 h.p. The arrangement 
embodies the experience gained in modern generating 
stations using high-pressure steam and with the new 
Clyde passenger steamer King George V, an account 
of which was given in ENGINEERING, vol. cxxii, 
page 321. The model shows water-tube boilers 
designed for a working pressure of at least 500 Ib. 
per square inch, with a temperature of 700 deg. F. 
There are three turbines driving separate pinions, 
and coupled through double-reduction gearing to the 
propeller shaft. The high-pressure turbine would 
run at 5,000 r.p.m., the intermediate pressure at 
3,000 r.p.m. and the low-pressure turbine at 1,700 
r.p.m. The propeller shaft would make 90 r.p.m., 
and the vessel would have a speed of about 14 knots, 











Another example of a turbine is found on the 
stand of Messrs. Greenwood and Batley, Limited, 


Albion Works, Leeds, who are showing a 20 
brake horse-power steam turbine of De Laval 
type with single-reduction double-helical gearing, 
and a semi-enclosed interpole compound-wound 
dynamo as used for ship lighting. The major 
exhibit, however, consists of examples and models of 
the Hele-Shaw Beacham patent variable-stroke 
pumps and transmission gears. The range covered 
is too wide to be described in full, but two new appli- 
cations will, we think, be found of special interest. 
These are shown in Figs. 125 to 127, annexed. Of 
these Figs. 126 and 127 illustrate a fixed-stroke pump 
specially designed for use as a hydraulic brake for 
large cranes and other types of lifting machinery. 
It is, of course, common knowledge that the absorp- 
tion of energy, inevitable in lowering heavy loads 
under control, commonly results in excessive genera- 
tion of heat, and consequent wear, when friction 
brakes are used. Hydraulic brakes have been 
accordingly fairly widely used for some years, but it 
is claimed that the Hele-Shaw Beacham pump has 
advantages over the older types of reciprocating 
pump used for this purpose, due to its even turning 
moment, compactaess, light weight, and lower cost. 

This new pump is generally very similar to that 
described in ENGINEERING, vol. cxx, page 477, 
but a marked difference exists in the bearings. As 
the purpose of the pump is to absorb power, it is 
unnecessary to provide for easy starting by fitting 
roller bearings, and accordingly, the present design 
contains plain bearings for the connecting-rod 
end and large eccentric. The heat generated is 
dissipated by the circulating working fluid, which, 
in this case, is ordinary lubricating oil. In the 
25-ton steam cranes, for which the design was 
originally developed, the brake pump is placed at the 
base of the crane, with an oil tank several feet above 
it, to which the suction pipe is connected. The 
discharge pipe is carried to the operator’s cabin 
at a height considerably above the pump, and is there 
provided with a special throttle valve having a 
handwheel control. An oil-return valve leads from 
the throttle valve back to the tank. 

Fig. 125 illustrates a new application of the gear 
to an electric warping capstan. The arrangement 
adopted, however, is merely for demonstration 
purposes, as the spring balance attached to the 
capstan rope will indicate. In practice, several 
different arrangements may be followed, as the 
method embraces the advantages of both electric 
and hydraulic transmission systems, without the 
costly piping of the latter. A Greenwood and 
Batley electric motor is coupled to a Hele-Shaw 
Beacham Pump, the pipes from which are con- 
nected to a motor of the same type. The motor 
is geared to the capstan by spur wheel and pinion. 
Complete control is obtained, and it is possible to 
stall the capstan completely without any damage to 
the electric motor, in fact, without any alteration 
in its speed. The winding speed of the capstan 
automatically varies with the load. Hand control 
can be fitted if required. 

The exhibits, which we have described in detail 
in this and our two preceding issues, in no way 
comprise all the equipment to which we should like 
to call attention, either because of the way in 
which it upholds the best traditions of the British 
shipping and engineering industries, or because 
it affords an excellent example of the adaptation 
of particular means to special ends. Unfortu- 
nately, however, our space is limited, and we must 
dismiss with little more than a mention the exhibits 
of a number of firms, which though certainly falling 
within the two above categories, have either been 
recently described by us or do not depart to any 
great extent from standard practice. 

For instance, Messrs. Edward Bennis and Com- 
pany, Limited, of Bolton, are showing the latest type 
of their chain-grate stoker, the links of which are 
constructed of a special alloy, while by a careful 
sub-division of the air, rapid ignition and combustion 
are secured, This, and the quick distillation of the 
volatile matter, ensures high output and maximum 
efficiency. Efficiency is also the keynote of the 
exhibit of Film Cooling Towers (1925), Limited, of 
London, who are showing a model of their well- 
known towers in which the water, after passing 
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through patent earthenware discharge syphon 
tubes, is broken up into drops by means of glazed 
earthenware splash cups, and then distributed 
over a large number of inclined flat laths arranged 
in zig-zag fashion. Messrs. E. Green and Son, 
Limited, of Wakefield, are exhibiting examples of 
all types of their celebrated economisers, as well as 
accessories, such as anti-incrustation pumps and 
tube-clearing machines. Various types of appara- 
tus for measuring water, gas, oil, air or steam are on 
view on the stand of Messrs. George Kent, Limited, 
of Luton. An interesting equipment is the oil 
meter with a rotary piston, which has been specially 
designed for measuring the fuel supply to oil-fired 
boilers, while the K.M./D. recorder, in conjunction 
with an orifice, will measure bulk supplies in any size 
of pipe line. The Lea Recorder Company, Limited, 
of Manchester, are showing a number of their 
well-known measuring devices in operation. These 
include coal meters for various types of stokers, 
and instruments for determining the flow of feed 
water and other similar supplies. United Water 
Softeners, Limited, of London, are exhibiting 
their ‘“‘ Permanent ”’ base exchange water softeners 
for use in the chemical, textile, and other industries, 
and also the Lassen-Hjort lime-soda continuous 
automatic water softener, the latest type of which, 
it is claimed, ensures perfect measurement and 
proportioning of the chemicals with efficient filtra- 
tion, and produces a water as soft as 1 deg. Clark 
with low residual alkalinity. Messrs. G. and J. 
Weir, Limited, of Cathcart are exhibiting samples 
of their well-known pumps, but the main part 
of their display is intended to show the great 
variety of uses to which Monel metal can be put. 
The resistant action of this alloy to rust and 
corrosion is well known, but the demonstration 
brings home these qualities to ship builders and 
engineers in a very practical way. 

Turning to another branch of engineering, the 
main exhibit on the stand of Super-Centrifugal 
Engineers, Limited, of London, is the Sharples 
super-centrifuge, of which full details have already 
appeared in these columns.* It may be recalled 
that it consists of a cast-iron frame, the top of 
which accommodates a bearing head. This head 
carries a spindle and revolving bowl, the bottom of 
which protrudes downwards and revolves in a 
guide bushing, which is held by a spring in its 
housing. The speed of the bowl is about 17,000 
r.p.m. 

Amongst the exhibitors who are showing efficient 
and well-designed prime-movers, mention may be 
made of Messrs. Blackstone and Company, Limited, 
of Stamford. This firm are showing two patterns 
of their spring-injection cold-starting oil engines, 
with outputs of 9 h.p. and 55 h.p. respectively ; 
the spring-injection mechanism itself is exhibited 
separately. Another piece of apparatus. is the 
firm’s combined petrol engine and compressor. 
Messrs. Broom and Wade, Limited, of High 
Wycombe, have a good display of their well-known 
compressed-air appliances of all sizes. These 
include a rotary-type air compressor, which em- 
bodies new features, resulting in increased 
efficiency and higher speed. Messrs. Burmeister 
and Wain, of Copenhagen, Denmark, are exhibiting 
a single-cylinder model of their Diesel engine of a 1:5 
scale. The firm build engines of both the four-stroke 
single and double-acting’ type. One of the latter 
class, with eight cylinders, installed in the Car- 
narvon Castle, has been described in our columns.t 
The long-stroke crosshead single-acting type has 
been installed on the Orestes. Models of several 
ships, all of which have been built and engined by 
the firm, are shown. The Parsons Oil Engine 
Company, Limited, of Southampton, are showing 
three examples of the engines they have designed for 
marine work, in which great attention is paid to the 
space occupied. These sets have already been 
dealt with in our columns. On their stand Messrs. 
Robey and Company, Limited, of Lincoln, are 
making a special feature of their well-known cold- 
starting crude oil-engine, in which an eccentric 
drive is used for operating both the air and exhaust 
valve. These engines are also fitted with a spring- 





* See ENGINEERING, 1925, vol. cxix, page 226. 
+ See ENGINwERING, 1926, vol, cxxii, page 21, 








loaded relief valve, which is embodied in the air 
valve cage, thus providing the largest possible area 
to any excess of high-pressure which may occur in 
the cylinder, and enabling it to be dealt with 
without stopping the engine. 

Messrs. Thos. Firth and Sons, Limited, of 
Sheffield, are making an excellent display of their 
Stainless and Staybrite steels in both the raw and 
finished states. They are also showing examples of 
their “‘ Speedicut ’ high-speed drills, milling cutters 
and hacksaw blades, while special attention may be 
drawn to the samples of the firm’s new super-high- 
speed steel which are on view. Messrs. Hadfields, 
Limited, of Sheffield, are showing a number of 
interesting examples of dredger components which 
have been made of their “ Era” manganese steel, 
while a special feature is made of the application 
of the “ Hecla”’ and “ Era” steels to automobile 
work. A selection of products in the firm’s new 
heat-resisting and non-corrodible steels is also on 
view. 

Messrs. Filma Oil Burners, Ltd., 68, Victoria- 
street, S.W.1, are exhibiting the Filma self- 
contained oil firing unit, which is intended for 
marine-galley ranges, central-heating boilers, and 
baker’s ovens. The apparatus consists of an electric 
motor and valveless air compressor mounted on an 
oil container which may be located in any convenient 
position near the plant to be fired. 

The Godfrey Engineering Works of London, N., 
are showing a new design of automatic oxygen 
jet-cutting machine, by which irregular-shaped holes 
or profiles can be so accurately cut that a minimum of 
subsequent grinding is necessary. The display of 
Messrs. John Holroyd and Company, Limited, of 
Milnrow, is designed to show the work they are 
doing in gear-cutting and the production of castings. 
Messrs. Lacy-Hulbert and Company, Limited, of 
Croydon, are exhibiting a number of examples of 
their high-speed ball-bearing air-compressors for 
direct-coupling to petrol engines or electric motors, 
in which compactness and portability are features. 
The principal exhibit on the stand of Messrs. Hans 
Renold, Limited, of Manchester, is a display of stan- 
dard drives, which incorporates both the bush roller 
and inverted tooth type of chain. These drives are 
mounted on ball bearings to facilitate the demon- 
stration of their smooth running. Messrs. J. B. 
Stone and Company, Limited, of London, are 
showing an example of their patent nibbling machine 
which has been specially designed for the rapid cut- 
ting of sheet metal up to #; in. thick, while Messrs, 
S. Wolf and Company, Limited, of London, are 
exhibiting a number of types of Wolf portable 
electric tools and Boley precision machine tools. 
Special mention may be made of a multiple-spindle 
tapping machine, which is designed like a drill, but 
has an automatic reverse to the spindles. 

Among the instrument makers of various kinds 
Messrs. Barr and Stroud, of Glasgow, are showing 
examples of their well-known navigational range- 
finders and marine glasses, while the Foster Instru- 
ment Company, of Letchworth, are exhibiting various 
types of their temperature-measuring apparatus, 
especially those designed for marine use. 

As already stated, many of the exhibits thus 
briefly referred to have already been dealt with in 
our columns, but it would occupy too much space 
to give the reference in every case. 





EARTHQUAKE EXPERIENCE AND STRUCTURAL DESIGN. 
—The earthquakes in Japan have shown the necessity 
in structural work, for locations where earth tremors 
are prevalent, to resist the very dangerous forces which 
occur in the horizontal plane. A very good example is 
afforded by the Mitsui Bank in Tokyo, which is being 
erected at present. This building will be supported by 
150 framework columns with a cross section on the first 
floor level, 4 ft. 9 in. by 4 ft. 9in. The ceilings will all 
be framed structures. 


GENERAL STEAM DISTRIBUTION FROM A CENTRAL 
Sration.—aA contribution to steam practice, which may 
have a considerable bearing on the solution of the 
smoke problem in towns, has been made in Forst, Lau- 
sitz. This consists in distributing steam in pipes, 
erected in ferro-concrete channels below the pavement, 
from the central station to the many small works in the 
district around. To begin with, the development is 
limited to the immediate neighbourhood, but ultimately 
extension is intended to cover the entire industrial area 
of the town. The steam pressure at the station is 85 lb. 
per square inch and supply is given at 70 lb. per square 
inch to the consumers. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The position is much the same as a 
week ago. Development in some of the engineering 
branches is maintained, but in heavy steel conditions 
show weak patches, there being little evidence that the 
biggest users are disposed at the moment to encourage 
forward buying. Requirements of open-hearth steel 
must increase substantially before more furnaces can be 
restarted. A fair tonnage of steel-making hematites is 
going into consumption in the Sheffield district, but 
irregular working is still a dominant characteristic in the 
intermediate branches. Conditions at the steel foun- 
dries, while improved, are less active than current 
capacity allows. Some of the rolling mills are standing 
this week, while others have sufficient work to enable 
them to operate until Saturday. Orders however, are 
mostly of a scrappy description, involving the frequent 
changing of rolls and providing a very small margin of 
profit. Ship steel is gradually looking up. Sheffield 
will benefit, both from the standpoint of steel-making 
output and employment, from the order for three new 
vessels for the Canada British West Indies Service. 
Prices of raw and semi-finished materials are largely in 
a state of flux. Soft basic billets have risen 5s. per ton 
to 71. 5s., while a reduction of 10s. per ton is announced 
in hard basic qualities. These are now quoted at from 
7l. 12s. 6d. to 81. 2s, 6d. Lincolnshire and Derbyshire 
pig-iron prices are unaltered. South Yorkshire crown 
bars at 11/. per ton are 10s. cheaper. Business in ferro 
alloys is easy, with a light reduction in the price of 
tungsten powder. Further satisfactory business has 
been booked with the British automobile and electrical 
industries. Railway carriage builders have in hand 
fair orders on export account, but the volume of work 
in general railway stores is insufficient to employ plants 
fully. Special steel products are faring moderately. 
Export sales are in the ascendant. Light castings are 
an active line. Slackness is reported in files and edge 
tools, though outputs of spades and shovels are main- 
tained at a substantial level. Foreign penetration in 
overseas markets accounts for a considerable diminution 
in sales of plantation tools. 

South Yorkshire Coal Trade.—The restoration of 
normal working among mineral traffic. is assisting South 
Yorkshire collieries, but conditions mostly are quiet, with 
a tendency towards easier prices. The stronger inquiry 
for best grades of house fuel reported last week is fully 
maintained. On the other hand, the abundance of lower 
grades accounts for a general shading of prices. On the 
average, screened house coal has declined 9d. per ton, 
and screened house nuts are ls. per ton cheaper. The 
outlook for industrial fuel is stated to be more hopeful. 
Users will probably be tempted to place their require- 
ments more freely now that steam hards have been 
reduced an average of 6d. to ls. per ton. Slacks are an 
easier market, but there is a rather stronger export 
inquiry for furnace and foundry coke. Quotations :— 
Best handpicked branch, 27s, 6d. to 28s. 6d. ; best house 
coal, 21s. to 22s. 6d.; screened house coal, 18s, 6d. to 
19s. ; screened house nuts, 14s. 6d. to 16s. 6d.; York- 
shire hards, 14s. 6d. to 16s. 6d. ; Derbyshire hards, 15s. 
to 17s.; rough slacks, 9s. to 10s.; nutty slacks, 7s. to 
8s. ; smalls, 3s. to 5s. 6d. 








PrersonaL.—The London office address of Messrs. 
Factory Equipment Company has been changed from 
180, Windsor House, Victoria-street, S.W.1, to 584, Petty 
France, Westminster, S.W.1.—Owing to continued 
expansion of trade the offices and works of Messrs. 
Automatic and Electric Furnaces, Limited, have again 
been moved into larger premises, and on and after 
September 29 their address will be Elecfurn Works, 
North-road, Holloway, N.7.—The Westinghouse Inter- 
national Brake and Signal Company has been incorporated 
in Delaware, United States, with a capitalisation of one 
million shares having no par value. he company has 
been organised for the purpose of unifying the present 
American interests in Europe. 


TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in 
each case. The Municipality of Bulawayo, Southern 
Rhodesia, are inviting tenders, to be received by 
December 15, for the supply of one motor-driven fire 
engine, capable of delivering 150 gallons a minute, 
at a pressure of 135 lb. per square inch, or 120 gallons 
a@ minute at a pressure of 160 lb. per square inch. Full 
particulars may be obtained from the Town Engineer. 
(Ref. No. A 5210.}—The Public Works Department, 
Wellington, invite tenders, to be presented by February 
21, for the construction of the Wellington-Tawa flat 
deviation of the Wellington New Plymouth Railway. 
The deviation is approximately 7 miles long, and include 
the construction of a tunnel 2 miles 53 chains long, and 
the completion of another 60 chains long. The specifica- 
tion and drawings can be seen on application to Room 50 
of the Department of Overseas Trade, until September 30. 
(Ref. No. A 5234). The Chilean Public Works Depart- 
ment are inviting tenders for the supply and delivery of 
the followingiplant, &c., for the Iquique-Pintados Railway ; 
two four-motor 40-ton electrically operated overhead 
travelling cranes “ Selson ’” type; one three-motor 5-ton 
electrically operated overhead travelling crane ‘‘ Selson ” 
type ; construction of a rolling-stock repair work shop for 
examination purposes only; and one cargo lift of 700 
kilos capacity. Tenders to reach Santiago, Chile, by 
November 14 (Ref. No, AX. 5198). 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig iron con- 
tinues to be taken up on scale, with which the restricted 
production cannot cope, and stocks are consequently 
gradually diminishing. Ruling rates are inducing local 
foundries and firms in Scotland to take better supplies ; 
while home customers at a distance are paying more 
attention to this market. It is gratifying to learn of 
odd sales to the Continent. For home purposes, No. 1 
Cleveland is 70s. ; No. 3, g.m.b., 67s. 6d. ; No. 4, foundry, 
66s. 6d.; and No. 4, forge, 66s.; while for despatch to 
Scotland and for shipment abroad, fixed quotations are 
half-a-crown below the foregoing figures. 

Hematite.—Continued slow but steady improvements 
in demand for East coast hematite iron, both for home 
use and for export, encourages hope of an early appreciable 
strengthening of the statistical situation in this branch. 
This is still unsatisfactory, makers’ stocks being heavy. 
Continental inquiry is entirely for iron to special analysis 
that has resulted in a fair number of sales. With the 
small output unequal to market needs, accumulations 
from the furnaces are gradually diminishing. Quotations 
are based on Nos. 1, 2 and 3, at 75s. 

Foreign Ore.—Business in foreign ore is at a standstill, 
and resumption of market operations of moment is not 
likely, until stocks have been substantially drawn upon. 
Nominally, best rubio remains at 21s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
on offer at unprofitable prices and sales are slow, but 
makers declare that ovens will be put out in preference 
to lowering market rates. Good medium qualities are 
18s. delivered here. 

Manufactured Iron and Steel.—Finished iron prices 
are steady, and quite a lot of work is being turned out. 
Steel producers also have considerable contracts to com- 
plete, but new orders both for manufactured iron and 
steel are still difficult to arrange. Under the rebate scheme 
an expansion of demand for heavy steel is anticipated. 
Common iron bars are 101. 15s.; best bars, 11/. 5s. ; 
best best bars, 11/. 15s.; iron rivets, 117. 15s.; steel 
rivets, 12/.; packing (parallel), 8/.; packing (tapered), 
111. ; steel billets (soft), 77. 12s. 6d. ; steel billets (medium) 
81. 2s. 6d.; steel billets (hard), 8/. 12s. 6d.; steel ship 
plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d. ; steel joists, 
7l. 12s. 6d.; heavy steel rails, 81. 10s.; and galvanised 
corrugated sheets, 141. 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.-—While the past week has not 
brought out much fresh work, there is certainly a better 
feeling all round ; and it is thought that the new conditions 
now ruling under the rebate scheme will gradually make 
for improvement in the Scottish steel trade. Specifica- 
tions are badly wanted by most of the makers, and at some 
of the works the plate mills are not kept running at any- 
thing near their capacity. Occasionally they have to be put 
off for a day or two for orders to accumulate. Sectional 
mills are also in much the same category, and a few days 
out of commission is not uncommon. Although the actual 
demand for material of all kinds is rather poor, the general 
inquiries, for the home market particularly, show signs 
of getting better, but in many cases, buyers are not 
desirous of committing themselves too far ahead. In the 
black sheet trade the conditions show little change. The 
heavy gauges are still moving very slowly, but in the 
lighter gauges the demand is a shade easier. There is 
quite a lot of work on hand in the latter connection, 
however, and autumn requirements are expected to 
show an increase. Prices continue firm and may be taken 
as follows: boiler plates, 11/. per ton; ship plates, 
81. 2s. 6d. per ton; sections, 7/. 12s. 6d. per ton; and 
sheets, 4 in. 91. per ton ; all delivered to Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade there is practically no change to 
report. Bar iron is in very poor demand, and there is 
difficulty in keeping plant employed. The steel re-rolling 
branches are also very quiet, and the outlook in both 
departments is not at all good. Prices are nominally 
steady at 10/. 15s. per ton for ‘‘ Crown ” bars, delivered 
to Glasgow stations. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade is 
still dull and quiet. Buyers are not very much in evidence 
and inquiries do not amount to a large tonnage. The reduc- 
tion in the number of furnaces in blast does not seem to 
have had any effect on supplies, as producers have large 
stocks on hand. At the moment the current output 
appears to be ample for requirements. Export orders are 
scarce and shipments continue small. The following are 
the current market quotations: Hematite, 77s. per 
ton, delivered at the steel works; foundry iron, No. 1, 
80s. per ton, and No. 3, 75s. per ton, both on trucks at 
maker’s yards. These prices might be shaded when a 
good tonnage lot is on offer. 

Contract.—It is reported that the North British Loco- 
motive Company, Limited, Glasgow, has received an 
order for 18 super-heated locomotives fitted with eight- 
wheeled tenders for the Rhodesia Railways. This con- 
tract was secured against severe competition, and the 
promise of good delivery was a factor in favour of the 
Glasgow firm. 








Tue British Science Guitp.—The third annual 
Norman Lockyer Lecture will be given by The Very Rev. 
Dean Inge, C.V.O., in the Goldsmiths Hall on the after- 
noon of Monday, November 21, by the kind permission of 
the Goldsmiths Company. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Sir Francis Taylor, the independent 
chairman of the South Wales Coal Board has issued an 
award in favour of the owners, in regard to the inter- 
pretation of a question as to whether each shift worker 
should stand alone for the purpose of calculating whether 
any amount of subsistence allowance should be paid in 
respect of that shift or whether the week must be the 
unit for calculation. The owners contended that a week 
was the unit for calculation and their view has been 
upheld by the independent chairman. This means that 
the total week’s earnings must be divided by the number 
of shifts worked, so as to arrive at the amount, if any, 
of subsistence allowance payable per shift for the week. 
The August returns of the coal export trade for South 
Wales are the worst for any month this year with the 
exception of January when traffic was recovering from 
the seven months’ strike. Shipments of coal, coke and 
fuel in August totalled only 2,235,594 tons, This was 
205,316 tons less than in July and: 667,000 tons below the 
March quantity. Shipments per working day in August 
were 93,150 tons, or 731 tons less than in July and 
17,805 tons per day less than in May. Compared with 
July, exports of coal were reduced by 171,200 tons to 
2,124,171 tons, shipments as cargo foreign being 
diminished by 151,894 tons to 1,713,202 tons, as bunkers 
foreign by 10,075 tons to 290,708 tons, and as cargo 
coastwise by 9,231 tons to 120,261 tons. Exports of 
fuel, too, were lowered by 33,413 tons to 105,312 tons, and 
of coke by 703 tons to 6,111 tons. The general position 
in the coal trade shows no material change. Inquiries 
are circulating rather more freely, but actual business 
continues restricted. The Bristol Electricity Works 
have bought 60,000 tons of Welsh small, and Newport 
(Mon.) Electricity Works want tenders for 12,000 tons of 
small over six months, or 24,000 tons over twelve months. 
The French Mercantile Marine are in the market for 40,000 
tons of large shipment over the last quarter of the year, 
and the Spanish Norte Railway are also inviting prices for 
20,000 tons of large. Supplies of large coal remain 
excessive despite pit stoppages, but prices are unaltered 
at 17s. 6d. to 20s. 6d., according to quality, as salesmen 
will not make further discounts, preferring to run the 
risk of pit stoppages. Smalls and sized coals, owing to 
lessened output of large, are in limited supply with prices 
firm, the former ruling from 11s, 6d. to 14s. 6d., according 
to quality. 

Iron and Steel.—Tinplaters are taking a ballot on a 
proposal for reducing the present shifts of 8 hours per day 
to 6 hours per day. It is believed that the ballot will 
be in favour of the shorter working day, but whether 
the employers will agree to the proposal remains to be 
seen. Meanwhile the export market remains as dull as 
ever. Shipments in the past week totalled only 8,037 
tons, which is the smallest volume for any week of the 
year. Exports of tinplates were reduced from 5,977 tons 
to 4,201 tons, and backplates from 2,001 tons to 1,057 
tons, but those of galvanised sheets increased from 
422 tons to 1,272 tons, and of other iron and steel. goods 
from 1,383 tons to 1,418 tons. 





INSTRUCTIONS TO SURVEYORS OF COAL-CARRYING 
VessELs.—We_ have received a pamphlet, with the 
above title, which has been prepared by the Board 
of Trade, Mercantile Marine Department. It is based 
on the recommendations contained in the first, second 
and third reports of the Informal Committee on Coal- 
carrying Vessels, 1924, 1925 and 1927. The instructions 
are divided into four separate sections as follows: 
security of hatchways, tarpaulins, cleats and coamings, 
and loading. 





NickeL INFORMATION BuREAU.—The Bureau of 
Information on Nickel, Limited, the function of which 
will be to collect and correlate the results of research and 
experience concerning the properties and applications 
of nickel and its alloys, and to place them at the disposal 
of British industry, has recently opened offices at 
2, Metal Exchange Buildings, Leadenhall-avenue, 
London, E.C.3. The manager of the Bureau is Mr. A. C. 
Sturney, B.Sc., A.R.S.M., who until recently was 
employed as research assistant at the National Physical 
Laboratory, Teddington. 





ContTracts.—Amongst the recent orders obtained by 
Messrs. Ransomes and Rapiers, Limited, of Ipswich, 
are the following: Two steam, one electric and one 
Diesel-driven excavator for Australia; a 34-ton mobile 
crane for Sydney; a 3$-ton mobile crane with shovel 
for Wellington ; and a 2-ton mobile crane for Singapore ; 
14 pairs of hydraulic buffer stops to stop a train of 
1,000 tons travelling at 12 m.p.h., and two pairs to 
stop a train of 400 tons travelling at 10 m.p.h., for 
the Buenos Ayres Great Southern Railway; and eight 
pairs of hydraulic buffer stops to stop a train of 500 tons 
travelling at 10 m.p.h.—Messrs. Hollings and Guest, 
Limited, Thimble Mill-lane, Birmingham, have obtained 
the contract for a hydraulic press and pumps for the 
Buenos Ayres and Pacific Railway Company, in connec- 
tion with their extensions.—Amongst recent business of 
interest received by Messrs. The Lea Record Company, 
Limited, 28, Deansgate, Manchester, are numerous 
repeat orders for their boiler feed and condensate recorders 
from Wallasey, Southport, Exeter, and Kettering Elec- 
trical Works; the South Metropolitan Gas Company ; 
Messrs. Pilkington Bros.; Messrs. Brunner Mond and 
Company ; and a repeat order for 17 boiler feed recorders 
for one of the large textile combines. Recent orders for 
their coal meters have been as follows :—10 for the 
Bristol Electrical Works, 18 for the Athens Electrical 








Works, and 12 for the Singapore Electrical Works, 





NOTICES OF MEETINGS. 





THE Farapay Socrety.—Wednesday, September 28, 
at 8 p.m., at the Chemical Society, Burlington House, 
Piccadilly, W.1. ‘‘The Electronic Theory of Valency, 
Part VI. The Molecular Structure of Strong and Weak 
Electrolytes. (6) Reversible Ionisation,” by Mr. T. 
Martin Lowry. ‘‘ The Effect of Temperature on Diffusion 
Potentials,” by Mr. E. B. R. Prideaux. ‘‘ The Ionisation 
of Polyhydrion Acids,” by Mr. C. Morton. “The 
Velocity of the Decomposition of Nitroacetic Acid in 
Aqueous Solution,” by Mr. K. J. Pedersen. 

THe ExectricaL Powgr ENGINEERS’ ASSOCIATION 
(SouTHERN Drviston).—Wednesday, September 28, at 
7 p.m., at the Institution of Electrical Engineers, Savoy- 
place, Victoria-embankment, W.C. 2. Lecture: *‘‘'The 
Use of Meters (Non-electrical) in Power Stations” by 
Mr. J. L. Hodgson. 

Tue Institution oF LocomoTIvVeE ENGINEERS (LON- 
DON).—Thursday, September 29, at 6.30 p.m., at Denison 
House, Vauxhall Bridge-road, S.W.1. Presidential 
Address by Mr. H. N. Gresley. 








INDIAN RarLway Progress : Erratum.—We much 
regret that in our issue of July 29, 1927, under the heading 
of “Indian Railway Progress,” there appears the state- 
ment that “goods revenue decreased by Rs. 200,000 
lakhs.”” This figure should read Rs. 200 lakhs, which is 
the equivalent of the Rs. 2 crores mentioned on page 19 
of Vol. I of the report under review. 





Soutn Arrican Ramway ExtTensions.—The pro- 
vision of adequate means of transport is one of the 
greatest factors in ensuring the development of the 
resources of any territory. This seems to be fully 
appreciated by the Railways and Harbours Board of 
the Union of South Africa, who have entered into an 
agreement with the Minister of Public Works of Southern 
Rhodesia for the construction of a road and railway 
bridge over the river Limpopo and the extension of the 
Pretoria-Messina line into Rhodesia. Absence of trans- 
port facilities has prevented the development of the coal- 
fields in the vicinity of Liebig’s Drift, where other 
minerals, notably copper, are also known to exist. The 
new line is approximately 9 miles long, not counting 
an extension of 1 mile into Southern Rhodesia, for 
which the Government of that territory will be re- 
sponsible. Other extensions contemplated are a line 
from Imvani to St. Marks, one from Capetown to Wolte- 
made, and a deviation line to serve the town of Louis 
Trichardt. Several extensions are now in progress, 
such as the line to the border of Swaziland, which will 
be opened to traffic shortly. 





THE Iron AND STEEL TRADE.—lIt is reported that 
conditions in the iron and steel markets have shown some 
improvement of late, and this was reflected in a larger 
attendance at the weekly meeting of the London Iron 
and Steel Exchange on Tuesday. It was stated that, 
although the usual autumn expansion in trade is not yet 
apparent, most of the British firms report that they 
have a good tonnage of work on their books. The posi- 
tion as regards pig-iron has improved, and, although 
consumers are still inclined to limit their contracts to 
small quantities, the buying has been sufficient to 
materially reduce the stocks in the producers’ hands. 
British steel makers continue to maintain the prices, which 
have been in force for some time past, and have benefited 
both by an improvement in the demand for structural 
material and increased activity in the shipyards. In 
the case of the latter, they have been helped by the 
advance in prices quoted by the German producers of 
this class of steel. There has been some buying of 
Continental finished steel material, particularly for 
overseas markets, and in this department Continental 
prices appear to be fairly well maintained. Competition 
amongst the British and also the Continental steel 
makers in the export department is still keen for any 
orders that come into the market. 





LauncH oF THE SS. “British Procress.”—On 
Friday, September 9, Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, successfully launched 
the single-screw tank steamer British Progress, which they . 
are building to the order of Messrs. The British Tanker 
Company, Limited. The vessel, which is built on the 
longitudinal system of framing to Lloyd’s class 100 Al, 
is designed to carry 6,400 tons on a mean draught of 
22 ft. 6 in.; she is of the two-deck type, with poop, 
bridge and forecastle, and her principal dimensions are : 
length, 394 ft. 6 in.; breadth, 50 ft.; and depth, 27 ft. 
6 in. Nine separate oil cargo compartments and five 
*tween deck tanks are fitted on each side of the ship ; 
and there is one cargo pump room, containing two 
horizontal duplex pumps, which runs from side to- side 
of the vessel, A cellular double bottom passes under 
the engine and boiler rooms. This is to be used for 
water ballast tanks. Accommodation for the captain and 
officers will be arranged for in deckhouses on the bridge 
and yee bridge decks, while the engineers will be berthed 
in a deckhouse on the poop deck, and the crew in the 
forecastle. The propelling machinery, which is to be 
supplied by the Wallsend Slipway and Engineering 
Company, will consist of inverted direct-acting triple- 
expansion engines, having cylinders 25 in., 42 in., 70 in., 
in diameter and a stroke of 48 in.; steam will be 
supplied by two single-ended boilers, each 16 ft. dia- 
meter and 12 ft. long, working at a pressure of 200 lb. 
and fitted for burning oil on the Wallsend-Howden 
system. The designed speed of the vessel when fully 








loaded is 11} knots, 
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_ 35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers 
the fact that the above is our SOLE ESpREss, 
and that no Paes ny exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIO | “ ENGINEERING, ** WESTRAND, 

ADDEEsS LONDON: 
TrLzPHONE NumMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING”? may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 





For the United Kingdom _.................. £3 5 0 
For Canada— 
Thin paper copies ................0000 £218 6 
Thick paper copies. ...............000 £3 3 0 
For all other places abroad— 
Thin papor copies ................:000 £3 3 0 
Thick paper copies ................... £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 














' for standing advertisements should be received 


10 days previous to the day of publication. 
All accounts are payable to “« ENGINEERING,” Ltd. 





' Cheques should be crossed “ The National Provincial 


Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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CO-PARTNERSHIP. 


CoMPLAINTS concerning the privileged position 
of workers in the sheltered trades have been 
vocal only in other than labour circles. It is 
difficult to believe, however, that the craftsmen 
engaged in producing goods for the export market, 
or in our shipyards, can be other than dissatisfied 
with the contrast between the moderate and 
perhaps precarious return they reap by the exercise 
of, it may be, special skill, and the assured and 
substantial reward received by relatively unskilled 
labour. Our railways are by far the most important 
of these sheltered industries, and as Parliament 
has prescribed that wage rates are to be regarded 
as a fundamental factor in the fixing of freight 
charges, it is a matter of direct concern to every 
other trade that labour costs per ton transported 
shall be substantially reduced. This appears to 
be recognised by the men themselves, and whilst 
they are very naturally indisposed to a revision 
downwards of wage rates, the conference last 
Monday between the management of the London 
Midland and Scottish Railway Company and the 
representatives of the men, indicates that the 
railway unions are prepared to help in increasing 
the efficiency of the service. To this end, 
arrangements are being made for periodical con- 
ferences on railway matters to be held in the 
principal towns, at which suggestions may be 
brought forward and discussed. This extension 
of the functions of the local sectional and railway 
councils appears to have been contemplated by 
the framers of the Railways Act of 1921, as the 
consideration of methods of organisation, of labour- 
saving appliances, and of questions of efficiency 
generally, was definitely included as one object to 
be pursued in addition to that of conciliation. 
By their action last Monday the railway unions 
seem to be definitely regarding themselves as 
co-partners in the operation of our lines. Fortu- 
nately a fine esprit de corps has long been charac- 
teristic of the railwaymen, who as a body have 
taken a pride in their work. In cases of accident 
the man responsible has repeatedly owned up at 
once to his error, and it will be remembered that 
during the war a depleted staff handled effectively 
more freight than had ever previously passed over 
the metals. The desire to profiteer out of the 
necessities of the nation, which was so pronounced 








amongst some sections of the community, was 
markedly less in evidence amongst the railwaymen, 
though there were no doubt some unsavoury excep- 
tions to this general rule. 

If the resolutions of the late Trade Union Congress 
are acted up to, the example of the L.M.S. railway- 
men is likely to be imitated elsewhere, and it is 
to be hoped that employers will meet this new 
conciliatory spirit more than half-way. Certainly 
for many years past the ill-will which has unfortu- 
nately been manifested on so many occasions 
has been purely one-sided. The modern employer 
is really anxious to earn the goodwill of his men, 
and profit-sharing and co-partnership schemes 
will probably become increasingly common. The 
late Sir George Livesey had little faith in simple 
profit-sharing schemes which he held resulted 
in permanent benefit to but few. The vast 
majority he found spent the bonus as soon as 
received, and such schemes instead of encouraging 
thrift had actually the reverse effect. He held, 
therefore, that the only practical way of converting 
the workmen into owners was the establishment 
of a profit-sharing co-partnership, in which the 
bonus was given largely in the form of stocks or 
shares. This plan is not, however. that which 
would be preferred by the workmen were they 
given freedom of choice in the matter, as they 
would in almost all cases “opt” for the cash in 
hand. It is stated, however, that if the plan is 
pursued for a few years, so that the holding of the 
individual represents what is to him a substantial 
sum, his objection to compulsory saving disappears, 
and he is often anxious to invest also some of his 
voluntary savings. 

Some interesting particulars of existing co- 
partnership schemes are described by Mr. E. W. 
Mundy, B.A., ina pamphlet recently published by the 
Industrial Co-partnership Association. The out- 
standing example is, of course, that of the South 
Metropolitan Gas Company, whose system dates 
from 30 years back. It was founded by Sir George 
Livesey amidst a storm of depreciation and abuse 
in certain sections of the popular press, but it 
has proved an outstanding success. It was, in 
fact, the scheme worked out here which was adopted 
as the model for the Whitley Joint Industrial 
Councils. This undertaking was the first, moreover, 
to appoint workmen directors, an example which has 
since been followed by a number of other firms. 
The objection has been raised that workmen gener- 
ally would fail to appreciate the importance of 
providing reserves for depreciation and development. 
Mr. Munday states that this actually occurred in 
the case of Messrs. Hans Renold, Limited, who were 
accused of ‘depreciating shamelessly,” to the 
detriment of the co-partners. When, however, the 
actual facts were established by the books and 
accounts of the company, the objectors were so 
thoroughly satisfied that some even suggested an 
increase of the allowance for depreciation. 

The claim that the full control of the industry 


should be entirely in the hands of the workers is - 


far less prominent to-day than it was but a few 
years since, when the trade union concerned objected 
to certain wood-workers at Port Sunlight taking 
advantage of the generous offers made to their 
employees by Messrs. Lever Brothers. 

One of the difficulties:to which all profit-sharing 
and co-partnership schemes are subject, is that 
really high profits are seldom made in works where 
such systems are applicable. As Mr. Mundy 
admits, the system is not applicable to private 
businesses or partnerships. It is these, however, 
that reap the pioneering profits which are at times 
extraordinary, but involve the acceptance of corres- 
ponding risks. In pre-war times it was practically 
impossible to secure with reasonable safety more 
than 6 per cent. by an investment in industrial 
securities. In the engineering trades the investment 
per man employed was then about 200/. and in the 
textile trades even less. In normal times high profits 
are never earned in industrial enterprises by capital 
per se, but are the reward of individual ability. 
This has been strikingly exemplified since the war 
by the history of motor manufacturing firms, a few 
of which have achieved an astounding success, 
whilst others, with equal advantages and oppor- 
tunities, have had a disastrous record. 
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Again, the various co-operative societies, have 
never earned any extraordinary profits, and their 
rate of development has been quite slow as com- 
pared with successful contemporaneous private 
enterprises. To earn big profits it is necessary to 
break new ground and to take risks which only the 
individual responsible to himself, or to two or 
three congenial partners, dare venture. Hence, the 
co-operative societies have founded no new industry, 
nor have they been responsible for any radical 
improvement in methods of distribution. They 
have thus avoided the risk of large losses, but 
at the same time have failed to reap the extra- 
ordinary and well-deserved profits of successful 
pioneering. In this connection it is interesting to 
note that the original Bessemer steel works at 
Sheffield earned on the average 100 per cent. every 
two months during the 14 years it was owned and 
operated by the original partners. The first two 
years, however, showed a loss and though there 
was a small profit on the third year’s operations it 
was insufficient to make good the deficit previously 
incurred. Both exceptional faith and exceptional 
ability were needed to make the works a success. 
A similar condition of affairs arose in the case of the 
early telephones. The stock of the pioneer company 
could at one time be bought for a mere fraction of 
its nominal value, and the individuals who kept 
their faith and saw the thing through fully deserved 
their ultimate high reward. It is quite certain that 
no exceptional risks will ever be undertaken by 
firms with co-partnership schemes, and whilst 
experience shows that they may be very prosperous, 
they will never show results in any way comparable 
with those achieved by men like Bessemer, Carnegie, 
Lord Leverhulme or Ford. 








THE MOTORSHIP AND TRADE 
ROUTES. 

THE true economist of our day is the engineer. 
Throughout his whole career one of his main quests 
is the provision of means for the reduction of costs, 
whether they be first costs, running expenses, repairs 
or replacements. He measures the value of his 
work in terms of the percentage efficiency of the 
plant he makes or uses, and is content with that. 
There are, however, other issues which show his 
value to the community, such as are the direct or 
indirect results of the improvement he has effected. 
In simple, any increase in the efficiency of a 
machine may have the effect of cheapening produc- 
tion to the extent necessary to cut out competition 
and to lead to the deflection of trade. As new type 
of plants and processes are evolved and yields are 
increased, the older machinery becomes obsolete 
and competition dictates its replacement. The aim 
of the engineer then to obtain even an extra 1 per 
cent. in efficiency may have an effect upon in- 
dustry and employment, which at first sight might 
appear quite out of proportion. An interesting 
example of the effects of increased efficiency is to be 
found in a consideration of the results of the use of 
oil engines for ship propulsion. 

The introduction of oil-engine propulsion for 
ships has had many effects, amongst them the 
alteration of trade routes, a demand for new vessels 
to meet the changed competition and the rendering 
available the resources of some parts of the world for 
the first time. These.matters were ably dealt with 
by Mr. A. C. Hardy, the editor of our American 
contemporary Motorship, in a contribution to 
the meeting which the Institute of Marine Engi- 
neers held at the Shipping and Engineering 
Exhibition at Olympia on Tuesday last. In 
opening his paper on “The Motorship in Rela- 
tion to World Trade Route;,”’ Mr. Hardy showed 
that the limitations in reutes suitable for the 
sailing ship, through the need for good prevailing 
winds, disappeared entirely when the steam-propelled 
vessel was put in service. It was then possible to 
follow any route most suitable for the trade, and 


this flexibility had the further effect of opening up | 
|or even grain, had to be transported. 


new sources for cargoes. At this period there was 
much interest in the development of colonial 
activity, and a great demand for British manu- 
facturers, and trade routes equipped with coaling 
stations became established ; the ‘* main lines ” to the 
East and to Australia were deflected through the 





Mediterranean Sea when the Suez Canal was opened. 
Eventually, the shipowner became attracted by the 
oil engine, and as the coaling stations were not 
always those best suited for oil bunkering the routes 
were changed to meet the new conditions. At this 
period the Panama Canal was opened, giving 
a shorter journey to certain parts of the globe. 
The old route from New York to the East was 
naturally by way of the Mediterranean Sea and the 
Suez Canal, and for coal-burning vessels this 
was largely retained. The motorship way was, 
however, by the Panama Canal, for it gave the 
advantage of cutting down the route distance 
between New York and Yokohama by 3,000 miles 
and that to Shanghai by 1,600 miles, and in 
addition the benefits of the good oil bunkering 
rates and facilities prevailing at San Pedro. 
Singapore and Colombo were much nearer to New 
York by the Suez Canal route than by Panama, but 
it was natural that vessels which had discharged 
cargo at Yokohama, Shanghai and Manila should 
continue their journey, picking up goods at the ports 
of the Dutch East Indies or Singapore, returning by 
the Suez Canal. Thus, a round-the-world service 
became established. Californian bunker oil and 
the shorter route to Australia and New Zealand 
had drawn to the Caribbean a number of vessels 
which would otherwise have gone by the Suez 
Canal route. For instance, when the Commonwealth 
and Dominion Line put their first two motorships 
into service, use was made of the Panama Canal, 
although their steam vessels used the Suez Canal 
route. Similarly, the converted motorship fleet of 
the United States Shipping Board, operated by the 
Roosevelt Company, were sent to the Australian 
wool ports by Panama. They then proceeded to the 
Indian ports and returned by Suez. There was no 
doubt that the Panama Canal, with its excellent 


| oil-bunkering facilities, had caused the creation of a 


number of trade routes upon which steamships were 
becoming very rare. 

When high-speed Diesel-propelled vessels were 
available, their competition with steamers at once 
became evident and led to remarkable changes. 
In 1925 the Kerr Line had a fleet of six motorships, 
all built in British yards, on the round-the-world 
service. It was for this reason that the Furness 
Withy steamers had to be replaced by motorships 
and, in placing their order with the German builders, 
the Furness Withy Company specified a speed of 
14 knots, or 3 knots in excess of the average sea 
speed of the Kerr Line boats. The rivalry was 
continued, by the Kerr concern starting to replace 
their 11-knot motor-freighters by vessels of practi- 
cally the same speed as the Furness -Withy boats. 
In consequence, there were now eleven of the 
fastest and best-equipped motor-freighters in the 
world operating from New York to the Far East. 
This competition led to other developments, the 
results of all competitive activity being cumulative, 
for the older Kerr fleet was used to create a new 
trans-Pacific service extending to Calcutta, but 
without calling at the Japanese, Chinese or Philip- 
pine ports, and returning by the same route. The 
motorship was thus a medium, which was definitely 
building up new routes and services. Further, 
owing to superior speed, the effect of competition 
with the slower steamers was evident. Increased 
speed had been followed by the bringing into 
existence of intermediate ships, such as those 
used by the Osaka Shosen Kabushiki Kaisha on their 
round-the-world service. This service established 
direct communication between Japan and South 
America via the South African ports and did not touch 
the Suez Canal or the Mediterranean Sea. In the 
course of their circuit these motorships take part in 
the Brazilian coffee trade, in which the rivalry of the 
motor vessels might be compared with that of the 
old clippers in the China tea trade. 

The development of motorship routes and services 
seemed to show that the fast motorship was 
necessary where valuable general cargoes were 
carried or when market commodities, such as coffee, 
In such 
cases, 14 knots was an advisable speed, Mr. Hardy 
thought, but suggested that although much had 
been talked about the 16-knot motor cargo ship it 
would not become general, at any rate for a period 
of years. When bulk cargoes in constant supply 





and demand were shipped, 11 knots was ample. 
The more perishable the cargo the greater was the 
need for speed, but for such services as the delivery 
of oil, or even grain, which was transported in a 
regular stream from source to place of demand the 
need for speed was not paramount. In recent years 
a marked tendency had been manifested towards 
the segregation of tonnage into specialised groups, 
for which purpose the motorship was particularly 
suitable, and designs were being developed for the 
particular requirements of special routes. 





ENGINEERING EXHIBITIONS AT 
TORONTO. 


In the past few weeks there have been held 
in Toronto, Ontario, two exhibitions of more than 
ordinary interest to engineers, in which it might 
quite well be to the advantage of firms at home to 
take some interest. One of the exhibitions to 
which we now refer is the Canadian National 
Exhibition, which, it is true, is an annual event, but 
which this year has been organised on a rather 
more ambitious scale than usual, owing to the 
Dominion celebrations. The other exhibition is the 
first of its kind, and, though on a relatively modest 
scale, bids fair to be successful, and in its own sphere 
has created a larger amount of interest. Thisis the 
first Steel and Power Exhibition to be held in the 
Dominion. It has been organised by a number of 
institutions, or rather by Canadian branches of such 
technical institutions as the American Society of 
Steel Treating, the American Welding Society, &c., 
and with the co-operation of the Canadian Engineer- 
ing Standards Association, the Ontario Section of 
the American Society of Mechanical Engineers, and 
soon. This exhibition has only been run for three 
days, but it has undoubtedly attracted the right 
kind of attendance. In the ordinary way the public 
has not been present, the attractions of the National 
exhibition, with its pleasure grounds, proving 
sufficient to prevent the crowd of non-technical 
visitors interfering with the more serious intention 
of the effort. 

At this show there was a very representative 
display in certain lines of engineering. Generally 
speaking, power house, heating and refrigeration 
plant were the lines best represented, while a number 
of steel firms, many with good Sheffield names, had 
products well displayed. There were, as far as 
could be gathered, no English firms directly repre- 
sented. Several, of course, were there under the 
form of the corresponding Canadian company, and 
many were represented by agents, &c. The whole 
exhibition was a very laudable effort, and should 
have a great encouragement for those responsible 
for the general administration, of whom mention 
should particularly be made of Mr. Campbell 
Bradshaw, who acted as chairman of the general 
committee. Credit is also due to the work put into 
the venture by Mr. L. J. Cudbird, to whose efforts 
the technical sessions largely owed their success. 

While we cannot devote space to a detailed 
description of this exhibition, it may be of interest 
to our readers to indicate some of the lines which 
were most prominent, with a view to the possible 
participation of British manufacturers on future 
occasions. Possibly the most noticeable class of 
exhibits was in boiler house appliances, including 
different forms of grates and stokers, while boiler 
work was illustrated by sample parts, drawings, &c. 
Feed pumps, pulverised fuel systems and other 
appliances were shown at several stands, including 
small turbine-driven units, an “ Atrita” set by 
the Riley Engineering and Supply Company, 
Toronto, an “‘ Aero” set by the Canadian Power 
Speciality Company, Limited, of Toronto, &c., the 
Babcock and Wilcox and Lopulco systems also being 
represented. 

One noticed a large number of indicating and 
recording appliances for boiler house work, water 
level indicators, and so on, while automatic controls 
on thermostatic principles were also very general. 
The latter included appliances for all sorts of uses, 
either for boiler house work proper or for domestic 
heating, cooking, &c. In connection with domestic 
heating, it should be remembered that in Canada 
this problem is tackled in an altogether different 
way fromathome. The furnace used in the ordinary 
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house is an isolated unit fed with small anthracite, 
or perhaps oil, a small motor and fan being fitted 
with the latter and sometimes with the former ; 
thermostats are placed in rooms about the house to 
regulate the rate of combustion automatically. 

Leaving steam work, mention may be made of 
various forms of pumps, including sump pumps in 
small and very portable unit form, electrically 
driven. Welding apparatus was also exhibited, 
both of the gas and arc type. Refractories of 
various types were also shown. Valves and fittings 
were exhibited by such firms as Messrs. Jenkins 
Brothers, Limited, of Montreal, Crane products also 
being displayed. 

Concurrently with the exhibition, technical 
sessions were held at which a large variety of topics 
was brought up. It is not possible to deal with 
this side at length, but the success of the programme 
was undoubtedly considerable. The subjects were 
taken in the form of short papers, or lectures, 
delivered by men engaged in special lines, and while 
particular reference to firms was avoided as far as 
possible, there appeared to be no hesitation in giving 
facts and prices. On Wednesday, August 31, the 
subjects ranged from the trend of metallurgy, 
taken by Dr. F. C. Langenberg, of the U.S. Army 
Watertown Arsenal, to water softening, pulverised 
coal, materials handling, &c. On September 1 a 
group of papers was taken on welding, with others of 
a more miscellaneous nature on boiler construction, 
non-corrosion steels, control of heating, &c. On 
September 2 heating was also considered, the 
subjects also covering pumping plant, combustion, 
&c. The latter subject was handled by Prof. E. A. 
Alleut, of Toronto University, who drew an analogy 
between the different forms of combustion processes 
made use of with pulverised fuel and oil firing and 
internal-combustion engines. In addition to these 
more technical sessions, the occasion was taken at 
two luncheons to discuss allied subjects. At one 
of these functions an address was given by Mr. B. 
Stuart McKenzie, of Ottawa, Secretary of the 
Canadian Engineering Standards Association, on 
“What Standardisation can do for Canadian 
Industry.” Major P. J. Cowan, who was present 
as a guest, on being invited to speak, gave some 
information regarding the genesis of the movement 
in Great Britain, and of the extent to which the 
movement had now gone, dealing also with the 
question of revision. On the second occasion, the 
subject taken was accident prevention. 

The general impression received through the three 
days of the exhibition and conference was that the 
effort had been fully justified, and was one of 
considerable promise. From the point of view of 
an onlooker the whole seemed to be most successful. 
Those attending were all persons directly interested 
in technical matters, a type of attendance much 
more valuable than mere numbers passing the 
turnstile. Even so, the numbers were considerable, 
and those responsible for the venture are to be 
congratulated on it. It is to be hoped that the 
encouragement received will make it possible to 
repeat the effort. Before the exhibition closed. 
we understand that inquiries had already been 
put in with regard to space for next year, and we 
are informed that it has now been decided to hold 
another function of the same kind about twelve 
months hence. This we cordially commend to the 
attention of British firms. Handled in the proper 
manner, we believe the opportunity thus offered 
would be conducive to a considerable amount of 
business, or lead the way to openings. 

As regards the larger exhibition, the exhibits 
covered motor vehicles, machinery (consisting 
largely of machine tools), materials and systems of 
construction, agricultural machinery and other 
classes in which our readers would take less interest. 
In the machinery section a number of Canadian 
firms exhibited their own products in the way of 
tools, though there was a considerable display of 
examples from the United States. English examples 
were not numerous, but those to be seen were 
fortunately from some of our first-class firms. 
Inquiries on the subject of business in products of 
this class were very encouraging. It was stated 
definitely that British makers were giving machines 
better able to stand up to the work at the same 
or a better price than their competitors. The 








remark was also made that wherever they sold a 
British machine the agents made a friend, and if 
work expanded secured repeat orders. It may here 
be remarked that, at one of the largest structural 
engineering works of the country, Asquith drills 
have lately been installed in large numbers, other 
recent additions being also British tools. Again, it 
is gratifying to learn that one of the leading firms 
has dropped the agency of a well-known line of 
tools manufactured in the United States to take 
up representation of a British firm. On all hands 
the impression received was that, if the two countries 
could be brought closer together, there would be 
very considerable openings for British tools in 
Canada. 

In the agricultural machinery section British 
products were not prominent. The bulk of the 
exhibits consisted of equipment of which Fordson, 
Cletrac and other traction units formed integral 
parts, such as graders and scarifiers for road work, 
snow plows, &c. One of the most interesting of 
these developments was a small power shovel in 
which was embodied a Fordson unit. In this machine 
the power unit was mounted on a raised platform, 
and from the differential shaft driving chains were 
run to sprockets at the front end of the chain- 
track gear on each side. The power for operating 
the shovel was taken from the gear-box by another 
chain to a gear drive under the revolving platform. 
The jib was arranged to be raised and lowered by 
hand, by cable gear and winch on the main mast, 
while the working and crowding movements for 
the shovel were power operated, and also arranged 
with cables. This development is the product of 
a Detroit firm. The Sawyer Massey Company, of 
Hamilton, Ont., showed the largest exhibit of 
Canadian machines. 

It was very interesting to note two British firms 
of first-class standing directly represented in this 
section. One of these, Messrs. Listers, of Dursley, 
represented by R. A. Lister Company, Stewart- 
street, Toronto, having factories in this country, 
showed a good range of small engine and 
electric-lighting units and separators. We under- 
stand that this firm has exhibited for some 
years at this show, and has found the results to 
justify the action. The second firm was a new-comer 
this year. Messrs. Winget (1924), Limited, of War- 
wick, who were exhibiting direct from England, 
showing their well-known open drum type concrete 
mixers suitable for road and other work. This 
exhibition was in charge of two responsible members 
of the English organisation. The impression 
conveyed by these two exhibits was distinctly good. 
The quality of the workmanship attracted con- 
siderable notice, and both are to be congratulated 
on enterprise which might well be emulated by 
others. There is not the faintest doubt that 
there is a good deal of business to be done in the 
country by British firms if they will face some 
initial expense to establish themselves in the market. 
Generally speaking, British prices are now said to 
be distinctly favourable to trade, as already implied, 
but they should not be raised above the present level 
and manufacturers must realise that some expense 
is unavoidable at the start. The best means 
probably of getting a good start would be to send 
someone to the country to study conditions, not 
only as regards articles required, and questions of 
representation, but of the actual scale of the 
expenses to be met. The point has frequently been 
raised that British firms do not allow their agents 
high enough commission, and that appropriations 
for advertising are absurdly small. It has to be 
remembered, in the first place, that the whole money 
scale is on a higher level in North America than in 
England. Where we spend, say, a shilling, the same 
service may require something like a dollar in the 
United States and Canada. If this is not appre- 
ciated by our firms, little business will be done. 
Agents, however willing, cannot be expected 
indefinitely to reject more tempting terms from 
United States firms. The same holds with regard 
to advertising. A case was brought to our notice 
of a British firm of standing allowing an agent a 
few hundred dollars for publicity in connection 
with the present National Exhibition. A corre- 
sponding United States firm secured by the same 
agent had allowed nearly as many thousand dollars 
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for the same purpose. On many occasions it was 
stated that, if firms who could easily get orders on 
price would for a time spend the difference in 
advertising, business would surely develop, and the 
people of the country would be only too glad to 
have this come about. 

In the motor car and motor vehicle field British 
firms were very poorly represented. In the British 
section of the exhibition only one English firm 
showed, and unfortunately staged cars with right- 
hand drive. In Canada the left-hand drive is 
universal, or practically so, and though it may be 
possible to argue people into believing that the 
right-hand drive does equally well, just as in 
England people at one time were argued into buy- 
ing cheap left-hand drive American cars, while the 
argument is taking place and before conviction is 
quite reached, very possibly the order is placed 
for an American car. How small a thing may 
influence sales of this kind may be illustrated by the 
experience of a United States firm which kept to 
a gate-change sequence of its own instead of 
adopting what is now known as the standard. So 
many sales fell through owing to this simple differ- 
ence that the firm has now abandoned its own 
for the accepted standard. If, in a detail of this 
kind, sales can be affected so considerably, it must 
be evident that a firm trying to place a right-hand 
drive machine on the market there must have a 
very uphill, if not impossible, task. It is true that 
certain sales have been effected, in the case under 
notice, but they are lamentably small, and the 
efforts of two whole years’ work, with a really suit- 
able car, could, we were assured, be equalled in a 
single month with ease. 

The difficulty of home firms being adequately 
represented at functions of this kind a long way 
off is obvious, especially in days when profits are 
so small that all outgoings have to be carefully 
scrutinised. The one show we have referred to is 
open only for three days, the other for about a 
fortnight. It may not be possible for firms to go 
to the expense of independant exhibits for such 
brief periods, yet it is believed that business could 
be obtained if the attempt were made. There is 
small prospect of anything being done from a great 
distance. People want to see the thing or something 
similar, except in the few special cases in which there 
is a prior knowledge of particular British firms. 
There is little doubt that representation in the 
Dominion is essential to success. This does in 
cases take the form of Canadian companies, . in 
which direction a certain degree of success appears 
to have been attained. It may be arranged by 
working in conjunction with sound agents and dis- 
tributors, if the terms are as good as those offered 
by United States firms. For equal terms the good 
houses in Canada to-day would prefer to do their busi- 
ness with Great Britain, keeping money circulating 
in the Empire. 

A third method of publicity might be developed 
by some form of group representation, but the 
burden of the whole matter is that, unless our 
products are put in front of the possible pur- 
chasers, our good friends and relatives will not un- 
naturally continue to draw supplies from the great 
emporium just to the south of them, and we can 
hardly blame them for doing so. At the present 
time Canada is intensely British and anxious 
above all to get more closely into touch with the 
Mother Country. On all sides one hears of the 
preference for British goods, and examples are 
cited of successful trading on these lines. The 
British manufacturer must, however, if this spirit 
is to survive, somehow compass things that our 
solid industries become better known in Canada. 
For the general development of trade it is futile 
for large portions of the British section at the 
National Exhibition to be devoted to soft drinks 
and candies. However well these are made in 
England, they can, in competition with the United 
States, result in a mere fraction of the trade possible 
in our staple industries, if properly worked. We 
trust that future years may see better advantage 
taken of these two exhibitions, and that British 
firms will seriously consider a policy which will go 
the whole length of meeting conditions of business 
in Canada instead of staying at home and expect- 
ing Canada to come to us. 
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THE IRON AND STEEL INSTITUTE. 

THE annual autumn meeting of the Iron and 
Steel Institute opened on Tuesday last, at the Royal 
Technical College, George-street, Glasgow, and 
closes to-day. The proceedings on the first day 
commenced at 10 a.m., when the members assembled 
in the Examination Hall of the Royal Technical 
College. Mr. John Craig, C.B.E., president of the 
West of Scotland Iron and Steel Institute, was in 
the chair. Cordial welcomes were extended to the 
Tron and Steel Institute by The Rt. Hon. The Lord 
Provost of Glasgow, Mr. Daniel Mason, by the 
president of the Glasgow Chamber of Commerce, 
Mr. James Morton, and by Mr. Craig. In replying 
on behalf of the Iron and Steel Institute, Mr. F. W. 
Harbord, the president, recalled the fact that this 
was the fourth meeting of the Institute to be held 
in Glasgow ; the previous meeting having taken place 
26 years ago. At the conclusion of the welcome 
meeting, the members proceeded to the Societies 
Room of the College for the reading and discussion 
of papers. Mr. Harbord occupied the chair, and 
his first announcement was that Mr. Benjamin 
Talbot had agreed to act as president of the Institute 
during 1928-29. 


AMERICAN IRON AND STEEL INDUSTRY. 


The first paper taken was entitled “‘ The Economic 
and Social Development of the American Iron and 
Steel Industry.” It was by Mr. T. W. Robinson, 
who read his contribution in abstract. We reproduce 
this paper on page 407 of the present issue. 

The first speaker in the discussion was Mr. B. 
Talbot, who remarked that Mr. Robinson had said 
that the first seven years of the decade beginning 
with 1890 had been. lean and hungry and that, by 
the time the pendulum had swung towards brighter 
things, the United States was ripe for the saving 
and profit that lay in combination. It was at this 
time, continued Mr. Talbot, that the great iron and 
steel firms had come to sanity. He himself had 
been engaged in the management of a steelworks 
in the East, and he could assure the meeting that 
the competition forced on Chicago from Pittsburgh 
was very keen, and, as a result, prices had gone 
down to very low figures. The combination, which 
had taken place at this juncture, had laid the 
foundation of the United States’ present presperity. 
The paper was of great importance, not only to a 
technical society such as the Institute, but also to 
those organisations, which were primarily concerned 
with labour questions. Mr. Robinson had placed 
before the meeting interesting figures of the outputs, 
which had been obtained by means of the open shop. 
As had been pointed out in the paper, all negotia- 
tions relative to working conditions were conducted 
directly between the men and the management, 
no outside interference being tolerated. One of 
the outstanding phrases contained in the paper 
was the following :—‘‘The true answer to the 
economic paradox of combined high wages and 
lowering prices of goods lies in the increased and 
unrivalled output of the individual American 
workman.” It should be remembered, however, 
that the United States was a greatly favoured 
nation in various ways. Not only was the demand 
for steel growing, but there was no limit to that 
demand in sight at present. It was therefore 
possible for United States steelmakers to go ahead 
in putting down plant and in developing resources ; 
they had the certainty that their efforts would be 
remunerative. 7 

Mr. Robinson had said that, prior to 1922, the 
iron and steel industry had been operated almost 
universally on the basis of 12 hours for continuous 
operations, and 10 hours for non-continuous opera- 
tions. In that year the present 8- and 10-hour 
working schedule had been adopted. He (Mr. 
Talbot) would like a little more information regard- 
ing the change, as the reduction to shorter hours 
could not have taken place automatically. The 
assets of the United States Steel’ Corporation had in- 
creased enormously ; this indicated good management 
over a long period of years. The questions of wel- 
fare, safety, and sanitation had been touched upon 
in the paper, and various figures were quoted. He 
doubted if these results would have been possible, 
if combination had not taken place. Individual 
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firms could not have undertaken the introduction of 
safety measures on such a large scale. 

Sir William J. Larke said that he was glad that 
Mr. Robinson had answered the riddle of America’s 
wonderful prosperity. He had said that a vital 
factor in the development of the twentieth century, 
and one which had been especially important in 
the United States since 1914, was the multiplication 
of individual effort rather than the effort of multi- 
plied individuals. He himself hoped that that 
phrase would be broadcast throughout the country 
and pondered over by labour leaders. Mr. Robin- 
son had also said that the larger the output of the 
individual workman, the greater the tendency to 
lower costs, and the greater the possibilities of 
returns in wages and in dividends. A great deal 
had been heard on the subject of the secret of high 
wages; low costs supplied the whole solution to 
the question: We were all striving to improve the 
standard of living of our people, and this could only 
be accomplished by a general lowering of costs. 
Dependent as we were on our large export trade, it 
was imperative that costs should be reduced. In 
the United States the workman had become a 
capitalist ; he had become a part owner in the 
concern in which he worked. This state of affairs 
should be extended to the whole of the industrial 
world. While on a visit to the United States he 
had been glad to see the care and trouble taken in 
the matter of the prevention of accidents and the 
general welfare of the workers. Much had been 
said against combinations in industry, but it was 
clear that combinations were designed to improve 
the efficiency of the constituent organisations, and, 
consequently, the products turned out by combina- 
tions were bound to be better than those turned out 
by individual firms. 

Mr. R. Sunstrém said that in the United States 
labour had apparently not mixed up politics and 
economic questions. This was one of the reasons 
why the co-operation between finance, management 
and labour had been so successful. Mr. F. A. E. 
Samuelson, who spoke next, stated that many wise 
things had been said by the author on the subject 
of increased production. It was, however, extremely 
difficult to put these facts, in the right way, before 
the right people. If it were possible to place the 
present paper in the hands of the working man, 
without his knowing how it had got there, it would 
do him a lot of good. The next speaker, Professor 
H. Louis, asked the author whether the 5-61 and 
6-70 per cent., mentioned by him as being the 
earnings for the years 1925 and 1926 on the capital 
invested in the iron and steel industry, included 
depreciation, &c. In the mining industry, with 
which he was connected, wasting assets had to be 
taken into account. The United States had the 
advantage, not only of the open shop, but also of 
free labour. To take an instance altogether outside 
questions of production and the like, a bricklayer in 
this country dare not lay more than 500 bricks a 
day. On the other hand, an American con- 
tractor had told him that he would not enter- 
tain engaging a man, unless he could lay 2,000 
bricks a day. 

Sir William Ellis said that he doubted whether 
United States steel workers realised what our 
difficulties were. We had some indication, however, 
that the spirit of animosity was passing away. The 
spirit prevailing at the recent Trades Union 
Congress was very encouraging ; it was very different 
from that of a year ago. Mr. J. Craig, who spoke 
next, said that the contribution they were discussing 
would make the present meeting memorable. He 
was afraid that many of the striking features of 
American industrial procedure could not be intro- 
duced into this country. Great Britain was 
hampered in many ways. There were certain 
people, who thought that the prosperity of the war 
years had left large sums of money in the hands of 
the steelmakers. By means of the excess profits 
duties, income and other taxes, however, the 
Government had made certain that no surplus money 
had been left to them. It was true that the plant, 
erected during the war, remained, but, on the other 
hand, this advantage had been largely neutralised 
by increased local taxation. He regretted that the 
United States was no longer a market for British 
iron and steel goods. He could well recall the 
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time when British iron and steelmakers found an 
outlet for their products in that country. 

The Hon. R. D. Kitson said that, years ago, 
things were done, which would not even be thought 
of nowadays. Some 30 or 40 years ago, in the case 
of a certain mill, the reasonable output of a particular 
article was 400 per diem, the men being paid so 
much per shift. By dint of hard work, this output 
could be increased to from 800 to 900 articles per 
diem. The extra rate of pay per 100 was fixed at 6d. 
He yentured to state that no member of that 
audience would ever think of placing such a low 
reward on the increased activity of the workmen. 
The next speaker, Mr. E. A. Atkins, stated that the 
author had given them a plain unvarnished account 
of the great industrial prosperity of the United 
States. Conditions in this country were, however, 
vastly different. Compared with continental 
manufacturers, British steelmakers were handi- 
capped to the extent of 15 per cent. Something had 
been said, during the discussion, regarding the unifi- 
cation of the steel industry in this country. If it 
was thought that the time was ripe for combination, 
it would be in the best interests of the industry to 
hold conferences on the subject as soon as possible. 
At all events we in this country had not adopted 
co-operation in the real sense of the term. A great 
deal more could be done, for instance, in matters 
relating to staffs. The very best man for each 
position should be procured, irrespective of in- 
fluence. In closing the discussion, Mr. Harbord 
stated that the keynote of the subject of the paper 
was co-operation, based on confidence. The masters 
had confidence in their men and the latter recipro- 
cated the feeling. 

In the course of a brief reply, Mr. T. W. Robinson 
stated that he had confined himself to facts as 
they existed in the United States. The introduction 
of the 8-hour day in continuous operations, and of 
the 10-hour day in non-continuous operations, had 
been brought about partly by public opinion and 
partly by other influences. Curiously enough, 
some of the opposition to the abolition of the 12-hour 
day had come from the men themselves. The 
5} per cent. and 6} per cent., mentioned in the paper, 
were interest on capital actually invested and were 
not calculated on the basis of capitalisation. He 
wished to extend a hearty invitation to British 
metallurgists to visit the United States either 
individually or collectively. 


MiLp STEEL UNDER STREss AT 300 DEG. C. 


The second paper taken was by Dr. W. Rosenhain 
and Professor D. Hanson. It dealt with ‘“‘ The 
Behaviour of Mild Steel under Prolonged Stress at 
300 deg. C.”” and was presented to the meeting by 
Professor Hanson. This paper will be found in 
abridged form on page 409 of the present issue. 

The first speaker in the discussion, Mr. C. E. 
Stromeyer, stated that he had recently published. 
a paper on the subject of boiler-plate steel. He had 
examined a large number of failures of that material, 
and had been able to ascribe reasons for all of them 
with the exception of 13. These latter were low in 
phosphorus and nitrogen, and no caustic embrittle- 
ment had been present. He was continuing his 
investigations, and hoped to probe the question of 
these 13 failures further. With regard to the present 
paper he would like the authors to make ultimate 
tenacity determinations on the materials, which 
had undergone the five years’ test, and also, if 
possible, to carry out bending tests. The next 
speaker, Mr. E. H. Saniter, stated that the hardening 
of the steel, as a result of straining, was an interesting 
phenomenon. Referring to Table II, he found that 
the Brinell number of specimen A9 was 59. This 
corresponded to a tensile strength of 14-75 tons 
per square inch. He had never heard of a steel 
having a tensile strength of 14-75 tons per square 
inch being used in the manufacture of boiler-plate. 

Mr. J. H. Whiteley stated that the sample of 
steel used in the tests was not typical of boiler 
material. Sulphur, 0-075 per cent., was high, 
and the carbon was unusually low, as was also 
the manganese. The tests were interesting because 
they had been carried out at a blue heat. If a 
plate were sheared at this temperature it was likely 
to be brittle. The conditions of the experiment 





were not exactly those of a boiler-plate in service. 
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The bubbling of the water and the action of the 
steam made the metal vibrate, and local cold-work 
effects were always present in a plate. Riveting, 
for instance, produced local cold-worked areas ; 
these were not present in the experiments. In his 
long experience in the manufacture of boiler plate, 
during which he had supervised the turning out of 
many tens of thousands of tons of the material, 
he had never yet met with a failure. Other works, 
using the same steel, had had trouble. He had 
examined pieces of material, which had proved 
faulty, but had not been able to ascertain the 
reason why. 

Dr. W. H. Hatfield stated that, generally speaking, 
he was gratified with the results. Some six or seven 
years previously it had been put forward by 
scientific workers that steel, exposed to stress at 
temperatures little above the normal, would eventu- 
ally fail. The results of the authors had shown that 
steel might be stressed to very high values, for a 
very long time, at 300 deg. C. and yet not fail. 
Incidentally, the temperature could be increased 
to 400 deg., or even slightly higher, without fracture 
taking place. The authors had stated that various 
suggestions had been made to account for the 
mysterious cracking of boiler plate, which had 
occurred in various circumstances. The view most 
generally accepted was that this was due to a 
combination of chemical attack with the application 
of severe local stresses. This, continued Dr. Hat- 
field, was not the general view held. If a mild 
steel boiler plate failed, this was due to some 
minor defect produced during manufacture. The 
agencies at work were either the widening of fine 
cracks originally present in the material, or the 
effect of local cold work. He also considered that the 
material chosen was unsuitable for boiler plate 
manufacture, and he thought that the authorities 
at the National Physical Laboratory should have 
come to industry in order to obtain a really good 
material to work upon. 

Mr. E. A. Atkins asked the authors if the same 
results would have been obtained, if the temperature 
had been subjected to variations between 100 deg. C. 
and 300 deg. C. Material which had been heated 
to 900 deg. C. and cooled slowly, particularly from 
720 deg. C. to 600 deg. C., had been used in the 
investigation. The structure consisted of ferrite 
crystals with inter-crystalline cementite films. He 
contended that such a material would prove brittle, 
and would be dangerous to use in boiler-plate 
manufacture, owing to the vibration to which it 
would be exposed. 

In his reply Professor D. Hanson stated that the 
Brinell tests recorded could not be regarded as 
strictly mechanical tests. The material was in the 
form of wide and flat test pieces, and the Brinell 
numbers had not been determined when using the 
standard load. It was, therefore, not fair to 
calculate the tensile strength values from them. 
The Brinell hardness numbers given in Table II 
should not be taken as absolute values; they 
were only comparative. In answer to Mr. Atkins 
he agreed that the steel referred to would be 
dangerous to use, not so much from the point of view 
of resistance to vibration as resistance to shock. 
This was why it had been put into that condition 
in the experiments, in order to see if prolonged 
stress at 300 deg. C. would cause it to fail. He 
could not say what would be the effect of variations 
in the temperature between 100 deg. C. and 300 
deg. C. 

(To be continued.) 





Rattway ELECTRIFICATION IN HunGary.—The work 
on the electrification of the Hungarian part of the line 
between Budapest and Vienna will be started this year. 





UNDERGROUND Rattway FoR Toxyo.—The muni- 
cipal authority of the City of Tokyo, Japan, has decided 
upon the construction of an underground railway system, 
which will cost about 17 million yens, or 1,650,000/. 





THE SHIPPING, ENGINEERING AND MACHINERY EXHIBI- 
TION aT OLyMPIA: ERRATUM.—We regret that, when 
dealing with the exhibits of the Cambridge Instrument 
Company, Limited, in our issue for September 9, the 
titles under Figs. 15 and 16, Plate XX, described the two 
instruments illustrated as Platinum-Resistance Thermo- 
meters. As will be clear from the text on page 319, ante, 
the instruments are actually of the thermo-electric type, 
and should have been entitled surface pyrometers under 
the illustrations. 





THE BRITISH ASSOCIATION AT 
LEEDS. 


(Continued from page 352.) 
SECTION G.—ENGINEERING. 


Low-Lirt AxtAaL-FLow Pumps. 


ConTINUING our report of the meeting on the 
6th inst., we have now to deal with the paper 
read by Mr. H. R. Lupton entitled ‘ Low-Lift 
Axial-Flow and Centrifugal Pumps,” of which he 
was the joint author with Mr. J. H. W. Gill. 
Mr. Lupton explained that the paper had been 
intended to form a report of some experiments on an 
axial-flow pump installed in the circulating-pump 
house at the Ferrybridge power station of the 
Yorkshire Electric Power Company, but the experi- 
ments, unfortunately, could not be completed in time. 
We shall reprint the paper in a later issue, and must 
now content ourselves with stating that it describes 
the construction and characteristics of axial-flow 
and axial-radial flow pumps for handling large 
volumes of water at low heads, and compares them 
with centrifugal pumps for similar duties. 

The discussion on the paper was opened by Mr. 
Charles Wicksteed, who asked what was the future 
for the axial-flow pump, and whether it was better 
or worse than a centrifugal pump for high pressures. 
Dr. J. S. Owens said the pump seemed to be suitable 
for use on suction dredgers, and Prof. Cramp, 
referring to the analogy between the electric genera- 
tor and the centrifugal pump given in the paper, 
said he had himself employed the same analogy 
in connection with fans, although it was, perhaps, 
dangerous to do so. The resistance in the armature 
of a dynamo, he said, was constant, while the corres- 
ponding quantity in a centrifugal pump was variable; 
moreover, there was nothing in a dynamo corres- 
ponding to the kinetic head in a pump. He was 
interested to see that the characteristic of the pump 
described by the author was a falling one, which 
was not very satisfactory in some cases. With a 
centrifugal pump, it was possible, by suitable 
design, to produce either a rising or a falling 
characteristic. For certain cases, the rising 
characteristic had many advantages. Prof. Lea, the 
last speaker on the paper, mentioned that, in the 
development of large hydraulic turbines during the 
last 20 years, or so, much use had been made of 
model experiments, and he asked if the author 
had found such experiments helpful in his investi- 
gations of the axial-flow pump. 

Mr. Lupton, who then replied briefly, said, in 
answer to Mr. Wicksteed, that the pumps described 
in his paper were not suitable for high pressures, 
but were intended for handling large volumes at low 
heads. He agreed with Dr. Owens that they would 
be useful for dredging work. With regard to 
Prof. Cramp’s remarks, he knew the electrical 
analogy was weak in some respects, but he thought 
it was helpful. The characteristic of the axial-flow 
pump, he added, was eminently satisfactory for the 
purposes for which such pumps were required. 
To Prof. Lea’s question on the subject of the 
use of model experiments in connection with the 
development of the pump, he replied that these 
had not actually been employed, although use was 
made of the principle of similarity in the preparation 
of the logarithmic diagram from which the output, 
and other data for any given pump, could be 
predicted. The rapidity with which the results 
could be obtained from the diagram rendered it 
extremely useful. 


TRANSPORT ON THE F'ARM. 


The paper, under the above title, by Mr. R. 
Borlase Matthews, formed the next item on the 
programme. This paper was reprinted in full 
in our issue of last week. 

The discussion was opened by Dr. A. Ekstrom, 
who said he had considerable experience in Sweden, 
of the class of work referred to in the paper, 
where there were over 3,000 farms using trans- 
port arrangements similar to those described. 
Dr. Ekstrom’s communication, however, dealt 
mainly with economic considerations in connection 
with the use of electricity in agriculture, and had 
little reference to transport problems. The electri- 
fication of a farm, he said. should be a profitable 





matter if"a two-part tariff were employed, as was 
at present used in many English towns for domestic 
supplies, the tariff including a fixed charge based on 
the rateable value, and a variable charge proportional 
to the energy consumed. On a small farm, the 
consumption would be about 16 units per acre for 
light and power, and a uniform charge of 3d. or 
4d. per unit should be profitable both to the consumer 
and the supply undertaking. If electricity were 
also used for cooking and water heating, the charge 
could be reduced considerably. In Sweden, a 
three-part tariff, which Dr. Ekstrom explained, 
was used when electricity was used for water 
heating as well as for light and power, the consumer 
paying a fixed annual charge for the energy supplied 
for water heating. 

Lieut.-Col. J. R. Yelf, who spoke on the subject 
of the distribution of manure, dealt with in the 
paper, asked if any experiments had been carried 
out to ascertain the loss of ammonia, &c., due to 
pumping. Liquid manure, he said, would appear 
to lose its value too soon, so that the crops would 
fail to benefit by its application. Humus was 
necessary for light soils to improve their texture, 
and this would apparently be lost if only liquid 
manure were applied. Moreover, if it were neces- 
sary to cart solid manure to the liquid tanks for 
mixing, there would appear to be little saving in 
cartage. 

In his reply, which was then taken, Mr. Matthews 
said he was glad to have the support of Dr. Ekstrom, 
and was interested to hear his reference to the fact 
that a price of 3d. or 4d. a unit was satisfactory. 
He had arrived at the same figure independently. 
A great deal had been said from time to time about 
the cost per unit, but the important point was 
how much work could be done per unit. The 
arrangement on the Continent appeared to be to 
make a uniform charge of 4d. a unit, but the 
two-part tariff had the important psychological 
advantage of appearing to be cheap. The great 
trouble was, of course, the cost of the transmission 
lines, which must be kept down to the minimum. 
With regard to the question of manure distribution 
raised by the last speaker, Mr. Matthews explained 
that, in one method, the liquid manure ran directly 
to the tank from the cow house and the solid manure 
was stacked, allowed to rot, and afterwards mixed 
in the tank and distributed. Another method 
was to use the manure fresh ; it was washed down 
every day and distributed over the fields almost 
daily. The latter process was coming into favour, 
as the volume of water used for washing down was 
sufficient to prevent any trouble from burning. The 
finely-divided manure, he added, seemed to be 
operating satisfactorily in Switzerland. 


PowER TRANSMISSION BY BELTs. 


The paper by Mr. H. W. Swift, entitled ‘““ New 
Apparatus for the Investigation of Belt Phenomena,” 
which formed the last item on the morning’s 
programme, was then taken. We shall print the 
paper in a later issue, but may now explain that it 
describes apparatus for testing belts under running 
conditions, in which speed, power, and mean tension 
can be controlled and measured, and the loss of 
speed and power determined. Power is obtained 
from a variable-speed motor, and may be returned 
mechanically by means of a belt, the arrangement 
permitting greater powers to be transmitted by the 
belt under test than can be supplied by the motor. 
As time was short, the discussion on the paper was 
confined to questions raised by various speakers. 
Mr. Charles Wicksteed asked for information on the 
subject of belt speeds, and enquired whether cotton 
or leather belts were most suitable for high-speed 
running. He also wished to know the relative 
advantages of iron and wood pulleys. Mr. C. E. 
Stromeyer asked if the effect of the distance between 
the pulley centres had been studied, and if any 
experiments had been made on steel belts, while 
Mr. Nugent M. Clougher asked for information 
on the subject of dressings for hair and leather 
belts to prevent slip. 

In replying, Mr. Swift said that, at the present 
stage, he was unable to give satisfactory answers to 
the questions raised. At present, attention was being 
confined to fundamental matters, but other factors 
would be investigated later. To Mr. Wicksteed’s 
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question on belt speeds he replied that, as the 
centrifugal force on a belt depended on the weight 
per unit length, a light belt was more suitable for 
high speeds than a heavy one. The question of the 
distance between the pulley centres was important. 
In calculating the catenary effect, it was necessary 
to take the span into account, and the actual quantity 
or number which determined the tightening effect 
in a horizontal belt was given by the expression 
aEw? [2 
— 
elastic modulus, w the weight per unit length, J the 
horizontal length and T, the initial tension. This 
showed that the effect increased as the square of the 
weight and of the length, but diminished as the 
cube of the light-running tension. No experiments 
on steel belts had been made so far in this country, 
although some had been carried out in America. 
The effect of dressings had not been gone into yet, 
but he would supply the information if and when it 
became available. 


(T'o be continued. ) 


» where a was the sectional area, E the 





LETTERS TO THE EDITOR. 


THE NEW HYDRAULICS. 


To THE EpiToR oF ENGINEERING. 


Srr,—Many years ago I developed a method of 
inventing by which one can work out new ideas methodi- 
cally instead of haphazard. One very fertile method 
is to take an idea which applies to one department and 
to apply it somewhere else to see if it will work there 
also. On these lines, I came to the conclusion, a 
considerable time ago, that, as a smooth golf ball 
does not fly as well as one with a dimpled—or pimpled 
—surface, and as most fishes have scaly skins instead of 
smooth ones, it might be advantageous to make the 
surfaces of objects moving through fluids with a dimpled 
or pimpled or scale-like surface. Nature can provide 
smooth skins, the eel for example, but the salmon has 
scales, and it can swim very fast. 
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In view of this, I was very glad to note that Professor 
Prandtl has demonstrated by experiments that there 
is something in the idea, and one hopes that his work 
will be developed, and that its consequences will be 
traced and the results put into operation both on air- 
planes and ships. Possibly there may be benefit in 
providing propellers with uneven surfaces, but much 
experimental work would be necessary to find out what 
kind of surface would give the best results. 

The method shown in the annexed figure, of testing 
the efficiency of propellers, may be of interest. It may 
be applied to propellers both with smooth and uneven 
surfaces, and will enable experimenters to find out 
just what happens on the surface of a propeller. The 
experimental blade is made with a hollow space inside, 
as shown in the diagram. This is filled with water and 
a hole is drilled at one part of the surface so that the 
pressure there is transmitted to the water inside. The 
pressure is transmitted to a gauge which is connected 
to the shaft through a gland. After experiments have 
been done at one spot, it is filled up and another hole 
is drilled, and gradually the conditions of working are 
traced out for the whole of the blade surface. It 
seems highly probable that useful data would be ob- 
tained along these lines. 

Yours faithfully, 
C. TURNBULL. 

Electricity, Works, North Shields, 

September 5, 1927. 
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THE SEVENOAKS ACCIDENT. 
To THE Epitor oF ENGINEERING. 

Sir,—The distressing accident at Sevenoaks, on 
which a Ministry of Transport Inquiry has just’ been 
concluded, raises questions of locomotive running 
which appear of fundamental interest. Whilst the 
writer cannot claim to speak with any authority on the 
steam locomotive, the issue, as he sees it, has no 
reference to the motive power employed, but is 
primarily one of wheel-arrangement. The locomotive 
involved was, in forward running, of the 2-4-4 type, 
having a bogie to the rear of the main wheel-base. This 
type has an inherent tendency to derail, which is only 
restrained by the wheel-flanges. 

The accompanying diagram, which is taken from the 
writer’s book Railway Electric Traction (Arnold), is 
intended to illustrate this action. It represents an 
elementary vehicle carried on two axles, of which one 
is transverse to a main frame, and the other is arranged, 
bogie-like, to swivel about a vertical axis passing 
through the centre of its own wheel-base, and in the 
longitudinal centre plane of the main frame. The 
axle traverse to the main frame represents, in running 
action, the two driving axles of the locomotive, whilst 
the axle in a swivelling frame represents the two axles 
of the bogie: the leading axle of the locomotive is not 
represented in the diagram, and in the writer’s opinion 
had no primary part in thederailment. In moving with 
bogie ahead (i.e., from full-line position to broken-line 
position), the wheels tend always to align: in moving 
with bogie behind, they tend to deviate. The action 
is, however, much more easily seen in a model, which 
can readily be constructed to accord with the diagram 
from ‘‘ Meccano”? or other similar toy parts. Started 
with bogie ahead, the model straightens out and runs 





time of purchase, even although from all appearances 
they might assume that the goods were of British 
manufacture. 
Yours faithfully, 
For Rudge-Whitworth, Limited, 
Joun V. Puen, 
Managing Director. 
Coventry, September 15, 1927. 





COKE v. OIL FUEL FOR DOMESTIC 
HEATING. 


To THE EpIToR oF ENGINEERING. 


S1r,—The writer welcomes the criticisms of his letters 
of July 29 and August 26, contained in your issue of 
September 9. Your correspondent has, however, misin- 
terpreted the meaning of the word “efficiency.” The 
term “efficiency ” is generally recognised to mean the 
number of units of the heat in the fuel that can be 
utilized for the purpose intended. 

If your correspondent refers to the writers’ letters, 
he will see that the term ‘‘ Useful Heat” has been 
most carefully adopted. As your correspondent has 
used the term “ gross” in connection with the calorific 
value of the coke burned in the test he quotes, perhaps 
it would clarify the position if one called this “* Useful 
Heat,” i.e., the heat that can be obtained from the 
fuel through the agency of the boiler, ‘‘ Net Heat.” 
It then becomes evident that your correspondent is 
comparing “gross”? calorific values of coke with net 
values of oil. He has disregarded the furnace efficiency 
of the boiler, i.e., the percentage of heat that can be 
obtained from the units of heat in the fuel when burned 





in a boiler furnace. If your correspondent is prepared 
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smoothly ; started with bogie in the rear, it shuts up 
and refuses to run. Though the rails and flanges 
prevent such action in a locomotive having a rear 
bogie, the tendency is always there, and increases in 
destructive effect with increase of speed; spreading 
the track, exciting a rolling motion of the locomotive, 
and awaiting some concatenation of unfavourable 
conditions to bring about derailment, which starts at 
a leading driving wheel. 

The beginnings of. a theory of locomotive running 
characteristics were given in the appendix to a paper 
on the ** Electric Locomotive ” read before the Institu- 
tion of Civil Engineers* in 1916. The theory is further 
developed, perhaps less attractively than it might 
have been, in the book referred to above. Whilst such 
a subject is not very amenable to rational explanation, 
the tendencies indicated by the analysis agree closely 
with experience, and are confirmed by the evidence of 
the present inquiry. 

ve Yours faithfully, 
F. W. Carter. 

Rugby, September 15, 1927. 








THE MERCHANDISE MARKS ACT. 
To THE Eprror oF ENGINEERING. 

Str,—My letter on this subject appearing in your 
issue of the 9th inst. has resulted in interesting corre- 
spondence. There seems to be a general concensus of 
opinion that Section 1 of the Merchandise Marks Act, 
1926, is really very narrow in its scope, and is only 
intended to prevent the affixing of British trade marks 
or trade names to foreign-made goods without the 
consent of the owner of the trade mark or name. It 
appears, therefore, still to be possible for a British 
trader to import his goods up to 100 per cent., and to 
affix his own British trade mark or trade name to such 
goods without any indication that the goods are of 
foreign origin. 

If the correspondence has done nothing else, it has 
probably drawn the attention of the public to the 
desirability, if they want British-made goods, of being 
careful to enquire as to the origin of the goods at the 





* See Minutes of Proc. Inst. C.E., vol. eci, page 248. 
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to contend that oil does not show an increased furnace 
efficiency as compared with coke, the writer will be glad 
to show how tests to determine such comparative 
efficiencies can be made, and how they will confirm 
the average figures of 50 per cent. and 62} per cent. 
which he quoted. 

Having indicated the main error in your correspon- 
dent’s comparison, the writer is prepared to agree that, 
under ideal test conditions, the gross calorific value of 
coke may be 82 per cent. This figure, it should be 
observed, corresponds with the figure of 60 per cent. 
given by the writer on the authority of the Chief Fuel 
Expert in the United States, Dr. F. M. Goss. And 
the opposing figure for oil is not “‘ 62} per cent.” as 
your correspondent suggests, but is indicated by the 
phrase in the writer’s letter ‘ oil is consumed to the 
extent of nearly 100 per cent.’ If we say 98 per cent. 
it would be a fair estimate. So that the true com- 
parison, on the basis of your correspondent’s figures, is 
a gross calorific value of coke of 82 per cent. and of 
oil of 98 percent. This is further modified by the writer’s 
claim that the furnace efficiency is 50 per cent. for coke 
and 623 per cent. for oil. 

Finally, as your correspondent has claimed favourable 
conditions for his coke values, the writer considers that 
he is entitled now to quote a good figure for oil costs. 
The price quoted originally was 51. 12s. 6d. per ton. 
This price is for oil purchased in ton lots and was 
quoted by the writer so that oil-burning costs could be 
seen in their worst aspect—when they still showed a 
better result than coke costs—but, in practice, oil 
would certainly be bought by most consumers in 
5 ton lots at a price of 41. 10s. per ton. The writer 
would be pleased if your correspondent would let him 
know the cost per ton of the coke burned in the tests he 
mentions. 

We are, Dear Sir, 
Yours faithfully, 
p.p. PARKER, WINDER AND ACHURCH, LIMITED, 
J. GREIG. 
Broad-street, Birmingham, September 15, 1927. 








New Quay at Havre.—Work is now in progress in 
the construction of a concrete quay of 2,000 ft. length at 
Havre. Plans have also been prepared for the building 





of a large dry dock. 
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LABOUR NOTES. 


Tue September issue of the Amalgamated Engineer- 
ing Union’s Monthly Journal states that at a meeting 
of theWorganisation’s National Railway Advisory 
Committee in Blackpool, it was decided to (1) apply 
to the Railways Staff Conference for an advance in 
the wages of apprentices; (2) request that national 
negotiations be opened in order to improve the wage 
conditions of day workers employed on the railways ; 
(3) ask the Executive Council to submit to the parties 
to the national negotiating machinery a national pro- 
gramme on behalf of railway members of the union 
as per the 1923 programme ; (4) apply for a uniform 
rate of wages for examiners in running sheds ; (5) make 
a national application for the supply of overalls and 
oilskins ; (6) appeal to all members to do everything 
possible to further the membership agreement ; and 
(7) enter into national negotiations for the adoption 
of a superannuation scheme for all members on rail- 
ways not at present covered by such provisions. 





The Monthly Trade Report of the United Pattern 
Makers’ Association states that the number of unem- 
ployed members increased during August from 626 
to 682. ‘‘ Every effort should be made,”’ Mr. Findlay, 
the general secretary, says, “to ‘shop’ the unemployed, 
especially where members are called upon to work 
overtime.” napeaee: 

A ballot of the members of the United Pattern 
Makers’ Association is to be taken for or against ter- 
minating the national agreement with the employers 
on Overtime and Payment by Results. . The Executive 
Council has decided, according to the organisation’s 
latest official report, that the Secretary be instructed 
“to put the pro and con of this question before the 
members prior to the vote being taken.” 





Commenting upon the regulations—which were 
summarised in these Notes a week ago—issued by the 
Treasury for the guidance of trade unions composed 
of Civil servants, the Post, the organ of the Union of 
Post Office Workers, says: “‘ It has come as a surprise 
to the Service that the new regulations go beyond the 
wording and presumably beyond the intention of the 
Act. There is nothing in the text of the recent Statute 
to suggest that the Service organisations are to be called 
upon to do anything more than comply with the terms 
of the new law. If an organisation clearly shows by 
its rules that it has no political connections, direct or 
indirect, and is not involved in any affiliations pro- 
scribed by the Act, it seems to us that, ipso facto, it 
complies with the provisions of the Act, and is entitled 
to enrol Civil Servants as members. It is an omen of a 
most sinister nature that the Treasury should exceed, 
in repressive measures, even the declared intention 
of the Government of the day. We hear that there is 
some likelihood of the matter being raised with the 
Treasury or with Parliament as soon as an opportunity 
presents itself.” 





After a meeting at Copenhagen, on Saturday last, of 
the International Marine Workers, Mr. Henson, the 
chairman of the Sailors’ Section, informed the Social- 
demokraten that the main subject under discussion was 
an eight-hours’ day at sea, which would be again 
raised, he said, at the Labour Conference of the League 
of Nations in 1929. It was feared, Mr. Henson added, 
that the Geneva Conference, dominated by shipowners’ 
representatives, would again reject the seamen’s claims, 
and it had therefore been decided that if Geneva refused 
to recognize a legal labour day at sea, every individual 
of the transport workers’ organisation throughout the 
world must be prepared for an international transport 
strike. 





The Ministry of Labour states that on September 12, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,052,600, of whom 829,400 were men, 34,500 
boys, 154,900 women, and 33,800 girls. Of the total 
number, 694,800 were wholly unemployed, 294,500 
temporarily stopped, and 63,300 normally in casual 
employment. On September 5, 1927, 693,582 persons 
were wholly unemployed, 317,112 temporarily stopped, 
and 63,926 normally in casual employment. Of the 
1,074,620 persons idle on the latter date, 840,493 
were men, 35,699 boys, 163,674 women, and 34,754 
girls. On September 13, 1926, the number of unem- 
ployed persons was 1,551,924, of whom 1,170,227 
were men, 47,081 boys, 288,077 women, and 46,539 
girls. The figures for September 13, 1926, were 
affected by the dispute in the coal-mining industry. 





According to The Ministry of Labour Gazette, employ- 
ment during August, apart from fluctuations due to the 
holiday season, showed little change on the whole 
as compared with July. A marked decline occurred 
in the pig-iron industry and in the manufacture of 


glass bottles, and there was a further seasonal decline 
in the motor-vehicle industry and in the tailoring trade. 
On the other hand, there was a slight improvement in 
coal mining, in the wire-manufacturing industry, and 
in jute manufacture. In the chief staple industries 
there was very little change. Among the workpeople 
(numbering approximately 12,000,000) insured against 
unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland, the per- 
centage unemployed (including those temporarily 
stopped as well as those wholly unemployed) in all 
industries taken together, was 9-4 at August 22, 1927, 
as compared with 9-3 at July 25, 1927, and 14-0 at 
August 23, 1926. The percentage wholly unemployed 
rose from 6-6 at July 25 to 6-8 at August 22, while 
the percentage temporarily stopped fell from 2-7 to 
2-6. ‘ 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in August resulted in an increase .of about 26,600I. 
in the weekly full-time wages of 285,000 workpeople, 
and in a reduction of 11,500/. in those. of 133,000 work- 
people. The principal increase in wages consisted of a 
special bonus of 2s. a week, granted to men of 21 years 
and over employed on plain time work in the engineer- 
ing and certain other metal industries.. There were 
increases in the minimum rates of wages fixed under 
the Trade Boards Acts for workers engaged in chain 
making, and in the brush and broom trade, and for 
piece. workers in the boot and shoe repairing trade. 
There -were reductions in the wages of coal miners 
in Warwickshire, Leicestershire, South Staffordshire 
and Somerset, the amount of the reduction, compared 
with the total rates previously in force, varying from 
about 4 to 7 per cent. There were also reductions in 
the wages of iron puddlers and millmen in the North 
of England, iron puddlers and iron and steel millmen 
in the Midlands and West Scotland, silk workers at 
Leek, and glass-bottle makers in Yorkshire. 





During the eight completed months of 1927, the 
changes reported to the Ministry of Labour in the indus- 
tries for which statistics are compiled have resulted 
in net increases of 30,6001. in the weekly full-time 
wages of 287,500 workpeople, and in net reductions 
of 319,000/. in those of 1,709,000 workpeople. Of the 
net increase, the engineering, shipbuilding and other 
metal trades accounted for 21,7001., and of the net 
reduction, the mining and quarrying industries 
accounted for 229,0001. In the corresponding period 
of 1926, there were net increases of 14,9001. in the 
weekly full-time wages of nearly 131,000 workpeople, 
and net reductions of 92,9001. in those of 950,000 work- 
people. 





The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning in 
August, was 22. In addition, 12 disputes which began 
before August were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in August (including workpeople thrown 
out of work at the establishments where disputes 
occurred, but not themselves parties to the disputes) 
was about 19,000; and the aggregate duration of all 
disputes during August was about 169,000 working 
days. These figures compare with totals of approxi- 
mately 25,000 workpeople involved and 104,000 work- 
ing days lost in the previous month. The aggregate 
duration of all disputes in progress in the first eight 
months of 1927 was about 954,000 working days, and 
the total number of workpeople involved in these 
disputes was 87,000. haat 

Detailed reports published in The Ministry of Labour 
Gazette state that in the pig-iron industry employment 
was bad, and showed a decline as compared with the 
previous month. Of the 442 furnaces, the number in 
blast at the end of August, 1927, was 165, compared 
with 174 in July, 1927. In the iron and steel trades 
employment continued slack ; short-time working was 
reported in many districts. In the tinplate and steel 
sheet trades employment continued bad. The number 
of mills in operation at the end of August, 1927, was 
466, compared with 471 in July, 1927, and with 300 in 
August, 1926. we Bho 

In the engineering trades, employment remained slack 
on the whole, and showed a further decline in the 
motor and cycle section. It continued fairly good in 
electrical engineering, and full time was still in operation 
at most railway works; in marine engineering employ- 
ment continued bad, and the textile-machinery section 
was still very depressed. In the shipbuilding and ship- 
repairing trades, employment remained very bad on 
the whole, and showed a slight decline on repair work 
as compared with the previous month. In the other 
metal trades, employment remained moderate on the 





whole. It was fairly good in the nut and bolt trade ; 


fair in the hollow-ware, sheet metal, edge tool, tube and 
file trades ; moderate in the needle and fishing tackle, 
brasswork, lock and latch, and cutlery trades; and slack 
in the stove and grate, key, wire, chain and anchor, 
jewellery and plates ware, and metallic-bedstead trades. 





The official organ of the International Labour Office 
states that the representatives of the Czechoslovak 
Metal Workers Trade Unions recently presented a joint 
petition to the Minister of Commerce, drawing attention 
to the depression in the metal industry and embodying 
proposals and demands. In the petition, the trade 
unions demanded the extension of unemployment relief 
beyond the statutory 13 weeks laid down by the 
Unemployment Insurance Act (Ghent system); the 
systematic organisation of food supplies for the unem- 
ployed and their families, and especially their children, 
when the head of the family had exhausted his right to 
unemployment relief ; an increase in the budgets of the 
Ministries of Public Works and Railways; revision 
of the building laws ; reduction in the rate of interest 
on industrial loans; the conclusion of commercial 
treaties with large States for the exploitation of Czecho- 
slovak mineral products; full recognition of Soviet 
Russia and the creation of a special fund to facilitate 
commercial relations with that country. 

Social reforms recommended by the petition included 
the revision of the laws on works councils, annual paid 
holidays and the validity of the contract of work during 
absence on military service ; revision of Section 82 of 
the Industrial Code (breach of contract by the 
employer) ; the introduction of Bills concerning social 
assistance for workers over 65 years of age excluded 
from social insurance, compulsory collective agree- 
ments, and the placing of the unemployed. The 
petition further protested against any weakening of the 
present system of social insurance, and drew attention 
to the difference existing between wage rates and the 
standards of prices created by the rise in the price of 
foodstuffs which had followed the establishment of 
fixed customs tariffs for agricultural products. If this 
difference continued to exist, stated the petition, the 
workers would be obliged to demand an increase in 
wages. The Minister promised to submit the petition 
to the Ministerial Council and the competent authorities 
for consideration. 





The first of the suggested conferences between 
officials of the London Midland and Scottish Railway 
and representatives of the three unions of railwaymen— 
the National Union of Railwaymen, the Associated 
Society of Locomotive Engineers and Firemen, and the 
Railway Clerks Association—took place on Tuesday at 
Liverpool. After a full and friendly discussion, the 
following resolutions were agreed to unanimously :— 
(1) That this meeting welcomes the declaration of the 
Company’s policy, which is in harmony with trade 
union policy, and undertakes to use every endeavour, 
by mutual co-operative effort, to further the business 
interest of the L.M.S. Railway; (2) That, in further- 
ance of the adopted policy, arrangements be made for 
early meetings of the Local District Committees at 
every place in the area at which they are established ; 
(3) That if, arising out of the discussions at meetings 
of the L.D.Cs., it is mutually deemed desirable that 
any questions of interest affecting the railway generally 
should be centrally discussed, meetings of the Sectional 
Council or Councils concerned be held for the purpose ; 
(4) That every individual member of the staff in all 
departments of the service be urged to give all possible 
assistance to his representatives, and to use every 
legitimate personal effort in furthering the aims and 
objects of this movement. 








A statement, issued by the railway Company’s head- 
quarters, contained the following:—‘‘ While the 
officials from headquarters will attend each one of the 
preliminary meetings, at which general principles as 
to the company’s operations will be fully and freely 
discussed, and suggestions invited, it is the intention of 
headquarters that afterwards, meetings of the local 
officers and the men shall be held in the principal towns, 
at which suggestions can be considered, and that any 
recommendations made jointly by the local officials 
and the men shall be, as far as it is practicable, carried 
out on the spot, although necessarily matters involving 
considerations of policy will be reserved for considera- 
tion by the headquarters staff. One interesting feature 
of the scheme is that railwaymen who serve on public 
bodies, and have, therefore, experience of how the 
railway service affects public welfare, will be invited 
to take part in the discussion at the area meetings.” 





At a meeting in London on Tuesday of the Executive 
Committee of the Miners’ Federation of Great Britain, 
consideration was given to the state of employment in 
the coal-mining industry. It was reported that, on 
various pretexts, miners who were unemployed were 





being deprived of unemployment benefit. Fuller 
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information is to be obtained from the districts, and 
afterwards the Minister of Labour is to be asked to 
receive a deputation in order that the grievance may 
be laid before him. Mr. Cook stated that 300,000 
miners were unemployed. It was decided to issue a 
monthly bulletin giving statistics of the industry, and 
including figures of foreign production and comparative 
figures of costs of production per ton at home and 
abroad. 


On Friday of last week, provisional terms of settle- 
ment of the strike of certain employees of the Bective 
Electric Company, London, were arrived at at a 
meeting between Mr. Rowan, the general secretary of 
the Electrical Trades Union, Mr. W. J. Webb, the 
London district secretary of the Union, and represen- 
tatives of the National Federated Electrical Associa- 
tions. The arrangement was, it is understood, that 
the men—who were on strike against the employment 
of a worker who was not, strictly speaking, a member 
of their organisation—should return to their employ- 
ment, leaving the matter in dispute to be adjusted by 
a joint committee. In spite, however, of a recommen- 
dation by the negotiators that the dispute should be 
ended and work resumed, the men decided, at a meeting 
on the following day, to remain idle. A meeting of 
the London District Committee on Wednesday night 
decided to support the strikers in their attitude and, 
in addition, to stop overtime at all London firms 
belonging to the Federation of which the Bective 
Company is a unit. 








H.M.S. ‘* LONDON.”’ 


THE cruiser London, which was included in the 
programme of 1925, and was laid down at Portsmouth 
Dockyard at the end of February, 1926, was launched 
on the 14th inst. by the Lady Mayoress of London. 
It is one of the four 1925 cruisers of the nine 10,000-ton 
vessels of the Kent class, and was designed by Sir W. J. 
Berry. Details of construction have not yet been 
published, but overall particulars are available through 
the usual sources of information. It is 590 ft. in length. 
As shown in the figure above, it is characterised in 
external appearance by a very high freeboard, com- 
parative lack of sheer forward, and general absence 
of flare ; in the last two respects following on the lines 
of the battleship Hood and the cruiser Effingham. 
Other features that have been reintroduced from 
earlier designs are the flush deck, and the provision 
of two light masts without platforms or tops. The 
control and observation positions, which in previous 
vessels were carried on the foremast, are here arranged 
in the bridge structures, following on the lines adopted 
in the Enterprise. No side armour is provided, but 
there is a 4-in. curved protective deck and the usual 
armoured shafts around ammunition hoists The 
armament consists of eight 8-in. and 20 smaller guns, 
in addition to four 4-in. anti-aircraft guns and eight 
torpedo tubes. The propelling machinery, made by 
the Fairfield Shipbuilding and Engineering Company, 
Limited, consists of Parsons geared turbines, driving 
four screws, and supplied with steam from Yarrow 
boilers, which are fired exclusively with fuel oil. The 
engines are designed to develop 90,000 shaft horse- 
power, and are estimated to give the ship a maintained 
sea speed of 31} knots to 32 knots. This is somewhat 
below the speeds attributed to contemporary vessels 
of foreign design, but it was preferred to have a 
continuous and sufficient speed at sea rather than 
a slightly-higher speed under merely trial conditions. 
It will be remarked that in its size, and in the provision 
of 6-in. guns, the ship does not adhere to the figures 
on which the Admiralty endeavoured recently, but with- 
out success, to arrive at ar agreement with the United 
States and France in respect to the restriction of 
naval expenditure. The ‘particulars given above show 
that the London is a powerful addition to the Navy 
for the purposes for which it is primarily maintained. 
The efficiency of the British Navy for those purposes 
is an indispensable guarantee for the peace of the 
world, in the benefits of which all nations share. 
That these benefits are not given without heavy 
sacrifice on the part of this country is evident once 
again from the cost of upkeep of the London, which 
is understood to be 238,850/. per annum. 





LarGE ENGLISH-BUILT WaTER TURBINE.—What are 
claimed to be the two first large water turbo-generators 
in Great Britain to be manufactured in their entirety 
by a British firm have recently been put into service in 
the Stonebyres station of the Lanarkshire Hydro- 
Electric Power Company. The sets consist of a 4,000 h.p. 
vertical reaction turbine driving an 11,000 volt three- 
awe alternator at a speed of 375 r.p.m. Two 7,000 
1.p. sets of the same design are nearing completion in 
the Bonnington station of the Lanarkshire company. 
All four sets were manufactured by the English Electric 
Company, Limited, of London. 
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THE MODEL ENGINEER EXHIBITION. 


A well-made model, such as a railway locomotive 
or a ship, provides a practically unfailing source of 
interest to the schoolboy. Certain types of model, 
however, have a much wider value, as they can be 
used for experimental work of which the cost would be 
prohibitive on the actual plant. The work carried out 
by means of the William Froude experimental tank at 
Teddington is a case in point, and a further example 
consists of the wind tunnels, which are constantly used 
by all the leading aeroplane factories, for discovering 
the probable behaviour of a new type of aircraft. 

The exhibits at the Model Engineer exhibition, 
which opened last Saturday and closes to-morrow, and 
is as usual being held in the Royal Horticultural Hall, 
Vincent-square, Westminster, under the organisation 
of the Model Engineer, clearly indicate the demand for 
models, which are not only reliable in their working, 
but are also as exact in their representation of the real 
thing as it is possible for them to be made. One of the 
most interesting features of the exhibition is the com- 
petitive collection of models and of mechanical and 
electrical work of all kinds, but we should again like 
to comment on the fact that it would very greatly 
add to the interest of visitors, if, for very obvious 
reasons, the ages and occupations of the exhibitors 
were included on the labels attached to the models. 
Some of the work shown in the various classes of the 
competition, is of a very high order, although, as was the 
case last year, there appear to be many sides of engineer- 
ing in which the amateur model-maker is either not 
interested, or on which he does not dare to launch out, 
with the result that there is no exhibit which catches 
the eye due to its originality. Amongst the exhibits 
which should be examined for their very fine technical 
detail are two inverted marine _triple-expansion 
engines, and a scale model of a pair of Hathorn Davey’s 
differential pumping engines, most of the parts of which 
have been made from scrap metal taken from a war- 
time tank. As was the case last year, the central 
hall of the building is devoted mainly to the stands of 
those firms who manufacture completed models, or 
machine tools for the amateur’s workshop. 

Messrs. Drummond Brothers, Limited, of Guildford, 
are showing a number of useful tools, which include 
two 3} in. centre lathes, one of which gives 1 ft. 4 in. 
between centres, and the other 2 ft. 4 in. Both are 
fitted with a gapped cantilever-type bed, and with a 
ball-bearing treadle, and are provided with a new 
patent tool holder with height adjustment. Other 
Drummond exhibits are a 4-in. cylindrical bed multi- 
purpose lathe, arranged with treadle drive and an 
extra heavy flywheel; a hand bench drill, capable 
of drilling 1 in. holes in steel by hand power alone ; 
and a hand shaper with a self-acting 7 in. traverse. 
Messrs. Buck and Ryan, of 312, Euston-road, N.W.1, 
have an interesting stand showing tools of every 
description both for wood and metal working, 
and in addition, are exhibiting a smaller and handier 
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model of their ‘“‘ Auto Heat ” gas blow-pipe for soldering 
and brazing, &c., which was described at some length 
in ENGINEERING in our account of last year’s exhibition, 
Before leaving machine tools, mention should be made 
of the stand of Messrs. 8S. Tysack and Son, of 341-345, 
Old Street, E.C.1, who, in addition to a large assort- 
ment of small tools, are showing an interesting 3 in. 
back-geared screw-cutting lathe ; and Messrs. The Exe 
Engineering Company, Limited, of Exeter, who are 
showing a scale model of one of their screw-cutting 
lathes, made entirely on one of their actual machines. 

A wide assortment of models of varying degrees 
of merit are to be seen on the stands of the different 
model railway and power boat clubs. Some of these 
are excellent examples of high-class work in scale 
modelling, while the makers of others seem to have 
been satisfied that their contrivances should work. The 
Collector’s Corner and Model Mart forms an interesting 
stand, and affords an excellent opportunity for the 
purchase or disposal of historical or other good 
second-hand models. The model railway with wire- 
less control affords an illustrative example of the 
tremendous openings for experimental work with 
models; and it is unfortunate that Mr. J. L. Baird, 
the inventor of television, should have been prevented 
from demonstrating his apparatus. 





CATALOGUES. 


Drills.—A leaf catalogue of a drill chuck, for gripping 
drills both at the shank and as near the cutting end as 

ossible, is to hand from Mr. O. N. Beck, 11, Queen 
Wakaslaoteust, London, E.C.4. 

Work Benches.—A catalogue of work benches, with 
standard pressed-steel end frames, connected by planks, 
is to hand from The Standard Pressed Steel Company, 
Jenkintown, Pa., U.S.A. 

Sound Signals.—Electric-motor syrens and sound 
signals are dealt with in a catalogue received from 
Messrs. Gent and Company, Limited, Leicester, and 
25, Victoria-street, London, S.W.1. 

Heat-Treatment.—A leaflet discussing the question of 
microstructure and hardness in tool steel has been 
published by Messrs. Automatic and Electric Furnaces, 
Limited, 175, Farringdon-road, London, E.C.1. 

Electrical Plant.—The various electrical machines 
specially designed for particular industries are shown in 
a catalogue relating to each industry and issued by 
Messrs. Crompton and Company, Limited, Chelmsford. 
Copies of catalogues recently received refer to plant 
for ships, docks, mines and paper mills. 

Truck.—A carrier shown in a catalogue received from 
the Dallas Machine and Locomotive Company, 2607, 
G.C. Terminal-building, New York, U.S.A., is made with 
open arch frame, leaving a clear space to enclose the load, 
over which the carrier runs, the load being lifted by 
hydraulic power. The frame is mounted on four wheels, 
and the motor and driver’s seat are located on the top. 
The load is only lifted sufficiently to give the necessary 
clearance for travelling. Large pipes, boilers, bundles 
of planks, and platforms or crates loaded with small 
goods, are carried in the manner indicated. 
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RECENT PROGRESS IN HYDRO- 
DYNAMICS.* 
By G. DarRiEvs. 
(Continued from page 295.) 


WE have already noted the analogies of a purely 
geometric character, which exist between the velocity 
potentials and streamline functions of hydrodynamics, 
and certain functions in other branches of mathematical 
physics. From the known set of streamlines corre- 
sponding to some particular cross section, we can, by 
“conformal représentation”” deduce the streamlines 
around any form which can be derived in this way from 
the first. Jowkowski discovered that a circle could, 
by conformal representation, be transformed into 
a wing form having a rounded head and terminating 
in a sharp cusp.t In transforming the streamlines 
round the circle, into the streamlines round this wing 
form, care should be taken that the point of no velocity 
on the down-stream side of the circle corresponds to 
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of the trailing edge. For example, it may be noted 
that a thin Jowkowski profile may show a drag of less 
than ;3, of the lift in the case of Reynolds’s 
numbers higher than 400,000 (in this case the chord 
of the wing is taken as the characteristic para- 
meter d). 

The preceding theory gives not only the total 
lift experienced by the wing, but also the pressure at 
every point of the fluid, since, by Bernoulli’s principle, 
there is a fixed relationship between the pressure at 
any point and the velocity there. This fact has been 
used in checking the theory, in experiments made at 
the National Physical Laboratory, at Prandtl’s labora- 
tory in Géttingen, andelsewhere. A remarkable accord 
has thus been found to exist between theory and 
observation, save for a systematic correction to the 
relationship between the circulation and the angle of 
attack. This appears to be due to a breakaway of the 
fluid from the back of the wing near the tail in the 
manner indicated in Fig. 15. This breakaway reduces 
the circulation and the lift by some 20 per cent. in the 
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the cusp on the wing. If, as represented in Fig. 13, 
this point lies on the back of the wing, theory shows 
that the streamlines should curve round the tail with 
an infinite velocity, and that the pressure at this 
point should be negatively infinite. What actually 
happens is that a dead water space is formed, the 
streamlines breaking away from the contour. With 
B at its proper position at the cusp, the theoretic 
streamlines which have followed respectively the back 
and underside of the wing have the same velocities 
when they meet, and they move away together along 
the common tangent (see Fig. 14). 

Experiment has very definitely shown that, with 
suitable angles of attack, these wing profiles establish 
a circulation which suppresses all discontinuity of velo- 
cities and is associated with an extremely small drag, 
though generating a large lift. These results afford 
the confirmation of d’Alembert’s paradox, which had 
been vainly sought for in inappropriate experiments 
of an earlier date. 

Moreover, it is remarkable that the Jowkowski 
profiles deduced from the circle by the simplest of 
analytical transformations, corresponds very exactly 
to the wing of a bird, of which they possess all the 
characteristic features. Amongst these may be noted 
the rounded stem, the simple curvature of the upper 
surface, and the thin and drawn-out trailing edge. 
They are, moreover, amongst the best from the hydro- 
dynamic standpoint, but suffer from the weakness 





* Translation (slightly abridged) of paper read on 
May 28, 1926, before the Société Ingenieurs Civils de 
France. 

t See ENGINEERING, January 25, 1924, page 101, or 
the reprint cited page 294 ante. 
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case of small models, but probably by less in the case 
of high values of Reynolds’s numbers. 

We have seen that the continuity of the flow and the 
impossibility of generating infinite velocities at the 
trailing edge of the wing suffice to fix the circulation 
which is set up spontaneously when the stream meets 
the wing at one particular angle of attack. The points 
of zero velocity on the circle, which is transformed into 
the wing profile, become corresponding points on this 
profile, but that on the upstream side is superfluous, 
and is a true zero point only for one particular value of 
the circulation. The common practice of giving a 
sharp entry to a turbine blade such as is represented 
in Fig. 16, is consequently without justification. It 
originated, no doubt, in the notion of a certain correct 
entry for a single, infinitely thin blade, and is inap- 
plicable to the case of blades which are of finite 
thickness, but to a first approximation “ infinite ’’ in 
number. 

The sharp entry is really incompatible with a flow 
free from deadwater spaces and losses, save for one 
particular angle of attack, and the corresponding 
circulation and “lift.” This fine entry has long been 
abandoned for wing profiles, and is not found in the 
wings of birds. Its adoption for ship forms and for 
high-speed bullets is, however, rational, since in these 
cases the total resistance includes losses due to wave 
making. 

The hypotheses of the motion being quasi-irrota- 
tional throughout almost the whole of the fluid, and 
the theorem of Lagrange appear at first sight incom- 
patible with the spontaneous production of a permanent 
system of circulation in a nearly perfect fluid, where 
the effects of viscosity are confined to the immediate 
neighbourhood of the walls. This circulation makes 











its appearance, during the acceleration of the fluid from 
a state of rest and is effected as indicated in Fig. 17. 
At the start, the fluid has everywhere zero velocity and 
zero circulation. Subsequently, the streamlines which 
have travelled along the underside of the wing, with a 
speed which at the outset was less than that of stream- 
lines on the upper side tend, towards the end of their 
path, to acquire the higher speed since, if the circulation 
is to be annulled at the point of junction, the average 
speed of the two sets of stream lines must be the 
same. 

The upper and lower stream lines thus leave the wing 
moving in the same direction, but with different speeds. 
On meeting, they thus give rise to a surface of dis- 
continuity,on passing through which there would be 
found an abrupt change of velocity. Calculation 
shows that this jump of velocity is a maximum at the 
outset and at the head of the surface of discontinuity, 
and that it falls off rapidly as the speed of the fluid 
approaches the steady state. Under the influence of 
the velocities communicated to it by the little eddies, 
of which it is constituted, this surface of discontinuity 
rolls itself up in a form resembling the head of a Bishop’s 
crosier, and rapidly gathers together into a scroll, all 
that part of the fluid which has other than zero 
vorticity. 

In a perfect fluid these eddies would preserve 
permanently their individuality. In real fluids, 
however, the viscosity gives rise to a rapid diffusion of 
vorticity, and the crosier is transformed into a circular 
vortex rotating more or less as a whole. The strength 
of this vortex diminishes in its turn, but somewhat 
slowly. . 

Consider now a contour drawn in the fluid and 
moving with it. At the outset let this contour include 
within itself the wing profile, and let it extend so far 





up stream that its boundary does not reach the head 
of the wing during the time between the start of 
the motion and that in which the steady state is 
attained. At the outset, the circulation round this 
contour is necessarily zero since the fluid is at rest. 
Hence by Lagrange’s theorem it will remain zero 
during the above period of acceleration. 

During the whole of this period the motion is in fact 
irrotational, and hence the circulation around the 
moving contour is necessarily the algebraic sum of the 
circulations round the two loops of the figure of eight 
indicated in Fig. 17. One of these loops encloses the 
wing, and the other the vortex which has commenced 
to form during the acceleration of the fluid. Hence the 
generation of a circulation T around the crosier-like 
surface of dicontinuity implies that there must be 
an equal and opposite circulation round the wing form, 
and it is this which alone remains when the steady 
state is attained. 

Fig. 18 illustrates the application of the same prin- 
ciples to the establishment of circulation round the axis 
of an inward flow turbine having no whirl chamber. Up 
stream of the guide blades and down stream of the 
free eddies beyond the tails, the motion of the water is 
radial and irrotational. Between these two stages 
of the flow there is an intermediate region where eddies 
form progressively behind the blades. Here the 
potential is polytropic with a total ciculation equal 
to n T (n being the number of blades), and here alco 
the streamlines are logarithmic spirals, the radial and 
tangential velocities being both inversely proportional 
to the radius. 

Mention has already been made of the formal 
identity which exists between the velocity vector field 
of an incompressible fluid and the magnetic field of 





ENGINEERING, a (SEPT. 23, 1927. 








force in an insulating medium of constant permeability. ” 
Both satisfy two Rictenented equations, viz., that THE MOTOR OIL-TANKER ‘“* PAUA. 
of zero divergence or 
du dv dw 
= + G 5 ae 0 
and that of curl or spin = 0. In the one case there 
exists a velocity potential, in the other a magnetic 
potential, which is polytropic if the field satisfying the 
above two laws is multiply-connected. 

Stokes’s theorem connects the circulation around a 
contour with the flux across this contour of vortex lines 
or filaments. In the same way the magneto-motive 
force around a circuit, which is commonly expressed 
as ampere turns, results in the passage across this 
circuit of current which, satisfying similar laws of con- 
servation, are analogous to vortex filaments. 

In the whole of the region where vortices exist the 
equation curl v = w corresponds in electro-dynamics | 
to Laplace’s equation curl H = 4 x i, which connects 
the magnetic vector with the strength of the current. 
Thus Fig. 10 (page 294 ante) also represents the distur- 
bance produced in a uniform magnetic. field by the 
introduction of a current flowing perpendicularly 
to the plane of the field. The condition of impenetra- 
bility to the fluid, or to the magnetic flux, of the walls 
of the cylinder shown, corresponds in electro-dynamics 
to the hypothesis of infinite conductivity and to the 
localisation of the current in the surface of the con- 
ductor such as occurs with high-frequency currents. 


(To be continued.) 
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THE MOTOR OIL-TANKER ‘“ PAUA.”’ 
Ir was recently stated that, while in the past wars 
had been fought and industrial conflicts waged to 
determine the possession of coal-fields and their ulti- 
mate development for the profit of the victor, in the 
future such campaigns would be conducted for the 
control of the oil-fields of the world. If this be so, it 
is a matter of great interest to the British Empire, for | 
we shall be more than ever forced to take steps to | 
maintain a world-wide system of oil-supply facilities 
for sea, land and air transport, to ensure a supply of 
oil products for various purposes at home and overseas 
and to develop our Imperial oil resources to the fullest | 
possible extent. Even without dealing with the | 
questions of high politics, which such speculations | 
involve, it is significant to note that there is no more 
interesting factor in post-war history than the increas- | 
ing use of oil fuel, both on sea and on land, and that | 
more and more activities are placing reliance upon 
petroleum and its products for their development. 
Since, however, the oilfields of the world—at least, 
those which have so far been exploited—are not 
equally distributed over the earth’s surface, and since 
the places where utilisation is to take place are as | 
often as not remote from the oil-fields themselves, 
means of transport between the two are necessary and | 
are constantly being increased. In fact, within a com- | Fig. 11. View Looxrine 
paratively short time a large fleet of ships of all sizes | ji 
up to and exceeding 20,000 tons capacity has been built 
for transporting millions of tons of petroleum to every : te 
quarter of the globe. - oY ie ie : 

One of the most recent of these is the motor oil \ , : ee 
tanker Paua, which has been built by Messrs. Harland | ayy = 
and Wolff, Limited, at their Govan yard, Glasgow, for 
the British Imperial Oil Company (New Zealand), 
Limited, a member of the Shell group of firms. This 
vessel will be the first tanker to carry the New Zealand 
flag, its port of registry being Wellington. It is 
interesting to note that one of the first steel passenger 
steamers was constructed for the Union Steamship 
Company, and that the tirst turbine passenger boat 
and the first internal-combustion-engined boat were 
also built for service to the same country. Three years 
ago there was hardly any bulk distribution of oil in 
New Zealand, while to-day about 80 per cent. of the 
amount consumed is dealt with in that way, so that | 
the potential usefulness of this new vessel cannot be | 
gainsaid, 

The Paua, of which a genera] view during her engine 
trials is reproduced in Fig. ., Plate XXXI, is con- 
structed on the combined transverse and longitudinal | 
system of framing with a straight stern and raised 
quarter-deck. Two twin masts are fitted, and propul- | 
sion is by a single screw driven by a Diesel engine. 
The arrangement of the accommodation for the crew 
and cargo and of the various portions of the machinery 
and other equipment is shown in Figs. 3 to 10, Plate | 
XXXI, while Figs. 11 to 13 on this and the opposite 
pages illustrate the upper decks. These permit the 
arrangement of a considerable amount of the auxiliary 
gear to be seen. The vessel has two longitudinal bulk- 
heads and nine oil-tight compartments as cargo tanks. 
She is classed 100 Al at Lloyd’s for the carriage of 
petroleum in bulk as well as in cases. Her gross ton- 
nage is practically 1,260 tons, and her main dimensions Fic. 12. View AMIDSHIPS. 
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Fig. 13. View Looxine Forwarp. 


are: length between perpendiculars, 205 ft.; breadth 
(moulded), 36 ft. 6 in.; depth (moulded), 15 ft. ; 
height of trunk, 4 ft. 6in.; width of trunk, 21 ft. 8 in. 
draught, 14 ft. 1 in.; and deadweight, 1,084 tons. 

Nine oil compartments are provided, three centre 
tanks and six wing tanks. About 700 tons of benzine 
can be loaded in the centre tanks, and 335 tons in the 
wing tanks, making 1,035 tons in all. The centre 
tanks are arranged to load and discharge 18,000 cases 
of petroleum products, and a further 2,700 cases of 
motor spirit can be carried in the forehold. The 
vessel’s own bunker capacity is 115 tons of Diesel 
fuel. 

The propelling machinery was also constructed by 
Messrs. Harland and Wolff, and consists of a single- 
screw six-cylinder four-stroke Burmeister and Wain 
cross-head type Diesel engine. This has an output of 
700 shaft horse-power at 130 r.p.m., and is direct 
coupled to a four-bladed manganese bronze propeller. 
The cylinder diameter is 500 mm. and the stroke 900 
mm. The machinery, as is clear from the illustra- 
tions, is arranged aft, special precautions being taken 
to avoid the torsional vibration of the shafting, which 
has sometimes given trouble in vessels of this type. 
The engine is of the makers’ latest standard design, 
and is provided with square cylinder covers, which 
are secured by through bolts extending to the under- 
side of the base plate. The engine columns, and the 
distance pieces supporting the cylinder covers, have 
been designed with ample spread and section, so as to 
eleminate transverse movement. 

The blast-air compressor is driven off the forward 





end of the engine, and the flywheel and turning gear 
are arranged aft. The thrust block, which is of the 
Michell type, is supported on a special sole plate. 
This is bolted both to the tank top and to the engine 
bed plate. A number of the auxiliaries, including the 
circulating water pump, bilge pumps and lubricating oil 
pump, are driven off the engine itself, while the 
remainder, such as the ballast pump, stand-by oil pump, 
fuel oil pump and feed pumps, are steam driven. 

The camshaft is operated by means of a roller chain, 
this method being now Messrs. Harland and Wolff’s 
standard practice on both their main and auxiliary 
engines, owing to the very quiet operation which results. 
Compressed air for manceuvring is supplied from a 
compressor driven by a two-cylinder auxiliary Diesel 
engine, which is of the four-stroke standard type. It 
has two cylinders, and runs at 200 r.p.m. This engine 
is coupled through a disconnecting clutch to a counter- 
shaft, whence the winches and cargo pump are operated. 
The guaranteed speed of the vessel is 10} knots, on a 
consumption of 3¥ tons of Diesel fuel per 24 hours. 

For heating the cargo fuel and steaming out tanks 
a donkey boiler with a heating surface of 500 sq. ft., 
and working at a pressure of 150 lb. per square inch, 
is fitted. This boiler is of the Scotch return type, 
and is arranged for firing by exhaust gases from the 
main engine, in addition to the customary equipment 
of oil-fuel gear. The vessel is fitted with a wireless 
installation and electric light, the necessary current 
for which is supplied from a 6-kw. semi-Diesel engine 
on the port side, while a stand-by set consisting of 
a steam engine driving a dynamo and an emergency 








air compressor is fitted to provide against a loss of 
starting air. 

In a vessel of this kind the cargo is, of course, 
discharged very rapidly so that little time is spent 
in port. It is, therefore, essential that any necessary 
overhauling should be done as expeditiously as possible, 
and for this reason complete facilities for lifting the 
machinery have been arranged. The main engine is 
spanned by an overhead travelling crane, and ample 
equipment in the way of spare gear is carried. 





THE ECONOMIC AND SOCIAL DEVEL- 
OPMENT OF THE AMERICAN IRON 
AND STEEL INDUSTRY.* 


By THEODORE W. Rosrnson. 


THE social and political character of any nation is 
largely dependent upon the extent of its economic 
welfare, and the prosperity of all classes of its people 
is contingent upon the prosperity of its basic industries. 
Because iron and steel directly or indirectly enter into 
every form of human activity and touch the life of 
every civilised human being, the conditions surrounding 
its manufacture mirror to a marked degree those of 
business in general. This is particularly true in the 
United States, which has enjoyed unusua! industrial 
activity during the last few years. A description, 
therefore, of some of the more important changes that 
have affected the manufacture of iron and steel may 
well serve not only as a text of the progress of the 
industry itself, but as a means of illuminating some of 
the reasons for American prosperity as a whole. If 
this contribution helps toward a better understanding 
of an economic and social situation which during the 
last few years has been a source of widespread interest 
and investigation, its purpose will have been achieved. 

As late as 1860 manufacturing in the United States 
was chiefly confined to comparatively small units 
located in the communities that fringed the Atlantic 
seaboard. Transportation was slow and costly, and 
distribution was largely for local consumption. Indus- 
trial ownership lay in the individual, partnership, or 
small corporation, and there was close contact between 
men and management. Wages and output were low, 
luxuries few and far between, and standards of living 
were relatively simple. 

Then came the epoch-making pneumatic process 
for making steel. It was the beginning of the indus- 
trial revolution which has made America the great 
workshop that it is to-day. The iron and steel industry 
was quick to grasp the possibilities of the new process, 
and steel plants began to spring up here and there 
throughout the country. By the Bessemer rail the 
Far West was opened, and the North and South were 
tied together. For thirty years unparalleled expansion 
followed the rapid development in railway construction, 
and men swarmed to American shores in response to 
the call for labour. By 1880 manufacture was rapidly 
forging to the front. Individual ownership of the shop 
was giving way to the small corporation, and the small 
corporation to larger aggregations of capital. The 
former employer was becoming the employee, and 
there was less personal touch between owners and 
workmen. 

With better and more extensive transport facilities 
industry became more highly centralised, and rural 
life was replaced more and more by urban life. The 
relative crowding of industrial centres helped to 
accentuate the change from former standards of living, 
and the transition was not always conducive to content- 
ment and well-being. Factory conditions were crude 
and too often insanitary, and the physical hazard of 
industry rapidly grew through the increased installation 
of power and machinery. In reviewing this period ~ 
it is clear that the underlying reason for the remarkable 
progress made in the twenty-five years following the 
close of the Civil War in 1865 was the introduction of 
the Bessemer process. No single industrial invention 
ever had such a vital and far-reaching effect on the 
commercial and social destiny of any nation as this 
new steel-making process had upon the United States. 
The first Bessemer ingot made in the New World was 
produced at an experimental plant at Wyandotte, 
Michigan, in 1864, but steel did not begin to be an 
important factor in the replacement of iron till ten or 
fifteen years later. 

When the Illinois Steel Company was organised in 
1889, with an authorised capital of 25,000,000 dols. by 
the combining of three important steel-producing 
companies in the Chicago district, it was properly 
heralded as an outstanding feat of corporate develop- 
ment. It represented at that time the most forward 
step in individual control of pig-iron and steel-producing 
plants, but even in this case the company lacked com- 
plete operation, and had largely to depend upon outside 





* Paper read before the Iron and Steel Institute, 
Glasgow, on September 20, 1927. Abridged. 
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parties for their ore and coal supply. As with other 
large steel producers in that period, the finished product 
chiefly consisted of rails, while the blooms and billets, 
which mainly made up the balance, were but the raw 
material for finishing mills belonging to other interests. 
The following 10 years, from 1890 to 1900, were 
momentous in their import to the country, and were 
fraught with consequences that were fundamental in 
their influences upon the present life of the American 
nation. This period recorded the true beginning of 
big business, and iron and steel again played the most 
important role. The first seven years of the decade 
beginning with 1890 were lean and hungry. The 
necessity of rigid economy was emphasised by the 
severe industrial depression that existed. Liquidation 
became general and drastic, and by the time the 
pendulum swung toward brighter things, the country 
was ripe for the saving and profit that lay in combina- 
tion. 

In 1898 the Federal Steel Company was formed, with 
an authorised capital of 200,000,000 dols. This brought 
under one management ore, coke, iron, steel, and 
transportation, to an extent only approximated by the 
Carnegie Steel Company. During this period, most 
of the finishing mills throughout the country were 
brought together into large units, and they controlled, 
in their separate entities, the wire, tube, tinplate, hoop, 
and sheet steel products of the country. Such consoli- 
dations in iron and steel were largely typical of the 
change that was taking place throughout the manufac- 
turing industry as a whole. It was a time of feverish 
activity. Promotion was rife, business ethics were low 
as compared with present standards, and as a result of 
public mistrust there was a marked change in Federal 
and State legislation from one of permission to one of 
restraint. 

The Dawn of the Twentieth Century.—The twentieth 
century opened auspiciously for the United States, 
amidst long-deferred prosperity. The rapid progress 
made in the period just reviewed was founded upon new 
processes and new methods, distinctly technical in their 
character, which followed the introduction of the 
manufacture of steel. The progress during the last 
25 years, however, has been more essentially the result 
of social and economic change. Its history is a story 
of a nation adopting and assimilating the principles 
of big business; of the mobilisation of its capital and 
credit through the Federal Reserve system; of 
increasing its industrial output through co-operation, 
integration, and mechanical energy; of developing 
modern management as an entity separate from owner 
and worker, and of more equitably dividing among its 
people the fruits of industry through better opportunity 
and higher wages. In short, the story of the first 
quarter of the twentieth century is one of a nation 
commanding for its people the highest standards of 
living ever achieved by any nation by the scientific 
study and application of man and machine. 

During the last 25 years the income of the United 
States has nearly doubled, while its population, though 
largely increased, has grown in a lesser ratio. The 
significance of these changes lies not so much in the 
increase in the nation’s production of wealth as a 
whole, as in the surplus purchasing power that has 
sprung from the increased output of the individual 
worker. A large family may produce in the aggregate 
much more wealth than a small one, but if the large 
family accumulate no surplus, a small family with 
greater individual productivity and with the same 
proportionate cost of living may grow rich, while the 
large one remains poor. A vital factor in the develop- 
ment of the twentieth century, and one which has been 
especially emphasised in the United States since 1914, 
is the multiplication of individual effort rather than 
the effort of multiplied individuals. The United 
States, during the past few years, has been experiencing 
the unprecedented economic condition of continuously 
falling commodity prices, high wages, and continued 
prosperity. Any intelligent attempt to explain this 
anomaly must recognise certain elementary economic 
principles. The true answer to this economic paradox 
of combined high wages and lowering prices of goods, 
and the underlying primary cause of the late industrial 
progress of the United States, lies in the increased and 
unrivalled output of the individual 4 mérican workman, 
and the large accumulation of wealtn that has resulted 
from it. 

The extent of this wealth is indicated by figures 
recently compiled, by the National Industrial Confer- 
ence Board, from Washington statistics. These show 
that the value of the yearly product of the average 
workman in all the manufacturing industry of the 
United States rose from a per capita production value 
of 3,214 dols. in 1904 to 4,682 dols. in 1925, as measured 
by the common purchasing power of the 1914 dollar. 
This represents an increase of 45-7 per cent. in the 
manufacturing output of the average individual work- 
man, which, if applied to the total volume of manufac- 
tured product, signifies that the increase of wealth in 
1925, due solely to the increase in per capita production, 








amounted to 12,304,000,000 dols. more than it would 
have been had the output of the average worker 
been no greater than it was in 1904; in other words, 
one third of all the wealth that was produced that year 
from the nation’s manufacturing industry was directly 
due to the increased productivity of the average indi- 
vidual workman. 

How profound an influence such vast sums have on 
the whole economic structure of the country is, perhaps, 
better visualised when it is realised that twelve and 
three-tenths billions of dollars, on the basis of present 
individual production, is equivalent to the output of 
2,628,000 men—a number equal to nearly one-third 
of the entire working force of the United States engaged 
in the manufacturing industry. That the productive 
efforts of such a vast army of workers can be laid aside 
by machinery and management, and rendered avail- 
able for other additional work without an average 
increase in the country’s non-employment is a striking 
commentary on the stimulating and absorbing effect 
of increased individual production. The average 
output of the individual workman in the United States 
is to-day greater than ever before, and is much larger 
than that of any other nation. Canada comes next 
to the United States in individual productivity, and 
America finds its antithesis in the archaic industrialism 
of China. 

An explanation of the increased efficiency attained 
by the manufacturing industry of the United States is 
found in the development of its iron and steel produc- 
tion. Of all basic industries the manufacture of iron 
and steel ranks first in fundamental importance, 
and second in the amount of wages paid. 

Production of Iron and Steel.—In 1901 the United 
States, with its output, in round numbers, of 13,500,000 
tons of ingots and castings, produced 44 per cent. of 
the world’s steel. This, by 1926, had expanded to more 
than 51 per cent. of the world’s total, with its production 
of over 48,000,000 tons of steel. Whereas twenty-five 
years ago the steel ingots made in the United States 
consisted of more than 66 per cent. acid Bessemer, 
nearly 84 per cent. of the steel now produced is of 
basic open-hearth. This, in brief, tells the nation’s 
accomplishment for the first quarter of the century, 
and records the large replacement of the Bessemer 
converter by the open-hearth furnace, a change super- 
induced by the changing character of the country’s 
ore reserve. 

The causes for this impressive growth, while clearly 
complex, are largely predicated upon economic and 
social change rather than upon any pronounced techni- 
cal difference in method of manufacture. In principle, 
the blast-furnace, open-hearth, Bessemer converter, 
and rolling-mill are still the unchanged agents of 
reduction and conversion, and there has been but 
little progress made in the fundamental metallurgy 
of iron and steel during the twentieth century. Momen- 
tous advances in technique and the refinement in 
operation have resulted in an increase of output which 
can only be partially attributed to a multiplication of 
plants. 

The production records of the past twenty-five years 
at the South Chicago Works of the Illinois Steel 
Company furnish a concrete illustration of the effect 
of such advances. These works represented in 1901, 
as they do now, the best modern practice. The 
average daily output of each of the South Chicago 
blast-furnaces increased from 318 tons in 1901 to 
679 tons in 1926. During this period the acid Bessemer 
department increased its production from 70,000 tons 
to 100,000 tons per month, and the basic open-hearth 
furnaces increased from an average output per furnace 
of 586 tons per week to 1,379 tons per week. The 
South Chicago rail mill had an average capacity of 
60,000 tons per month in 1901, while the Gary rail 
mill, by which it has been replaced in the rolling 
of rails, has a capacity of 100,000 tons per month. 
These figures reasonably illustrate the unit advance 
in physical production which has taken place in the 
iron and steel industry in the United States. 

A still more important development in American 
practice is the increased per capita output of the 
average iron and steel workman. This is strikingly 
illustrated by the following South Chicago records :— 

Illinois Steel Company (South Works). 
Tons produced per Man-Hour. 


Increased 
1902. 1926. Percentage. 

Ore unloading ... 2-087 16-885 706-7 
Blast-furnaces 0-185 0-698 277°3 
Bessemer ingots 0-421 0-841 99-8 
All open-hearth 

ingots... oe. §=0°252 0-418 66-0 
Rail mill (South | 

2 
en 0-189 0-416 120-1 


Rail mill (Gary | 
Works, 1926) 
This table shows that the average man in a modern 
iron and steel plant is producing from 1} to 8 times 
as much as he did twenty-five years ago. If translated 
into yearly volume, these figures indicate that at 








South Chicago the average workman has increased 
his ore-handling capacity since 1902 from 6,000 tons 
to 48,000 tons; his pig-iron output from 675 tons to 
2,405 tons; his Bessemer ingot production from 
1,761 tons to 3,730 tons; his open-hearth ingot 
production from 1,049 tons to 1,842 tons; and his 
rolling capacity from 603 tons to 1,240 tons of rails. 

Power Installation.—The manufacturing productivity 
of any nation can be roughly measured by the amount 
of its mechanical energy, and the marked growth of 
power application in the United States has made 
possible its expansion and prosperity. From 1899 
to 1925 the country’s primary horse-power more than 
trebled, and as a result of this increase there is now 
4} h.p. at the service of every manufacturing wage- 
earner. The manufacture of iron and steel has more 
than kept pace in power installation with the progress 
in general industry. During the last twenty-five years 
its use of power has increased nearly fourfold, and 
to each of its workmen there is now given the energy 
of 16 h.p. 

Increase of Steel Capacity.—Owing to the exigencies 
and stimulation of the war, the ingot capacity of the 
United States increased slightly over 15 million tons 
for the six years 1915 to 1920 inclusive, or at the rate 
of approximately 24 million tons a year. The end of 
the war left the country with excess plant development, 
and for six years subsequent to 1920 the total ingot 
capacity increased: less than 3} million tons, or at the 
approximate rate of half a million tons a year. The 
theoretical steel ingot capacity of the nation is to-day, 
in round numbers, 58 million tons. While during the 
war no expense was spared to enlarge the country’s 
steel capacity, investment during the last six years 
has been made with special reference to the reduction 
of costs, diversification of product, and the betterment 
of quality instead of increased production. 

This explains why the installation of power and 
labour-saving machinery has been of late so strongly 
emphasised, and why there has been such heavy scrap- 
ping of inefficient and obsolete machinery and plant. 
Irrespective of its physical condition or its length of 
service, it is not good business to continue to use 
machinery if a better design will pay a fair return on 
its investment by reducing costs. The American 
practice is drastic in this regard, and it is only by such 
@ progressive policy that any concern or any nation 
can hope to keep abreast of the times and successfully 
maintain its position. 

Management.—Modern management stands not as 
the representative of capital alone, but as an entity 
representing the interests of the public, the stock- 
holder, and the employee. For the development of 
this sense of plural trusteeship and the creation of the 
new spirit of co-operation that now animates all well- 
managed American concerns, the management of the 
United States Steel Corporation is in no small measure 
responsible. The United States Steel Corporation 
commenced business on April 1, 1901, with a capital 
structure of nearly 1} billion dollars. It represented a 
merger of 10 large companies, each prominent in its 
own field. It was a consolidation of consolidations, 
most daring in its conception and destined to be 
monumental in its achievement. Its initial capacity 
in steel ingots and castings was 9} million tons, which 
comprised 65 per cent. of the country’s total output. 
To-day it represents but 45 per cent. of the nation’s 
tonnage with its production of 23 million tons. 

At the time of its organisation the failure of the 
enterprise was freely prophesied because of its colossal 
size. The public was suspicious of its monopolistic 
potentiality. Organised labour dreaded its power 
and rivals feared possible unfair competition. During 
its existence it has twice been seriously attacked by 
organised labour, and for years it was in the courts 
because of the Government suit brought for its disso- 
lution. In spite of dire prophecy and unjust attack, 
the corporation, after more than a quarter of a century 
of constructive effort, not only stands to-day absolved 
by the Government and the people of unfair practice, 
but is recognised throughout industry as an exemplar 
of efficiency and high business standards. 

Labour.—On account of the large increase in the 
number of small investors, the line of demarcation 
between so-called labour and capital is rapidly lessening. 
There is a better appreciation to-day that the nation’s 
capital is principally the savings of labour’s thrift and 
is largely owned by labour itself. With the dissemina- 
tion of this truth has also gone a better realisation that 
in American industry the labour of the office and 
counting-room is in the same economic category as 
the labour of the mill or field, and that the officials 
of management are just as truly employees of the 
corporation which hires them as the men working under 
their direction. : 

The composite American workman is of a high order 
of intelligence, peculiarly free from traditional bias 
and restraint, and welcomes as a rule mechanical 
assistance for the increasing of his output because of its 
greater attendant earnings. He is especially jealous 
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of his right to freedom of action, is quick to resent 
unjust treatment, and does not hesitate to change the 
character or place of his employment if dissatisfied or 
if better opportunity presents. He resents political 
and organised domination, and prefers his own negotia- 
tions to bargaining by representatives. That these 
statements reasonably reflect the general character 
of the largely predominating mass of skilled and 
unskilled labour in the United States to-day is demo- 
strated by the fact that attempted political dictation 
by organised labour even in their own ranks has been 
a failure, and that the United States is essentially an 
open-shop country. Of the 117,000,000 of its inhabi- 
tants about 44,000,000 are gainfully employed and of 
these about 8,500,000 are found in the manufacturing 
industry. Organised labour has in its enrolment 
something less than 4,000,000 workers, and these are 
principally found in the mining, transport, building, 
and textile industries. 

Formerly when short-sighted management oft-times 
led to the oppression of the worker, and when co-opera- 
tion between employer and employee was more stressed 
by its breach than by its observance, organisation of 
labour grew rapidly, on account of its protective appeal 
to the individual. To-day, however, a better under- 
standing of common aims and a clearer knowledge 
than even armed neutrality is unprofitable has resulted 
in an appreciable lessening of interest on the part of 
the worker in labour organisations, as is indicated by 
a reduction in the membership of the American 
Federation of Labour from 4,078,740 in 1920 to 2,803,966 
in 1926. The iron and steel industry of the United 
States is operated on an open-shop basis. Employ- 
ment is not concerned with nationality, politics, 
religion, or union affiliation ; and plant representation, 
negotiation as to wages, and methods of work are 
distinctly between the management and the men, 
singly or collectively, and not through outside agents. 

An exception to this general rule is found in a few 
small mills where the Amalgamated Association of 
Tron and Steel Workers is still recognised. That their 
influence is small is indicated by the fact that while the 
iron and steel industry employs about 400,000 men, 
the Amalgamated Association’s enrolment has fallen 
from a membership of 14,035 in 1900 to 11,174 in 
1926. Some of the American labour unions have 
maintained their position through conservative leader- 
ship and the rejection of radicalism. More, however, 
have lost ground by attempting militantly to force 
domination on peaceful industry and by insisting on 
wages, hours, and rules that were unfair to the public 
because they were out of harmony with economic 
principles and existing conditions. 

In 1906 the United States Steel Corporation in- 
augurated a campaign of safety, sanitation, and welfare 
which has ever since been vigorously pursued. Ton- 
nage and costs became no longer the sine.qua non 
of achievement, and the safety and welfare of the 
worker is a vital consideration in mill operations. As 
a result of intensified effort extraordinary reduction in 
the accident rate has been achieved. Among the 
quarter of a million men employed by the United States 
Steel Corporation in 1926, the rate of disabling accidents 
was 3-26 per cent. as compared with 20-57 per cent. 
in 1912, or a reduction of 84-15 per cent. of the former 
rate. That means that in the company 365,277 men 
have been saved from disabling injuries since 1912, 
as measured by the sum of the reduction in accidents 
each year. 

Consumption and Markets.—At the beginning of the 
century the United States, with a population of 
76,000,000 people, produced 94 million tons of finished 
steel, while in 1926, with a population of 117,000,000 
this output had risen to 35} million tons. In other 
words, each inhabitant, on an average, used 739 Ib. 
of finished steel in 1926 as compared with 279 Ib. in 
1900, or over 2} times more now than formerly. This 
expansion is essentially due to increased domestic 
demand, and has been but little influenced by the 
small percentage of growth in the country’s foreign 
trade. The following statistics show how small this 
change has been. The iron and steel imports and 
exports of the United States, in round numbers, were 
respectively 200,000 tons and 1,000,000 tons in 1900, 
as compared with imports of 1,000,000 tons and 
exports of 2,000,000 tons in 1926. In the new demand 
for steel the most important development is the 
expansion of the motor-car industry, which last year 
took 15 per cent. of the nation’s output. In the 
development of this industry, the accomplishment of 
Henry Ford is outstanding. To his genius, courage, 
and vision we must pay high tribute when analysing 
the effect of high production and the increased per 
capita production that has followed his methods. 

Between the manufacturers of steel in the United 
States there is free exchange of ideas and information 
in respect to equipment and practice, and former 
secrecy has given way to a courteous welcome to both 
foreign and domestic competitors. In the matter 
of sale, however, while information concerning prices 





may be legally exchanged, anything in the way of 
price agreement or restraint of trade is outside the 
law. Although industrial combination carries with 
it the possibility of service to the community by 
saving in operation and saving in distribution, it may 
also carry with it the possibility of unreasonable prices. 
That the public in the United States feared the possible 
monopolistic power of the industrial merger more than 
it appreciated its constructive force is evidenced by the 
Sherman anti-trust law and the subsequent anti-trust 
legislation that has been enacted. The difference 
between governmental encouragement of the cartel 
in Europe, and the discouragement of industrial 
combinations in the United States is, therefore, a 
difference in the public state of mind. That the 
United States laws against trade agreement and in 
favour of unrestricted competition are economically 
sound is subject to grave question. That uncontrolled 
licence to combine would, in the long run, be more 
sound economically is likewise open to doubt. Possibly 
a happy medium could be found in permissive regula- 
tion. In any event, President Coolidge’s dictum of 
more business in government and less government in 
business rings true in the light of general experience. 








THE BEHAVIOUR OF MILD STEEL 
UNDER PROLONGED STRESS AT 
300 DEG. C.* 


By W. Rosrnnatn, D.Sc., F.R.S., and Pror. D. 
Hanson, D.Sc. 


THE experiments described in this paper arose out 
of certain investigations into the cracking of mild steel 
exposed to elevated temperatures, particularly the 
cracking of steel boiler plates. Mysterious cases of 
boiler failure occur from time to time through the 
development of fine cracks in the neighbourhood of 
the rivet holes. These cracks usually develop at the 
contact surfaces of the plates along the riveted joint, 
and are definitely intercrystalline in character. Various 
suggestions have been made to account for this cracking, 
and, in particular, for this intercrystalline character. 
The view most generally accepted is that it is due to a 
combination of chemical attack with the application 
of severe local stresses. It is clear from the manner 
in which these cracks are formed that they develop 
very slowly in the steel, and it is therefore of importance 





In the investigation of a number of failures of mild 
steel by intercrystalline cracking, attempts have been 
made to determine whether any particular structure 
of the steel corresponding to some definite form of heat 
treatment is associated with this type of failure. No 
definite conclusions could be drawn from these obser- 
vations, although the largest number of cases of failure 
was found in steel plate in which the cementite had 
been segregated between the boundaries of the ferrite 
crystals. In other instances, however, a _pearlite 
structure was observed, and in still another case the 
cementite existed as fine globules scattered throughout 
the ferrite grains. In order to ascertain if the structure 
of the steel had any influence on its behaviour, different 
batches of specimens were subjected to appropriate 
heat treatment, with a view to securing the above 
three types of structure, while a fourth series was tested 
in the cold-rolled condition. 

Table I shows the test-pieces used, their heat treat- 
ment and structure, the dimensions both before and 
after testing, the maximum tensile strength of the 
material, and the loads applied during the prolonged 
tensile tests. The ultimate stress of the material was 
determined in each instance on small test-pieces similar 
to those used in the main experiments. The heat 
treatment was applied in all instances after the test- 
pieces has been cut, with a view to avoiding any cold- 
working effects at the edges of the test pieces during pre- 
paration. In addition to the specimens described above, 
one test-piece was included which had been coated with 
solder over the parallel portion, with a view to testing 
whether any acceleration of the failure could be observed 
owing to the action of the solder, which would be 
liquid at the temperature of the test. 

The specimens were placed in the straining apparatus, 
which was contained in the large oven previously 
mentioned, the loads were applied, and the oven 
raised to 300 deg. C., at which temperature it was 
maintained. The specimens were examined from time 
to time, to observe their behaviour. Appreciable 
stretching of the test-pieces could easily be detected by 
the movement of the lever through which the load was 
applied. Only in one instance, specimen Al6, tested 
as normalised under a stress of 15 tons per square inch, 
did any appreciable elongation occur during the period 
of the test. The tests were continued over a period of 
five years and three months, during which time the 
loads were maintained continuously and the furnace 









































TABLE I. 
Load | 
on ac 
Before Test. After Test. Applied. Maximum 
Tensile 
Mark Strength 
No. Treatment. Microstructure. j ee ; a a Material Remarks. 
Width. niga Width. ae Actual per Tons per 
In. In. In. In. Kg. si. 
AQ Heated to 900 deg.C. | Free cementite in 0-1010 | 0-0203 | 0-1005 | 0-0196 | 10-0 5-0 
Al0 Slowly cooled from boundaries of |< 0-1009 | 0-0205 | 0-0998 | 0-0202 | 15-0 7-5 15 
All 720 deg. C. to 650 ferrite crystals 0-1005 | 0-0205 | 0-0994 | 0-0199 | 20-0 | 10-0 | J 
deg. C. 

Al4 P . 0-1000 | 0-0207 | 0-0997 | 0-0200 | 14-0 7:0 Visibl 
Be rt ee gin rl 0-1002 | 0-0204 | 0-0992 | 0-0198 | 22-0 | 11-0 | $22-5 stretehed 
Al6 gv. : 0-0750 | 0-0204 | 0-0714 | 0-0198 | 22-5 | 15-0 in oven. 
A82) | cata. (0-1006 | 0-0195 | 0-1002 | 0-0195 | 10-0 | 5-0 |} 
433 {| Cold-worked | and | Ferrite + globular j 0-0998 | 0-0204 | 0-0993 | 0-0197 | 15-0 | 7-5 | (4. Coated 
A34 days at 650 deg. C cementite 0-1002 | 0-0213 | 0-1002 | 0-0220 | 10-0 5-0 - with 
A36 . €-. .0-0999 | 0-0200 | 0-0995 | 0-0200 | 20-0 | 10-0 | J solder. 
A37 (| Large distorted fer- 0-0995 | 0:0195 | 0-0995 | 0-0193 | 16-0 8-0 |) 
A38 As cold-rolled < rite grains + glo- 0-1000 | 0-0203 | 0-1000 | 0-0199 | 24-0 | 12-0 24 
A39 bular cementite 0-0750 | 0-0200 | 0-0749 | 0-0200 | 24-0 | 16-0 | 








to ascertain the effect of the prolonged application of 
stresses on mild steel at temperatures in the neighbour- 
hood of those to which boilers are subjected. Only 
when this information is available would it be possible 
to arrive at a correct understanding of the combined 
effect of stress and chemical attack. 

The experiments which the authors have undertaken 
have been devised in order to determine the effect of 
prolonged application of stresses to mild steel at a 
temperature of 300 deg. C., particularly with a view to 
determining whether stresses well below the normal 
tensile strength will cause failure if applied for a very 
long time. For this purpose small test-pieces of 
rolled mild steel stript have been subjected to tensile 
stresses of approximately one-third, one-half, and 
two-thirds of the breaking stress, the load being 
applied by means of short levers having a ratio of 
approximately 8to 1. The whole of the mechanism was 
enclosed in a large electrically heated oven, which could 
be maintained at the selected temperature, 300 deg. C., 
for a long period. 





* Communication from the National Physical Labora- 
tory, Teddington, read before the Iron and Steel Institute, 
Glasgow, on September 20, 1927. Abridged. 

+The composition of the steel used is as follows: 





Carbon 0:11, silicon trace, sulphur 0-075, phosphorus 
0-050, and manganese 0-395 per cent, 


was allowed to cool to room temperature upon two 
occasions only, in each case only for one or two days. 
None of the specimens broke, and at the end of this 
long period the test was discontinued and the specimens 
were removed for examination. 

During the course of the prolonged heating the speci- 
mens oxidised but slightly, passing through the usual 
range of temper colours and finally assuming a grey 
appearance. The thickness of the film produced was 
inappreciable. The specimens were carefully measured 
before and after the test, but since it was initially 
expected to make only observations of the breaking 
strength, gauge marks were not put on the parallel 
portions, and no figures for elongation could be 
obtained. The measurements of the width and thick- 
ness of the test-pieces, before and after test, given an 
indication of the flow of the material, which, as the 
figures in Table I show, has been very slight in every 
instance. 

In order to ascertain whether any change had taken 
place in the material as a result of the prolonged 
loading, the specimens were examined for Brinell 
hardness and microstructure, Brinell hardness tests 
were made on the material of the parallel portion 
subjected to maximum stress, and also on the material 
above the shoulders, which had been subjected to a 
very small stress only, but which had undergone the 
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same prolonged thermal treatment at 300 deg. C. 
The resuks of Brinell tests are shown in Table II. 
A 1-mm. ball was used under a load of 5 kg. The 
results of these tests disclose in all instances a remark- 
able hardening of the material in the parallel portions 
of the test-pieces, this hardening being appreciable 
even in specimens which had been subjected to a stress 
of only one-third of the normal breaking stress. The 
degree of this hardening is astonishing, in view of the 
fact that the actual extension of the material under 


Taste ‘II.—Brinell Numbers“taken wn the “ Strained” 
(Centre) and “‘ Unstrained ”’ (Shoulders) of the Test-Pieces 
at the Conclusion of the Test. 

















Brinell Number. 
Mark No. 
Centre. Above Shoulders. 
A9 72-0 59-0 
Al0 73°5 50°3 
All 83-0 51-0 
Al4 85-0 71-0 
Alb 87-0 69-6 
Al6 97-0 * 70-0 
A32 79-0 66-0 
A33 83-8 62-0 
A34 87-0 58-0 
A36 107-0 64-0 
A37 145-0 127-5 
A38 135-0 127-5 
A39 142-0 128-0 








5-kg. load and 1-mm. ball. Experiments started Sept. 1920, 

stopped Dec. 1925. 
tests is very slight; in the case of specimen A16, in 
which visible stretching occurred in the oven, the 
extent is estimated to be not greater than 3 per cent. ; 
in the other test-pieces the extent was very much 
less than this. The results seem to indicate that the 
application of a prolonged load, resulting, no doubt, 
in slight gradual straining of the metal, has a very 
profound effect on the hardness—an effect which is 
much greater than would be anticipated from the actual 
amount of work, measured by the change of length, 
to which the material has been subjected. This harden- 
ing has no doubt played an important part in increasing 
the resistance of the material to stress and in preventing 
its failure under the prolonged action of the applied 
loads. 

The microstructure of the specimens has also been 
examined in the highly-stressed region after the test. 
No changes in microstructure due to the action of 
stress and temperature could be observed. 

Conclusions.—The experiments show that samples of 
mild steel, subjected to various forms of heat treatment, 
are capable of withstanding severe stresses up to two- 
thirds of the normal breaking stress, for prolonged 
periods at 300 deg. C. In the present tests these 
stresses have been withstood for over five years, and it 
seems likely that the steel will withstand such stresses 
indefinitely. The experiments show that steel sub- 
jected at 300 deg. C. to stresses between one-third and 
two-thirds of the normal breaking stress became 
considerably hardened, although the amount of strain- 
ing is very slight. In the experiments described above, 
however, the stress has in every instance been uniform 
throughout the cross-section of the small test-piece. 
Localised stress, such as that due to a notch, may 
give different results, and similar experiments with 
notched test-pieces are in progress. 








INDUSTRIAL CO-PARTNERSHIP ASSOCIATION.—The 
secretary of the Industrial Co-partnership Association 
informs us that the final details of the Aneurin Williams 
Memorial essay competition have been arranged. These 
will be found in the September issue of Co-partnership, 
which journal may be obtained from the Industrial 
Co-partnership Association, 6, Bloomsbury-square, 
London, W.C.1, price 3}d., post free. The subject of the 
essay will ** Discuss the Value and Practicability of 
the Principles of the Industrial Co-partnership Associa- 
tion as Applied to Modern Industry.” The first prize 
will have a value of 10/., and four other prizes will also 
be awarded. 





THe LEopotprna Rartway, Brazi.—Of the 19,426 
miles of railway open to traffic in Brazil, the Leopoldina 
Railway operates close on 1,860 niles. The report for 
1926 of the eral manager of tne railway, Mr. C. W. 
Bayne, C.B.E., contains much of interest. He states 
that the new terminal station in Rio de Janeiro, which 
was opened to traffic on November 6 last, has consider- 
ably facilitated the handling of the traffic. The rolling- 
stock equipment of the railway is, however, insufficient 
to meet the demands made upon it, with the result that 
serious overcrowding occurs during the rush hours. 
Additional locomotives, coaches, and wagons are 
urgently required in order to cope properly with the 
existing traffic. It is expected that the money accumu- 
lated in the special fund, created by a surcharge on the 
tarifis, for the specific object of re-equipping the railway, 
will be sufficient to provide this new ioliigabeek. 
‘Traffic prospects for the current year are satisfactory 
as an abundant coffee crop is now practically assured. 





CATHODIC DISINTEGRATION AS A 
METHOD OF ETCHING SPECIMENS.* 
By Cyr S. Smrru, B.Sc. (Hons.), D.Sc. 


Earty in 1925 the author had occasion to sputter 
silver on to some quartz fibre suspensions for an elec- 
trometer, and, noticing the roughening of the cathode 
used, had the idea of using cathodic disintegration 
as a method of etching metal specimens for micros- 
copic examination. After most of the work described 
in this note had been done, a paper by Mazurf was 
found in which the properties of sputtered films of 
alloys are described, and it is stated that the pulver- 
ization of the cathode gives a ‘‘ very delicate design,” 
the structure being similar to that obtained by etching 
with acid, but with much less contrast. The apparent 
volatilisation of certain metals when used as the 
cathode in a gas discharge tube has been studied in 
considerable detail, and is probably due to atoms being 
dislodged from the surface by the bombardment of 
positive ions. The metal gas thus formed diffuses 
through the gas in the tube and condenses on the 
walls of the tube and on objects suitably placed, a 
phenomenon which is made use of in silvering mirrors 
and other parts of scientific instruments. Recently, 
A. Gintherschulzet studied the disintegration of 


Fig.1. APPARATUS FOR CATHODIC ETCHING 











CorPER-SILVER ALLOY, 45 PER CENT. 
CATHODICALLY ETcHED. xX 400 AND 
Repucep ONE-Firtu. 
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certain pure metals, and has given a number of experi- 
mentally determined constants which indicate the 
ease of sputtering. Of the common metals, in hydrogen 
at low pressures, zinc, gold, cadmium, and silver sputter 
most ; lead, platinum, and copper to a medium extent ; 
while iron, aluminium, and magnesium are disinte- 
grated to the least amount. 

In order to make use of the action for etching alloys 
a very simple apparatus can be used. The author 
has used with good results the apparatus shown in 
Fig. 1, consisting merely of a 4-oz. bottle with a 
rubber stopper, through which pass a glass tube 
carrying the grid-shaped anode of aluminium wire, 
A, and the copper tube, B, which serves the purpose 
of supporting the specimen tray and of making both 
electrical and vacuum connections. A more elaborate 
apparatus consisting of a small bell-jar with the 
necessary electrodes was also used, but it gave no 
better results, and was more difficult to make vacuum 
tight. The bottle, filled with air, was evacuated by 
means of a ‘“‘Cenco Hyvac”’ pump to a pressure of 
0-05 to 0-005 mm. of mercury, but within these limits 
the pressure seemed to be comparatively unimportant. 
Any suitable source of current—for example, a small 
induction coil—could be used, but the author em- 
ployed a small generator, intended for X-ray work, 
consisting of a transformer and mechanical rectifier. 
Direct current was usually applied, but equally good 
and sometimes better results were obtained by the use 
of alternating current. The highest current which 
could be used without overheating was about 15 





* Paper read before the Institute of Metals, Derby, 
on September 8, 1927. Abridged. 

t+ Bull. Acad. Polonaise, 1925, (A), pages 81-92. 

} Z. Physik, 1926, xxxviii, page 575. 





m.amps., at a voltage of 2,000 to 7,500 (+ to }-in. 
spark), depending on the gas pressure. Under these 
conditions a polished specimen of silver-copper eutectic 
alloy was etched in 15 sec., but other alloys took 
somewhat longer, up to 10 minutes for some copper 
zine alloys. 

Specimens of several different metals and alloys 
were etched by this method, but of the ones tried the 
copper-silver alloys seemed to be the most suited, as, 
not only did they etch up quickly, but the contrast 
was very good. Fig. 2 depicts a copper-silver 
alloy in the cast condition, and show the primary 
and eutectic constituents very clearly. It should be 
mentioned that the copper-rich solid solution did not 
remain copper-coloured, but became stained a deep 
brown. This may have been due to the presence of 
traces of organic matter from the rubber stopper and 
shellac cement used, but no staining occurred unless 
the current was passing, and it was more marked when 
alternating current was used. Whatever the cause, 
unless this staining of one constituent takes place, 
the contrast on the etched specimen is very poor, and 
for this reason the structure of eutectic alloys of 
cadmium with zinc, lead, and tin could not be developed 
clearly even after a considerable layer of surface metal 
had been removed. Similarly, in pure metals, while 
oblique illumination would always indicate the grain 
and twin boundaries, in specimens which had been 
etched for a long time, the various grains were not 
differentiated by selective reflection of light. It is 
worthy of note that cathodic etching does not accen- 
tuate scratches in the way acid etching frequently 
does, but, if anything, seems to remove them. 

Although the brasses and alloys at the ends of the 
copper-zine series could not be etched by the new 
method, an alloy of 27-8 per cent. copper (consisting 
of e¢ solid solution and y-e eutectoid) etched well 
after about 10 minutes. The new method does not, 
of course, do any more than differentiate between 
constituents which differ markedly in ease of sputter- 
ing. This limits its use to the etching of alloys with 
duplex structure, most of which can easily be etched 
by suitable liquid reagents. There are certain cases, 
however, in which the results of etching are difficult 
to interpret, and in such cases cathodic etching should 
serve as a useful confirmation of other methods. 








THE JUNIOR INSTITUTION OF ENGINEERS.—The council 
of the Institution has invited Sir Murdoch Macdonald, 
K.C.M.G., M.Inst.C.E., M.P., to become President of the 
Institution in succession to Engineer Vice-Admiral 
Sir Robert B. Dixon, K.C.B., M.I.Mech.E. The invita- 
tion has been accepted, and Sir Murdoch Macdonald’s 
induction will take place at a meeting to be held at 
the Caxton Hall, Victoria-street, S.W.1, on Friday, 
November 18, at*7.30 p.m., when he will deliver his 
presidential address. 





University COLLEGE, Lonpon.—The Provost of 
University of London, University College, Gower-street, 
London, W.C.1, informs us that a number of awards 
have been made in the Faculty of Engineering at the 
College. These include the Goldsmid entrance scholar- 
ship gained by Mr. J. Jackson, the Archibald P. Head 
medal and prize awarded to Mr. H. Gunzberg, and the 
L. F. Vernon-Harcourt prize in civil and municipal 
engineering awarded to Mr. 8. Stevens. Departmental 
honours in heating and ventilating engineering have 
been gained by Mr. C. W. J. Smeed, and in mechanical 
engineering by Messrs. N. Gunzberg, R. C. Mildner, 
F, L. Lambert, W. K. Gharpurey, and R. W. Jaggard. 





THE Monsoon In InpD1A.—His Majesty’s Senior Trade 
Commissioner in India has forwarded to. the Department 
of Overseas Trade a memorandum issued by the Officiat- 
ing Director-General of Observatories, Simla, on the 
rainfall of June and July, and the probable amount 
during August and September. During June the rain- 
fall, averaged over the plains of India, was in defect by 
1-4 in. (16 per cent.), but in July was in excess by 1°65 in. 
(12 per cent.). Thus, during the two months the mon- 
soon was normally active over the greater part of the 
country. With regard to August and September, it is 
stated that existing indications point to the monsoon 
rainfall in the Peninsular and Northern India as likely 
to be normal or in excess. 





THE KEIGHLEY ASSOCIATION OF ENGINEERS.—On 
Friday, September 9, at the Queen’s Hotel, Keighley, a 
presentation was made of a gold watch, suitably inscribed, 
to Mr. J. E. Raistrick, the retiring president of the 
Keighley Association of Engineers, who is shortly leaving 
for New Zealand. Mr. Joseph Smith, the president, made 
the presentation, and said that they were losing a very 
valuable member of the association, and referred to the 
great work which Mr. Raistrick.had done to advance the 
educational side amongst the younger men and foremen. 
Mr. Dewherst, Mr. Arthur Sellers, of Messrs. Darling and 
Sellers, Limited, Mr. Robert Hudson, of the Employers’ 
Federation, Mr. Harry Smith, of Messrs. Dean, Smith and 
Grace, Limited, Mr. Alfred Baldwin, and several other 
leading engineers were present, and all spoke of the high 
character of the work Mr. Raistrick had done, not only 
in connection with the association, but with other useful 
organisations, 
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10,000-14,000-KW. LJUNGSTROM 
STEAM TURBINE. 


THE introduction in 1912 of the Ljungstr6m steam 
turbine established an entirely new standard of 
efficiency for turbines of small or moderate output, 
the steam rate attained with sets of 500 or 1,000 kw. 
rating being fully as high as the best reached with 
the largest and most elaborately-equipped instal- 
lations previously constructed. For the just 
appreciation of this achievement, it must, moreover, 
be borne in mind that Messrs. Ljungstrém had not 
merely to design their turbine but had also to invent 
the methods by which it was constructed. In fact, 
one very able and experienced engineer, himself a 
competent mechanic, on being shown the drawings, 
declared roundly that it was impossible to construct 
such a machine, and maintained this “‘ Didymus- 
thal” attitude till he had actually visited the 
maker’s works and seen there not merely the 
completed machine, but also the extremely original 
and ingenious methods devised for its manufacture. 
Some critics, it is true, suggested that these savoured 
rather of instrument making than of mechanical 
engineering, but the innovations in question have 
been amply vindicated by experience. The turbine 
has, in fact, had a remarkably good record in 
practice and the Ljungstrém turbines installed in 
various countries up to the present time, have an 
aggregate rated capacity of over 2,000,000 b.p. 
The vast majority of these units have been supplied 
by the Finspong works and by the Brush Electrical 
Engineering Company. The figure above quoted is 
the more noteworthy because the original design 
was not well-adapted to large outputs. The 
earlier machines were rated at 1,000 kw., and 
until quite recently the normal rating, at most 
economical output, of the larger machines, when 
operated with a high vacuum, did not exceed 
5,000 kw. These turbines had, however, a large 
overload capacity and could easily, when the bye- 
pass was opened, generate 7,000 kw. 

d\?2 /R.P.M.\2* 

The value of k=2(i5) (“5,-) > for the 
original 1,000 kw. machine, illustrated in our issue 
of April 12, 1912, page 482, was about 225,000, or 
practically identical with the corresponding figure 








* d = mean dia. of stage in inches. 





Fie. 1. GENERAL VIEW OF MACHINE. 


for ‘‘ Old Reliability,” the 20,000-25,000-kw. turbine 
built by Messrs. Parsons for Chicago at about the 
same date. Contemporary 1,000 kw. units of normal 
type had, however, a & of not more than half of the 
above figure, and until the advent of the Ljungstr6m 
turbine it was considered commercially impossible 
to go much beyond this value. 

This was due to the fact that whilst a fair efficiency 
could be obtained with a k& equal to about 120,000, 
any increase beyond this figure, whilst it involved a 
nearly proportional increase in manufacturing costs, 
yielded a very disproportionate gain in efficiency. 
In fact, until it became possible to combine high 
speeds with large outputs it was commercially 
impracticable, with the normal type of reaction 
turbine, to even approach the theoretically best 
ratio between blade speed and steam speed. With 
the impulse type a closer approach to the theoretical 
best ratio was possible, and impulse turbines were 
constructed in America, and probably elsewhere, in 
which the ratio of blade speed to steam speed was the 
theoretical optimum. It is, however, now generally 
admitted that impulse blading is inherently less 
efficient than its rival, and additional reasons for this 
superiority have been afforded by recent advances 
in hydro-dynamic theory. 

It was the introduction of the double rotation 
principle that made it practicable to rival, with 
Ljungstr6m turbines of small output, the best 
figures obtained with the largest turbines of normal 
types. The advantage thus attainable had been 
realised by many. With a given type of turbine 
and a stated maximum speed of revolution the 
introduction of the double-rotation principle would 
reduce turbine weights to about one-quarter of 
what would otherwise be necessary. The con- 
structional difficulties involved seemed, however, so 
formidable that nothing of value was achieved 
until Mr. Birger Ljungstrém solved the problem 
by a really remarkable combination of ingenuity 
and insight. His turbine was, in fact, swi generis, 
and hardly one of the strikingly original expedients 
adopted in the first 1,000-kw. machine has required 
any material modification in the light of subsequent 
experience. There have, no doubt, been some 
changes in detail. Thus, the }-in. blades used at 
the first row of the original machine, have not been 
retained in subsequent designs. Michell thrust 
blocks have been added to take up the unbalanced 








axial thrust, and some changes have been made in 
the construction of the discs which carry the blade 
rings. The method of guarding these from injury 
by heat distortions has, however, been retained in 
principle, and quite recently the desire to use non- 
corrodible steel for the blading has led Mr. O. A. 
Wiberg, of the Finspong works, to develop an 
alternative system of constructing the blade rings, 
which does not involve the use of acetylene welding. 
We shall give details of this new system of con- 
struction later on in this article. 

High pressure steam has a small specific volume, 
and with the parallel flow type of turbine it has, in 
consequence, been difficult to secure a reasonable 
blade height at the admission end of small turbines. 
With the radial flow system embodied in the 
Ljungstrém turbine, this difficulty does not exist. 
The first ring is of small diameter, and successive 
rings increase in diameter from row to row. At the 
outset, this increase is more than proportionate to 
the increase in the volume of the steam as it expands 
through the turbine, and hence the first row is 
longer than its immediate successors, and “ tip 
leakage ” is thus small at every stage of a Ljung- 
strém turbine. Whilst, however, the Ljungstrém 
turbine gained in this regard, it was, as originally 
constructed, at some disadvantage in the matter of 
exhaust losses. With a given vacuum the dimen- 
sions of the low pressure end of a steam turbine 
should be proportional to the output, and, as is 
common knowledge, the combination of a large 
output with a high vacuum, demanded of recent 
years by power station engineers, has led to a pretty 
general reversion to the double flow exhaust end, 
which was a characteristic feature of the famous 
Elberfeld plant. 

The original Ljungstrém turbine, although it had a 
double flow exhaust passage, had only a single row of 
radial flow exhaust blading, and thus failed to realise 
one of the prime advantages inherent in the design, 
viz., that in spite of its single casing there was a 
donble flow discharge to the condenser. The length 
of the exhaust blading was limited by critical speed 
considerations, and accordingly it was not possible 
to build the original machine in large units. The 
5,000 kw. to 7,000 kw. machine, supplied to Willesden 
in 1915, was practicable, only because the condensing 
water being provided by cooling towers and of 
indifferent quality at best, but a moderate vacuum 
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was required, whereas to-day certain station engi- 
neers specify a vacuum of 29} in. 

To meet the demand for a high vacuum Mr. O. A. 
Wiberg, chief engineer to the Svenska Turbinfabriks 
Aktiebolaget Ljungstrém, Finspong, Sweden, intro- 
duced the plan of doubling the exhaust blading by 
mounting a row of axial flow blading on the edge of 
each of the rotor discs. The machine thus became a 
combined radial and axial flow machine, and in 
many ways embodied the advantages of both types. 
With this arrangement it became practicable, with- 
out extravagant leaving losses, to build turbines, 
developing 5,000 kw. to 7,000 kw., designed for 
the highest vacua anywhere available. Many such 
units bave been built both at home and abroad, 
and have proved highly satisfactory both in respect 
to efficiency and to reliability. 

In the first instance the impulse system was 
adopted for the axial flow blading of these turbines, 
but the growing demand for still higher thermal 
efficiencies has now led Mr. Wiberg to use reaction 
blading for these rows, and also to increase the 
number of them. In this way it has been found 
practicable not merely to double the output of these 
single casing 3,000 r.p.m. machines, but to increase 
the value of & to a limit hitherto unapproached. A 
value of k = 325,000 has been attained with turbines 
of 5,000 kw. to 7,000 kw. rating. This figure has 
been seldom exceeded in large axial flow machines. 
In fact, much higher working pressures will have 
to be adopted if full advantage is to be taken of 
the possibilities of the new design in this direction. 
It is in fact both mechanically and commercially 
practicable with a turbine of 10,000 kw. rating 
machine running at 3,000 r.p.m. to raise k to some 
450,000, and to utilise this to the best advantage, 
greater thermodynamic heads would be necessary 
than are at present available in most power stations. 
Moreover, by reducing the speed of rotation to 
1,500 r.p.m., it has become possible to construct 
30,000 kw. to 40,000 kw. machines, with a single 
casing, and with these k may be as high as 
600,000 to 700,000 which is possibly more than 
could be efficiently utilised in any existing power 
station. It should perhaps be added that as the 
average angle of discharge from Ljungstrém blading 
is about 24 deg. the curve connecting the efficiency 
with the value of k is not quite the same as 
it is with standard Parsons blading having a 
discharge angle of 18} deg. Complete designs for 
a 30,000 kw. to 40,000 kw. unit have been worked 
out, but the largest of the new type as yet con- 
structed is rated at 10,000 kw. to 14,000 kw. 
This is a 3,000 r.p.m. machine supplied to the 
Leghorn power station, Italy, and is illustrated 
in Fig. 1, page 411, Figs. 2 to 9, Plate XX XII, and 
in Figs. 10 to 15, on this and the following pages. 
It has been built by the Svenska Turbinfabrik 
Aktiebolaget Ljungstrém at their Finspong works. 

A longitudinal section through the machine, 
complete with its two generators is reproduced on 
Fig. 2, Plate XX XII, which illustrates very strikingly 
the very small space occupied by the turbine. 

The two generators rotate in opposite directions, 
and the shaft of each has mounted on it, outside of 
its inner bearing, one half of the turbine rotor. The 
whole of the blading is comprised within a cylinder 
about 70 in. in diameter, and about 15} in. wide, yet 
the value of k for this turbine is no less than 
381,000. The total axial length occupied by the 
two rotors is about 22} in. as measured between the 
outermost fins of the two shaft glands. Steam 
enters the turbine from below, and passes up the 
pipes a a (Fig. 2) to the two steam chests which have 
an annular form and are machined out of a solid 
forging. These steam chests are’ lettered bb in 
Fig. 3, where, however, for the convenience of the 
draughtsman the pipe a has been shown as entering 
from the top in place of from below, and the bye- 
pass valve c is for similar reasons, also shown out of 
position. The true situation of this valve is as 
represented in Fig. 6. From 6} the steam enters the 
blading through a series of holes, which are simply 
drilled through d the high pressure rotor forging. 
Owing to the fact that there may be a difference of 
300 deg. C. between the steam entering and leaving 
the turbine there would be heavy temperature stresses 











were the rotor constructed as a single piece. The 
part carrying the radial flow blading has accordingly 
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Fie. 14. Har or Stationary GuIDE BLADE CasINna. 


been built up of three independent forgings which lroots of the blading. A second rolling operation 


are flexibly connected together as indicated in 
Fig. 3. The innermost pair of these forgings is only 
about 214 in. in extreme diameter. Between them, 
the pair carry 19 rows of blading and each also | 
supports a main dummy packing plate, which | 
is held only near its inner edge and can thus expand 
freely. The intermediate forging e is coupled to its 
predecessor. To this forging is bolted the first of 
the discs 7 carrying axial flow blading. The L.P. 
dummy plate h, is carried by a ring extending from 
the main dummy packing plate. The L.P. discs j 
are registered to 7 as indicated. It will be seen 
that the discs ¢ also carry some radial flow 
blading. The longest of these rows has an over- 





hang of rather less than 9 in., and it will be seen 
that but one intermediate strengthening ring is 


secures the other ring in place. The complete 
assembly is next transferred to a lathe in which it 
is mounted on the ring y of Fig. 7, and finally trued 
up with a light cut. 

The blades are machined out of the solid ; complete 
with their roots. A photograph of one of these 
blades is reproduced in Fig. 10. They are produced 
from rectangular bars. The fronts are milled out, 
and if the blade is splayed as in Fig. 7 the roots 
are finished by a mill set at an angle so that at 
the splay the curvature is slightly elliptical. The 
backs are produced by grinding in an automatic 
machine. The back consists of two circular curves. 
To obtain this result the blank is mounted so that it 
can rotate in succession about twocentres. Asit turns 
round, it first rotates about one centre and the wheel 








required. With this construction there is a wide| then grinds one circular arc. At the proper time a 
margin between the running speed of the turbine | stop comes into action and prevents further rotation 
and the critical speed of this last row of radial | about this centre, but a spring permits the rotation 
flow blading. | of the blade to continue but about the second centre. 

The whole of the rings of radial flow blading are | When the ends of the blade are splayed, the back 
mounted flexibly on their forgings, and provided | of the blade is finished by an end mill, the blade 
the steam mains and valves are free from water, | being traversed in the direction of its length at the 
it is thus possible to throw the turbine immediately | same time that it is rotated about the two centres 
under full load, starting with all cold. The arrange- | in succession, as above explained. With this system 
ment will be best understood by referring to Figs. |of construction, any machinable material may be 
7and 8, Plate XXXII. As there indicated, the row | used for the blades and for the supporting zings, 
of blades is carried by a ring of dumb-bell section | whereas with the original system of construction, 
to which it is secured by a rolling process which | choice of materials was restricted to those which 
closes down the open edges of the slots shown could be welded by the acetylene process. By the 
in Fig. 7. The other end of the dumb-bell|new method, greater strength can be secured, as 
ring is similarly secured to the carrier ring /| well as complete freedom from any risk of corrosion. 
y which, as indicated in Fig. 8, is caulked| As shown in Fig. 8, each supporting ring x has 
into a groove turned in the rotor forging. Succes-/caulked into it a thin fin of nickel, which all but 
sive $tages in the construction of a ring of| touches the succeeding row of blades. Should a 
blades are illustrated in Figs. 11 to 13, page 412.|touch occur, the fin simply rubs away without 
In Fig. 11 a few blades are shown loosely mounted | giving rise to any appreciable distortion by heat. 
on their supporting ring. and the row is shown| Hence, clearances can be made a minimum. A 
complete in Fig. 12. The second supporting ring | similar system is used for the dummies, with the 
is then dropped into position, and held down in| result that dummy leakage losses in the case of a 
place, by the four rollers to be seen in Fig. 13, | large turbine may be as little as 1 per cent., with 
which also shows, in progress, the operation of rolling | an inflow of 60 cu. ft. per second ; the principle of 


down the edges of the slot on to the dovetailed | using a thin fin for one of two surfaces in rapid 





Fie. 15, GuipE BLapE Casina; OvutTeR Row or BLADES PARTLY IN PLACE. 


relative motion, originated with Sir Charles Parsons, 
but has been applied with special thoroughness in 
the Ljungstrém turbine. 

Fins of the type described are, as shown in Fig. 3, 
also used in the clearance between the inner peri- 
phery of the stationary guide blade castings k and 
the adjacent surfaces of the rotor. 

The axial flow blades have forked roots and 
straddle the edge of the discs on which they are 
mounted (see Fig. 3). As will be seen, the forks 
are serrated and the blades are secured by a rolling 
operation, which closes down these serrations into 
corresponding grooves turned on the discs. The 
L.P. blades have a total length of about 11 in., 
and a mean diameter of about 56-2in. The total 
annular area provided for the discharge of the 
exhaust steam is about 27 sq. ft., so that when 
generating 10,000 kw. with a vacuum of 29 in., 
the leaving loss reckoned in the conventional way, 
does not exceed 2 per cent. to 24 per cent. 

The stationary guide blades k are castings and 
are secured to the casing as indicated. A photo- 
graph showing one-half this casing, mounted com- 
plete with all four rows of stationary guide blades 
is reproduced in Fig. 14, whilst Fig. 15 shows both 
halves assembled, but with one of the outer rows 
in process of erection. 


(To be continued.) 





THE BRITISH ASSOCIATION AT 
LEEDS. 
(Continued from page 402.) 


SECTION G.—ENGINEERING. 
THE STRENGTH OF REINFORCED-CONCRETE BEAMS. 


Art the final meeting of the session, held on the 
morning of Wednesday, September 7, the first item 
on the programme was a paper on the strength of 
reinforced-concrete beams in shear, by Mr. J. 
Gilchrist. Sir James Henderson, who occupied the 
chair, called on Mr. Gilchrist to read his paper, 
but the author said that, as copies of the paper were 
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in the hands of all present, he proposed to take 
results from the diagrams for the purpose of dis- 
cussion, and also to refer to the London County 
Council Regulations, although these were at present 
under revision. One of the most outstanding 
results of the tests referred to in the paper was that, 
with 1 per cent. of tension steel, the shearing strength 
of a beam was not increased in the same proportion 
as the concrete of which it was made was increased 
in strength. The increase in shearing strength of 
the beam was about half the increase in the com- 
pression strength of the concrete used in making the 
beam. If the tension steel were increased to 1} per 
cent., then the shearing strength of the beam in- 
creased more nearly in proportion to the strength of 
the concrete used. Further, the shearing strength 
of the beams with 1} per cent. tension steel was 
always greater than the shearing strength of the 
beams with 1 per cent. tension steel, but this differ- 
ence was very small for the weak concretes, say, 
for concretes the compression strength of which 
was half a ton per square inch. The above state- 
ments, it should be mentioned, referred to beams 
with no vertical reinforcement. 

Referring to the L.C.C. rules, for a concrete of 
3,000 lb. per square inch compressive strength, the 
rules allow a working shear stress of 75 lb. per square 
inch in a beam with no verticals and, of course, 
without any reference to the amount of tension 
steel. Comparing this with the results of the present 
series of tests, showed that a concrete of 3,000 lb. 
compression strength would have, according to the 
rule proposed, a tensile strength of 350 Ib. per 
square inch. For a_ tensile strength of 350 lb. per 
square inch, the failing shear stress of a beam with 
1 per cent. tension steel was about 350 lb. per square 
inch, and, if we took one-fourth of this as a factor 
of safety, a working shear stress of 87 lb. per square 
inch was obtained, which was not very different 
from the 75 lb. per square inch of the L.C.C. rules 
from a practical point of view. If the beam had 
14 per cent. tension steel, the failing shear would 
be about 420 lb. per square inch, which gave a work- 
ing stress of 105 lb. per square inch, or rather more 
than the L.C.C. rules. 

The tests referred to in the paper allowed of a 
working stress in shear, for a concrete of 4 ton per 
square inch compressive strength, of 75 lb. per 
square inch. Increasing the tension steel from 
1 per cent. to 14 per cent. made very little difference 
to the shearing strength of a beam of such weak 
concrete, but for very strong concretes, of 2 tons per 
square inch compressivé strength, the tests allowed 
of working shear stresses, for beams with 1} per cent. 
tension steel, of as much as 140 lb. per square inch. 

It might appear from this that there was little 
advantage to be gained by using strong concretes 
with tension steel of not more than 1 per cent. 
This, however, was not the case. There was a 
distinct advantage in using strong concrete, because 
it was quite easy to reinforce the strong concretes 
vertically, whereas it was not at all easy with the 
weak concretes. A certain number of vertical bars 
would prevent a beam of strong concrete from failing 
in shear, whereas it would require a very much 
greater number of vertical bars to prevent a beam 
of weak concrete from failing in shear. This was 
proved by experiments with beams reinforced 
vertically. 

Although not strictly part of the paper, so much 
of what value it had, Mr. Gilchrist remarked, 
depended upon the application of the results to 
beams with vertical reinforcement, that some 
results obtained might be stated although the 
experiments had not yet been published. The L.C.C. 
rules required that the shearit g stress in beams with 
vertical reinforcement should never exceed three 
times the stresses allowed in beams with no verticals. 
In the tests made with beams having shear steel, he 
had succeeded, with all qualities of concrete and with 
percentages of steel from 1 per cent. to 2 per cent., 
in reinforcing the beam vertically, so that it did 
not fail in shear; the failure was due to the steel 
yielding or, with the weak concretes, to the simul- 
taneous failure of the steel in tension and the con- 
crete in compression. Thus, the ultimate strength 
of the reinforced webs was not found. In all 
these cases, and up to 2 per cent. tension steel, the 
breaking load of the beam never exceeded twice 








the strength of the beam with horizontals only and 
no verticals ; generally, it was only 75 per cent. 
more. Thus, the tests with vertical reinforced 
beams indicated that it was never necessary to rein- 
force a beam so that the shearing stress was more than 
twice the strength of the unreinforced web. On 
this basis, the three times 75 (225) of the L.C.C. rules 
would be too much for the beam with 1 per cent. 
reinforcement, but probably not too much for the 
beam with 14 per cent. reinforcement ; or, perhaps, 
it should be said that such a stress would only be 
required with a beam having 14 per cent. rein- 
forcement. 

The L.C.C. rules, although not very clear, 
indicated that, where the result of dividing the 
shearing force by a certain area exceeded the 
specified shearing stress with no verticals, the 
whole shearing force (Regulation 66) must be carried 
by the tensile stress in the reinforcement. This 
was entirely against the idea of regarding the 
strength of a beam as the sum of the two items 
mentioned at the commencement. The method of 
regarding the strength as the sum of these two items 
was, however, supported by the tests carried out. 
In the case of a beam tested with 2 per cent. tension 
steel, consisting of four bars each 3 in. diameter, 
the vertical reinforcement consisted of closed rect- 
angular loops of a depth nearly equal to the 4 in. of 
the beam and of a width nearly equal to the 2 in. 
of the web. These were placed at 2 in. apart, or 
about two-thirds of the arm of the internal stress 
couple, and were of #-in. diameter steel rod. The 
beam broke at 6-4 tons, due to the steel yielding 
at the centre of the span, and although there were 
cracks near the ends there was no distinct opening 
and the vertical reinforcement was certainly not 
yielding. The shear at the end was 3-2 tons and, 
since the breaking load of both bars of one loop 
would be about a ton, it was quite clear that the 
shear was mostly taken by the concrete. In fact, 
by adopting one simple type of vertical reinforce- 
ment, consisting of closed loops, it was a very simple 
matter to reinforce beams vertically, and all the 
elaborate rules about anchoring, &c., could be dis- 
pensed with. ae bo OTe 

On the question of how we were to account for 
the behaviour of these beams, Mr. Gilchrist suggested 
that the beam behaved more like an arch than a 
beam, at any rate towards the ultimate load, and 
that the purpose of the vertical loops was more to 
stabilise the structure, and to keep the imaginary 
arch in the proper shape, than to take a shear 
calculated from the beam theory. The tests, he 
thought, also showed that real economy might be 
obtained by using high-compression concrete, 
because it was so easy to reinforce it vertically, and 
also because it would not only economise concrete 
but would require less steel to be added in the 
compression flanges where the amount of the con- 
crete was insufficient under the present working 
stresses. He finally suggested that it was a con- 
servative proposal to use a concrete of about 2 tons 
per square inch compression strength, and a work- 
ing compression strength of 1,000 lb. per square 
inch, instead of the 750 Ib. per square inch allowed 
by the rules. 

Mr. J. S. Wilson, who opened the discussion, called 
attention to the need for experiments on the effects 
of repeated stresses on reinforced-concrete structures. 
He also referred to a statement in the paper relating 
to the development of cracks, and to the effect that 
“the crack might be open {5 in. near the neutral 
axis and decrease to nothing at 1 in. on each side.” 
Was it to be understood, he enquired, that the crack 
became thinner at the ends? If this were the case, 
the concrete must possess a‘ degree of ductility 
which engineers were not used to. Referring to the 
ratio of the moduli of elasticity for steel and con- 
crete, Mr. Wilson pointed out that all formule 
required the concrete to crack before the steel 
took up the stress allotted to it. If the concrete 
were not stressed sufficiently to crack it, the stress 
in the steel was very low. With poor concrete, 
the ratio of the elastic moduli would be 15, but, 
in the case of good concrete, it might be as low as 8. 
It was then only possible to put 8 times the stress 
on the steel that could be put on the concrete ; 
the value of the latter thus became less and less. 
What was required was a new metal. At present 





no metal had a higher modulus of elasticity than 
ordinary wrought iron, but if a metal could be 
obtained which would give a ratio of 25 or 30 in 
comparison with concrete, great progress could be 
made in the design of reinforced-concrete structures. 

Dr. J. S. Owens enquired if any experiments had 
been made on stress distribution in reinforced 
beams using polarised light. Concrete could not, 
of course, be used for such investigations, but by 
building up a beam of material transparent to 
polarised light it would be possible to examine the 
distribution of stresses and thus to obtain valuable 
information. Professor Lea, the only other speaker 
on the paper, expressed agreement with the author 
that the arguments for the use of weak concrete 
were wrong. He was not sure that it was right to 
base estimates of the value of reinforced-concrete 
beams, or other structures, by testing them to 
destruction. The materials were designed to work 
within a definite stress range assuming elastic 
conditions, which were departed from when testing 
to destruction. Under ordinary working loads, 
however, it was hoped that elastic conditions were 
followed. In any case it was essential to employ 
strong concrete. There was no hope of obtaining 
the metal suggested by Mr. Wilson; all alloys, in 
fact, had lower values of E than the pure metals. 
If strong concrete were employed, its strength could 
be utilised ; stresses as high as 1,000 lb. or 1,200 lb. 
per square inch could be used in the concrete of a 
beam, together with a fairly high stress in the steel. 
Professor Lea also referred to a serious failure of a 
reinforced-concrete roof, which occurred some years 
ago, and was found to be partly due to the fact that 
the concrete in the flanges of the “‘ T ’”’ beams was of 
very bad quality, a dirty aggregate having been 
used. The really serious point, however,’ was that 
a line of cleavage existed between the flange and 
the web, these two portions having been cast 
separately. The stirrup, moreover, hardly extended 
beyond the line of cleavage. It was most important 
to recognise, when forming “‘T ”’ beams, that con- 
tinuity between the flange and web must be secured 
in order to ensure the proper transfer of the stresses. 
Professor Lea asked the author if he had ever 
examined the strains existing under working loads, 
as distinct from failing loads, and finally expressed 
the view that the author’s explanation that the 
beam was acting as an arch was very important. 
A student of his, he concluded, was at present 
engaged in investigating the problem of the action 
of a beam as an arch on the lines suggested by 
Dr. Owens. 

The author, in replying, said that emphasis had 
been placed on the necessity for further investiga- 
tions, but this was mainly a matter of cost. The 
beams used in his experiments were very small, but 
it was quite reasonable to compare them with large- 
size structures. During the war, struts about 3 in. 
long had been required for certain purposes, and it 
seemed to be ridiculous to calculate them, although 
it was not so. It was thus quite reasonable to make 
experiments on small beams, although he would be 
glad to make them on larger but for the question 
of cost. 

Tue DEsiGN oF ConDvITS. 


The next paper by Mr. H. H. Burness was 
entitled ‘‘The Design of Large lLow-Pressure 
Conduits.” This paper, which will be reprinted 
in a later issue of ENGINEERING, deals with 
the design of conduits of oblate section and 
compares their cost with that of an open channel 
having an equal capacity. 

The discussion on the paper was opened by Mr. 
J. S. Wilson, who remarked that the author was 
rather unfair to the alternative method, in choosing 
an open channel with sides having a 1 to 1 slope. 
Open channels, he said, were usually made with 
almost vertical sides, which would reduce the 
quantity of concrete required and also the amount of 
excavation ; the use of a channel of this form would 
upset the comparison. Mr. Wilson also enquired 
what happened outside the conduit. It was assumed 
in the paper that the whole of the weight was carried 
on the flat bottom, but this could not be done in a 
practical case. The magnitude of the pressure all 
round the conduit would have a fundamental effect 
on the whole argument. 

Professor Lea, who also spoke, said he had been 
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considering the problem from the point of view of 
earth pressure in connection with sewers rather than 
conduits. Rankine had shown that, taking conju- 
gate earth pressures, a section could be found in 
which no bending moments were produced. For 
students it could be treated as a problem in graphic 
statics. Taking elements of the arch and determin- 
ing the vertical and horizontal pressures on the 
elements from the Rankine equations, the student 
could find that the line of thrust coincided with the 
centre line, so that there was no bending moment. 

As time was short, the Chairman then asked the 
author to reply briefly, and, in doing so, Mr. Burness 
first stated that the points raised had all been dealt 
with in the original paper, but, as this was too long, 
parts of it had to be omitted. The design of conduit 
dealt with, he pointed out, only applied when buried 
at small depths. He also mentioned that he had 
made a rubber-tube model of the conduit, and, to 
reproduce the earth pressure on it, had placed it in a 
box which was afterwards filled up with a dry 
mixture of sand and cement. The mixture was then 
wetted and allowed to set, but when afterwards 
examined no alteration in shape had been found. 
He agreed with Professor Lea about the value of the 
graphical method of design, but pointed out that, 
as the area was required, it was necessary to use 
elliptic integrals. 


THE WHIRLING SPEED OF SHAFTS. 


The last paper taken was one by Mr. T. M. Naylor 
on the whirling speed of shafts, in which the author 
refers to the discussion which took place some years 
ago as to whether there was a disturbance before the 
whirling speed proper and whether this disturbance 


1 
occurred at half or “74 of the whirling speed. He 


describes the experiments made in connection with 
the matter and concludes that a disturbance occurs 
at half the whirling speed. The paper will be re- 
produced in a later issue. 

The first speaker in the discussion on the paper 
was Dr. F. T. Chapman, who said he was glad the 
author had adopted an optical method of examin- 
ing the phenomena of whirling in shafts and 
expressed the hope that he would apply it to more 
complicated cases. A certain amount of confusion, 
he said, had crept into the discussion of the subject 
from the lack of discrimination between the speed 
of rotation of the shaft, or rotor, about its axis 
and the speed of whirling of the axis. These two 
speeds were not necessarily the same and might, 
in fact, be very different. As an instance of this 
he mentioned a type of case which occurred in 
squirrel-cage motors, where, under certain condi- 
tions, a magnetic side pull might exist. The direc- 
tion of this side pull rotated at a certain speed, 
which was connected in a simple manner with the 
speed of rotation and the frequency of the supply. 
The rotor, for instance, might rotate at 1,000 
r.p.m. and the side pull at 20,000 or 30,000 r.p.m., 
and serious whirling of the axis might occur at the 
higher speed. It seemed probable, Dr. Chapman 
continued, that when, in the author’s experiments, 
the speed of rotation was 540 r.p.m., the observed 
whirling was due to rotation of the bent axis, not 
at 540 r.p.m., but at 1,080 r.p.m., and there was 
no evidence in the paper to contradict this supposi- 
tion. This speed was slightly less than the next 
speed at which whirling was observed, but the differ- 
ence between the two might be accounted for by 
the smaller gyroscopic effect in the case where the 
speed of rotation was only 540 r.p.m. It was not 
difficult to imagine causes which might lead to this 
double-frequency whirling. If the moment of 
resistance of the shaft to bending in a vertical 
plane passed through two maxima while the shaft 
was turned through one revolution, gravitational 
forces might produce the necessary double-frequency 
impulses. The author's apparatus, Dr. Chapman 
concluded, could readily be modified so as to afford 
evidence for the confirmation, or refutation, of 
the theory he had put forward, and useful informa- 
tion could also be obtained if the experiments were 
repeated with the axis of rotation vertical instead 
of horizontal. 

Mr. H. H. Burness enquired of Dr. Chapman if 
the spot, under the conditions mentioned, would 
not have traced out a form of Lissajous’ figure 





instead of a circle, to which Dr. Chapman replied 
in the negative. Dr. Telford Petrie, having 
elicited from the author that the vertical line through 
the end of the shaft coincided with the length of 
the photographic record reproduced in the paper, 
pointed out that, in this case, the major axis of 
the elliptical trace at the whirling speed of 1,100 
r.p.m. was about 30 deg. from the vertical. He 
said that, some seven or eight years ago, a well- 
known firm of turbine builders in the Midlands 
had carried out a similar research to that described 
in the paper and that photographic records were 
obtained, not only of movement at the half-whirling 
speed but also at the second critical and at a second 
intermediate point between the first and second 
whirling speeds. An interesting feature in these 
experiments, he added, was that the phase of the 
major axis of displacement changed in every case, 
and any true theory of the whirling of shafts should 
take this into account. 

Sir James Henderson said the paper was a very 
suggestive one. The whirling speed was not a 
definite quantity, but depended upon the assump- 
tions made. One of the great difficulties was that 
of determining the constraint, and, in the case 
referred to by the author, the effects might be due 
to a constraint which had not been allowed for. 
Dr. Chapman’s suggestion, however, was a very 
interesting one. The causes were very difficult to 
trace, but it was necessary to ascertain the facts, 
and having obtained the facts to deduce the cause. 
It might possibly be another instance of a funda- 
mental vibration being produced by a harmonic 
impulse. 

A report of the Committee on Earth Pressures 
formed the last item on the programme, but was 
not actually read. The Committee, it may be 
remembered, was formed at the Southampton 
meeting in 1925, in connection with the movement 
of the dock walls there. Some experiments, it is 
understood, have been carried out, but as no useful 
results have been obtained up to the present, a 
report has not yet been prepared ; the work, how- 
ever, is being continued. 


Visits AND ExcurRsSIONS. 

An exceptionally attractive programme of visits, 
excursions, &c., was arranged for the engineering 
section by the local secretaries. On the afternoon 
of Friday, September 2, a number of textile mills 
were visited. At that of Messrs. Hudson, Sykes and 
Bousfield of Morley, the whole process of cloth 
manufacture, from spinning to the finished piece 
was shown, while at that of Messrs. Joshua Wilson 
and Company, the manufacture of woollen and 
worsted goods was shown in progress. All the 
processes of woollen manufacture were also seen 
in operation at the mill of Messrs. W. E. Yates, 
at Bramley. On Saturday, September 3, the 
members made a circular tour, stopping first at 
Goole where a new reinforced-concrete water tank, 
155 ft. high, with a capacity of 750,000 gallons, was 
inspected. The docks were then visited, by invita- 
tion of the Aire and Calder Navigation Company, 
particular interest being shown in the method of 
handling coal in rectangular floating vessels, each 
capable of holding about 40 tons. The vessels, 
known as compartment cars, are loaded at the 
collieries, conveyed on bogies to the canal, and 
towed in trains of 19 compartments to the docks, 
where each compartment is lifted bodily from the 
water by hydraulic hoists and its contents tipped 
directly into the holds of vessels for transport 
overseas or coastwise. 

The party next proceeded to the new Ferrybridge 
Power Station of the Yorkshire Electric Power Com- 
pany, where, at present, two 19,000-kw. turbo- 
generator sets are installed. The ultimate capacity 
of the station will, however, be 180,000 kw. A 
noteworthy feature was an axial-flow pump installed 
in the circulating-pump house for experimental 
purposes. At the Sharlston Colliery, which was 
next visited, the hydraulic decking plant for mine 
tubs was shown in operation, and the plant for the 
dry cleaning of coal by means of spiral separators 
was also inspected. The party descended one of 
the pits, but time did not suffice for a visit to the 
actual working face. On the return journey to 
Leeds, an inspection was made of the Robin Hood 





Coke Works, near Wakefield, of Messrs. J. and J. 
Charlesworth, Limited, where a modern coal- 
washing plant is installed, together with two 
batteries of Simon-Carves by-product recovery 
coke ovens. Nearby, at the Rothwell Haigh 
Collieries, also owned by Messrs. Charlesworth, 
three very old pumping engines are still in operation. 
The oldest of these, erected in 1776, was probably 
originally of the Newcomen type, having been 
converted to the Watt type in 1793. This engine 
formerly pumped water to operate a water-balance 
for winding coal in adjacent shafts. A horse gin 
for raising and lowering men working in the shaft 
is also in existence. 

On the afternoon of Monday, September 5, 
visits were paid to the works of Messrs. Joshua 
Buckton, Limited, and of the Leeds Forge Company, 
whose products will be familiar to our readers, and 
on the following day various engineering works in 
the Hunslet district were inspected. These included 
the Airedale Foundry of Messrs. Kitson and Com- 
pany, Limited, the Steam Plough Works of Messrs. 
J. Fowler and Company, Limited, the Hunslet 
Engine Works, the Midland Engine Works of 
Messrs. J. and H. McLaren, and the Sun Foundry 
of Messrs. Hathorn, Davey and Company, Limited. 
The textile works of Messrs. Wjlliam Lupton and 
Company were also visited on the same afternoon. 
All processes of woollen manufacture are carried out 
by the firm, who employ frame spinning, which is, 
we believe, unusual, if not unique, for woollen 
yarns. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 

Under the able presidency of Professor E. T. 
Whittaker, F.R.S., of Edinburgh, who courteously 
but firmly kept the speakers well up to time, Sec- 
tion A disposed of 25 papers on four mornings. 
Simultaneous meetings of the general and the 
mathematical departments were held in different 
rooms of the university. Joint discussions with 
Section B, on colloids, and with Section C, on 
climates, took place in the rooms of those sections, 
and the proceedings of the textile department, 
which practically, though not officially, formed a 
section of its own, made further demands upon the 
time of the physicists. In spite of this, the 
attendances were very good, the more so when it is 
recalled that the following were meeting at the 
same time, or immediately after, the British 
Association, the International Commission for the 
Exploration of the Upper Air, at Leipzig, under Sir 
Napier Shaw, the International Union of Geodesy 
and Geophysics, at Prague, the International Asso- 
ciation for Testing Materials, at Amsterdam, the 
Institute of Metals, at Derby, the International 
Electrotechnical Commission, at Bellagio, and the 
Volta Centenary and International Congress of 
Physics, at Como. We shall begin our account 
with the presidential address, though it was not 
read on the first morning, because it struck the 
keynote of the fundamental problems raised in the 
discussions. The papers are not dealt with in the 
order with which they were read. 


THE OvuTsTANDING PROBLEMS OF RELATIVITY. 


In opening his address, Professor Whittaker 
quoted an opinion expressed by G. F. Fitzgerald 
in 1894: ‘‘ Gravity is probably due to a change of 
structure of the aether produced by the presence 
of matter.’ That, Professor Whittaker said, was 
perhaps the best description of Einstein’s theory 
that could be given in a single sentence in the 
language of the older physics. It indicated the 
salient principles that gravity was not a force 
acting at a distance, but an effect due to the modifi- 
cation of space (or the aether) in the neighbourhood 
of the body acted upon. This was propagated from 
point to point and connected in a definite way with 
the presence of material bodies. Three of the con- 
sequences of Einstein’s theory had been verified, 
viz.: the advance of the perihelion of a planet in 
each revolution by 6 m v2/c? (where v was the velocity 
of the planet and c that of light), the bending of 
light rays on passing a massive body, and the gravita- 
tional shift of the spectral lines of light which reached 
us from a body of different gravitational potential, 
in accord with the principle of equivalence. This last 
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had been proved by observing the dark companion 
of Sirius, which was credited with an enormous 
density. Near such a body the bending of light 
might become so pronounced that the light rays 
would be permanently captured, approaching 
spirally to a circle. There was further a contri- 
bution to the theory that the precession of the 
equinoxes did not depend upon the oblateness of 
the earth. 

Another consequence was that an electrified body 
or single electron at rest in a varying gravitational 
field must emit radiation, and, indeed, the whole 
of electromagnetic theory should be rewritten, in 
the light of the connection between electricity and 
gravitation. While gravitation was completely 
fused with metric, so that the notion of a mechanical 
force on ponderable bodies due to gravitational 
attraction, was completely abolished by the general 
relativity of 1915, the notion of a mechanical force 
acting on electrified or magnetised bodies in an 
electrical or magnetic field still persisted. This 
seemed to be an imperfection in the pure geometry 
of space and time, and Weyl proposed in 1918 to 
rebuild geometry once more on a new basis. Further 
enlargements of geometrical ideas were due to 
Eddington, Schouten, Wirtinger and others. But 
Einstein himself finally renounced the whole move- 
ment. Professor Whittaker, therefore, considered 
that the researches of the years 1918 to 1926 had 
greatly contributed to the progress of geometry, 
but had been on altogether wrong lines, so far as 
physics were concerned, and that the geometry of 
space-time was Riemannian. 

One of the most significant effects of the new 
theory was its complete subversion of the founda- 
tion of physics and their reconstruction on a new 
basis. From time immemorial the pure mathe- 
matician and the physicist had shared out their 
fields of nature study. The mathematician was to 
come first and to analyse the properties of time 
and space, building up the primary science of geo- 
metry. When the stage was thus prepared, the 
physicist was to come along with the dramatis 
persone—material bodies, magnets, electric charges, 
light and so forth—and the play was to begin. But in 
Ejinstein’s revolutionary conception the characters 
created the stage as they walked about on it; 
geometry was no longer antecedent to physics, but 
indissolubly fused with it. The properties of space 
depended upon the material bodies present. Euclid 
was deposed, since he had attempted to set up 
relations at a finite distance apart, thus adopting 
an action-at-a-distance theory. In the new world 
no relations existed except between contiguous 
elements. 

The usual way of introducing relativity was to 
talk about measuring rods and clocks. But in general 
relativity there was no such thing as a rigid body, 
in which the mutual distance of every pair of par- 
ticles remained unaltered when the body moved in a 
gravitational field. Attempts had been made to 
replace the material clock by an atomic clock, i.e., 
a single atom emitting light of a definite frequency. 
Unfortunately, the atom was perhaps more com- 
plicated, and its working less understood, than that 
of a clock. We had, therefore, to begin with some- 
thing more primitive, some system of reference for 
events, a network of points to each of which three 
numbers were assigned to serve as spatial co-ordi- 
nates, and a number indicating the succession of 
events at each point as a temporal co-ordinate. The 
paths traced by infinitesimal particles in such a 
system would be geodesics belonging to a certain 
quadratic differential form, the geodesics in general 
relativity being the tracks of rays of light. The 
quadratic form could be determined from the null 
geodesics, along which the quadratic form vanished. 
That form might not present anything which could 
be directly given by rods and clocks. Referring to 
D. C. Miller’s ether-drift experiments,* Professor 
Whittaker remarked that those experiments, if con- 
firmed, would indicate that the geometry which was 
based upon measuring rods was actually different 
from the geometry based upon geodesics of light rays. 

The actual laws of nature were most naturally 
derived from the minimum principle enunciated 
by Hilbert in 1915. This was the culmination 
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of the discovery of Hero of Alexandria (about 
120 s.c.)—that reflected light meets a mirror 
at such a point that the total path between the source 
of light and the eye is the shortest possible. That 
theorem was generalised by Fermat into the principle 
of least time, by Euler and Lagrange into the princi- 
ple of least action, and was formulated by Hamilton, 
in 1834, so as to represent all laws of nature as mini- 
mum problems. In general relativity, gravitation 
simply represented, on the minimum principle, a con- 
tinual effort of the universe to straighten itself out. 
That was general relativity in a single sentence. 
The curvature of space was wholly governed by 
physical phenomena, and the metric of space-time 
might be determined wholly by the masses and 
energy present in the universe. According to 
the doctrine of Mach and Einstein, space-time 
could not exist except in so far as it was due to the 
existence of matter. Further, if all matter were 
annihilated except a test particle, that particle 
would have no inertia, and the inertia of a body would 
be increased when it was in the neighbourhood of 
other masses. But the estimated total masses of all 
the solar systems and stars, &c., seemed to be in- 
sufficient to confer on terrestrial bodies the inertia 
they actually possessed. Hence, the universe would 
have to contain enormous unknown masses, which 
was no better than considering some part of the 
inertia as intrinsic. - In the new world suggested by 
W. de Sitter all minor irregularities were smoothed 
out, as in the hypothetical earth-spheroid on which 
mountains and valleys were levelled up. Such a 
de Sitter universe would be a manifold of constant 
curvature, and its radius of curvature would 
probably not be greater than a hundred million 
light vears. 


SPECTRA IN ALL StaGEs oF IONISATION. 


Presenting the first paper read, on ‘‘ The Relations 
between the Spectra emitted by the Atoms of the 
First Row of the Periodic Table in all Stages of Ioni- 
sation,’’ Professor R. A. Millikan, of the California 
Institute of Technology, Pasadena, said that the 
studies, by Mr. I. S. Bowen and himself, of hot-spark 
vacuum spectroscopy had led to a complete under- 
standing of all the radiations that would be emitted 
by the atoms of lithium, beryllium, boron, carbon, 
nitrogen, oxygen, fluorine and neon (atomic numbers 
3 to 10), in all stages of ionisation (or stripping of 
their valence electrons), and to a knowledge of 
those spectra in the ultra-violet between 2,000 
and 136 A. That had been rendered possible by 
four agencies, viz.: the Rydberg-Ritz formulae; 
the Bohr theory (since 1913) ; the laws of regular 
and irregular doublets, discovered first in the field 
of X-rays and applied by themselves to optical 
spectra ; and the new Russell-Pauli-Heisenberg- 
Hund rules, which admitted the most complex 
electron configurations to be predicted. The regular 
doublet law showed that the separation between 
the two lines of a doublet varied as the fourth power 
of the effective nuclear charge of the atom ; according 
to the irregular doublet law the corresponding elec- 
tronic jumps should always be between orbits of 
the same total quantum number. The fourth 
rules of Russell-Pauli, &c., had been derived from the 
study of calcium and other elements of the third 
(long period) row of the periodic table, and the author 
had found that they also held for the elements of 
the first row. The rules implied that the separation 
was normal until a shell became half-filled, when 
its sign was inverted. Professor Millikan pointed 
out that the Moseley approximately straight-line 
relation between atomic number and square root of 
the frequency of a corresponding series of lines held 
strictly when referred to the energy levels or terms. 
They had indeed found that a series of atoms of like 
electronic structure, but of varying charges, always 
led to a Moseley straight-line. 

Having explained the results of their researches 
with the help of a number of slides, Professor 
Millikan showed the annexed diagram, which 
summarised their conclusions as to atoms stripped 
successively of one, two and more electrons. This 
diagram, it would be seen, consisted of two sets 
of parallel lines; one set of lines, A, was parallel 
throughout; the other set consisted of groups of 
sections of broken parallels, B. The A line repre- 


necessary to remove an electron from a p orbit* of 
the respective atom. The A line furthest to the 
left represented the Moseley diagram for a one- 
valence electron system ; the next A line was the 
diagram for a two-valence system, the third line 
referred to a three-valence electron system and so on. 
The linear relations were so perfect that the ionising 
potentials that were not determined could accurately 
be obtained by extrapolation. The lowest offthe 
broken B lines represented the energy necessary to 
remove the electron from the lowest p orbit of the 
neutral atom ; the next broken line above gave the 
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corresponding energy for the lowest p orbit of a 
singly-ionised atom ; the third line similarly referred 
to doubly-ionised atoms, and soon. If all the atoms 
had the same or like atomic structures, the B lines 
would be continuous, and not broken. From neon, 
the last atom shown on the diagram, the energy- 
level line proceeded in the direction of the arrow. 
On the ordinates axis, v was the frequency and R the 
Rydberg constant. 

Professor Millikan further gave a table of ionising 

potentials, emphasising that this term had no 
real significance unless it was properly defined, 
eg., as the energy corresponding to the passage 
from the most stable state of the atom to the most 
stable state of the ion. Thus the normal oxygen 
atom had two electrons in s orbits and four in p orbits, 
and this configuration was designated as s¢p*. But 
this configuration had triplet P, singlet D and 
singlet S terms, which corresponded to five different 
orientations and to the spins of four electrons. 
When one of these p electrons was removed, the 
atom, now an ion, having still two s and three p 
electrons, might in its turn exist in any one of the 
different states, namely, a quartet S, a doublet P 
and a doublet D, so that the atom could be ionised 
in 25 different ways, each of which required a 
slightly different energy and hence a different ioni- 
sation potential. Data given indicated the energy 
necessary to remove the most lightly bound electron 
in all the degrees of stripping determined, and 
referred to one, two, or three electron systems. 
The figures in brackets were previously accepted 
values, frequently much lower, and had been deduced 
by working backward from stellar temperature 
estimates. The ionisation potentials were: Li 
5-371; Be, I 9-50, II, 18-14; B8-34, 24-2, 37-786; 
C 11-3, 24-289, 45-5 (45), 64-23; N 14-494, 29-56 
(24), 47-2 (45); O 13-565, 34-999 (32), 54-8 (45), 
77-0; F 16-9, 32-3; Ne 21-482. The values for 
carbon, nitrogen and oxygen were of great import- 
ance for stellar temperatures. 
Professor A. Fowler, in the course of the discus- 
sion, said that this line of research constituted a 
tremendous advance. Professor Millikan had worked 
from the ultra-violet upward, while he himself had 
proceeded in the opposite order in his work on 
aluminium and other elements. 


(To be continued.) 





* The p, s, d refer to principal, sharp and diffuse 
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AN ADJUSTABLE DASH POT FOR 
CEMENT TESTING. 
Durie the carrying out of investigations at 


the Imperial Institute on Portland cement and on 
cement materials received from overseas, it has been 





plunger of the Vicat apparatus enters the cement 
paste is controlled by the regulation of the oil flow 
at the valve D. It may be mentioned that the rate 
of fall adopted at the Imperial Institute is such that 
the indicator of the Vicat apparatus travels from 
top to bottom of the scale (40 mm.) in 5 seconds 





found necessary to perform tests involving the | when the rod carrying the “needle” is running 
determination of the depth to which a weighted | freely and not in contact with the cement paste. 
plunger will sink into a neat cement paste. For) The piston is fitted with a valve G at its lower end, 
example, in the determination of “normal con- | and is bored with three j-in. holes, as shown in the 
sistency ’’ under the Argentine Government Speci- | section, thus permitting a quick return of the oil 
fication (1914), it is required that the plunger shall} when the piston is drawn to the top of the cylinder 
be lowered into the paste, care being taken to support | before commencing a test. 

it during the descent in order that the operation| The ordinary Vicat apparatus, as sold, has a piece 
may be performed gently. The paste is considered} of brass fixed to the circular rod carrying the 
to be of normal consistency when the plunger stops | “ needle ” and running in the slot of the indicator 
at a distance of six millimetres (6 mm.) from the| scale ; this serves the two-fold purpose of preventing 

















bottom of the cement paste. 
When testing under this specification was | 
commenced at the cement testing laboratory of the | 


Imperial Institute in 1915, it was observed that, | 





rotation of the rod and ‘“ needle ” when in use, and 
also acts as a support for the indicator which is 
screwed to it. A certain amount of friction, 
however, is produced between the attachment and 
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when the plunger was lowered into the paste by 
hand, there was a tendency on the part of the 
operator to impede its fall slightly as the 6 mm. end 
point was approached, and since different operators 
were engaged upon the same test it appeared 
desirable to eliminate this personal factor and to 
secure uniformity in working by employing a 
mechanical device whereby the plunger should fall | 
regularly and smoothly through the paste, means also | 
being provided for adjusting the rate of fall when | 
necessary. 

The adjustable dash pot illustrated in the annexed 
figures, which is intended for attachment to the 
usual form of Vicat “ needle ” apparatus, has been 
designed at the Imperial Institute by Mr. A. T. Fair- 
cloth with the object of overcoming the above- 
mentioned error in testing and ensuring the rod of 
the Vicat “needle” being lowered under standard | 
conditions. 

The apparatus consists of a brass cylinder con- 
faining a hollow piston or plunger, which is made 
somewhat long in relation to its diameter in order 
to maintain the vertical position of the piston rod 
throughout its travel. When in use, the circular | 
head of the rod of the Vicat apparatus, marked E in | 
Fig. 2, bears upon the free end of the piston rod F, | 
the oil in the cylinder being forced through the tube C | 
and needle valve D to the top side of the piston. | 
The speed, therefore, at which the “needle” or | 
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the sides of the slot in which it moves, and it has 
been found advantageous slightly to chamfer 
the edges of the attachment in order to overcome this 
defect. The rotary movement of the rod is prevented 
by squaring the free end of the piston rod of the 
dash pot and fitting it into a small piece of brass H 
attached to the circular head of the Vicat apparatus, 
as shown in Fig. 3. A thin cap of brass serves 
to prevent dust from reaching the oil, which, of 
course, should be free from sediment and show no 
tendency to separate on standing. Any requisite 
adjustment of the travel of the piston to conform 
with the range of the indicator scale is made by 
means of the bolt K at the bottom of the cylinder. 
This adjustable dash pot has been in use in the 
cement testing laboratory of the Imperial Institute 
for a considerable time and has given every satis- 
faction. 





GERMAN Distant Gas Suppty.—A meeting was 
recently held at Diisseldorf of the Committee for Distant 
Gas Supply, which has been elected by various large 
provincial towns and rural districts, under the presidency 
of Landeshauptmann Dr. Horion. At this meeting 
the formation of the ‘ Gesellschaft m.b.H. Ferngas- 
versorgung Rheinprovinz” was unanimously agreed 
upon with a view to uniting the common municipal 
interests in regard to distant gas supply in the Rhineland. 
We understand that the following towns are participating 
in the formation of the above company: Aix-la-Chapelle, 
Duisburg, Diisseldorf, Essen, Cologne, Crefeld, Miinchen- 
Gladbach and Remscheid. 








THE WALCHENSEE HYDRO-ELECTRIC 
STATION. 


(Continued from page 256.) 


TuE turbines which drive the four three-phase 
generators are of the horizontal Francis double- 
spiral type. They have an output of 24,000 h.p. 
on a head of 197 m. and run at a speed of 500 
r.p.m. The turbines driving the four single-phase 
generators are of the horizontal twin free-flow 
type, and have an output of 18,000 h.p. on a 
head of 192 m. They run at 250 r.p.m. The 
difference in head is accounted for by the draught 
height of the Francis turbines. The specific speed 
of the three-phase generators is 74-2 and of single- 
phase generators 23. 

Exactly half the total space in both the turbine 
room and switch house is occupied by the three-phase 
and single-phase equipment respectively. This is 
due to the fact that, though the single-phase 
generators have a smaller output they run at a 
lower speed, and the active iron on them there- 
fore has a lower utility factor. It was also neces- 
sary that traction generators should have a greater 
overload capacity, and it is for the latter reason 
that the cubicles occupied by the single-phase 
transformers are of the same size, as those of the 
larger capacity three-phase transformers. 

The dual purpose, for which the Walchensee 
station is used, also provides an explanation for the 
installation of two different types of turbine. The 
double-spiral turbines give the best hydraulic 
conditions at the speed of 500 r.p.m., adopted 
on the three-phase generators. This makes them 
more efficient than both the simple spiral turbine 
and the twin spiral turbine with two housings 
and two runners, with a double-draught tube lying 
between them. The horizontal design permits good 
accessibility and inspection of all the parts. On 
the other hand, it is an advantage to employ the 
free-flow turbine for driving the single-phase 
generators, as during the greater part of the time 
they are operating, these sets only run at a 
fraction of the full load, with which the prime 
movers must be capable of dealing, and frequently 
they run absolutely light. Under such con- 
ditions the free-flow turbine possesses advantages 
over the spiral turbine, from the point of view of 
efficiency, as well as of maintenance and small water 
consumption at low load. As all the turbines 
discharge into a common tail race they are placed 
on the same alignment at right angles to the long 
side of the turbine room. 

The Francis turbines which are illustrated in 
Figs. 18 to 21, on pages 418,°419 and 426, are 
of the double spiral type with horizontal shafts 
i.e., they have a vertical inlet coming up from below 
a spiral housing, a runner, which discharges on both 
sides, two suction bends and two draught tubes. The 
twodraught tubes areconnected byan equalising pipe 
underneath the turbine, so as to eliminate differences 
in pressure on the two sides of the runner. The 
spiral housing is made in one part of cast steel, 
and weighs 11 tons. It has a maximum diameter 
of 4:3 m. and the internal width of the admission 
opening is 1-2m. The water is transmitted to the 
runners via the rotating guide blades, which are of 
Siemens-Martin cast steel and weigh 53 kg. They are ~ 
cast in one piece with the journals, the latter passing 
through the walls of the guide wheels on both sides 
and bearing on bronze bushes. The journals are sealed 
by means of grease-lubricated stuffing boxes. The 
regulating levers are on the generator side, and 
a safety device is provided in case a breakage 
occurs. This is calibrated for a certain pressure, 
and breaks if a foreign body jams between two 
blades and prevents the turbine from being shut 
down. The blades, which are thus freed, are pre- 
vented by a stop from falling into the runner. All 
the regulating levers are driven by a regulating 
ring, which is connected to the governor by a rod. 
The guide wheel wall, the space between the guide 
and the runner and the opening in the guide wheel 
outlet are protected by replaceable protective 
baffles. In spite of the weight and size of the guide 


apparatus, accessibility is ensured, so that the guide 
blades and runners can be opened up within a few 
hours. 

The double runner is made of special bronze and 
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is 1,550 mm. in diameter. The inlet opening is 
204 mm. wide and the weight 1,800 kg. The turbine 
shaft, which together with the runner weighs 8 tons, 
is 6 m. long and has a maximum diameter of 440 mm. 
It is carried on a. supporting bearing of 400 mm. 
internal diameter and a thrust bearing of 220 mm. 
internal diameter. The latter acts as a guide 
bearing the sole object of which is to maintain 
the turbine shaft in place against the water 
pressure. Besides the runner, the shaft also carries 
the belt pulleys for the oil pump and the governor 
gear and a coupling flange, which is forged on, 
so that a rigid connection can be made with the 
generator shaft. Labyrinth packings are fitted, 
where the shaft passes through the two suction 
chambers. These packings are provided with a 
water seal formed of filtered water from the cooling 
water pipes, in order to prevent air being drawn 
in and water leaking out, when the set is running. 
and are divided in the central vertical plane. They 
are connected to two suction pipes each 6-3 m. long, 
the minimum internal diameter of which is 1-8 m. 
The vertical admission port of the spiral housing 
is connected by an inlet bend with a stop valve, 
which is 1,200 mm. in diameter. Owing to the 
high pressure the valve is provided with a 
circular cast steel housing. The piston, which 
causes the valve to open or close, is operated by 
water from the mainpipe. The gate can be relieved | 
of pressure by means of a by-pass pipe before 
it is opened. Arranging the valve horizontally 
has the advantage that all the parts are made 
directly accessible to the travelling crane. The 
drain pipes are connected to the pressure pipes 
and the spiral housing in front of the turbine 
valve. 

The guide blade adjustment, which depends on 
the amount of water required, i.e. on the generator 
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load, is controlled by a hydraulic speed regulater 
of the well-known Voith type, which is fixed along- 
side the main turbine bearing. The pump for 
generating the oil pressure for the servo-motor, 
which operates the governor mechanism, is fixed 
'on the base of this governor. The oil is cooled 
| and forced back from the pump through an automatic 
reversible overflow valve between the air vessel 
and the pump, so long as there is sufficient pressure 
available in the former. The air vessel is fixed 
|in a pit in the turbine room floor. The oil pipes 
| from all the governors are connected together and 
also to an electrically-driven reserve oil pump. 

The governors are fitted with devices, so that the 
speed can be adjusted within a limit of 5 per cent. 
up or down, as well as with an arrangement for 
| taking up irregularities in the speed between full 

load and no load. There is an adjusting device 
| on the governor coupling, for limiting the governor 





The two suction bends are 875 mm. in diameter | stroke and reducing the acceleration of the turbine, 


and a cutout, which comes into operation should the 
driving belt break or slip off. Finally, hand regula- 
tion is provided to which a change-over can be made 
without interrupting the operation. 

The guarantees provide that when the load is 
increased or decreased by about 25 per cent. the 
permanent alteration in the speed, which occurs, 
shall not exceed + 3 per cent. or — 4 per cent., and 
that when the load is suddenly removed from a 
fully loaded 24,000 h.p. turbine, the speed alteration 
shall not exceed a maximum of 12 per cent. 

The short time taken to close the valves, which this 
condition imposes, causes considerable and rapid 
increases in the pressure in the pipeline. To eliminate 
these a pressure regulator is fixed to the horizontal 
support of the inlet bend. This opens an auxiliary 
outlet to the tail race, when the load is removed 
from the turbine and then gradually closes it again. 
In this way the increase in the pressure in the pipes 
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is limited to 10 per cent. Should the pressure 
regulator fail to act a safety device is provided, 
which shuts the turbine down so slowly that the 
increase in pressure does not exceed 40 per cent. 
All the turbines in this station were constructed 
by Fr. Voith, of Heidenheim. 

The three-phase generators. two of which were 
supplied by the Allgemeine Elektricitaits Gesellschaft 
and two by the Bergmann Electricitits Werke 
(Fig. 22) are designed for a constant output of 
20,000 kv.-a. with a terminal voltage of 6,600 
volts, the frequency being 50 at a speed of 500 
r.p.m. The power factor lies between unity and 
0-8. The run-away speed is 80 per cent. in excess 
of the ordinary speed. 

The generators are of two-bearing type, and are 
connected to the turbines by coupling flanges. The 
stator housing. bearings, and exciters are all carried 
on one bedplate. The two bearings are provided 
with both forced and ring lubrication, so that oil is 
available both at starting and for a short time during 
running, should any defect in the supply system 
occur. To prevent currents being generated in it 
the outer bearing is insulated from the bedplate. 

The stator housing comprises a cast-iron body, 
which is stiffened by heavy ribs. The external 
diameter of the housing is about 4:5m. The feet are 
fitted with adjusting screws, so that the rotor and 
stator can be accurately centred. After these set 
screws have been withdrawn the whole area of the 
feet rests on the bedplate, so that complete 
rigidity is ensured. 

The active iron ring is built up of laminations, 
covered with tissue paper. Its inner periphery is 
provided with slots for carrying the windings. These 
stampings are drawn together by cast-steel end 
plates and bolts. The winding is of the bar type. 
The bars, which consist of a number of single 
conductors, are twisted together to reduce the copper 
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and insulating plates, so that no short-circuit can 
occur. The generators are provided with self- 
contained ventilating arrangements, 1.e. they draw 
the necessary cooling air in through the fresh 
air inlet by fans, which are fixed on each side 
of the rotor, and force it between the poles into 
the housing air ducts, and also across the top of the 
windings, into the back of the housing. The amount 
of air required by the generator is about 41-5 
cub. m. per second. The heated air is either passed 
out into the open, or can be exhausted by means 
of a special system of louvres into the turbine 
room for warming purposes. These louvres are 
adjustable from a central position, so that the 
amount of air can be regulated. 

Owing to the extraordinarily high stresses, which 
occur at the critical speed, the rotor body is built 
up of plates of Siemens-Martin steel, which are 
shrunk on to the shaft, the solid poles being fixed by 
means of dovetails to the periphery of this body. 
The shafts and poles are also made of the best 
Siemens-Martin steel. The pole winding consists 
of a number of turns of flat copper strip, which 
are insulated from each other by paper and 
are baked together in a vacuum, so that each 
coil forms a rigid whole, and any displacement 
is prevented. 














(To be continued.) 








THe Royat AgErRonavutTicaL Socrety.—The R. 38 
Memorial Prize, offered annually for the best paper 
received by the society on some subject of a technical 
nature in the science of aeronautics, has been awarded 
this year to Wing Commander T. R. Cave-Brown-Cave 
C.B.E., A.M.I.Mech.E., F.R.Ae.S., for his paper entitled 
“‘Safety from Fire in Airships.” The paper will be 
published in the October number of the journal. The 
regulations for the Edward Busk Memorial Prize of 
4 : ; 20 guineas, and for the R.38 Memorial Prize of 25 guineas, 
losses and covered with micanite. They are placed in | copper bars, which are insulated by means of oiled | may be had on application to the secretary, Entries 
the open slots and are retained in position by| linen and cotton strip. They are connected to the | for the former must be received by September 30, and 

ed that they can, if necessary, be drawn | rods by pieces of flat copper. The end-connections | {°° the latter by December 31. The closing dates for 
ee, © ey m oh YP _— the papers themselves are December 31 and March 31 


out radially.. The end-connections consist of flat|are separated from the housing by heavy bolts | respectively. 
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THE SUPERHARDENING OF HARD 
STEEL. 


In a paper entitled “‘ The Work Hardening of Steel 
by Abrasion,” presented by Mr. E. G. Herbert, of 
Levenshulme, Manchester, at the recent Glasgow meet- 
ing of the Iron and Steel Institute, it was contended 
that articles of hard steel, such as gears and cams of 
motor-cars, were superhardened by the surface action 
which occurred in service. The paper, and the sub- 
sequent discussion thereon, will be published, in due 
course, in future issues of ENGINEERING. When 
presenting his contribution to the meeting at Glasgow, 
the author stated that the investigation of super- 
hardening, caused by wear, had suggested the inquiry 
whether articles of hard steel could be superhardened, 
beforehand, as a means of resisting wear. The result 
of that inquiry, continued the author, had been the 
invention, by him, of the “ Cloudburst”’ process. 
Physicists told us, went on Mr. Herbert, that we were 
immersed in an atmosphere consisting of molecules 
travelling about with high velocity and constantly 
colliding with each other and with us. 
the meeting to imagine an atmosphere, the molecules 
of which consisted of small, hard, steel balls travelling 
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superhardened surface. Any further increase of 
| velocity would merely roughen the surface without 
increasing its hardness, and the whole superhardening 
process] must, therefore, take place between these two 
limiting velocities. The process could, of course, be 
applied to produce a work-hardened layer on any metal, 
by adjusting the initial and final ball velocities to its 
original hardness, and to its “‘maximum induced 
hardness.” 

Hereupon, Mr. Herbert showed a number of slides 
to illustrate his process ; these are reproduced in Figs. 1 
to 5 on the present page. Continuing, Mr. Herbert 
said that Fig. 1 showed the superhardened layer in the 
fractured surface of a 1-25 per cent. carbon steel, 
hardened and superhardened. A micrograph of the 
same specimen, under a magnification of 20 diameters, 
was shown in Fig. 2. This specimen had been polished, 
etched, and tested for hardness in five places with the 
Pendulum and diamond. It depicted the hardness 
gradient of the superhardened layer, extending to a 





The existing Cloudburst testing machine was capable 
of delivering 200,000 blows per minute. This, how- 
ever, was’only a small machine, and the number 
could ibe increased indefinitely. By choosing a 
suitable velocity, all; surfaces, hard and soft, might 
be indented, and the hardness, at any part, measured 
by the size of the indentations. In Fig. 4 was 
shown a piece of mild steel, case-hardened. The 
case had been ground away at one corner and the 
specimen polished. The Cloudburst hardness test 
showed the soft core, and also revealed irregular soft 
patches at the other end of the specimen, but left the 
hard surface unmarked. A piece of steel, which had 
been case-hardened and superhardened, was shown in 
Fig. 5. The letter H had been painted on it with 
protective compound before carburising, and was 
decidedly softer than the surrounding surface. The 
Cloudburst had roughened the softer surface and had 
rendered it easily visible. The reflection of the steel 
| Screw showed the mirror-like superhardened surface. 
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about with high velocity and colliding with each other, 
and with any object immersed in it. An article placed 
in such an atmosphere would be subjected to a rapid 
succession of blows, and if a certain relationship existed 
between its hardness and the atmospheric pressure, 


i.e., the momentum of the balls, its surface would be | 


compressed without being sensibly indented. 
article, if of hard steel, would become encased in a thin 
superhardened layer. If the velocity of the balls were 
now slightly increased, the hard layer would resist 
indentation, but would be increased in hardness, and in 
thickness. By gradually increasing the velocity of the 
balls, a superhardened layer could be produced, 
intensely hard on the surface and gradually decreasing 
in hardness throughout its thickress, which might be 
about 2mm. As there was no abrupt change of hard- 
ness, there was no tendency for the layer to flake or 
scale off. 

The actual hardness that could be produced depended 
on the superhardening capacity of the steel, which 
property was easily measured by means of the Pendulum 
hardness tester. The ball velocity required to produce 
this hardness could be determined by experience. Just 


as there was a relationship between the original hardness 
of the steel and the initial ball velocity, which com- 
pressed the surface without indenting it, so there was a 
relationship between the“ maximum induced hardness ”’ 
of the steel, as measured with the Pendulum, and the 
final ball velocity, which was sufficient to produce 


The | 
| and super-hardened, under a magnification of 20 





maximum hardness, but was insufficient to indent the 
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depth of 1-5 mm. The original hardness, namely, 
57-2, was equivalent to 770 Brinell. The final surface 
hardness, namely, 75-7, was equivalent to 1,020 Brinell. 
On certain case-hardened steels, a maximum diamond 
time-hardness of 94-6, equivalent to 1,275 Brinell, had 
been produced by superhardening. Fig. 3 was a 
micrograph of a nickel-chromium steel, heat-treated 


diameters. Eleven Pendulum test impressions were 
shown over a depth of 1-7 mm., and the average surface 
hardness, namely 53, was obtained. The diamond 
time-hardness value of 53 was equivalent to 715 Brinell, 
and the original surface hardness, which was 38-8, was 
equivalent to 525 Brinell. 

The atmosphere of steel balls was invented and 
investigated as a means of superhardening. The 
investigation had, however, revealed another effect 
of equal importance. The initial ball velocity was so 
adjusted to the hardness of the work that it was just 
insufficient to indent the surface. It followed that if 
any part of the work was soft, its surface would be 
indented and roughened. If, for example, a quantity 
of hardened-steel articles were placed in a ball atmo- 
sphere of correct pressure, it would be found, on removing 
them, that any soft articles, or soft spots, could be 
easily distinguished by their indented appearance. By 
means of this new process, which might become known 
as ‘Cloudburst Hardness Testing,” large quantities 
of hardened articles could be tested for hardness 


Fia. 3. 


For producing the steel-ball atmosphere, two methods 
had been employed. In one, the balls were allowed 
to fall into the chamber from a height which could be 
adjusted. Continuous circulation of balls was main- 
tained by means of aconveyor. Inthe second method, 
the balls rolled down an incline and were struck in an 
upward direction by the vanes of a rotor, the speed of 
which could be varied. After entering the rubber-lined 
chamber in which the work was placed, the spent balls 
again rolled down the incline, thus maintaining a 
continuous circulation. 

The whole process had been the subject of much 
investigation, but the possibilities of it had not been 
| fully explored. In the development of the invention, 
|as in the original research, the Pendulum hardness 
| tester had been indispensable. Without it, the measure- 
ment of superhardening capacity, of surface hardness, 
and of the hardness gradient below the surface, would 
have been impossible. 











NEW PUMPING STATION, HAVANT. 


THE source from which the town of Portsmouth and 
the surrounding district derive their water supply 
distinguishes them from most of the other large com- 
munities in the country. Neither river water nor wells 
are used, but springs emanating from the chalk, from 


which the flow is collected in surface basins. These 
springs not only break out within a restricted area, 
having a length is about half a mile in an east and 
west direction, but are copious enough to meet the 
needs of about 280,000 people. In developing these 
resources, the Borough of Portsmouth Waterworks 
Company, Limited, have organised the springs in two 
groups, which are dealt with at pumping stations at 
Havant and Bedhampton respectively, these stations 
being interconnected by conduits, so that water from 
either group of springs can be pumped at both places. 
Without going into the history of the undertaking in 
too great detail, it may be said that operations were 
first begun with a pumping station at Havant in 1860, 
and that this was supplemented and finally replaced 
by a second station at Bedhampton, which was opened 
in 1889. The latter station has in turn been practically 
superseded by a new station at Havant. This is built 
alongside the original works, and was formally opened 
by the Mayor of Portsmouth (Councillor Frank J. 
Privett, J.P.), on Wednesday, September 21. 

The water pumped from the springs by this plant is 
delivered to the Farlington reservoirs on the southern 
slope of Portsdown, about 150 ft. above sea level. 
Here it is filtered through eight open sand-filter beds, 





without marking them, except on the soft spots. 





each nearly half an acre in extent, and thence flows into 










































nn 











SEPT. 30, 1927.] 








five large covered service reservoirs. These reservoirs 
supply nearly the whole of Portsmouth, and the rest 
of the flat part of the company’s district, by gravitation, 
the higher parts of the area being dealt with by pumping 
a small portion of the water filtered at Farlington to 
two high-level reservoirs on the crest of Portsdown. 
The works at Farlington were fully described on page 
495 of ENGINEERING for October 7, 1910. 

Coming to the new pumping station at Havant, 
the water, which, as already explained, flows by gravity 
from the springs, is led through a 40-in. intake main 
into three suction wells, each of which is 8 ft. in diameter 
and 20 ft. deep. Each pumping engine, of which there 
are three, draws water from its own well through a 
24-in. suction pipe, and delivers it through an outlet 
pipe of the same diameter into the pumping mains. 

The pumping plant, which was constructed by 
Messrs. Worthington-Simpson, Limited, of Newark, 
consists of three vertical engines of the triple-expansion 
open fronted three-crank flywheel type, each of which 
drives three single-acting plunger pumps. The stroke 
of the engines is 36 in., and the cylinder diameters are 
18 in., 31 in. and 50 in. respectively. Each pump 
plunger is 20} in. in diameter, the stroke being 36 in. 
The pumps can be packed externally. 

Each engine delivers from 5,000,000 gallons (at a 
speed of 27-2 r.p.m.) to 6,000,000 gallons (at a speed 
of 32-72 r.p.m.) every 24 hours, allowing for 1 per cent. 
slip. The normal working head, including suction lift 
and loss by friction in the pumping mains, is about 
150 ft. Each engine develops 190 pump horse-power 
at its maximum speed, and is designed to work on a 20 
per cent. overload, if required. 

The boiler plant consists of four Lancashire boilers, 
which were manufactured by Messrs. T. Beeley and 
Son, of Manchester. Three of these boilers were trans- 
ferred from the old Havant station. Steam is supplied 
at 175 lb. per square inch, and 200 deg. superheat, 
being passed through a Sugden superheater behind each 
boiler. There is no separate circulating system for 
condensing purposes, the supply water being used as a 
cooling medium by passing the exhaust steam through 
surface condensers of 420 sq. ft. in area, which are placed 
in the delivery main from each engine. The condensate is 
discharged by air pumps attached to the main pump 
into a Harris-Anderson oil eliminator, and is after- 
wards passed through a Lea recorder into a storage 
tank. The boiler feed water is pumped from these 
tanks, by means of the pumps attached to each engine, 
through a Green economiser in the main flue. 

Each engine was specified to consume not more than 
11-62 lb. of steam per pump horse-power-hour, and the 
slip of the pumps was not to exceed 3 per cent. 
The official acceptance tests, which were carried out 
by Messrs. Kennedy and Donkin, gave an average 
steam consumption of 10-87 lb. for the three sets, with 
an average slip of 1-03 per cent. 

The inception of the scheme which we have just 
described was due to Mr. Herbert Ashley, M.Inst.C.E., 
late engineer and general manager to the company. 
On his retirement for reasons of health, the work was 
completed by Mr. D. Halton Thomson, A.M.Inst.C.E., 
the present engineer to the company. Mr. W. F. 
Elliot was resident engineer and clerk of the works, 
and Messrs. A. E. Cogswell and Sons, of Portsmouth, 
were architects for the building. A large portion of 
the work, including the boiler foundations, the sinking 
of the three suction wells, and the laying of the pipe 
work, was done by labour directly employed by the 
company. The pump pit and engine foundations were 

constructed by Messrs. John Mowlem and Company, 
Limited, of Westminster, and the building superstruc- 
ture by Mr. Samuel Salter, of Portsmouth. 








PETROLEUM PRODUCTION IN 1926.—According to 
figures compiled by the United States Bureau of Mines, 
the production of crude petroleum in that country during 
1926 amounted to 770,874,000 barrels, or an increase of 
nearly 1 per cent. over that in 1925, Of the total 
production, 633,726,000 barrels, or 82 per cent., was 
classed as light oil. The most important fields from the 
standpoint of new production were Spindletop and Pan- 
handle in Texas, and Ventura Avenue and Huntington 
Beach in California. The most important discoveries 
of the year were the Seminole field in Oklahoma and the 
Seal Beach field in California. Imports of crude petro- 
leum in 1926 amounted to 60,382,000 barrels, which is 
a slight decrease compared with 1925, a material decrease 
in the imports from Mexico being nearly compensated by 
increases from South America. On December 31, 1926, 
thére were 318,600 producing wells in the United States, 
a gain of 12,500 over the preceding year. The average 
production per well per day was 7-4 berrels. The total 
number of wells drilled was 23,919, of which 19,013 were 
oil wells, 2,361 gas wells, and 7,965 dry holes. It is 
gathered from the same source that the total world 
production of crude petroleum in 1926 amounted to 
1,096,000,000 barrels, an increase of 27,000,000 barrels 
over 1925. Venezuela, which nearly doubled its output, 
recorded the largest increase in production of any of the 
large producing countries, while the United States pro- 
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- NOTES ON NEW BOOKS. 


THE business side of engineering construction may 
furnish considerable difficulties to those who find 
themselves responsible for the first time for the conduct 
of operations, whatever system of payment may be 
adopted. To meet the requirements of such engi- 
neers, the Elements of Specification Writing was 
prepared by Mr. R. S. Kirby, of Yale University. 
This book, now in its third edition, published by 
I. Wiley, of New York [price 10s. net], deals with the 
fundamental principles of contract making and specifi- 
cation writing, rather than attempting to convey such 
information by a collection of sample specifications. The 
author gives some account of the principal methods 
by which payment may be made for work done 
—by “price account,” frequently termed, “ by 
administration,” by ‘cost plus a percentage,”’ in its 
various forms, and by ‘‘ contract-work.”’ Peculiarities 
of these methods are discussed in some detail. Par- 
ticulars are given relating to inviting “ bids,” on the 
composition of specifications, on the position of the 
engineer during construction, with clauses relating 
thereto, and on the relation of the contractor to his work- 
men, progress of work, terms of payment, and specific 
clauses. As the book has been prepared largely for 
class work, it concludes with a set of problems to be 
dealt with by the student. A book on this subject, for 
the information of those inexperienced, gains much by 
not being too bulky or discursive. The reader has then 
a better chance to grasp essential principles before 
proceeding to exhaustive study, if that be contemplated. 
The author’s advice with respect to clearness of wording, 
the avoidance of all ambiguity, and the merits of 
conciseness are much to the point. As an introduction 
to the business aspects of an engineer’s work, this book 
may be commended. An appendix gives a list of 
references to various articles, which have appeared 
in the American technical press, bearing upon matters 
relating to the subject. 





A book which has run through nine editions and 
demands a tenth may reasonably be supposed to be 
one having merit, though if used as a text-book by 
well-attended classes such a criterion is not conclusive. 
Building Construction and Drawing, by Mr.. George A. 
Mitchell, lately a lecturer at the Polytechnic Techni- 
cal School, and published by Messrs. B. T. Batsford, 
Limited, at 6s. 6d. net, is, however, a mine of informa- 
tion in building matters, profusely though not always 
clearly illustrated. The work is unequal, more reliable 
perhaps, with respect to architectural features and 
building work, than regarding such matters as metallic 
roofs and structures, the details of which are often 
faulty. It is a book from which the student may 
learn much, but it would be, perhaps, improved by the 
deletion of some features. On any considerable building 
the work is so various, and involves the services of so 
many trades, that collected information, relating to 
different classes of work, is of much advantage to the 
beginner, and descriptive matters relating to various 
operations in the different trades, and explanations of 
trade terms must to him be of great service. In this 
particular the book cannot fail to be appreciated. 





The fourth volume of the Hiitte, des Ingenieurs 
Taschenbuch (Berlin: Wilhelm Ernst & Sohn; 
price 15 marks), which completes the 25th edition 
of this old-established engineer’s pocket book, is 
novel in several respects. Previous editions consisted 
of three parts. This additional volume is devoted to 
the general problems of traffic, including air transport, 
and to industrial technology. Works design is dealt 
with, and also economics, heat balance, mining and shaft 
sinking, agriculture and its machinery, forest culture, 
raw materials, kinematographs and radio-communica- 
tion. In short, several miscellaneous branches of 
engineering have been taken up which had received 
little consideration in the older editions. The sections 
on shipbuilding and automobile construction and on 
aircraft have been re-written. Starch, sugar, baking, 
meat and tobacco, bottle cleaning and filling machinery 
are partly new subjects for these pocket books, and 
these subjects are introduced by experts not so far 
connected with the publication. There is much new 
in the sections on ceramics, textiles and printing, the 
last dealing with type, paper, colours and binding. 
The special alphabetical index given refers only to 
this fourth volume; an index comprising all the four 
volumes is to follow. 





Electrical engineers, who argue that the British 
electrical industry is suffering under a multiplicity of 
unnecessarily stringent rules and regulations, especially 
where overhead lines are concerned, may congratulate 
themselves that they do not have to carry out their 
duties in the United States. For, as appears from the 
brochure Safety Rules for the Installation and Mainte- 


which is issued by the Bureau of Standards and pub- 
lished by the Government Printing Office, Washington, 
U.S.A., at a price of 60 cents, the rules there are just 
as stringent, and even more detailed, than they are in 
this country. This discovery runs counter to popular 
opinion, which is that in the United States supply 
engineers can do pretty much as they like. The 
book begins with a long list of precise definitions. A new 
one to us is “ conductor conflict,’”” which denotes that a 
conductor is so situated with respect to a conductor of 
another line at a lower level that the horizontal distance 
between them is less than the sum of the following 
values: Five feet, one-half the difference of level 
between the conductors concerned, the value given in a 
series of tables for the horizontal separation between 
conductors on the same support, the highest voltage 
being carried by either conductor concerned. 
“Guarded” (it appears) means covered, shielded, 
fenced, inclosed or otherwise protected, by means of 
suitable covers or casings, barrier rails or screens, 
mats or platforms, to remove the liability of dangerous 
contact or approach by persons or objects to a point of 
danger. It would seem that the compilers of these 
rules have little to learn from our Parliamentary 
draughtsmen. The rules apply to all types of electricity 
supply and communication lines, and, detailed as they 
are, possess the advantage that the question of their 
safe operation is a matter for one controlling and 
administrative authority. A considerable amount of 
space is given to construction at crossings, and here as 
elsewhere three standards of erection, known respec- 
tively as grades A, B and C are permitted. Having in 
view the criticisms that have been made of the Elec- 
tricity Commissioners’ rules for ice-loading, it is interest- 
ing to note that, in the United States, this factor varies 
with the weather conditions that are likely to be 
encountered in a particular district. 





The second edition of the Air Ministry’s official 
Manual of Rigging of Aircraft (His Majesty’s 
Stationery Office, publication No. 1107, 1927. Price 
2s. net.) is compiled on the same plan as that of the 
Air Ministry’s “ Flying Training” and “ Air Pilotage ” 
manuals, and is a practical, comprehensive, well- 
ordered and freely-illustrated recital of the rigger’s 
duties, chiefly in their relation to the tractor biplane, 
which remains the predominant fighting machine. 
The principles of flight are discussed in an introductory 
chapter, and sections are devoted to the rigger’s 
measuring instruments, equipment and functions. Of 
more general interest is the chapter describing aircraft 
types, which briefly reviews the evolution of the fight- 
ing ’plane since 1908, refers to the early “ Farman,” 
‘“ Blériot ’? and other “ Experimental” types, and 
shows how the temporary reversion to the “ pusher ”’ 
propeller was caused by the success of the German 
interrupter gear. 


When considered from the point of view of mineral 
resources, the iron deposits of the Forest of Dean 
would, if judged by the production of recent years, 
occupy @ very inconspicuous position. Yet in 1871 
the production in this district was approximately 
200,000 tons, and between 1861 and 1925 a total of 
nearly 4 million tons was produced. Various causes 
have contributed to the diminished output, such as the 
exhaustion of the deposits above water-level, the 
competition of imported Spanish ores, and latterly, 
the closing of several mines in consequence of a general 
falling-off in trade. Thus, in the period 1918 to 1925, 
the production had dwindled to 38,000 tons. The 
question, however, arises as to whether, under more 
favourable conditions, and especially with the applica- 
tion of modern methods, a revival of this important 
industry would not be possible. The investigation 
carried out by the Geological Survey, assisted by 
Professor Sibly in 1917, the results of which are 
published in vol. x, Special Reports on the Mineral 
Resources of Great Britain, has shown that considerable 
quantities of ore still remain available. A new revised 
edition, incorporating much new information, has 
recently been issued, entitled Iron Ores: The Hematites 
of the Forest of Dean and South Wales. The character 
of the ore deposits of the two districts mentioned, 
and the geological conditions under which they occur, 
are essentially similar, although not identical. Hence 
the genesis of these ores is discussed in the same 
chapter. The hematite occurs in irregular masses 
formed by metasomatic replacement, usually of 
limestone or dolomite, subsequent to the consolidation 
of the enclosing rocks. The ore-bodies decrease in 
depth and appear, therefore, to have been formed 
by the action of downward percolating ferruginous 
waters. In South Wales it is sufficiently evident that 
there is a close relation between the formation of the 
ores with the Triassic rocks, which still conceal an 
important part of this ore-field. Although no Triassic 
cover remains in the Forest of Dean, it is assumed that 








duced 70-3 per cent. of the total, as compared with 71-5 
per cent. in 1925. 
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such at one time existed to account for the iron ores. 





ENGINEERING. 


[SEPT. 30, 1927. 











THE ROTH 


CONSTRUCTED BY MESSRS. SCOTT AND HODGSON, 





Trip Valve & Overspee 
Controller Gea 




















Both these fields have been worked continuously 
since the days of the Romans. Vast excavations in 
the Forest of Dean indicate that very considerable 
quantities of ore must have been obtained from open 
workings, equalling in amount all that which has 
since been obtained by underground mining methods. 
Whilst workable reserves undoubtedly exist, it remains 
questionable whether these are sufficiently extensive 
to warrant large-scale development. Profitable 
working would, in any case, be dependent upon 
systematic methods of development being adopted. 
These, in the past, have been almost entirely lacking. 
Scarcely any attempts have hitherto been made to 
cope seriously with water in the mines, consequently 
exploration below water-line has been very restricted. 
Besides describing the geology and discussing the 
genesis of the ores, in both districts, the Memoir 
also deals with economical conditions. Particulars 
of the mines, with a number of maps and sections, 
are given. 





INTERNATIONAL MARINE EXHIBITION, Paris.—In view 
of the success which attended last year’s International 
Marine Exhibition in Paris. another similar function will 
be held from October 28 to November 13 next, at the 
Grand Palais, and complete craft (motor boats, yachts, 
&c.) will be exhibited on the Seine a few yards from 
the Palais. The cost of exhibition space on the stands 
will average 1s. 9d. per square foot. Full particulars 
regarding the funetion may be obtained from the London 
representative of La Revue Nautique, Mr. C. Barreto, 
30, Emlyn-road, London, W.12. 


Coat Pricres AND TRANSPORT CHARGES.—It has re- 
cently been pointed out that a reduction in the present 
transport charges on coal of from 30 to 60 per cent. 
would enable a reduction of ls. per ton to be made in 
f.o.b. prices, and would thus give a great impetus to 
trade. According to Mr. Philip Gee, of the Colliery 
Owners’ Publicity Department, the situation is even more 
serious than this proposal implies. For instance, in 
South Wales the transport charges have risen from 
ls. 8}d. per ton in 1913. to 3s. 24d. per ton in 1927, 
This represents an increase of 87 per cent., which does 
not include certain charges for washed duff. In South 
Wales, the wagons belong to the collieries, and the items 
for which the railway companies are responsible amount 
to 98 per cent of the whole. An examination of the 
charges, ruling at other ports, shows that the average 
transport charge has increased from ls. 11}d. in 1913, 
to 3s. 54d. in 1927, or 76 per cent. In contrast to this, 
the index number of wholesale prices is only about 
40 per cent., and coal prices are just under 20 per cent. 
above pre-war level, shipping freights being approxi- 
mately the same as, or below, the pre-war figure. 
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THE ROTH STEAM TURBINE. 


Wes illustrate in Figs. 1 to 3, annexed, a small turbine 
of which examples were shown at the recent Shipping, 
Engineering, and Machinery exhibition at Olympia, 
and which would appear to possess distinct advantages 
in cases where low powers are required for auxiliary 
purposes. # Discussion on the range of utility of the 
turbine has’ of recent years tended to centre more 
round the question of thermal efficiency than“of its 
suitability in other directions as a prime mover, yet the 
high degree of efficiency it possesses is contingent on 
the provision of a high-pressure superheated steam 
supply and a good condensing plant, conditions ob- 
viously impracticable in cases where small powers only 
are needed. On the other hand, there are many instances 
in the modern factory in which low-pressure steam is 
required, ¢.g., in process work, and this has either to 
be obtained from the power plant, usually employing 
a much higher pressure, or raised in independent boilers. 
Where the first mentioned plan is adopted, there are 
alternative methods of reducing the pressure. If the 
exhaust from a reciprocating engine is used, the steam 
is likely to be contaminated with oil, a very serious 
objection in most process work, and the reducing valve 
is therefore commonly employed. The employment 
of a small turbine as such a reducing valve is extending, 
particularly as, after passing through a turbine, the 
steam is quite oil-free. Apart from its reducing effect, 
the turbine is particularly suitable as a machine for 
actuating auxiliaries which are in intermittent opera- 
tion, as it may be started immediately without any 
preliminary warming up. 

In addition to such strictly industrial uses, the small 
turbine is largely employed coupled either to a small 
generator for lighting purposes, or to a pump or fan 
for water supply or ventilating purposes, in hospitals 
and similar institutions and public buildings. 

The Roth steam turbine, used as above described, is 
made either as a radial flow velocity-compounded im- 
pulse machine, or with axial flow. The former type 
only is here described. The turbine is manufactured 
by Messrs. Scott and Hodgson, Limited, Guide Bridge 
Ironworks, near Manchester, in a range of sizes from 
3-h.p. to 200 h.p. Lower powers, however, than the 
former, can be supplied; thus, some turbines direct- 
coupled to small ventilating fans develop $ brake horse- 
power at 2,000 r.p.m. with a steam pressure of only 3$ 
lbs. per square inch. Fig. 3 shows a typical example of 
a turbine and fan, forming part of a batch for Messrs. 
the South Metropolitan Gas Company, Limited. These 
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Fig. 3. 


turbines, at a pressure of 100 Ib. per square inch, supply 
3,000 to 3,500 cub. ft. of air per minute at a pressure 
of 10 in. of water. High thermal efficiency is not 
claimed, but the other advantages outlined, combined 
with a reasonable efficiency, make the small turbine a 
thoroughly practicable proposition. The exhaust from 
a pass-out turbine, when the initial steam pressure is 
100 lb. per square inch, may be kept as high as 40 Ib., 
the ratio between the two depending upon what the 
turbine is required to do. 

Figs. 1 and 2 show the construction of the Roth 
turbine. The rotor is dished, and carries one set of 
moving blades, which encircle a casting containing two 
ducts connecting one part of the circumference with 
the other. The outer casing is provided with a main 





nozzle and an overload valve and nozzle. The impelling 




















+ Se iemepamae me 


ebaandahintnnsuuschauatinaninmmeaeenn nena eae 





SEPT. 30, 1927.] 


ENGINEERING. 





#3 








FRICTION-DRIVE VARIABLE 


SPEED GEAR. 


CONSTRUCTED BY MESSRS. KEENOK COMPANY, LIMITED, ENGINEERS, LONDON. 
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steam, after passing through the rotor blades at the 
top, again meets them at the side by way of the above- 
mentioned ducts. This second passage through the 
blades brings the steam into two ducts formed in the 
outer casing, which lead it back through the blades a 
third time. It then flows to the exhaust passage. The 
ducts in the outer casing, on the right hand side of 
Fig. 2, are provided so that the same pattern may serve 
for either right or left-hand rotation by the fitting of a 
suitably bladed rotor, and a corresponding change 
in the position of the nozzles and the internal casting. 
The rotor shaft runs on external ball bearings, while a 
third ball bearing is provided to take the end thrust. 
The auxiliaries fitted depend upon the nature of the 
duty for which the turbine is intended, thus, the 
smaller sizes, for dynamo driving, have a centrifuga! 
shaft governor and overspeed controller. The larger 
sizes for the same purpose have a vertical constant- 
speed governor, while, when the turbine is used for 
driving boiler-feed pumps, an hydraulic pressure 
regulator is fitted. Generally the turbines drive 
direct, but in cases where the speed of the driven 
machine is low, reduction gearing is fitted, to enable 
the turbine to be run at a speed consistent with 
economical steam consumption. The London repre- 
sentatives of the makers of the Roth turbine are 
Messrs. Charles E. Douglas and Company, Aldine 
House, Bedford-street, W.C.2. 








MINIsTRY OF TRANSPORT APPOINTMENT.—The Minister 
of Transport informs us that he has appointed Major 
A. H. C. Trench, C.I.E., to be an Inspecting Officer of 





Railways in place of Lieut.-Col. G. L. Hall, who resigned 
recently in order to take up another appointment, 
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A FRICTION-DRIVE VARIABLE 
SPEED GEAR. 


VARIABLE-SPEED gears generally attract a good deal 
of attention, if only on account of the wide range of 
applicability of such a device if successful. The 
examples shown by Messrs. Keenok Company, Limited, 
1-9, Eleanor-street, E.3, at the recent Shipping, 
Engineering and Machinery Exhibition at Olympia, 
have, in addition, a special interest, inasmuch as the 
principle adopted apparently traverses some accepted 
ideas about friction drives. The basis of the 
apparatus is the Keenok pinion, which is shown in 
detail in Fig. 3, above, Figs. 1, 2 and 4 showing 
its application. At first sight, there is a resemblance 
to an ordinary roller bearing, but this disappears when 
the hub of the pinion, corresponding to the inner 
race of a bearing, is examined. It is serrated, and 
has a roller seating on the bottom of each serration. 
The rim of the pinion is merely a smooth ring, but 
it does not embrace the rollers so closely as Fig. 3 
would suggest. On the contrary, there is sufficient 
clearance diametrically, actually a few thousands of 
an inch, to allow the ring to move eccentrically with 
respect to the shaft under external pressure. This 
external pressure, setting up a tangential stress on the 
rollers, causes them to mount the slopes of the serra- 
tions and exert a pressure opposed to the applied force 
in their efforts to restore the ring to its concentric 
position. If this force is applied by the periphery 
of another pulley or wheel, as a substitute for an 
ordinary toothed gear, the pressure between the two 
increases proportionately with the load applied, so 
that the tendency to slip decreases, the increased 
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pressure depending upon the greater torque due to 
the heavier load. 

The Keenok pinion is, however, used in the variable- 
speed gear here illustrated with the force applied by 
the face of a revolving disc, and the pinion is traversed 
across the diameter of this disc to give the infinite 
variation of speed. The upper speed limit is imposed 
by the diameters of the two elements and the lower by 
the approach to the disc centre. The positive action 
of the drive, and the elimination of slip, is just as 
marked in this right-angle drive as in a peripheral one. 
A test with a driving disc 4} in. in diameter, and a 
driven Keenok pinion of 4} in. in diameter, showed no 
trace of slip with a load of 360 in.-lb. applied to the 
variable shaft. On this load being suddenly increased 
to 1,000 in.-lb., the 9-h.p. direct-current driving motor 
was completely stalled. Such results are the more 
remarkable, as both the contact surfaces are of highly- 
polished hardened steel, and run wholly immersed 
in oil, thus presenting a marked contrast to accepted 
ideas of friction drives in which rough surfaces are 
usually considered essential, and oil is carefully ex- 
cluded. 

Referring to Figs. 1 and 2, which show longi- 
tudinal and cross sections respectively of a variable- 
speed gear box, the Keenok pinion will be recognised 
in Fig. 1, though it is somewhat obscured in Fig. 2 
by the ring on ball bearings by which it is coupled 
to the control shaft. The pinion, it will be observed, 
does not bear on its shaft for the whole of its 
width, a slight curvature being provided in its seat, 
so that it can be moved slightly out of the plane 
perpendicular to the axis of the shaft. The hole in 
the continuation into the control ring is clear of the 
shaft for the same purpose. The control ring has an 
eye in its upper part, through which the control spindle 
passes. The spindle moves with the ring and pinion 
as the latter traverses the driving disc, and the move- 
ment is recorded by means of a rack and pinion motion 
actuating a pointer on the dial on the top of the 
apparatus. 

The control spindle may be rotated on its axis by the 
handle shown, which has a spring stop for locking the 
spindle and disc in any desired position longitu- 
dinally. Rotation of the spindle throws the pinion 
out of the perpendicular plane, by the action of a 
cam formed on the appropriate part in the eye of 
the control ring. This deflection of the pinion causes 
it to travel automatically across the disc in either 
the inward or outward direction, as the case may be, 
so that the apparatus takes up the change of speed 
itself, and the function of the operator is merely to 
lock it at the desired speed. As has been mentioned 
above, the whole mechanism runs in oil, and is entirely 
enclosed so that it may be made dust-proof. 

The absence of noise, vibration, and backlash, and 








its automatic adjustment of friction to load, make 
the pinion a great advance on spur gearing for some 
purposes, and, although the variable-speed gear is 
shown in the figures for a right-angle drive, it is easy 
to see how it may be adapted to a parallel one, and 
that reversibility is possible with a few modifications. 
The development of the Keenok pinion and variable- 
speed gear will be awaited with interest, and it may be 
assumed that the makers have satisfied themselves that 
they can maintain for long periods the correct distance 
between the centre of the shaft in such gears and the 
face of the disc, or between two shafts in the case of a 
parallel drive, as the whole efficiency will depend upon 
this. The disc in the accompanying figures is supported 
by a thrust ball-bearing, and the pinion shaft also runs 
on ball bearings. Our remaining illustration, Fig. 4, 
gives an external view of a right-angle variable-speed 
gear-box. 


THE LATE PROFESSOR A. 
LIVERSIDGE. 


PROFESSOR ARCHIBALD LiversIDGE, F.R.S., who 
died on Monday last in his eightieth year at his resi- 
dence at Coombe Warren, Kingston Hill, took a 
prominent part in the scientific development of Aus- 
tralia, and particularly of New South Wales, where 
he spent many years of his long life. A London man 
by birth, he entered Sydney University in 1872, and 
remained there until his retirement as emeritus 
professor of chemistry in 1907. 

Born at Turnham Green on November 17, 1847, 
a son of the late Mr. John Liversidge, of Bexley, 
Kent, Archibald Liversidge was educated privately at 
home until 1866, when he entered the Royal College 
of Chemistry and School of Mines at South Kensington, 
where he could attend the lectures of the eminent 
chemist, Edward Frankland, the physicist, Tyndall, 
the metallurgist, Percy, and the engineers, Willis and 
Goodeve. In 1870 he gained a scholarship and pro- 
ceeded to Cambridge. He was showing proficiency in 
physiological research under Michael Foster, who had 
just opened his laboratory, when the offer of the Chair 
of chemistry and metallurgy at the University of 
Sydney took him over to Australia. 

Such an appointment implied a very wide field of 
duties and studies in those days. He had to report on 








the water supply of Sydney, on the cane sugar 
disease, and coal analyses in the first years of his new 


activities. He compiled tables for chemical analysis, 
having been demonstrator at Cambridge. He wrote 
papers on meteorites, on stone implements, the corro- 
sion of aluminium, and the precipitation of gold by 
fungoid growth. His survey of the minerals of Aus- 
tralia, 1888, took him all over the Dominion and the 
Australianislands. He investigated the hot springs of 
New Guinea, the Solomon Islands and New Zealand, 
as well as the silver and lead ores of Broken Hill, 
and the iron deposits of other localities. From 1874 
he was one of the trustees of the Australian Museum 
at Sydney ; he was also connected with the Techno- 
logical Museum there, and reported upon the technical 
education and museums of New South Wales. As 
Australian Commissioner at several international 
exhibitions he was able to add largely to the collections 
from other parts of the world. The Royal Society 
of London, to which he had contributed a paper 
upon supersaturated saline solutions, elected him 
a Fellow in 1882, and soon afterwards he became 
secretary of the Royal Society of New South Wales. 
His wide interests are marked by his joining, not 
only the Physical and Mineralogical Societies of 
London, but also the Cambridge Philological Society 
and foreign anthropological bodies. In 1885 he 
founded the Australian Association for the Advance- 
ment of Science, and, in 1902, the Sydney branch of 
the Society of Chemical Industry. The majority of his 
papers (about a hundred) were presented to the 
Australian institutions and to the Chemical Society of 
London, of which he was a vice-president after his 
return to England. Liversidge did not visit Australia 
again when the British Association held its meeting 
there in 1914. He was not married. His death will 
be regretted universally, many foreign societies having 
conferred honours upon him. 





ENGINEERING IN DENMARK.—The Elsinore Shipyard 
has progressed satisfactorily during the past financial 
year. A net surplus of 765,131 kr., has been realised, 
and the shareholders will receive 420,000 kr. (10 
per cent.). The yard has been well occupied, and the 
number of men employed has been somewhat larger than 
was the case during the previous year ; nevertheless, the 
competition on the part of home and foreign yards has 
been keen. During the year three vessels were delivered, 
including the large railway ferry boat Korsér. Two 
Diesel motor vessels for Norway and a steamer for 
Sweden are in course of construction, and orders for 
two further steamers have been received from the same 
Swedish owners. Several important engineering in- 
stallations are at present in hand, and 112 vessels were 
repaired during the year. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—While there is still a very hopeful 
feeling amongst the Scottish steel makers that business 
will soon get better there is nevertheless little sign of any 
improvement as yet, and the calendar year has now only 
about three months to run. The inauguration of the 
rebate scheme was not marked by a rush of buyers 
anxious to benefit by it, but a certain number accepted 
it, and it is hoped that others will follow in due course. 
To encourage the demand for boiler plates, prices were 
lately reduced by ten shillings per ton, but, so far, the 
response on the part of buyers has not been heavy. 
Generally the demand for steel material is indeed slow 
and plant is not being kept running constantly. In the 
black-sheet trade the position is unchanged and the heavy 
gauges are stillin poordemand. For the lighter sorts and 
galvanised sheets there is a fair amount of business 
passing, but the autumn orders are not as pressing as at 
one time they were expected to be. Some makers have 
quite a good tonnage booked, but the volume overall 
does not point to record figures. The current inquiry 
for steel of all classes is not encouraging. Prices are as 
follow :—Boiler plates, 101. 10s. per ton; ship plates, 
81. 2s. 6d. per ton; sections, 71. 12s. 6d. per ton; and 
sheets, } in., 91. per ton, all delivered Glasgow stations. 
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WatTeR KrEseR. English edition by Professor A. L. 
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Mines Branch No. 673. 
Abrasives Products of Canada. Technology and 
Application. Part I. Siliceous Abrasives. Sand- 
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[Price 2s. net. ] 
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ExLectricaL PowrER ENGINEERS’ ASSOCIATION. 
The ninth annual dinner of the southern division of the 
Electrical Power Engineers’ Association, to the members 
of the National Executive Council, will be held at the 
Hotel Cecil, Strand, London, W.C.2, on October 8 next, 
at 5.30 for 6 p.m. Tickets, price 7s. 6d., and full particu- 
lars may be obtained from Mr. Gordon Hieatt, 
33, Parkhurst-road, Bowes Park, London, N.22. 





Malleable-Iron Trade.—The past week has not made 
much, if any, difference in the state of the malleable-iron 
trade of the West of Scotland. Business is as difficult as 
ever to pick up, and the immediate outlook is no clearer. 
The steel re-rolling departments are also exceedingly quiet 
and fresh orders are very scarce. The price of “ Crown ” 
bars is unchanged at 10/. 15s. per ton, delivered Glasgow 


| stations, but re-rolled steel bars have been reduced in 


price on account of some outside makers cutting prices 
in this area. The current quotation is now 101. 10s. per 
ton at Glasgow stations. 

Scottish Pig-Iron Trade.—A dull and unsatisfactory 
tone continues to prevail in the Scottish pig-iron trade 
and few new contracts are being booked. Production at 
the present time is very much below normal, and even with 
only some thirty-two furnaces now in blast, stocks are 
accumulating, as the demand is so poor. Prices are weak, 
and the following may be taken as the current market 
quotations :—Hematite, 76s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 79s. per ton, and No. 3, 
748s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments——The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, September 24, was only 379 tons. 
Of that total 79 tons went coastwise and the remainder 
went overseas. For the corresponding week of last year 
the figures were 818 tons overseas and only 5 tons coast- 
wise, making a total shipment of 823 tons. 


Shipbuilding.—Messrs. David and William Henderson 
and Company, Limited, Partick, Glasgow, have secured 
a contract to build a cargo steamer for Messrs. Frank C. 
Strick and Company, Limited, London. This new vessel 
will be 385 ft. in length, 52 ft. 3 in. in breadth, 28 ft. 3 in. 
in depth, and has a deadweight carrying capacity of 
about 7,400 tons. Messrs. Henderson will supply triple- 
expansion reciprocating steam engines having cylinders 
244 in., 41 in., and 66 in. in diameter, respectively, and 
a stroke of 45 in.; and also two boilers working under 
forced draught at a pressure of 180 lb. per square inch. 





TRADE IN MancuuriA.—The report for 1926 of the 
Commissioner of Customs for Manchuria states that 
trade conditions generally in the locality of Mukden are 
more satisfactory than in other parts of China. There 
is less military interference and illegal taxation and there 
are fewer hindrances to trade than elsewhere, while 
railway development, which is proceeding rapidly, is 
opening up new ground and resulting in increased 
demand for electrical machinery, motors, and agricultural 
and mechanical appliances generally. 


ABRASIVES IN THE UNITED StTaTES.—According to a 
statement compiled by the United States Bureau of 
Mines, from individual reports furnished by producers, 
the total quantity of natural abrasives sold by producers 
in the United States in 1926 was about 225,000 short 
tons, valued at over 4,500,000 dols. In addition, there 
were manufactured and sold during the year 73,603 
short tons of artificial abrasives, valued at 6,751,165 dols., 
divided as follows: 17,026 short tons of carbides, valued 
at 1,702,037 dols.; 43,967 short tons of aluminium 
oxides, valued at 4,106,699 dols.; and 12,610 short 
tons of metallic abrasives, valued at 942,429 dols. 

PROFESSIONAL IDENTITY CARDS IN FRANCE.—Accord- 
ing to the Bulletin of the British Chamber of Commerce 
in Paris, a new law has been promulgated laying down 
certain stipulations, which must be complied with by 
persons exercising the profession of commercial traveller 
or representative on French territory. These are in 
addition to those given in the law of October 8, 1919. 
Information in support of the applicant’s civil status 
must now be produced, and the furnishing by the 
employers of an attestation is obligatory. Employees 
of a general representative must be furnished with an 
attestation by that representative. Attestations will 
only be visaed by Chambers of Commerce after examina- 
tion and verification of the documents furnished by 
applicants, and they will now have to be visaed both 
by the Chamber of Commerce in the district, in which 
the firm represented is established, and by that in the 
district in which the applicant for the card is domiciled. 
The cancellation of an agreement between an employer 
and an employee must be notified within a month. Pro- 
fessional identity cards must be renewed every year. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrpptessBrovucH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron is 
selling rather more freely, and as the restricted output is 
inadequate for market requirements, stocks are being 
steadily drawn upon. Accumulations at ironmasters’ 
works, have, in fact, now been reduced to quantities little 
more than are required to carry through ordinary trading, 
and continuation of expansion of needs promises to 
necessitate, at an early date, consideration of advisability 
of increase of output by the relighting of idle furnaces. 
Business passing is mostly in parcels for home use and 
for despatch to Scotland, but Continental customers are 
now buying a little iron from this district. For home 
purposes, No. 1 Cleveland is 70s. ; No. 3 g.m.b., 67s. 6d. ; 
No. 4 foundry, 66s. 6d.; and No. 4 forge, 66s. ; and for 
shipment to Scotland, as well as for despatch to destina- 
tions abroad, quotations are half-a-crown below these 
figures. 

Hematite.—In the East Coast hematite iron branch 
stocks are still rather heavy. They are, however, being 
gradually reduced by the growing home and export 
demand. Continental inquiries are reported to be quite 
numerous, but they are for iron to special analysis. 
Recent sales include several parcels to Continental firms. 
Market rates are based on mixed Nos. at 75s., both for 
home use and for shipment abroad. 

Foreign Ore.—Transactions in foreign ore are little 
heard, and resumption of market operations of moment 
are not looked for until consumers have accepted con- 
siderable proportions of deliveries owing to having made 
inroads into stocks. Meanwhile, quotations are nominal. 
Best rubio is put at 21s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues slow of sale. Makers protest that they cannot 
further lower prices, which are alryady unprofitable, and 
intimate that rather than do so, they will cease producing, 
but local consumers still hold off in the hope of making 
better terms than are at present offered. Good medium 
furnace coke is on sale at 18s. delivered to works in this 
area. 

Manufactured Iron and Steel.—New orders for finished 
iron and steel are not readily arranged, but inquiries ‘are 
better, and hope is expressed that they will result in sub- 
stantial contracts being entered into. Common iron bars 
are 101. 15s. ; best bars, 111. 5s. ; best best bars, 111. 15s. ; 
iron rivets, 111. 15s. ; steel rivets, 127. ; packing (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), 
7l. 128s. 6d.; steel billets (medium), 8/. 2s. 6d.; steel 
billets (hard), 8/7. 12s. 6d.; steel ship plates, 8/. 2s. 6d. ; 
steel angles, 7/. 12s. 6d. ; steel joists, 7/. 12s. 6d.; heavy 
steel rails, 81. 10s.; and galvanised corrugated sheets 
(No. 24 gauge), 141. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Colliery owners in the eastern area 
of the South Wales coalfield have decided to appeal 
to the Railway Rates Tribunal in regard to the increases 
which the Great Western Railway Company has notified 
will be charged on the carriage of coal from October 1. 
The actual increases vary from Id. to 5d. per ton, the 
majority of the advances being ld. and 2d. The Great 
Western Company is, however, reducing the rates from 
some of the pits in the western district of the Welsh 
coalfield. Colliery owners affected by the increase, 
however, have decided to notify the Great Western 
Company of their objections, as they consider that the 
coal trade should not be called upon to bear any extra 
burdens. In the meantime the shipping position at 
the Welsh docks is the worst experienced since the 
beginning of January when the export trade was begin- 
ning to recover from the seven months’ strike. Yester- 
day there were as many as 50 berths vacant at the 
Welsh ports, and the volume of shipping in loading 
berths was inadequate to meet the needs of collieries, 
with the result that many pits were rendered idle. The 
demand continues on very quiet lines, especially for large, 
which is in plentiful supply. Smalls, however, are not 
so free, as the output is curtailed by the lessened produc- 
tion of large, while the make of sized coals is also re- 
stricted for the same reason. Prices, however, show no 
material change, as salesmen prefer to run the risk of 
having stoppages at the pits rather than make further 
discounts. Best Admiralty large is available at 20s., 
with seconds round 19s., and Monmouthshires from 
17s. 6d. Best steam smalls rule up to 14s., when bought 
by themselves, but when purchased in conjunction with 
large, and many collieries will not sell except with large, 
can be secured at 13s. 6d. Shipments of coal, as cargo, 
in the past week totalled 428,460 tons, which was 9,000 
tons more than in the previous week, exports to France 
being increased from 65,890 tons to 89,140 tons, to 
Brazil from 25,270 tons to 30,600 tons, to Canada from 
25,610 tons to 26,480 tons, to Egypt from 24,600 tons 
to 29,500 tons, to Italy from 75,850 tons to 86,250 tons, 
and to Greece from 5,000 tons to 27,900 tons. At 
Cardiff exports were increased to 261,770 tons, at New- 
port to 70,350 tons, at Swansea to 51,990 tons, but 
reduced at Port Talbot to 43,600 tons, and at Llanelly 
to 750 tons. 

Iron and Steel.—The tinplate workers’ ballot for a 
six hours’ shift has resulted in a majority against the 
proposal. There has been a little more business passing 
for tinplates, but the extra business has not been sufficient 
to influence prices. Shipments of iron and steel goods 
in the past week totalled 22,072 tons, of which 5,662 tons 
consisted of tinplates and terneplates, 2,890 tons black- 
plates and sheets, 8,167 tons galvanised sheets, and 
5,354 tons of other iron and steel goods, 








SHEFFIELD, Wednesday. 

Iron and Steel.—Reports concerning conditions in the 
steel trade are unusually conflicting in character. Judged 
from the experience of individual businesses which are 
intimately allied with the more progressive branches of 
engineering, the position shows improvement. On the 
other hand there are numerous firms of long experience 
and with substantial capacity whose circumstances are 
no more favourable than was the case a month or two 
ago, if, indeed, as favourable. Production of the cheaper 
grades of steel, which have to meet the main force of 
foreign competition, tends to shrink rather than to 
expand. The limited demand has caused more open- 
hearth plant to be put out of commission, though the 
district’s gross output of bulk steel is still very consider- 
able. The recent reductions in steel billet prices have so 
far failed to tempt the placing of long-dated contracts. 
Bar-iron makers are also offering attractive terms for 
forward business, but find little response. Pig iron 
producers report slightly more active conditions, though 
users are apparently still unconvinced that prices have 
reached rockbottom. The principal quotations are :— 
Acid basic billets, 101. per ton; hard basic billets, 
71. 12s. 6d., and 8. 2s. 6d. ; soft basic billets, 71. 2s. 6d. ; 
crown bars, 111; foundry pig iron (both Derbyshire and 
Lincolnshire), 65s.; forge iron, 62s; Progress in fine 
steels is slow. Makers of crucible steel could undertake 
a lot more work. Inquiries are fairly numerous, not only 
on home account, but from sources far afield. The main 
difficulty is the limited quantities specified in orders. 
There are good and bad patches in the general tool trades. 
Engineering requirements on home account tend to 
expand, and more orders are forthcoming from the auto- 
mobile and electrical trades. Road-making and quarry 
implements and machinery represent an active line. 
Special attention is being paid to the production of 
improved safety devices for the haulage of coal in and 
about collieries. Stainless steel studs are now being 
used not only for traffic directional purposes but for 
indicating crossings to pedestrians at busy junctions. 

South Yorkshire Coal Trade.—The outlook in housecoal 
shows a seasonal improvement, but the demand requires 
to strengthen considerably before satisfactory working 
conditions are restored at the pits. The stronger demand 
for best qualities is fully maintained, and there is talk of 
the early advent of increased rates. Supplies of secondary 
grades are in excess of current requirements. A certain 
amount of selling pressure is reported. In special circum- 
stances spot lots are being offered at easy rates. Indus- 
trial fuel is an exceptionally keen market. Home require- 
ments fall short of the average, while export business, 
though slightly improved, is subject to quotations that 
allow only the barest profit. Gas companies have 
strengthened their stocks against the winter demand. 
Smalls can be bought at special rates where the accumu- 
lation of surpluses is increasing. Quotations: Best hand- 
picked branch, 27s, to 28s. 6d.; best house coal 21s. to 
22s. 6d. ; screened house coal, 18s. 6d. to 19s. ; screened 
house nuts, 14s. 6d. to 16s. 6d. ; Yorkshire hards, 14s. 6d. 
to 16s. 6d. ; Derbyshire hards, 15s. to 17s. ; rough slacks 
9s. to 10s.; nutty slacks, 7s. to 8s.; and smalls, 3s. 
to 5s. 6d. 





PrRSONAL.—Messrs. Crofts (Engineers), Limited, 
Thornbury, Bradford, have opened a new branch office 
at 14, New-street, Birmingham.—Messrs. The Chatteris 
Engineering Company, Limited, have removed from 
Gresham House, Old Broad-street to 17, St. Swithin’s-lane, 
London, E.C.4.—Messrs. Archibald D. Dawnay and Sons, 
Limited, Steelworks-road, Battersea, London, S.W. 11, 
have purchased the structural engineering works and 
equipment of Messrs. Sir William Arro] and Company 
(Swansea), Limited, King’s Dock Works, Swansea. 





STREET LIGHTING IN THE UNITED STATES.—The latest 
report of the National Electric Light Association’s Lamp 
Committee shows that 57 per cent. of the lamps sold in 
the United States for street lighting during 1926 were of 
100 c.p., or less. Such lamps provide barely sufficient 
light to outline the streets and give practically no illumi- 
nation. The Illuminating Engineering Society have, 
therefore, adopted a resolution, which states that 250 c.p. 
lamps are the smallest that should be used. Munici- 
palities, it is pointed out, are paying little more per 
capita for street lighting than they did 20 years ago, and, 
it would appear, are apt to attach too much importance 
to the cost of adequate street lighting and to overlook 
the cost of inadequate street lighting, although the 
latter may become a heavy burden on the public because 
of accidents, crimes or other losses attributable to 
insufficient illumination. 


“ ARCING” PHENOMENA IN Circuit BREAKERS.—An 
interesting study of the breaking characteristics of 
switches, both in air and under oil, is given by Mr. Sven 
Norberg in a recent issue of the Journal of the Swedish 
General Electric Company. He finds that the length 
of the arc in air is roughly 100 times that under oil and, 
as it is generally desired to break the circuit quickly, 
the length of the break should therefore not be much 
greater than that of the arc. In designing a circuit- 
breaker, the final length of the arc is the most important 
factor, and to reduce that length it is advisable to have 
two or more breaks in series. With four breaks, for 
example, the length of the are is reduced to at least 
one-quarter the normal value. When the load is induc- 
tive, the length of the arc increases with the speed of the 
break, though a current of air or oil against it helps to 
extinguish it. A magnetic blow out, on the other hand, 
does not affect the length of the arc, but much increases 


NOTICES OF MEETINGS. 


THE InstiruTeE oF British FoUNDRYMEN: LANCA- 
SHIRE BrANcH.—Saturday, October 1, at 4 p.m., at the 
College of Technology, Sackville-street, Manchester. 
Presidential Address by Mr. J. S. G. Primrose. Followed 
by lecture, “‘ Motor Cylinder Castings,” by Mr. W. West. 

THE Society oF ENGINEERS. Monday, October 3, at 
6 p.m., at the Geological Society, Burlington House, 
Piccadilly, W.1. “The Lead Electric Accumulator in 
Practice,’’ by Mr. R. C. Hall. 

THE BraprorpD ENGINEERING Socrety.—Monday, 
October 3, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Inaugural Address by the 
President, Mr. W. S. Siddons, on “ Little Things that 
Matter.” 


Tue Institute or Merats: NortuH-East Coast 
Locat Srction.—Tuesday, October 4, at 7.30 p.m., at 





the Armstrong College, Newcastle-on-Tyne. Chairman’s 
Address, by Mr. H. Dunford Smith. 
THE SHEFFIELD METALLURGICAL ASSOCIATION.— 


Tuesday, October 4, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘* Refractories in the Iron and Steel Industry,”’ 
by Mr. A. J. Dale. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: Sou'rH 
MipLAND STUDENTS’ SectTion.—Tuesday, October 4, at 
7.30 p.m., at the Queen’s Hotel, Birmingham. ‘ Finance 
and Engineering,” by Mr. G. L. E. Metz. 

THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLAND.—Tuesday, October 4, at 7.30 p.m., at 39, 
Elmbank-crescent, Glasgow. Presidential Address by 
Mr. R. D. Moore. 

THe INsTITUTION OF AUTOMOBILE ENGINEERS.— 
Tuesday, October 4, at 8 p.m., at the Royal Automobile 
Club, Pall Mall, 8.W.1. Presidential Address. ‘‘ The 
Influence of the Automobile User upon the Automobile 
Engineer,” by Major E. G. Beaumont. 


THE MANCHESTER METALLURGICAL Socrety.—Wednes- 
day, October 5, at 7 p.m., at the Engineers’ Club, Albert- 
square, Manchester. Presidential Address by Mr. E. L. 
Rhead. 

THe Junior InstirvuTion or ENGINEERS.—Friday, 
October 7, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
Lecture. ‘“* Lubrication,” by Professor Edwin Edser. 


THe Hutt Association or ENGINEERS.—Saturday, 
October 8, at 7.15 p.m., at the Technical College, Park- 
street, Hull. ‘“‘ Three Years’ Engineering in Mesopo- 
tamia,”’ by Mr. J. Shepherd. 





Contracts.—A new central battery telephone ex- 
change was recently brought into service at Govan, 
Glasgow. The new switchboard, which was made and 
installed by Messrs. Siemens Brothers and Company, 
Limited, Woolwich, London, 8.E.18, has 13 operators’ 
positions, and is equipped for 700 subscribers, with an 
ultimate capacity of 2,000.—An order for a pneumatic 
coal-handling plant has been received by Messrs. Henry 
Simon, Limited, Manchester, from the Sumitomo Steel 
Tube and Copper Works, Limited, Osaka, Japan. The 
plant will have a handling capacity of 10 tons per hour, 
and will be used for discharging barges and delivering the 
coal to conveyors feeding storage dumps. The necessary 
suction will be provided by an electrically-driven Simon 
vertical vacuum pump.—Messrs. British Brown-Boveri, 
Limited, Trafalgar House, Waterloo-place, London, 
S.W.1, inform us that their organisation has recently 
received an order from Japan for two, three-phase, 
30,000-kv.-a., synchronous condensers, to run at 600 
r.p.m., and for use on an 11,000-volt, 60-period system. 
The order comprises, in addition, a stand-by exciter set 
and the necessary switchgear with automatic voltage 
and current-linking regulation. A second order has been 
obtained for the extra-high pressure turbine equipments 
for the extensions to the Mannheim super-power station, 
for which the boiler pressure will be 1,400 Ib. per square 
inch gauge. There will be two sets, the first consisting 
of a primary turbine to run at 3,000 r.p.m., for a steam 
capacity of 65 to a maximum of 85 tons per hour at 
1,340 lb. per square inch gauge and 810 deg. F. atthe 
stop valve. This turbine will exhaust at 270 lb. per square 
inch gauge to the existing live steam turbines, and also 
to a direct-coupled, extraction, back-pressure, pre- 
heating or regenerative turbine. The above primary and 
back pressure turbo-set will be coupled to an existing 
Brown-Boveri 10,000 kv.-a. alternator, which is now 
being used as a synchronous condenser. The second 
set will consist of primary and back-pressure turbines, 
similar to the above, and for the same steam conditions, 
except that the steam capacity will be 50 tons to a 
maximum of 70 tons per hour. This turbo-set will be 
coupled to a three-phase 4,800-kw. alternator.—Messrs. 
The General Electric Company, Limited, Kingsway, 
London, W.C.2, have secured a contract from the Southern 
Railway Company, for Osram vacuum and gas-filled 
lamps, Robertson carbon-filament lamps, Osram train- 
lighting lamps, &c., for the period from September 1, 
1927, to February 29, 1928.—The English Electric 
Company, Queen’s House, Kingsway, London, W.C.2, 
have just delivered to the Willesden Power Station of 
the London Power Company, an 18,750-kw. turbo- 
alternator to run at 1,500 r.p.m. The total weight of the 
alternator exceeds 100 tons, and, for its ventilation, it 
is necessary to circulate 140 tons of air per minute. The 
stator contains 40,000 pieces of steel, and the windings 
more than 10 miles of copper strip. The company is at 
present engaged on a considerable number of main 
generating units for large power stations at home and 
abroad, and, taking into account only units of more than 
5,000 kw., the aggregate capacity in hand exceeds 
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Concretre SLEEPERS FOR TRAMWAYS.—The Melbourne | 
Tramways Board have just uncovered a number of | 
concrete sleepers which were laid down as long ago as 1914 
as an experiment, and, after being in the ground con- | 
tinuously for 13 years, they have been found to be as | 
sound in condition as when they were first laid, whereas | 
the wooden sleepers, in a neighbouring length of track, | 
have had to be renewed on account of deterioration. The | 
technical staff of the Tramways Board is looking carefully | 
into the matter with a view to further use of concrete 
sleepers. 

WaTER POWER IN THE IRISH FREE State.—In the} 
course of a Paper on ‘‘ Water Power and the Electrifica- 
tion of the Irish Free State,’”’ which was read before a 
meeting of the Women’s Engineering Society on Saturday, 
September 17, Miss I. A. Cummins said that only about 
700,000 of the 3,000,000 inhabitants in Ireland had a 
supply of electricity available. There were 94 public 
supply stations in operation. These had a capacity 
of some 27,000 kw., and were all fuel-burning stations. 
As regards fuel resources, Ireland consumed about 
6,000,000 tons of peat annually, and at this rate there | 
was sufficient to last for at least another 700 years. | 
The latest estimates showed that without any large | 
artificial storage scheme about 170,000 h.p. of water power | 
was available, most of which was obtainable from the | 
lower Shannon. The Irish Government had therefore | 
decided that the first step towards the utilisation of the 
water power of the country was the partial development | 
of this river, particularly as its storage capacity was | 
high, its catchment area large, and a head up to nearly | 
100 ft. could be obtained. Under the approved scheme, | 
the power of the lower Shannon was being developed in | 
one station, which would contain three vertical Francis | 
30,000-h.p. turbines working on a head of 94 ft. and} 
normally running at 1,500 r.p.m. Under the maximum | 
head of water, each set would develop as much as| 
38,700 h.p. The water would be taken out of the river | 
near O’Brien’s Bridge, and would pass through a head | 
race channel about 74 miles long. The weir at the} 
entrance to this channel would be provided with six | 
sluices closed by electrically-operated roller gates. There | 
would be three 25-m. openings and a boat passage | 
10 m. wide. Between the mouth of the tail race and | 
Limerick the river would have to be deepened. The} 
station would feed a high-tension network at 110 kv., | 
with primary substations at Dublin, Cork and Mary- | 
borough. 


From these places there would run a 35 kv. | 
secondary network for distributing energy over the whole 
country. 


Tae Lux Carson-DioxipE Fire-ExTINGUISHING 


AppaRratus.—A demonstration of the fire-fighting | 
abilities of the Lux carbon-dioxide fire system was given 
recently at the works of the Carbonic Acid Gas Company, 
Limited, Lea Bridge-road, Clapton, E,5, Three separate 


| within 10 to 15 seconds. 
| out on a collection of petrol-soaked insulated electrical 
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tests were carried out in order to demonstrate the 
application of the system in practice. A test of the 
largest type of installation, as used in ships’ holds, boiler- 
rooms, and power stations, &c., was carried out in a 
corrugated-iron shed in which were placed a large number 
of trays containing petrol, paraffin and lubricating oil, 
&c.; in addition, an overhead perforated pipe was run 
from end to end of the shed through which fine jets of 
»etrol were continuously pumped into the atmosphere. 
When the fire had thoroughly started, the Lux system 
was put into operation and the flames extinguished 
The other tests were carried 


wires, intended to represent the back of a power-station 
switchboard, and a large open-air bath of petrol. As is 
well known, COg, being an inert gas, does not support 
combustion, and many attempts have been made to 
adapt its properties to fire-extinguishing, but difficulties 





THREE-PHASE GENERATORS. 


have arisen owing to the property of the gas to freeze 
when released from ordinary commercial cylinders, thus 
choking the pipes before the seat of the fire is reached. 
In the Lux system these difficulties are overcome by the 
fact that the gas is stored in the cylinders in its liquid 
state under a pressure of approximately 700 lb. per 
square inch, When in operation, the cylinders are 
emptied by a syphon tube passing down through the 
liquid to within an inch of the bottom ; by this means 
very large quantities of the gas can be released in the 
shortest possible space of time, as all the expansion takes 
place at the point of discharge, and the full benefit is 
gained of the freezing effect in addition to the smothering 
effect. The system, which was described in detail on 
page 353 of our issue of September 16 last, in connection 
with the Shipping and Machinery Exhibition at Olympia, 
is handled in this country by Messrs. Walter Kidde and 
Company, Inc., of 2, Victoria-street, Westminster, S.W.1 : 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists tween this 
Journal and any other publications bearing 
somewhat similar titles. 


TzLzcRraPuic | “‘ ENGINEERING,” WESTRAND, 
ADDRESS . LONDON. 
_ Tx_ePHons NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom 0 

For Canada— 

Thin paper copi 
Thick paper copies 
For all other places abroad— 
¢- Thin paper copies 
Thick paper copies 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 

‘advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “« ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
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THE FORECASTING OF BUSINESS. 


In the cold and watery summer that is drawing to 
an end, people whose actions have to be affected by 
the weather must often have deplored how little 
they knew of it till it had arrived. The holiday- 
maker, wandering in search of the sun, may have 
had to content himself with a melancholy exercise 
in practical philosophy ; the farmer who has cut 
his corn on a fine day, discovers it next morning a 
mass of potential manure, because he did not gather 
it in before the rain came on at midnight. Meteo- 
rologists are doing their best, and their science is 
better off than it was, but up to now it is very far 
from answering the reasonable aspirations of those 
in the community to whom foreknowledge of 
weather is important. The difficulty lies in the 
fact that the weather is determined by a variety of 
circumstances, the respective influences of which 
can be calculated with difficulty or not at all, while 
their effects have not yet been observed and correlated 
sufficiently. Economic meteorology is somewhat 
further advanced. It has long been a subject of 
scientific curiosity, even before Jevons, half a 
century ago, tried to establish a relation between 
sun spots and economic booms, but of late years it 
has been found that valuable knowledge of the 
tendencies of business may be acquired from the 
systematic study of its previous history. At first, 
the method of shaping business policy in accordance 
with statistical experience seems to have been 
practised most successfully by the transport indus- 
tries. Of late years, however, various branches of 
manufacturing industry have been following on the 
same lines, and their methods were the subject of 
several interesting discussions at the meeting of the 
Association of Special Libraries and Information 
Bureaux held last week-end at Trinity College, 
Cambridge. 

These discussions are of the more interest because 
up to now standard methods do not seem to have 
been developed. It will, indeed, probably require 
a good deal more experience before standards are 
likely to be established, and even then they will 


probably have to vary considerably according to 
the circumstances of the industry by which they 
are adopted, and sometimes even to those of 
individual concerns. For the time being, industries 
or concerns will work out their own methods, and 
more will be learnt from individual examples than 
from any attempt to express the methods used in 
generalterms. Particular interest therefore attaches 
to a paper on “ Statistical Analyses in the Engineer- 
ing Industry for Use in the Formation of a Sales 
Policy,” presented to the Association by Mr. S. J. 
Nightingale and Miss A. L. Bennie, of the Research 
Department of the Metropolitan-Vickers Electrical 
Company, in which the authors gave a partial 
estimate of the value of the potential market for 
heavy electrical machinery in a certain territory for 
the year 1927. The machinery in question consisted 
of generating plant (including prime movers), 
transformers and industrial motors. It was found 
unsatisfactory to rely solely, or even primarily, on 
the ordinary export and import statistics, partly 
because of the considerable delay involved in 
preparing and publishing them, and partly because 
the attempt to subdivide the subject according to 
individual machines and appliances was hampered 
by the considerable and uncertain number lumped 
together as ‘‘ not elsewhere specified.” 

Accordingly, it was preferred to base the survey 
on the figures of the municipal power stations, 
coupled sometimes with those of total installed 
electrical plant for utilising energy. The rate of 
increase of generating plant in municipal power 
stations during the 11 years up to the end of 1926 
had itself increased every year, and the probable 
market for such plant during 1927 would therefore 
be obtained at once by extrapolation from the curve 
of annual installed capacities, if the rate of increase 
during that year could be assumed ; if, for example, 
it should be supposed to continue at the rate of 
1923-26, or of 1916-23, or at some intermediate 
rate. The financial circumstances of the country 
might have helped to decide this point, but inde- 
pendently of these use was made of the figures of 
total and electrical demands, as measured by the 
horse-power of consuming machinery installed each 
year. These showed that the greatest demand for 
power came from industry, that in the last four 
years this increase in the capacity of consuming 
machinery had been 60 per cent. greater than 
the increase in municipal generating machinery, 
and that although the proportion of demand for 
electrical power had increased much more rapidly 
than the demand for total power, and the total 
power demanded had continued to increase every 
year, the electrification had been no greater in 1926 
than in 1924. Weighing these considerations 
against each other, it was concluded that the 
generating plant in 1927 lay between the extra- 
polated point based on the average of 1923-26 and 
the lower one based on that of 1916-23. The point 
chosen gave a probable value of 100,000 h.p. for 
generating plant, to which in the ordinary process 
of high-tension distribution had consequently to 
be added 200,000 h.p. for transformers ; and taking 
the diversity factor, or ratio of motor to generating 
capacity, of the system to be 1°3, a figure suggested 
by considerable experience, a further demand of 
130,000 h.p. was to be expected in the consequent 
motor market. 

These figures, however, were based on the assump- 
tion that all the power used in industry was taken 
from the municipal power stations, and allowed only 
for the increase in the demand for motors that would 
follow on the estimated growth of the municipal 
generating plant. They represented, in fact, the 
minimum potential market for 1927, and in order 
to lead to the actual probable figure had to be 
supplemented by figures representing the maximum. 
These were obtained by assuming that industry 
generated for itself the entire power it used, and that 
its demands would expand in some relation to the 
expansion of’ demand shown in previous years. 
This left the estimate to decide whether the extra- 
polated expansion should be based on the constant 
rate of electrification from 1924 to 1926, which was 
35 per cent. of the total power, or on the average 
rate for 1922 to 1926, which would give for 1927 
not 35, but 42 per cent. of the total power. The 





decision was to take a midway figure, on which 
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150,000 h.p. of industrial motors would be required, 
with a generating plant calculated on the same 
diversity factor of 115,000 h.p. Assuming that no 
transformers at all were required for this industrial 
plant, this gave, therefore, 165,000 h.p. to be added 
to the minimum figure in order to obtain the maxi- 
mum, and allowed a mean figure to be calculated, 
which could be translated readily into money values 
for each of its elements. The home manufacture 
was estimated by considering imports and exports, 
presumably in connection with the above figures ; 
the share of foreign countries was extracted directly 
from their statistics for exports, and the approxi- 
mate share of British competitors was estimated by 
reference to the capital employed respectively in 
the several concerns. Assurance that estimates on 
the above bases were, if anything, below what 
probably would be realised, was derived from the 
fact that the rapidly-growing industrial demand 
still left the industry with less than half the electri- 
fication found in the industries of the United States. 
It will be observed that no part of the calculations 
was based on the opinion of the man on the spot, 
on whom, however, rested the responsibility of 
determining the precise classes of machinery among 
which the estimated amount of the year’s market 
was likely to be distributed. 

The method, of which the above gives a rough 
outline, is shown in its application to a small part of 
the engineering industry, and the extent to which 
a similar method could be applied to other branches 
of it can doubtless be determined only by trial. It 
is necessarily opportunist, and depends on the pos- 
sibility of observing some relation between the 
figures of business that are being sought and some 
other known quantities of which the approximate 
movement can be predicted with some confidence. 
Among the various other procedures discussed at the 
meeting of the Association, reference was made to 
a more general method developed by the Harvard 
Committee on Economic Research and apparently 
adopted with some success by Messrs. Rowntree. 
This method depends on the observation that 
in business cycles some related quantities, for which 
index figures can be constructed, move before 
others, and movement of the first of these indices 
may be taken therefore as a warning of corresponding 
movement in the others. It appears, for example, 
that if indices are constructed to represent specu- 
lation as based on certain stock-exchange and 
banking figures, business as based on commodity 
prices, pig-iron production and country clearings, 
and money as based on various discount rates 
and on the extent of loans and deposits in New York 
Clearing Banks, a major rise or fall in business has 
been preceded as a rule by a rise or fall in specula- 
tion, and similarly, a rise or fall in money has been 
preceded by a rise or fall in business. The inter- 
vals between speculation and business changes are 
generally of the order of four to six months, and 
between changes in business and in money of the 
order of six months. In particular when speculation 
is rising at the same time as money is falling business 
seems to be on the road to improve, and vice versa. 
This and similar methods have an obvious bearing 
on the general tendency of sales, prices of raw 
materials and financial circumstances. They dis- 
disclosed, for example, in the United States the 
boom of 1919-20, the slump of 1920-21, and the 
recovery of 1922-23, in each case some months 
before it occurred. Such methods, however, do not 
attempt the detailed forecast at which those of the 
type adopted by the Metropolitan-Vickers Company 
aims, and can, of course, be used only when a keen 
and skilled eye for disturb ng factors, such for 
instance as the abnormal movement of exchanges, is 
available for criticising the figures. 

Examples such as these indicate a prospect that 
industry will tend more and more to base its opera- 
tions on reasoned anticipation instead of on merely 
intelligent guess work. This prospect lends particu- 
lar interest in this country to the statistical activities 
of the Board of Trade, of which an account was 
given by Mr. A. E. Overton. It is perhaps not 
realised generally that our monthly trade returns, 
published within ten working days of the expiration 
of the month to which they refer, are prompter 
than those of any country in the world. At present 





the main weakness of industrial statistics in this 
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country seems to lie in the publication of such 
matters as are included in the census of production. 
Such returns have to be made every five years, and 
take a very long time for their figures to be collated 
and published. In the United States, on the other 
hand, where a decennial census of manufactures 
was instituted in 1850, the interval was shortened 
to five years at the beginning of the century, and 
since 1920 has been further reduced to two years. 
Canada, similarly, beginning in 1867 with a decen- 
nial census of manufactures, has instituted an 
annual census since 1917 and similar annual cen- 
suses have been operating in Australia, New Zealand, 
and South Africa since various dates in the present 
century. The Board of Trade appears to believe that 
with some support from industry it will be able, on 
the basis of the 1924 census, to publish monthly 
figures showing the variations of output in the most 
important industries as well as in industry as a 
whole. Such information must clearly be of funda- 
mental value to those who are endeavouring to 
forecast their business. 

The extent to which methods of forecasting can 
be used must necessarily vary with the nature of the 
business. In some manufactures, consisting of 
standardised units produced by repetition methods, 
such forecasts can be made the basis of production 
programmes. Even in others, however, with units 
of manufacture too large and variable to be antici- 
pated safely, the indications of the forecast may 
give invaluable assistance in determining the extent 
to which additions should be made to plant and 
equipment. No forecast can of course be indepen- 
dent of what may be called occasional influences, 
such as variations in the extent of advertisement and 
of the personal canvass of overseas markets. Still 
more conspicuously are the results of the forecast 
liable to be upset by incidents such as strikes. The 
practical tendency that must result if industries or 
their constituent firms base their operations on fore- 
casts should be to stabilise employment, but this 
effect will be avoided, and the method discredited, 
if the conditions of production do not remain stable. 








AIRSHIPS AND THE AIR TRANSPORT 
PROBLEM. 

At the present time a wealth of pioneer work is 

being done in attempts to extend the application 

of aeroplanes as a means of transport throughout 


the world. While progress is continuous and in 
everyday flying there is remarkable freedom from 
accidents, there can be no doubt that unjustified 
attempts at hazardous journeys made at this 
still early period in development, may cause 
an undeserved slur on the safety of what has become 
a quite definitely reliable means of travel. It must 
be recognised that no progress is possible without 
a measure of risk, and that much that we owe to 
the pioneers in other pursuits was not, in its early 
history, free from calamity. Work with such an 
ever-changing medium as the atmosphere must, 
until we have greater knowledge of meteorological 
conditions, always be associated with risk, but there 
is this essential difference between commercial 
flying and the attempts to pass over great stretches 
of ocean in one stage; in the former case every 
provision humanly possible is made for safety, 
and before passenger accommodation is considered 
at all, adequate allowances are made to cover the 
carrying of every device needed for the purpose. 
In ocean flight everything is sacrificed to permit 
the maximum carriage of fuel. Unusual or un- 
expected conditions arise suddenly, an accident 
occurs, and unfortunately it is rarely, if ever, the 
case that the machine can be found and examined 
for evidence of what occurred to cause the trouble. 
When the accident happened to the great airship 
at Hull, evidence was available of the cause of the 
collapse, and the designers were able to profit 
considerably by the work that had been done with 
that ill-fated craft before its destruction. While 
such may be the case it seems from the contentions 
of some authorities that even with airships there is 
yet too little known of various factors entering into 
the design to warrant the construction of the huge 
vessels which are at present under construction. 
The position, from this standpoint, was well 
stated by Mr. Edward F. Spanner, a former member 





of the Royal Corps of Naval Constructors, in a 
paper he presented to a meeting of the Institute of 
Marine Engineers on Tuesday, September 20, at 
Olympia, London. Taking as his subject “The 
Case Against Airships,” the author referred to the 
various weaknesses in the designs of such vessels, 
and seriously contended that the optimistic views 
of the Air Ministries of the various countries ‘“‘ were 
not further supported even by their own experts.” 

In the earlier stages of this paper the definitions 
of the various types of airships—non-rigid, semi- 
rigid, and rigid—coined by Mr. C. I. R. Campbell, 
R.C.N.C., were given. These, we do not propose 
to repeat, for they were given in a paper before the 
Institution of Naval Architects in 1919, which was 
reprinted in ENGINEERING (vol. cvii., page 469). 
However, we propose to give some of the informa- 
tion on construction provided in Mr. Spanner’s 
paper regarding the rigid airship, in order that his 
views may be clearly indicated. Taking the R.38 
as the example, it has two main systems of girders. 
Firstly, there are longitudinals, which number 
25, spaced at almost equal intervals round the 
circumference and running from end to end of the 
airship, following the surface of the hull along the 
angles of the polygon frames. The other girders 
are of the ring type, called transverse frames, and 
run completely round the circumference at about 
5-m. intervals. Every third one of these is a main 
transverse frame, is stronger than the others, and 
is reinforced in regard to rigidity by a system 
of cross-wires. The structure is completed by cross- 
bracing wires in all the panels on the surface of the 
hull between the longitudinal and _ transverse 
frames. Along the inside of the bottom of the hull 
there is a passage way, the structure of which 
constitutes a very stiff keel girder. The gas bags 
fill as completely as possible the interior of the hull, 
and each occupies the space between two main 
transverse frames, but a clear space of about 12 in., 
in average depth, is left between the outside of the 
gas bag and the outer cover. Over the outside 
of the hull, to give a smooth exterior, there is 
stretched tightly a cover, made up from a series 
of doped cotton sheets. 

In presenting the contentions of Mr. Spanner, 
we propose to refer to them in three classifications ; 
firstly, those relating to the provision of buoyancy ; 
secondly, those concerned with the uncertain know- 
ledge of atmospheric conditions; and _ thirdly, 
those matters relating to the maintenance of the 
structure of the hull. The lift was he said 
entirely dependent on the intactness of the gas 
containers, composed of cotton fabric lined with 
gold beater’s skin. No substitute had yet, it was 
believed, been found for this material, which was 
very unreliable and lacking in durability. Any 
mishap occurring to the gas bags of the vessel 
when in flight, however, would cause the airship 
to descend and probably result in its total destruc- 
tion. Again, in case of emergency, but a small 
fraction of the total lift of an airship was available 
to preserve the required buoyancy. Ballast had to 
be carried to an amount not less in weight than 10 
per cent. of the gross lift of the gas in the airship. 
In the R.33 there were only 14 gas bags, and some 
of these had a capacity of practically 10 per cent. 
of the total lift. Failure of one of these would 
rob the vessel of buoyancy, which could only be 
regained by discharging the whole of the ballast, 
after which the craft would prove extremely 
hazardous to handle. For the outer cover, or 
envelope, of the airship doped cotton fabric was 
used. It had to be maintained intact, or the 
flying speed would be impaired and the gas bags 
would suffer. Subjected to expansion and contrac- 
tions, to the varying effects of water, snow and 
frost and to heat, no more than a short life could be 
anticipated for this cover. 

In spite of the great amount of money that had 
been spent on meteorological research, there was 
not the slightest hope that it would prove of practical 
value in framing advice on the position or direction 
of movement of a storm centre with a view to avoid- 
ing it. What this may mean to the airship might 
be judged from a quotation, taken by Mr. Spanner, 
from the Log of H.M.A. R.34:—“‘ Caught in 
violent squalls on extreme outskirts of storm. 
Ship very badly thrown about, rising 700 ft. in 
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one bump. It is difficult to estimate the 
size of these storms, but, as the squalls were about 
50 miles from the storm itself, the area covered 
must have been many thousands of square miles.” 
Any airship not possessed of a reasonable factor of 
safety for the passage through a storm area was, 
Mr. Spanner suggested, lacking in a fundamental 
requirement for a passenger carrying craft. Again, 
there was no reasonable proof that an airship could 
be rendered immune from the effects of electrical 
disturbances. In his statement to the Imperial 
Yonference in 1926, the Secretary of State for Air 
gave emphasis to the fact that from “the point 
of view of safety it is essential that the airship 
should be able to avoid storms by means of warn- 
ings.”” Such must, however, be given by wireless, 
which was very unreliable in the presence of electrical 
disturbances. 

Duralumin, the material of which the hull 
structure of an airship was built, was not of as 
reliable properties as it should be for the construc- 
tion of the framing of such a vessel. However, 
that was of less significance than the effects of 
corrosion, especially the inter-crystalline type, 
which resulted in very dangerous brittleness of the 
metal. Coatings might prevent the actions of 
surface corrosion, which usually accompanied the 
intercrystalline variety—but there was yet no 
certain evidence that the latter could not exist 
alone. Movements took place in the structure, 
and thus coatings would soon be worn off. The 
loads, to which airships were subjected, other than 
those due to static loading, were only partially 
known even under steady atmospheric conditions. 
The Air Ministry had made provision for the equip- 
ment of pressure gauges on R. 101, similar to those 
used for the earlier full-size experiments, although 
it was contended in the Memorandum Laid before 
the Imperial Conference, 1926, that “‘ The aero- 
dynamic forces to which the two new airships 
will be subjected can now be assumed with much more 
confidence from the experiments with their models 
in the wind tunnels.” The new airships, Mr. Spanner 
contended, were designed to stand a system of 
aerodynamic loads which are “stepped up” from 
small-scale model experiments on very inconclusive 
and scanty data. Further, the estimated loads 
covered were those of flight and manceuvre in 
steady air conditions. So far, it appeared that 
reliance was entirely based on the ability to keep 
an airship clean of disturbed atmospheric conditions. 
In the work of designing an airship hull it had 
proved impossible to apportion scantlings in a 
rigidly-scientific manner. Airship designers had not 
followed the practice of the sea-ship designer, in 
making ample provision for safety and eliminating 
material in later designs, as it was proven to be 
unnecessary. It was probable that they could not 
afford to do so, for fear that demands made for 
strength would use up the capacity to carry the 
revenue-earning load. In the “ Schedule of Factors 
of Safety” of the ‘ Airworthiness of Airships’ 
Panel,” the factors recommended varied, according 
to conditions, from 4 down to 2, which was thought 
to be too small. The R.38, he said, failed while 
circling—that is, when subjected to unforeseen 
loads, but she failed in circumstances in which 
she had a factor of safety of 2. The standard set 
for design was thus no higher, in its lower limit, 
than that which existed in the R.38 when the 
catastrophe occurred. 

The ability of- an airship hull to withstand the 
loads put upon it in flight depended inevitably 
upon the ability of its principal members to with- 
stand compression. The struts, however, had to 
be fined down to extremely small dimensions. 
Much of the material which was used in the con- 
struction of the R.33 was less than ;'5-in. in thick- 
ness, while the most robust of the sections exten- 
siyely used, did not exceed +; in. The result was 
that it was impossible for an airship structure to 
exist, unless its members were free from fault, 
corrosion or distortion. 

After concluding his critical survey of the con- 
struction of airships and their defects, Mr. Spanner 
dealt with certain points which had to do with the 
possible operation of airships in commercial service. 
He regarded the mooring mast of very problematical 
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that it was not possible to be certain that airships 
could be held safely at a mooring mast. It was 
not known what forces were exerted upon a huge 
airship by sudden gusts. Even should mooring 
masts prove entirely successful, a great deal of time 
must be spent by airships in hangars, for inspec- 
tions, overhauls and repairs, although the present 
policy was that no such sheds should be provided. 
If higher speeds of travel were desired than those 
at present available on sea and land, it was doubtful 
whether the airship would provide it. The move- 
ments of airships in starting, on their journey and 
the time of arriving at their destinations was 
entirely dependent on favourable weather conditions. 
Alternative routes might be taken to avoid a storm, 
but it was not possible to avoid one at the point 
which happened to be the destination. An airship 
could not put into an alternative harbour as a ship 
could ; it had to hang about until weather con- 
ditions permitted it to make its moorings. The 
aeroplane offered infinitely more promise as a means 
of rapid transport. 





STREET LIGHTING. 


Tue problem of street lighting is one which is 
now, as it always has been, intimately connected 
with the safety of the foot-passenger after dark. 
In the eighteenth century, the inhabitants of 
London were required to fix a lamp outside their 
premises, and so do something to protect the 
passers-by from the depredations of foot-pads. In 
fact, the author of Tom Jones is credited with being 
among the first of those responsible for the govern- 
ment of the metropolis to recognise that adequate 
illumination was one of the best means of preventing 
crime. That, it still remains. For there can be 
no doubt, as experiences in the United States have 
actually shown, that the failure of the street lighting 
in a large town for any lengthy period would result 
in an outbreak of deeds of violence. Street lighting 
has, however, a more modern use, and that is to 
protect the foot-passengér from the onrush of 
vehicular traffic, which, it is hardly necessary to 
state, has increased very greatly, both in speed and 
in volume, during the past few years. It would 
therefore seem to be the duty of the street lighting 
authority to provide such a degree of illumination 
in the streets that it shall be possible for those who 
go about on foot to see their way clearly and at the 
same time to proceed in safety among the dangers, 
potential and actual, which surround them. This 
would be a task easy enough, were it not that street 
lighting costs money, and that the local authorities 
are, perhaps not altogether unwisely, averse from 
spending more upon it than is absolutely necessary. 
It is desirable to emphasise these almost self-evident 
facts, since at the recent Conference of the Insti- 
tution of Public Lighting Engineers at Brighton, 
this aspect of the question stood in danger of 
being forgotten. There was a tendency indeed 
to consider the subject from the technical aspect, 
which does not deserve criticism, and from another 
which is hard to define, but which disregarded almost 
entirely the financial factor. This latter does matter 
a great deal. 

This neglect was, we think, partly due to the fact 
that the principal paper dealt with the standard 
specification for street lighting, which has recently 
been issued by the British Engineering Standards 
Association, and that this specification is, to put it 
mildly, a document in which idealism triumphs over 
practice, as exhibited in our streets at the present 
time. Its clauses lay down something which is 
to be aspired to, and may only some day be reached, 
rather than dealing with actual fact. Whether 
such a production can accurately be described 
as “standard”? is a point we merely touch in 
passing, without wishing to labour. This, however, 
must be said: In it street lighting installations are 
divided into eight classes, according to the rated 
mean test point illumation they provide. The 
first of these (class A) covers streets where the 
figure for the illumination is 2-0 foot-candles, and 
upwards, and the last (class H) those where a 
figure of 0-01 foot-candles is not attained. There 
can be few, if any, streets in this country, which are 
lighted so lavishly as to bring them into class A. 





London, for instance, barely reaches class B.) 
And it is obvious from the discussion on Messrs. 
L. B. W. Jolley, J. M. Waldram, and R. Watson’s 
paper, with which we dealt on the 16th inst., that by 
far the larger number of streets fall into class H, and 
can only be included in that class because there is 
nothing lower. It is significant, moreover, as 
showing the idealism with which the specification 
has been compiled, that a class H was only formed 
as the result of representations made, when it was 
circulated in draft form. 

The position, as it exists, was, in fact, very fairly 
stated by Mr. Haydn T. Harrison, who pointed out 
that Mr. A. P. Trotter, in the historic Paper, which 
he read before the Institution of Civil Engineers in 
1891, gave examples of streets round London 
where the illumination did not exceed 0-005 foot- 
candles, and that there were still many examples 
of such streets existing to-day. He also stated 
that there were cases where the illumination was 
less now than it was in 1913, and that the best 
that could be said was that while some streets were 
better lighted than they were, the general progress 
that had been made was small and by no means 
general. He expressed the hope that the standard 
specification would change this. We, in turn, 
may express our doubts whether it will, but before 
giving our reasons, we may draw attention to 
another point, which is not without its importance 
in this connection. 

In the course of his Presidential Address, Mr. A. C. 
Cramb expressed the view that local authorities 
should not be expected to do more than “‘ to provide 
for the reasonable illumination of their thoroughfares 
in order to ensure public safety ’ and that anything 
extra ‘should be supplemented by a proportion 
of the funds subscribed by the motor owners through 
taxation.” This expression of opinion was received 
with considerable approbation by his audience. 
How this further proposed raid on the Road Fund 
will be regarded by motorists we can guess, 
but when it is examined in the broadest way it 
seems to exhibit a certain confusion of ideas. 
The questions may be asked: What is reasonable 
illumination, and where exactly is the line to be 
drawn between what the local authority is to provide 
out of the pocket of the ratepayers, and what is to 
come from taxation? It might well be argued 
that “ to ensure public safety ”’ is the sole duty of the 
local authority and that, as the road traffic increases 
in volume and speed, so should the standard of 
illumination be raised in accordance. That, indeed, 
seems to be the view of the compilers of the B.E.S.A. 
specification, who are, however, untrammelled by 
financial considerations. On the other hand, it 
might equally plausibly be argued that if motorists 
continue to increase and multiply and to go faster 
and faster, the whole cost of the better street 
lighting which this state of affairs will necessitate, 
in order that the pedestrian may not meet a violent 
end, should be partly paid for by the motorists as 
the better roads, which are now being constructed 
all over the country, are being partly paid for. 
It might be added that as without traffic there is 
little need for extra light, the duty of providing 
that light lies on the road user and not on the local 
authority. It is a little difficult to bring these two . 
arguments into coincidence, and for that reason 
it seems to us better to base the claim for better 
street lighting on other and less contradictory 
foundations. 

The best of these is that in this present age it 
should be possible to go about after dark with 
almost the same ease and security as in the day time. 
If all our streets were lighted in accordance with 
class A in the B.E.S.A. specification that ideal would 
be reached, providing that due regard were paid 
to such important technical matters as distribution 
and the avoidance of glare. But it cannot be 
denied that in the majority of our streets we can 
get along with something less than this high standard, 
and that in most of them, while the standard must 
be raised, it is attention to those two factors of 
distribution and glare that is the chief desideratum. 
The object at the present time should therefore 
be not to change the good into better, which is the 
policy that, at least by inference, the B.E.S.A. 
specification outlines, but to change the bad into good 
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While then, the public lighting superintendents 
throughout the country would do well to press 
for a general improvement in the standard, they 
should not fail to pay close attention to the technical 
side of the subject with a view to discovering 
whether by the use of fittings of improved design 
and more careful siting, it is not possible to obtain 
better distribution with little or no increase in the 
cost. We may be doing them an injustice, but it 
seemed to us that these officers are, as a whole, a 
little shy of the specification and are inclined 
to regard it as dealing with the subject from 
a point which is rather outside their range. 
For that they are not altogether to be blamed, 
especially if they realise that their immediate duty 
is to improve the lighting of the worst streets under 
their charge at the minimum cost, and to do so 
with particular regard to the traffic, which uses 
those streets. It would also be well if they 
were not to allow themselves to be misled by 
the will-of-the-wisp that somebody else may 
under certain circumstances be induced to pay 
for the changes. 








THE NATIONAL RADIO EXHIBITION. 


THE annual exhibition of wireless apparatus and 
accessories, organised by the Radio Manufacturers’ 
Association and opened at Olympia on Saturday 
last, affords an excellent opportunity for surveying 
the progress made during the year in this particu- 
larly interesting branch of applied science. 

When organised broadcasting was instituted in 
chis country a few years ago, less than a dozen firms 
were engaged in the manufacture of wireless appara- 
tus, and the extent to which the industry has de- 
veloped since that time may be gathered from the 
fact that nearly 200 firms, the majority of them 
manufacturers, are now exhibiting their products at 
Olympia. At the moment, there seems to be every 
likelihood that this development will continue, as 
the number of listeners is still increasing ; and there 
is a strong tendency for those persons, who were at 
first contented with the simplest and cheapest 
apparatus, to install more elaborate sets in order to 
obtain improved results. This tendency will 
undoubtedly be strengthened as the policy of the 
British Broadcasting Corporation in providing 
listeners with alternative programmes is developed. 

As would be expected in an exhibition intended for 
the general public, the exhibits consist mainly of 
complete receiving sets, components for their 
construction and accessories for use in connection 
with the various apparatus. The transmitting side 
of the industry is, however, represented by the 
exhibit of the British Broadcasting Corporation. 
This includes two complete transmitters and a 
model of the control room of the London broad- 
casting station. Of the transmitters shown, one 
is a 6-kw. “Q” type telephone set designed and 
constructed by Marconi’s Wireless Telegraph Com- 
pany, Limited. It comprises four panels, for rectifier, 
drive, oscillator and modulator respectively. A 
motor-generator set supplies single phase current at 
500 volts and 300 cycles, and this is stepped up to 
10,000 volts by a static transformer, rectified and 
smoothed on the rectifier panel, and supplied to the 
anode of the valves on the other panels. The 
filaments of the rectifier valves are heated by 
low-tension alternating current, but the other 
valve filaments are supplied from a secondary 
battery. The ordinary choke-control method of 
modulation is employed in this case. The other 
transmitter exhibited was constructed by Messrs. 
Standard Telephones and Cables, Limited, and has 
a Geneva rating of 11 kw. The Geneva rating, it 
may be explained, is that adopted by the Union 
Internationale de Radiophonie, and is the power 
supplied to the anodes of the final oscillator valves. 
In the standard set, choke modulation is carried 
out at low power, and the modulated wave is 
amplified by successive stages of power amplifica- 
tion. A similar set to that exhibited has recently 


been installed at the Kalundborg Station of the 
Danish Telegraph Administration. 

Probably the most interesting development in 
receiving apparatus, that has occurred since the 
previous exhibition, is the four-electrode screen- 
grid valve, different forms of which are exhibited 





by various valve manufacturers. These valves 
are specially designed for high-frequency amplifi- 
action, their suitability for this purpose arising 
from the fact that the inter-electrode capacity is 
neutralised by the employment of a screening 
grid between the ordinary control grid and the anode, 
as well as by the arrangement of the electrodes. 
The valves of this type, made by the General Electric 
Company, Limited, and known as the Osram 8.625 
valves, consist of a cylindrical bulb with a cap at 
each end. One cap is fitted with three pins 
connected to the filament and control grid, and the 
other cap has two pins connected to the anode 
and screen grid respectively. The latter is main- 
tained at a potential of about 80 volts, and the 
anode at 120 volts. Under these conditions, the 
valve impedance is of the order of 175,000 ohms, 
and the magnification factor is 110. The valves 
are usually mounted horizontally, the anode 
portion and the associated circuits being enclosed 
in a metal box, the side of which is arranged to form, 
as nearly as possible, a continuation of the screen- 
grid. If suitable tuning coils and condensers, 
having a low high-frequency resistance, areemployed, 
it is possible to obtain an overall magnification of 
30 to 50 per stage with the screen-grid valve, which 
is of the order of two or three times that obtainable 
with ordinary valves in neutralised circuits. More- 
over, the valves can be used for high-frequency 
amplification in short-wave receiving sets. This 
has not hitherto been practicable, except perhaps 
with the elaborate methods of the research labora- 
tory. Identical valves, described as the Marconi 
shielded valve, type 8.625, are exhibited by the 
Marconiphone Company, Limited, and, in both 
cases, the filament consumption is 0-25 ampere at 
6 volts. Similar valves are also shown by Messrs. 
A. C. Cossor, Limited, but the Cossor screen-grid 
valves are supplied for 2-volt as well as for 6-volt 
accumulators, the filament current only being 
0-1 amp. in both cases. The British Thomson- 
Houston Company, Limited, are showing a screen- 
grid valve. This more closely resembles an 
ordinary valve externally. This hasa bulb of the 
usual shape with a four-pin base and an additional 
connection for the control grid where the pip is 
usually located. 

Valves with independently-heated cathodes and 
intended for operation through a transformer from 
alternating-current supply mains are shown by the 
General Electric Company and the Marconiphone 
Company, but these have been previously referred 
to in our columns. Messrs. Cossor have, however, 
recently introduced a series of valves of this class, 
which are being shown at Olympia for the first 
time. These valves are mounted on the usual 
form of four-pin base, but have an additional cap at 
the top for the connections to the heating element, 
which requires current at 6 volts. The emitting 
filament is mounted vertically and is surrounded by 
the heating coil, the grid and the anode. Four 
types are made for high and low-frequency amplli- 
fication, resistance-capacity coupling, and power 
amplification. 

It is impossible to deal with the large number 
of receiving sets of all types and capacities shown, 
many of which are arranged for direct operation 
from the electric lighting mains. In all cases 
however, the tendency appears to be to reduce the 
number of controls to a minimum, in order to 
simplify operation. For the supply of high-tension 
current to broadcast receiving sets, many firms are 
exhibiting the so-called battery eliminators, which 
consist of a transformer, rectifier and smoothing 
circuit. Apparatus for charging both high-tension 
and low-tension accumulators is also much in evid- 
ence, notable exhibitors of this class of equipment 
being the Igranic Electric Company, Limited, the 
Marconiphone Company, Lifnited, Messrs. Burndept 
Wireless, Limited, and Messrs. Ferranti, Limited. 

A useful component shown by Messrs. Garnett, 
Whiteley and Company, Limited, Broadgreen-road, 
Liverpool, and known as the Lotus remote control, 
enables a wireless receiving set to be switched on 
from any part of a house by merely inserting a 
plug connected to a loud speaker into a jack fixed 
to the wall. This jack is connected to a relay 
mounted close to the receiving set, and controls the 
supply of filament current to the valves. Any number 





of points can be provided, and the arrangements are 
such that the first plug to be inserted switches on 
the current, and the last to be withdrawn switches 
it off. Of less general utility, but doubtless attrac- 
tive to some, are the so-called programme selectors. 
These are essentially clock-controlled switches which 
can be set to switch on the receiving set at any 
required time, and switch it off again after the 
desired interval has elapsed. Apparatus of this 
class is shown by Messrs. Pelhams, Limited, 5, 
Banner-street, E.C.1, and Messrs. Frederick J. 
Gordon and Company, Limited, 92, Charlotte- 
street, W.1. 

It is not possible to judge the qualities of the 

numerous loud speakers exhibited, since, to avoid 
what would undoubtedly be a most appalling 
pandemonium, these instruments are not shown 
in operation at Olympia. All types are represented, 
though the proportion of the cone type appears to 
be increasing. One instrument of this type ex- 
hibited by the General Electric Company, and 
known as the Gecophone Orchestrola, has an overall 
diameter of 4 ft. It is intended for use in large 
halls, and is normally suspended from the ceiling. 
Another instrument of the same type, also shown 
by the General Electric Company, is incorporated 
in a fire-screen. In general, there appears to be 
a tendency on the part of designers of loud speakers 
to attempt to disguise their real purpose, and this 
attempt has been particularly successful in the case 
of one firm exhibiting, viz.,.Messrs. Axtandia, 
Limited, 38, Bedford-street, W.C.2, whose loud 
speakers are in the form of china figures and caskets. 
There may, in some cases, be a distinct psychological 
advantage in rendering the source of sound as in- 
conspicuous as possible, provided, of course, that 
the acoustic properties are not adversely affected 
by the form adopted. 
. In the design of tuning coils, the importance of 
reducing self-capacity and high-frequency resistance 
to a minimum appears now to be fully recognised 
by most manufacturers and several forms, in which 
air spaced bare wire is employed for the windings, 
are shown. In some cases also, the windings are 
designed to prevent the production of an external 
field and thus to avoid accidental magnetic coupling 
between adjacent coils. The exhibit of the London 
Electric Wire Company and Smiths, Limited, Play- 
house-yard, Golden-lane, E.C.1, includes an inter- 
esting example of the latter class. These are known as 
Lewcos binocular coils from the fact that the wind- 
ings are in the form of two adjacent cylinders with 
their axes parallel. These coils, which are made in 
various forms for use as radio-frequency transformers 
or as aerial-tuning coils, are mounted on the stan- 
dard six-pin base and are claimed to be sufficiently 
astatic to be used in multi-stage receivers without 
screening. : 

With regard to variable condensers, the most 
interesting recent development is the type in which 
the shape of the plate is such that the capacity 
variation follows a logarithmic law as the dial is 
rotated. The advantage of this design, examples 
of which are shown by several manufacturers, is 
that where two or more such condensers are used, 
with coils having slightly different inductances, an 
equal angular movement will produce the same 
change of wave-length in each case. It is thus 
possible, in a multi-valve set, to arrange for all the 
condensers to have the same reading for any par- 
ticular wave-length. This is obviously a great 
convenience in tuning. Logarithmic condensers 
also lend themselves extremely well to mechanical 
coupling, so that two or three circuits can be 
tuned simultaneously by the movement of a single 
dial. 

Our space will only permit us to refer to one other 
feature of the exhibition, which closes to-morrow ; 
and that is the rapid development that has recently 
occurred in the production of the so-called gramo- 
phone pick-up devices. These are shown by some 
half-dozen firms, including Messrs. S. G. Brown, 
Limited, The General Electric Company, Limited, 
the Marconiphone Company, Limited, and the 
Igranic Electric Company, Limited, and consist 
of a part, resembling in some respects a microphone, 
which is placed in the position usually occupied 
by the sound box of a gramophone. A needle on 
the pick-up device runs in the groove of the record 
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and produces fluctuating electromotive forces corre- 
sponding to the sound waves impressed upon the 
record, [These, when passed through -a valve 
amplifier to a loud speaker, are capable of repro- 
ducing the recorded music in a very pleasing 
manner. The volume of sound can be regulated 
over a wide range by inserting a variable resistance 
in the pick-up circuit, or in other ways, and the 
strength can therefore be adjusted to suit a small 
room or a large hall. It is not necessary to employ 
a special amplifier, as that included in a wireless 
receiving set can be used for the purpose, if it is 
designed to avoid distortion, and if means are pro- 
vided for making the necessary connections. .The 
General Electric Company, we notice, now provide 
a plug connection on all their receiving sets, to 
enable a gramophone pick-up device to be employed. 
This development, although only a side line of the 
wireless industry, may possibly benefit it materially 
and may also be of advantage to the gramophone 
industry. 





NOTES. 
SouRcES OF SPECIALISED INFORMATION. 


To engineers, the most important part of the 
proceedings of the Association of Special Libraries 
and Information|Bureaux, at the meeting which 
was held at Trinity College, Cambridge, from 
September 23 to 26, was the information given in 
reference to the progress of the Aslib Directory 
of Sources of Specialised Information in Great 
Britain and Ireland. The préparation of this 
volume is certainly the main present work of the 
Association, and it'is very satisfactory to learn that 
it is likely to be published this year. The Directory 
will contain some 500 Imperial octavo pages, and 
will be made up of references to special libraries and 
other collections of information, bearing on the 
subjects of its various headings. The work will, 
of course, be in no way especially directed to 
engineering, or even to scientific readers, but it 
may be hoped that many of its entries will be of 
interest and value to both. It is being edited by 
Mr. G. F. Barwick, late keeper of Printed Books in 
the British Museum, so that it is probable that, 
considered merely as a directory, the book will prove 
entirely satisfactory. It is clear, however, that the 
difficulties of making such a work reasonably 
complete are very great, and no doubt most users 
will quickly discover omissions. This, however, will 
not detract from the value of the information the 
directory can give; and certainly the best way in 
which users can assist towards its improvement 
will be by supporting the Association so that its 
funds will allow it to publish either further 
editions or supplementary volumes. This first 
issue of the Directory is being published with the 
financial assistance of the Carnegie United Kingdom 
Trustees. In addition to the main work, the 
Association concerns itself with various ancillary 
interests, some of which were discussed at the Cam- 
bridge meeting with which we deal on page 427. 
The address of the Association is 38, Bloomsbury- 
square, London, W.C.1. 


THE ELEctRicAL INDUSTRY AND THE CONSUMER. 


In commenting on Combines and Trusts in the 
Electrical Industry in our issue of August 26, page 269, 
we said of this publication of the British Electrical 
and Allied Manufacturers’ Association that it would 
have been more valuable had some further informa- 
tion been included about the position in this country. 
We were asked to believe that without a greater 
degree of combination, than at present existed, 
things were likely to go hardly with the British 
electrical industry. But we were given no data, 
which showed how far that grouping had already 
proceeded. That omission is indirectly corrected in 
a pamphlet,* which we have now received. Though 
it does not tell us to what extent combination has 
gone, it sets out to show how beneficial the results 
of combination have been, both to the manufacturer 
and to the consumer, during the past seven years. 
The advantages of “ intelligent co-operation, and the 





* The Electrical Industry and the Consumer. London: 


British Electrical and Allied Manufacturers Association. 
[Price 1s. net.] 
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adoption of a common policy in industry” are 
re-stated, and the arguments that the effects of 
trusts are to maintain prices at an unnaturally high 
level, to restrict trade, and to increase efficiency by 
the elimination of the unfit are controverted. 
Stable manufacturing and price conditions are, it 
is argued, a necessary stage in the evolution towards 
a more prosperous state of trade, and a number of 
statistics are put forward to support this view. For 
instance, it is stated that, taking the figures for 1920 
as being equal to 100 in every case, the average 
wholesale prices have gradually fallen since that 
year, until they now stand at 46, and that the figure 
for the selling price of electrical goods is 51. The 
cost of living has dropped to 67, but the average wage 
per hour has only decreased to 87. The value of 
exports has increased, with certain fluctuations, to 
260, and the index of orders received to 126. Prices 
have fallen considerably, the greatest drop being 
for condensing plant, which stands at 30, and the 
least for accessories, which stand at 65. The 
electrical industry has therefore been able to improve 
its position enormously since 1920, though the 
figures show that the prices charged are distinctly 
less than conditions would justify, and that the real 
economic price, should be 65, instead of 51. The 
conclusion is that the movement toward combination 
pursued by the industry is justified, and that the 
interests of the consumer have, if anything, been 
studied to a greater extent than those of the share- 
holders. It seems also, that the lowest price basis 
has been reached, and that this can only be further 
lowered by a cut in wages. The verdict, as might be 
expected, is the same as that pronounced on the 
evidence given in the earlier document : That com- 
bination has protected manufacturers from the worst 
effects of industrial depression, has reduced prices 
without impairing efficiency, and has allowed results 
to be obtained, which would have been impossible 
under a regime of unrestricted competition. We are 
quite willing to admit all this. At the same time, 
it is our duty to utter a word of warning against 
making too sweeping deductions from the experiences 
of what are only a few, and those exceptional, years, 





THE IRON AND STEEL INSTITUTE. 
(Continued from page 401.) 


CoNTINUING our report of the recent Glasgow 
meeting of the Iron and Steel Institute, we have 
now to deal with the proceedings which followed 
the paper by Dr. W. Rosenhain and Professor 
D. Hanson on “The Behaviour of Mild Steel 
under Prolonged Stress at 300 deg. C.”’ 


Simiticon—CarBon—IRon ALLOYS. 


A paper by Professor D. Hanson on “ The Con- 
stitution of Silicon-Carbon-Iron Alloys and a New 
Theory of the Cast Irons” was the last contribu- 
tion considered on Tuesday morning, the 20th instant. 
The author stated that the experiments described 
in the paper had as their object the determination 
of the constitution of pure silicon-carbon-iron 
alloys, over a range of composition from 0 to 2 
per cent. silicon, and from 0 to 4 per cent. carbon. 
From the cooling curves obtained it was possible 
to construct diagrams indicating the transforma- 
tions occurring in the three series containing 0-4, 
0-9, and 1-9 per cent. of silicon. The liquidus 
curves were well defined, as was also the arrest 
due to the transformation of 8 to y-iron. The 
temperature of this transformation was higher than 
in pure iron, but lower than in pure iron-carbon 
alloys, and extended over a wider range of carbon 
concentrations, as the silicon content was increased. 
The solidification of the alloys investigated appeared 
to take place by the separation of austenite, or austen- 
ite and graphite, from the liquid (except where 8-iron 
was found), and the equilibria determined might 
therefore be regarded as representing the system 
iron-graphite. The arrest points below the eutectic 
line, however, appeared to correspond to the separa- 
tion of iron and iron carbide. Although conclusive 
evidence was lacking, the possibility of the exist- 
ence of graphite as a stable phase in pure-iron 
carbon alloys had been advanced by several workers. 
The most generally accepted diagrams were those 


the systems, iron-carbide and iron-graphite, were 
both represented. None of these diagrams was com- 
plete in the sense required by the phase rule, and 
they were all alike in one respect, that only one 
form of carbon was represented as stable over all 
ranges of temperatures. 

As a result of his investigations into the equili- 
brium of the ternary system iron-carbon-silicon, 
the author had been led to an examination of the 
consequences that would follow, if the two diagrams 
representing graphite and carbide, respectively, 
overlapped, instead of remaining always one above 
the other—that is, if, at some temperature, the 
system changed from one in which the graphite was 
stable to one in which the carbide was stable. In 
the first place, the theory accounted for the existence 
of graphite as a stable form of carbon in high-carbon 
alloys (cast-iron), whereas cementite alone was 
found in low-carbon alloys (steels). There was thus 
represented for the first time a theory which 
accounted, qualitatively, for the existence of 
graphite as the stable form in cast-irons, and iron 
carbide in steels, the case being completed by the 
demonstration of an intermediate zone of alloys, in 
which both forms could exist together. The appli- 
cation of the author’s theory was not claimed to be 
quantitatively exact; the amount of work required 
to make it so would be very great. The theory did, 
however, appear to offer an explanation of the main 
facts relating to cast-irons, for which no other 
theory, so far advanced, was adequate. 

The discussion was opened by Dr. W. H. Hatfield, 
who expressed the opinion that the experimental 
data at present available were not sufficient to 
allow the building up of a final iron-carbon 
diagram. He was glad, therefore, that Professor 
Hanson had undertaken this work, as it would re- 
awaken interest in the equilibrium diagram of the 
cast-irons. Recently he had wanted to find the 
most recent information on the iron-carbon system, 
and had turned to the International Critical Tables. 
The information contained therein was not at all 
satisfactory. He was pleased, therefore, that the 
author was continuing his researches. The series 
of alloys, used by Professor Hanson in his research, 
was, he thought, not suitable. All of them were 
below the eutectic composition. The author had 
also spoken of an austenite-graphite eutectic; such 
a eutectic did not exist. It was really an austenite- 
carbide eutectic and the carbide decomposed. 
Professor Hanson also used the term “ graphitisa- 
tion” in regard to white iron heated to produce 
malleability. This term had been borrowed from 
United States nomenclature. The more correct 
term was temper-carbon, which was imported from 
Germany. It was also incorrect to refer to the old 
European malleable iron process as one merely of 
decarbonisation ; precipitation occurred just as it 
did in the American process. It would be found that 
in properly decarbonised white iron there was a 
graphite content, which might be as high as 2 per 
cent. 

Mr. J. H. Whiteley was inclined to agree with the 
views put forward by the author. It was possible 
to have both graphite and cementite stable in iron 
under certain conditions. The author’s view of 
two systems interlocked at certain points was a. 
very feasible one. The author had stated that the 
eutectoid point in the iron-cementite system 
occurred at a lower carbon content, as the silicon 
was increased. He had looked carefully through 
the list of alloys used in the investigation, and had 
found that only one alloy, namely, S.C.9, which 
contained 0-82 per cent. of carbon and 0-95 per 
cent. of silicon, approached the eutectoid composi- 
tion. The author had apparently based several 
conclusions on the results obtained from that one 
alloy; he hoped he had other data to support 
his statements. 

Mr. M. L. Becker, who spoke last, stated that the 
author had put forward a reasoned hypothesis, and 
had attempted to explain the anomalies which 
accompanied the cooling and (from want of a better 
term) the graphitisation of cast-iron. As time was 
short, Professor Hanson’s reply was very brief. 
He stated that the alloys made and used by him 
were not, he thought, utilised commercially. They 
had been specially made with the object of obtain- 








consisting of a double equilibrium diagram, in which 





ing the best possible results. The percentages of 
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carbon and silicon had been chosen with that end 
in view. 

The meeting then adjourned to the Central Hotel, 
where the members partook of lunch at the invita- 
tion of the reception committee. The Chairman 
was Mr. John Craig, C.B.E. The afternoon was 
spent in visiting the works of Messrs. Babcock and 
Wilcox, Limited, Renfrew; Messrs. Fredk. Braby 
and Company, Limited, Glasgow; Messrs. David 
Colville and Sons, Limited, Cambuslang ; and The 
Steel Company of Scotland, Limited, Glasgow. 
In the evening a reception was held in the City 
Chambers by invitation of The Rt. Hon. The Lord 
Provost and Corporation of the City of Glasgow. 


CARNEGIE GOLD MEDALS. 


When the general meeting of the Institute was 
resumed on Wednesday morning, September 21, 
Mr. F. W. Harbord again occupied the chair. 
Among other items, the secretary announced that 
Messrs. G. Hatton, A. Hutchinson, and W. R. 
Lysaght were due to retire from the office of vice- 
president at the annual meeting in 1928. The 
Chairman then presented the three Carnegie Gold 
Medals which were awarded for work carried out 
during the past 12 years. The first was to Mr. J. H. 
Whiteley, for his research on ‘* The Eggertz Test 
for Combined Carbon in Steel.” The results of 
this investigation were published in 1917. The 
second medal was awarded to Mr. F. Bainbridge for 
his research on “‘ The Effect of Fluorspar Conditions 
on the Phosphates in Basic Slag.” The report 
on this research work was published in 1920. The 
third Carnegie Gold Medal was gained by Mr. A. L. 
Curtis and was granted for his investigation on 
‘** Steel Moulding Sands and their Behaviour under 
High Temperatures.” The results of this research 
were published in 1925. 


Srtica Get For Dryrna Buast. 


The first paper taken bore the title ‘‘ The Use 
of Silica Gel as a Medium for Drying Blast.” It 
was presented to the meeting by the author, Mr. 
E. H. Lewis. The paper describes a silica gel plant 
recently installed at the Wishaw works of The 
Glasgow Iron and Steel Company, Limited ; it is 
capable of treating 35,000 cub. ft. of air per minute. 
We intend to reproduce this contribution to the 
proceedings in a future issue of ENGINEERING. 

The first speaker in the discussion, Mr. W. 
Simons, congratulated the author on his courage 
and judgment in bringing out an entirely new 
process in the blast-furnace industry. In the 
past many blast-furnacemen had adopted Gayley’s 
process, but, with one or two exceptions, this 
process had been abandoned on account of the 
high cost. He had seen Mr. Lewis’s process, and 
its simplicity had appealed to him. In_ the 
Gayley process it was necessary to have a 300-h.p. 
engine working the ammonia compressor, and brine 
pumps and condensing plant were also included 
in the installation. When discussing the freezing 
or absorption processes put forward in the past, 
Mr. Lewis had said that freezing was too expensive 
in maintenance and running costs in comparison 
with the results obtained. This, continued Mr. 
Simons, was undoubtedly true. The author had 
further stated, however, that, in all cases, the 
money spent would have been better expended in 
improving other conditions, such as increasing 
the blast temperature. He, himself, wished to 
point out that the operating conditions at Wishaw 
were rather different from those which obtained 
in other parts of the country. Whereas raw coal 
was used at Wishaw, coke was employed at Cardiff 
and elsewhere. This fact should be remembered 
when reading the paper. It was, at all events, 
very important to obtain the highest efficiency 
in the blast-furnace stoves and to reduce the gas 
consumption in them, so as to have more gas avail- 
able for other purposes in the works. 

Mr. B. Talbot said that, among steel makers, 
the blast-furnace was considered to be a portion 
of the whole smelting plant, and not so much a 
unit in itself. It was more effective as a gas pro- 
ducer than a separate producer plant would be. 
If, therefore, the fuel consumption in the blast- 
furnace were cut down too much, it might become 
necessary to instal separate producer plants, in 
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order to obtain the gas necessary to perform other 
operations in the steel works. The next speaker. 
Mr. D. E. Roberts, stated that there was little or 
nothing to interest the engineer in the installation. 
There was just a fan and the motor necessary to 
drive it ; that was all the machinery involved. It 
would be essential to wait a few years before 
expressing a definite opinion on the process. He 
had listened to Gayley in New York, in 1904, and 
it had seemed to him that the process then described 
would be a great success. The promises of success, 
however, had not been fulfilled. Some of the results 
obtained by Gayley had not been realised in practice. 
On the other hand, the silica gel process had the 
advantage of being exceedingly simple. There 
was no doubt that the drying of the air was bene- 
ficial ; the combustion of the fuel within the furnace 
was more satisfactory and the general furnace 
operation was more regular. On the other hand, 
the uses made of the gas from the top of furnace 
should be given the greatest attention. In many 
cases, the gas was not even cleaned, and, when it 
was cleaned, it was often not properly used. 
Mr. Talbot had said that the blast-furnace was a 
gas producer, and he agreed with that statement. 
Provided the gaseous fuel produced was not wasted, 
the fact that an additional } cwt. or 1 cwt. of solid 
fuel was used in making each ton of pig-iron was of 
no great consequence. 

Mr. J. Henderson stated that improvement in 
blast-furnace practice was a matter of great import- 
ance to this country. There were so many variable 
conditions in blast-furnace operation that it would 
be necessary to wait for some time in order to see 
whether the process under discussion gave entire 
satisfaction. Referring to Table II. in the paper: 
during the month of June, mentioned therein, some 
of the conditions were shown to be adverse, and yet 
the best percentage saving in fuel burnt at the 
tuyeres, of any month, had been obtained during 
that time. This showed the difficulty of making 
comparisons from month tomonth. The author had 
stated that a point in favour of constant moisture 
in the blast was the more regular quality of the iron 
produced. Generally speaking, in blast-furnace 
work, the coke, the ironstone, and the limestone 
were variables. If then it was possible to eliminate 
one variable factor, namely, the moisture, this was 
bound t6 lead to more satisfactory operation. He 
did not think that the blast-furnace should be re- 
garded as a gas producer. The fuel consumption 
should be reduced, even if this resulted in cutting 
down the quantity and thermal efficiency of the 
resultant top gases. 

Professor C. H. Desch said that the real value 
of dry blast had been definitely established. The 
process under discussion depended on the perfect 
reversibility of the drying agent. In Germany 
experiments, in which calcium chloride had been 
tried for the drying of blast-furnace gas, had 
failed, because the drying agent was not reversible. 
Silica gel, on the other hand, was quite reversible. 
In some of his experiments a quantity of the 
material had been used over and over again for 
three years, and had been employed for adsorbing 
all kinds of vapours. Recently it had been used 
for a duplicate estimation, the original of which 
had been performed three years previously. The 
adsorption curves obtained had been identical with 
those originally plotted. He would like to know 
if it was really advisable to look upon the blast- 
furnace as a gas producer, or whether it was better 
to concentrate upon it and regard it as a separate 
industrial unit. The next speaker, Mr. G. Barrett, 
stated that the author had mentioned that 0-5 grain 
per cub. ft. of moisture in the blast represented 
10 lb. of water per ton of pig iron made. He 
himself thought that this was not a general state- 
ment; it was only applicable to the particular 
conditions obtaining at Wishaw. Mr. Lewis had 
also referred to the activation of the gel by means 
of blast-furnace gas, and had stated that the 
amount of gas required represented the equivalent 
of about 7 tons of coal per diem. He thought 
that this should have been expressed as fuel per 
ton of output. Again, when quoting figures, 
referring to savings in fuel consumed, he would 
like to know if the consumption of power used 
in the drying plant had been taken into account. 
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He agreed that the most important factor in 


blast-furnace working was regularity of operation. 
In the matter of using the blast-furnace as a gas 
producer, if this principle were carried too far 
the quality of the pig iron produced would certainly 
suffer. ; 

In closing the discussion Mr. Harbord stated 
that he did not agree with Mr. Talbot. Each 
plant in a smelting works should be made effective 
in itself. If this were not aimed at, slovenly work 
on the part of the operators might result. 

In the course of his reply, Mr. E. H. Lewis said 
that Mr. Simons had mentioned the ease of operation 
of the process. A 20-h.p. motor was all that was 
required; the only other moving parts were 
hand-operated valves. The criticisms included 
towards the commencement of his paper, regarding 
the freezing and absorption processes had been 
suggested in the past, and were not his own. 
He had merely summarised the comments he 
had heard. Nevertheless, in nearly all cases, in 
which a Gayley plant had been installed, the 
criticisms were true, namely, that freezing was 
too expensive to maintain and operate, in com- 
parison with the results obtained, and that, in all 
cases, the money expended would have been better 
spent in improving the other conditions. He had, 
however, made it clear that each case should be 
treated on its own merits, and that each ironmaster 
must find out the best conditions for his own 
installation. He did not wish to overstate the 
case for the silica gel plant, but some of the results 
obtained since its-installation had been shown to be 
valuable. With reference to Mr. Talbot’s remarks, 
even if the blast-furnace were used as a gas producer 
it should be made as efficient a gas producer as 
possible, and a constant blast gave the best results. 
Even if dry blast was not desired, it was possible 
to regulate the moisture in the blast by means of 
silica gel. Mr. Roberts had said that Gayley’s 
results had not been sustained. Probably Gayley 
had done what his critics wanted him to do; he 
had increased his blast temperature. He was glad 
to hear Professor Desch confirm his own experience 
regarding the reversibility of silica gel. He agreed 
that the 10 lb. of water per ton of pig, represented 
by 0-5 grain of moisture per cubic foot of air, 
applied to conditions at Wishaw only. The 
equivalent of 7 tons of coal per day used in the 
activation of the gel, as mentioned in the paper, was 
for a plant of 38,000 cub. ft. per minute capacity, 
producing 2,100 tons of pig iron a week. Taking 
the price of coal to be 10s. per ton, the cost worked 
out at 23d. per ton of pigiron made. The suggestion 
to use waste heat from the flue gases for the activa- 
tion of the gel had been put forward ; the principle 
had been investigated but, at present, it was feared 
that the necessary apparatus would be too com- 
plicated. 

BLAst-FURNACE OPERATION. 

The second and third papers taken on Wednesday 
morning were “The Effect of Varying Ash in the 
Coke on Blast-Furnace Working,” by Mr. C. S. Gill, 
and ‘“‘The Theory of the Blast-Furnace Process,” 
by Professor F. Wiist. The first of these will be 
found on page 435, and the second on page 436, of 
our present issue. In the absence of Mr. Gill, 
the first paper was presented to the meeting by 
Mr. E. C. Evans. The second contribution was 
taken as read, and the two papers were discussed 
together. 

The discussion was opened by Professor H. Louis, 
who stated that he would confine his remarks to 
Mr. Gill’s paper, because it was one of very great 
interest at the present time, when it was necessary 
for everybody to strive to discover every possible 
economy and to keep down costs. The author 
had stated that there was a direct saving, by the 
use of coke containing 3 per cent. less ash, of 1s. 3d. per 
ton of pig made. Less ash in the coke, under 
modern mining conditions, could be obtained in 
one way only, namely, by cleaning the coal. 
Technically, coal cleaning had, within the last 
decade at any rate, improved so greatly in this 
country that it was in a fairly strong position. 
There were many coal-cleaning plants in use in which 
it was possible to clean the coal down to within 1 per 
cent. of the theoretical figure, i.e., the result shown 
by a coal washability curve. The technical question 
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might, therefore, be said to be fairly thoroughly 
solved. The outstanding problems were of an 
economic character. He had been present at the 
Coal-Cleaning Conference, held two months pre- 


viously, over which Dr. Lander had presided. It! 


had been freely stated by several of the leading 
authorities engaged in coal cleaning that, if the coal 
user would pay them sufficient to make it worth 
their while to clean the coal, they would do so. 
It seemed to him that the paper they were discussing 
helped to show how much they could afford to pay 
for that process. 

The author had shown that, with three units of 
ash less in the coke, there was a direct saving of 
1s. 3d. per ton of pig made. In addition, there were 
a number of indirect savings, which it was perhaps 
difficult to calculate, but a good many of which 
could be seen. For instance, three units of ash less 
in the coke meant, roughly speaking, about 2 units 
of silica less in the coke; this in turn, would mean 
something of the order of 5 units of limestone less 
in the blast-furnace charge, and, taking an average 
slag composition, something of the order of probably 
6 tons of slag less to handle. In addition, there 
was the increased efficiency of the blast furnace, 
which meant saving in labour and saving in book 
charges, such as interest, depreciation and amortisa- 
tion of the blast-furnace plant ; and a whole number 
of other small items, which he roughly calculated at 
something like ls. for the 3 units. He estimated 
that the three units of ash less in the coke would 
give an approximate total saving of something 
over 27d. Coke with a diminution of 3 per cent. 
of ash corresponded, in round numbers, to a diminu- 
tion of about 24 per cent. of ash in the coal. He had 
never known of coal being cleaned to only within 
24 per cent. The cost of coal cleaning with modern 
plants, allowing for labour, interest, amortisation 
of plant and the like, usually came to between 
4d. and 6d. per ton. In addition, it was necessary 
to bear in mind that the amount of vendible coal 
produced was diminished. To take 4} per cent. of 
ash out of the coal diminished the vendible material 
by, at all events, 10 per cent. Taking coal at 
20s. a ton, and coke at 12s. 6d. a ton, it was necessary 
to add 15d. to the 6d. previously mentioned, 7.e., 21d., 
in order to produce a saving of 6 per cent. If, 
by an outlay of 21d., it was possible to save twice 
27d., i.e., 54d., and reckoning a ton of coke to a ton 
of pig iron, the average net saving was evidently 
quite considerable. It seemed to him that the 
author’s figures showed the possibility of amply 
remunerating the coal producer for cleaning his coal, 
and, at the same time, making it worth while for the 
blast-furnace man to pay for clean coke. 

Mr. J. Henderson said that Mr. Gill had pointed 
out the desirability of regularity in blast-furnace 
working. He had shown that there was an increase 
in make of no less than 6 per cent. for a reduction of 
1 per cent. in the ash. This, and other figures given 
in the paper, were very striking. The next speaker, 
Mr. E. H. Lewis, said that three years previously, in 
an address which he had given to the West of 
Scotland Iron and Steel Institute, he had taken 
the question of ash in coal as part of his subject. 
In Glasgow they always used coal in the blast furnace 
and not coke. At that time he had calculated that, 
after taking into account the loss of carbon owing 
to the presence of ash, the loss of volatile matter 
and the increased use of limestone necessary to 
flux the additional ash, the coal was worth to him 
9-4d. per ton less, for each 1 per cent. of ash 
contained in it. This figure was based on the 
price of coal ruling in October, 1924. Turning to 
the question of output, the greater the percentage of 
ash, the greater was the actual cost of making the 
pig iron. In October, 1924, a 2 per cent. increase 
in the ash in their coal, which would roughly corre- 
spond to a 3 per cent. increase in the coke, would 
have increased the cost of manufacture per ton of 
their pig iron by 2s. 104d. 

In closing the discussion, Mr. F. W. Harbord 
stated that Dr. R. Lessing had been prevented from 
attending the meeting. He had, however, sent in a 
written discussion, which he proposed to read. 
Dr. Lessing stated that Mr. Gill was to be con- 
gratulated on bringing forward actual working 
results, showing the effect of coke ash on the blast- 
furnace process. From investigations, extending 





over many years, into the ash-forming constituents 
of coal and their influences on the coking process, 
and, subsequently, on the utilisation of the coke, he 
had come to conclusions for which Mr. Gil! now 
furnished corroborative evidence, derived from large- 
scale working. In calculating the economic advan- 
tages of low ash in coke, Mr. Gill had singled out the 
item of reduction in coke consumption, which he 
had very fairly estimated at 1s. 3d. per ton of pig, 
for a 3 per cent. reduction in coke ash. He had, 
himself, pointed out, on several occasions, that he 
considered that very much lower ash percentages 
were within the range of practical politics. He 
ventured to suggest that the increments of savings 
would grow, the further the ash percentage was 
reduced, so that, for a drop from 9 per cent. to 
6 per cent., the saving in coke consumption might be 
considerably more than 1s. 3d., 7.e., the saving for the 
first 3 per cent. Moreover, the sum total of the 
indirect saving due to increased output, more regular 
product, &c., which the author considered to be 
‘* material,”’ would be of an order of magnitude even 
larger than that from the lower coke consumption. 

The saving in capital charges alone, which would, 
of course, differ widely from case to case, might 
amount, on the basis of a 25 per cent. increase in 
output for a 3 per cent. ash reduction, to rather 
more than ls. per ton of pig made, to which a few 
pence would have to be added in respect of the 
re-lining fund. The monetary value of an enhanced 
quality or regularity of the product was difficult 
to assess, but, once the dependence of these factors 
upon the quality of the coke had been recognised, 
the tendency would be to insist on a fuel which 
would guarantee such quality, regardless of any 
saving that might be effected incidentally. In 
amplifying a conclusion put forward in his Cantor 
lectures on “Coal Ash and Clean Coal,”’* he suggested 
that the iron and steel industry would, in the near 
future, feel constrained to insist that the solid 
fuel in a coke should contain only a fraction of the 
mineral matter, which it contained at the present 
time. 

(To be continued.) 





LETTERS TO THE EDITOR. 


THE SEVENOAKS ACCIDENT. 


To THE Eprror oF ENGINEERING. 

Srr,—The fascination of the model described by 
Dr. F. W. Carter in your last issue is enhanced by the 
consideration that, with equal propriety, the pivoted 
axle may be termed the driving group, whilst the 
frame with stem may be considered as a rudimentary 
pony truck. The type of wheelbase under discussion 
is inadvertently referred to as 2-4-4, instead of 2-6-4. 

There is no mystery surrounding the nature of the 
forces which must be brought to bear on a railway 
vehicle, in order to deflect it around a curve or to 
control oscillations, which will not yield its secret to 
analytical examination. It may, however, be difficult 
to explain why some combinations are successful in 
holding to the road. 

It is perhaps, not wholly inappropriate if I subscribe 
myself, with your permission, 

Yours, etc., 
INDAGINE. 
Victoria-street, S.W.1. September 26, 1927. 








PATENTS AND TRADE MARKS IN 
THE IRISH FREE STATE. 


To THE EpIToR OF ENGINEERING. 

Srr,—The new Industrial Property Act of the Irish 
Free State comes into force on October 1, as regards 
Patents, Designs and Trade Marks. Although a period 
of six months is allowed for taking steps to register rights 
under existing British Patents, it appears probable that 
this period of grace applies only to the payment of the 
first fee, and there are many cases in which a renewal 
fee for a further year will have become due long before 
this period expires. In such cases the only safe course 
is to take steps at once to register the patent rights in 
Dublin, so that any further steps necessary to maintain 
the rights can be taken in good time. 

Holders of British Patents, Designs and Trade Marks, 
who contemplate protecting their interests in the 
Irish Free State under the new Act, will be well advised 
to communicate promptly with their Patent Agents in 
order to ensure that no necessary precautions are over- 





* See ENGINEERING, 1925, vol, cxx, page 774. 





looked. A notice as to the coming into force of the 
Irish Industrial Property Act appears in this week’s 
Official Journal of Patents. 
Yours faithfully, 
H. Tuompson, Secretary and Registrar. 
The Chartered Institute of Patent Agents, 
Staple Inn Buildings, London, W.C.1. 
September 21, 1927. 








THE PUNJAB ENGINEERING 
CONFERENCE. 


It is possibly an open question as to what region 
of the world possesses the most impressive examples 
of irrigational engineering. The works executed 
during recent years in Egypt have been worthy of 
that country, which was probably the birthplace of 
the art. Vast and imposing works are either in 
operation or in progress in Western America, and 
irrigational works of exceptional boldness and 
magnitude are now nearing completion in Southern 
Italy. It may well be doubted, however, whether 
any of the foregoing can claim superiority, either in 
courage of conception, in magnitude of operations, 
or in economic value, to the stupendous schemes 
now in course of execution in North Western India. 
Here, provision has had to be made for carrying 
tropical torrents over mighty rivers, and impound- 
ing works of imposing proportions have had to be 
constructed in difficult situations. The main 
canals are comparable to large rivers, and the mere 
distributory works would, in many other regions, 
be regarded as undertakings of the first magnitude. 
The canals now open command nearly 23 million 
acres, and when completed will command 35 million 
acres. The capacity of the canals, by which the 
water is drawn off from the rivers, will be 167,000 
cub. ft. per second. With matters in this state, it 
is not surprising that almost the whole of the 
papers read at the Punjab Engineering Conference, 
which met at Lahore last February, were devoted 
to the subject of irrigation. Some of them described 
steps taken to prevent undue abstraction of water 
by the Zenundars, who like some people in ancient 
Rome, have been prone to tamper with the modules 
through which they were supplied. This form of 
water theft has been to a large extent circumvented 
by the introduction of the standing wave module, 
the discharge from which is not easily increased by 
the means at the disposal of the water thieves. 
“Flume Experiments on the Sirhind Canal” are 
described in a paper by Mr. G. C. Fane, and Mr. 
C. A. Colyer has a paper on “ The Broad-crested 
Weir-Meter.”” He also contributed a paper on 
the design of “ Dissipators”’ below a fall. The 
progress made in the local production of Portland 
cement is described in a paper by Mr. Campbell 
Gray, who states that the cement produced is fully 
up to the British Engineering Standards Speci- 
fication. 





ADVANCED LECTURES IN ENGINEERING.—Under the 
auspices of the University of London, a course of four 
lectures on “ Heat Transfer in Reciprocating Engines, 
including Internal Combustion Engines ” will be given at 
The Institution of Civil Engineers, Great George-street, 
Westminster, London, S.W. 1, by Professor Adolf Nigel, 
of the Technische Hochschule, Dresden, at 5.30 p.m. on 
Tuesdays and Fridays, October 11, 14, 18, and 21 next. 
The chairman at the lectures will be Sir Henry Fowler, 
Dr. W. B. Worthington, Sir Dugald Clerk, and Sir Archi- 
bald Ross. The lectures, which will be delivered in 
English and illustrated by lantern slides, are addressed to 
students of the University aud to others interested in the 
subject. Admission is free and no tickets are necessary. 
Further particulars, and a brief syllabus of the lectures, 
may be obtained from the Academic Registrar, University 
of London, South Kensington, 8.W. 7. 





Live STEAM REHEATING.—It is stated in Power that 
the first American turbine in which re-heating is effected 
by the use of live steam is shortly to be put to work in 
the Crawford Avenue Power Station at Chicago. This 
is a 90,000-kw. turbine, of which the high-pressure cylinder 
develops 35,000 kw. and the low-pressure cylinder 
55,000 kw. The initial pressure will be 500 lb. per square 
inch, and the initial temperature 725 deg. F. The 
exhaust steam from the high-pressure cylinder will be 
re-heated to 460 deg. to 480 deg. F. The chief advan- 
tage of this arrangement is the saving in first and main- 
tenance costs, as well as the practically constant tempera- 
ture of the re-heated steam, which depends solely on the 
saturated steam temperature of the live steam. A 
disadvantage is that the attainable re-heat temperature 
is low. The temperature is sufficient, however, to keep 
the steam dry in all except the last few stages, and the 
economic advantages thus outweigh the thermal dis- 
advantages. 
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LABOUR NOTES. 


Aw’ important conference is to take place to-day in 
London between representatives of the Shipbuilding 
Employers Federation and the Executive Council of 
the United Society of Boilermakers and Iron and Steel 
Shipbuilders on the subject of procedure for the adjust- 
ment of disputes. Some time ago, it will be recalled, the 
Executive Council of the boilermakers’ organisation 
took part, with five other shipyard trade unions, in the 
negotiation of a procedure agreement which was subse- 
quently adopted by the rank and file of all societies 
except the Boilermakers’ Society. The boilermakers 
twice rejected the agreement, although recommended on 
each occasion, by their Executive, to accept it. Stop- 
pages of work have taken place which were not permis- 
sible under the agreement, and the employers, it is 
understood, hold strongly to the view that an end 
must forthwith be put to such a state of affairs. When 
the agreement was rejected for the second time, it may 
be added, only 4,571 members voted, out of a total 
membership of nearly 70,000, and the majority for 
rejection was no more than 749. 


At last week’s meeting in London of the Executive 
of the Miners’ Federation of Great Britain, an interesting 
discussion took place on a resolution relating to wage 
agreements passed recently by the Lancashire and 
Cheshire Miners’ Federation. The terms of the resolu- 
tion were as follows :—“‘ Seeing that all the agreements 
that were carried at the end of the lock-out last year 
were forced upon the mine-workers by the weapon of 
starvation in all the districts in the British coalfields, 
and that the effects of such agreements have now 
reduced the mine-workers in every district to almost 
pauperism and degradation, and make the mine-workers 
the lowest-paid workers in British industry, early steps 
be taken by this Federation, along with the other 
districts in the British coalfields, with a view to the 
agreements being abolished and an agreement or 
agreements being substituted that will give to the 
mine-workers a living wage and a decent standard of 
life.” 


According to the Manchester Guardian’s Labour 
correspondent, the three or four members of the 
National Executive who are active members of the 
Minority Movement used this Lancashire resolution as 
the basis of a plea for drastic action. They urged that 
the approach of winter and the heavier demand that 
might be expected for coal gave the Federation an 
opportunity to try to regain what it lost last year. 
The reply from the other members of the Executive was 
that it was idle to talk of a strike when it was certain 
not enough men would respond to make it effective, 
and that the first duty of all the district associations 
was to rebuild their organisations—in some districts 
badly shattered—and recruit their membership. In 
the end, further consideration of the matter was deferred 
for a month, and in the meantime the secretary, Mr. 
Cook, will get in reports from all the districts on their 
conditions. 


Writing in the Record, a journal devoted to the 
interests of transport and general workers, Mr. Ernest 
Bevin intimates that the Transport and General 
Workers’ Federation have withdrawn from the 
Industrial Alliance. “It will be remembered,” he says, 
‘that some time ago the miners called a number of 
unions together and asked them to consider the question 
of forming an Industrial Alliance. Up to that time the 
policy of this union had been to work for amalgamations, 
and we were not disposed to indulge in more forms of 
federation. As a result, however, of statements made 
at the first conference and the arguments advanced, the 
Executive decided to be represented in the framing of a 
constitution in an endeavour to see whether unity 
could be promoted. The cardinal principle of the 
scheme that emerged, however, was that of discipline, 
not merely in strikes, but in negotiations, financial 
support, strike action, and in strike settlements, and the 
supreme governing authority was to be in the position 
of saying thelast word. In the great strike of 1926, the 
General Council of the T.U.C. virtually assumed what 
the Alliance would have to give effect to if it were in 
being, and time proved that in this cardinal principle of 
discipline the movement broke down. Our biennial 
conference, therefore, after considering the report very 
carefully, decided to terminate any association with 
the Industrial Alliance, and the old rule is now reinstated 
in the rules book vesting sole authority in the Executive 
and delegate conference of the Union and the ballot 
vote.” 


In an agreement which a Los Angeles branch of the 
International Association of Machinists has just made 
with local employers, it is stipulated that foremen 
of machinists must be union men, and may do 
machinists’ work only in cases of emergency or necessity. 





Superintendents of machinery must not, however, in 
any circumstances, do machinists’ work, and all their 
orders to operatives are to be issued through the 
foremen. The employers undertake to furnish rubber 
boots, rain coats, and hats to men who have to work 
in rain, and men detailed to wash automobiles are to 
be provided with suitable aprons and boots. 


The annual report of the German Federation of 
Employers’ Associations states that, since the dis- 
appearance of the Labour Association, rendered neces- 
sary by the exigencies of the war, employers and workers 
have drifted apart. No one, the report proceeds, can 
feel satisfied with the present situation, which is per- 
meated with distrust and _ half-heartedness. The 
employers have no right to blame the other side for 
this. There have been faults on their side. One of 
the most substantial causes of the situation, however, 
seems to be the close connection of the various trade 
union groups with political parties, which continually 
draws the representation of trade union interests into 
the general strife of parties, and thereby hampers the 
organisations in the disinterested discharge of their 
proper functions. While, however, this connection, 
in Germany, as elsewhere, must be regarded as a fact 
which cannot be altered within a measurable period, 
there are still many ways open for the improvement 
of the relations between the two groups. It is possible, 
on the basis of recognition of the fact that the two camps 
are not divided by real conflicts of interest, but only 
by a difference in the conception of the means to attain 
the same end, due to a difference in the angle of vision, 
to aim at greater objectivity in discussions, combined 
with respect for the honest convictions of opponents 
who must never be regarded as mere enemies. 


One of the greatest hindrances to this development is 
held by the employers to be the exclusion of both 
groups from ultimate responsibility by the interference 
of the State, and it is this point more than any purely 
economic considerations which leads the Associations 
to urge the increasing withdrawal of the State authorities 
from such interference. The further development of 
the relations between employers and workers is held 
to be a question of the education of sentiment on both 
sides. The employers regard it as essential, and 
absolutely insist upon it, that the trade unions should 
recognise that, side by side with the collective repre- 
sentation of the workers’ interests, which is their special 
function, there is not only room for promoting the 
relations of individual undertakings with their workers, 
but that these primary relations are, both on the 
material and the psychological side, complementary 
rather than opposed to the work of the trade unions. 


Addressing a meeting held at Belle Vue Zoological 
Gardens on Saturday last in connection with the annual 
Railway Carnival, Mr. J. Bromley, M.P., the general 
secretary of the Associated Society of Locomotive 
Engineers and Firemen, said that, with the very keen 
competition which the railways were facing, the time 
had: arrived for more friendly co-operation between 
the workers and the management than there had 
been in the past. He spoke not only as the servant 
of a section of the railwaymen, but also as a diplo- 
matist. He was sure that it would be in the best 
interests of the men themselves, as well as in the 
interests of the railway companies. It should be the 
duty of all sections to make the railway industry not 
only a success, but also a tribute to British workers. 
There was one British characteristic of which we ought 
to be proud, and that was trust in our fellow men. The 
railwaymen had trusted each other and had worked 
together nobly. Now let that trust be extended to 
those who managed and directed the railways. 


According to Mr. J. J. Vaughan, who presided at 
the Annual Conference of the National Left Wing 
Movement in London last week-end, ‘* Left Wingers ”’ 
are not under Communist domination. If that be 
really the case, there is a curious similarity between the 
avowed industrial aims of the Communist party and 
the avowed industrial aims of the Left Wing Movement. 
The Left Wing Movement believes, for example—we 
are quoting from the Sunday Worker—that the in- 
dustrial policy of the Labour party should include a 
minimum weekly wage of 4l. to be increased with any 
rise of the cost of living; a legal 44-hour week and 
holidays with pay ; factory committees in preparation 
for workers’ control; nationalisation without com- 
pensation and with workers’ control of basic industries, 
with special consideration in cases of hardship; a 
Labour Co-operative Commissariat ; and a workers’ 
defence corps. 


In view of the present unemployment, the following 
measures should, in the opinion of the Movement, also 
be added to the Labour Party’s programme :—Land 





reclamation and afforestation ; improvement of internal 
communications ; all work to be paid for at not less 
than trade union rates and to be performed under 
trade union conditions; energetic opposition to the 
proposals enumerated in the Blanesburgh Report ; 
full State responsibility for the maintenance of the 
unemployed on the basis of a non-contributory scheme, 
administered through the trade unions; adequate 
pensions for all incapable of work ; opposition to the 
Government’s proposals for the reform of the poor 
law ; re-establishment of the Joint Advisory Committee 
of the N.U.W.C.M. and the T.U.C., and affiliation of 
all branches of the N.U.W.C.M. to the Local Trades 
and Labour Councils; a capital levy on fortunes in 
excess of 5,000/. ; cancellation of war-loan interest on 
holdings in excess of 5,000/. ; and nationalisation of the 
banking and credit system, without compensation, but 
with due consideration for necessitous cases. 


The Ministry of Labour states that on September 19, 
1927, the total number of unemployed persons on 
the registers of Employment Exchanges in Great 
Britain was 1,048,000, of whom 823,500 were men, 
33,600 boys, 157,800 women, and 33,100 girls. Of 
the total number 699,300 were wholly unemployed, 
284,600 temporarily stopped, and 64,100 normally in 
casual employment. On September 12, 1927, 
694,794 were wholly unemployed, 294,470 temporarily 
stopped, and 63,257 normally in casual employment. 
Of the total number of unemployed persons on the 
latter date, 829,352 were men, 34,522 boys, 154,885 
women, and 33,792 girls. On September 20, 1926, 
the number of unemployed persons was 1,530,884, 
of whom 1,159,058 were men, 44,268 boys, 283,565 
women, and 43,993 girls. These figures were, of 
course, affected by the dispute in the coalmining 
industry. 


At a meeting in London on Wednesday, the new 
General Council of the Trades Union Congress elected 
Mr. Ben Turner, of the National Union of Textile 
Workers, chairman for the ensuing year. Mr. Turner 
is president of the National Union of Textile Workers, 
chairman of the Industrial Council for the industry, 
and president of the National Association of Unions 
in the Textile Trade. 


Acknowledging the toast of “The Builders” at 
the launch by Vickers, Limited, Barrow-in-Furness, 
on Tuesday, of the new Orient liner Orford, Com- 
mander Craven said that there was now a better 
spirit between workpeople and employers. He 
had seen it stated that neither the British workman 
nor the British employer was a bad fellow. If they 
could start their discussions knowing that neither 
was a bad fellow, half their trouble would obviously 
be over. Much had been said, Commander Craven 
proceeded, about conciliation machinery, but, in his 
opinion, they already had pretty well all the machinery 
they required. The more they sat down with their 
own people in their own shops and offices to adjust 
differences, and the less they relied on leaders of 
trade unions and employers’ federations, the better 
would it be for all concerned. 


At a labour meeting in Slough on Tuesday, Mr. C. T. 
Cramp said that he would take no part in any 
conference, under the auspices of the present 
Government, to consider industrial relationships in 
any shape or form. Therefore, he declared, whatever 
goodwill may arise in the ranks of industry must 
be directly between the trade unions and the employers. 
There was a distinct relationship between the question 
of industrial peace and the new Trades Unions Act, 
and it was quite hopeless for Mr. Baldwin or 
his Government to expect any co-operation towards 
industrial peace, or indeed in any other respect, while 
the measure alluded to remained on the Statute Book. 


In its section devoted to technical education the 
Mouvement Syndical Belge, the organ the Belgian 
Labour Party, refers to a resolution “adopted at the 
congress of the party regarding compulsory technical 
education. The main points of the resolution are 
as follows: (1) Organisation of technical education 
by the public authorities, in co-operation with trade 
unions and trade associations. (2) Grant of an 
apprenticeship allowance; distribution of tools and 
working clothes; payment of a wage to pupils and 
apprentices who produce, either alone or collectively, 
a saleable or usable object. (3) Introduction of 
half-time in industrial establishments for young 
persons attending trade schools or apprenticeship 
workshops. (4) Compulsory attendance up to 18 
years of age at evening or Sunday technical courses, 
where such are organised. (5) Creation of industrial 
museums and courses for the training of instructors 
in technical education. 
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THE EFFECT OF VARYING ASH IN 
THE COKE ON BLAST - FURNACE 
WORKING.* 

By C. 8. GIL. 


CONSIDERABLE attention has been given recently to 
the coke for blast-furnace use, and valuable investiga- 
tions have been and are taking place in this country 
and in America, in order to define those attributes of 
blast-furnace coke, which give the most satisfactory 
results in practice. The author feels, however, that, 
so far, this question, which is, perhaps, the vital govern- 
ing factor in successful blast-furnace operation, has 
been very largely left to scientific observers, and it is 
difficult to obtain actual figures of the results produced 
in large-scale practical operation. As he has fortu- 
nately been in a position to make some practical tests, 
this paper is written to make known the information 
thus gained, and, if possible, to encourage others also 
to publish figures showing the effect of variation in the 
quality of coke supplied to the furnaces. 

It has frequently been stated that the blast-furnace 
manager does not really know what sort of coke he 
requires, and, if this means an exact definition of the 
coke for all blast-furnaces under all conditions this 
may be true. There would appear to be little question 
that the coke, which gives satisfactory results under 
certain conditions of furnace lines and ore to be smelted, 
might, under other conditions, give less satisfactory 
results, and probably this accounts for the fact that 
there is frequently a discrepancy between the ideal 
cokes as specified by different furnace managers. 

Fig.1, 

Sulphur shewing Bottom & sil of Casts = 
Average Sulphur tv. Cast =... 
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an illustration of this the following is cited :—Early 
in 1924 very serious trouble was experienced owing 
to the fluctuations in the quality of the iron from cast 
to cast. Repeatedly the quality would change from 
No. 1 grade to practically white iron within a few 
hours, and then back again to good iron. 

The average ash content of the coke did not fluctuate 
to an abnormal degree from day to day, but after 
the strictest supervision of the weighing of materials 
and the charging of the furnaces had revealed nothing 
wrong, the conclusion became inevitable that the root 
of the trouble must lie in the coke. Arrangements 
were made for hourly samples of the coke to be taken, 
as it was being charged to the furnace over a period of 
24 hours. These samples, weighing from 7 to 8 cwt. 
each, were taken from all the slides from which the 
coke was being filled, and so were representative of 
what the furnace was receiving. From the dimensions 
of the furnace and speed of driving it was not difficult 
to calculate with tolerable accuracy how long it took 
the coke to reach the hearth of the furnace, and, from 
this, to identify the cast or iron corresponding to the 
coke charged at any given time. The results are shown 
in Table I, in which the samples of coke have been 
apportioned to suit the length of time which elapsed 
between the different casts—roughly, 54 hours. 

The table is self-explanatory, but in view of the 
great difference in the quality of the iron corresponding 
to what might be considered a comparatively small 
variation in the percentage of ash, it should be re- 
membered that each increase in ash not only reduces 
the percentage of total carbon in the coke, but increases 
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shown in the order in which the iron was made in the 
furnace. 

Effect of Consistent Ash.—The following illustration 
is given as showing the effect of changing the ash in 
the coke supplied to the whole of the blast-furnace 
plant. It has, perhaps, special interest for the follow- 
ing reasons :—(a) The results are averaged over five 
weeks in each case. Period I gives the figures for five 
weeks immediately prior to the change, and Period II 
the corresponding figures for the five weeks immediately 
following the change, omitting altogether the week 
during which the change-over was effected. (6) The 
figures are actual averages of the results at a number 
of furnaces, and not of one selected furnace. (c) Both 
cokes were similar in physical characteristics, being 
made in the same ovens, and under identical conditions. 


Period I. Period IT, 
Average ash in the coke 12-15 per 9-76 per 
cent. cent. 
Average weekly make of pigiron 3,3lltons 3,819 tons 
Tonnage of No. 3 grade 210 134 ,, 
Percentage of No. 3 grade 6-34 per 3-51 per 
cent. cent. 
Average pressure of blast 5} lb. per 43 lb. per 
sq. In. sq. in. 
Percentage increase in make ... — 15-4 per 
cent. 
Reduction in coke consumption — 1-01 ewt. 
per ton 
pig. 


The above figures speak for themselves, but they do 
not give a full idea of the improvement, which took 
place in the practical operation at the furnaces. During 
both periods the endeavour was made to produce iron 
high in silicon for sale purposes, but during Period I 
the furnaces were “ stiff”? and the results unsatisfac- 
tory, whilst during Period II the furnaces worked 
freely and gave consistently good results. On another 
occasion a similar change-over was made on one furnace 
































from 9 per cent. to 14 per cent. 

In presenting figures obtained in practice, one is 
always faced with the difficulty of making the results 
— comparable, owing to the multitude of varying 
factors which enter into any large-scale operation ; 
if these variables are ignored, entirely erroneous 
conclusions may be drawn. The following results are, 
however, comparative in the sense that the ore mix- 
tures, type of iron produced, stove temperatures, &c., 
were maintained as nearly constant as possible. 

Effect of Fluctuating Ash.—It has been stated above 
that a fluctuating ash is an unmitigated evil, and as 


* Paper read before the Iron and Steel Institute, Glas- 
gow, on September 21, 1927. Abridged. 






































the weight of slag formed, which in its turn required an 
increased amount of carbon to raise it to its melting 
point and superheat it to the temperature of the 
furnace, so reducing considerably the carbon available 
for the other necessary chemical and thermal reactions 
of the furnace operation. Fig. 1 shows the hourly 
ash figures, and the corresponding sequence of sulphur 
results in the iron produced is appended, and serves 
to illustrate how sensitive the furnace is to quite small 
variations in available carbon. As the casts were run 
on the pig-beds commencing at the bottom and finish- 
ing at the top, the sulphur results in the graph are 
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is a dimensioned sketch, which is representative of a 
There is no doubt, however, that they all agree that the Taste I. though there are minor differences. An examination 
coke they require is one which, with their individual of the economies effected in the two tests given proves 
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another characteristic, which is more difficult to define, 3 a.m 15-84| resulted. 
sometimes spoken of as “reactivity”? or “ com- 4 a.m 15°81 6-4 per cent. increase 
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tosay. High ash and sulphur are both of them definite 10 9°57 .| where one furnace was changed from coke with 12-5 
evils, but if they are regularly and consistently high, it 11 —, 10-18 per cent. of ash to coke with 8-75 per cent. of ash, 
is possible so to burden the furnace that the evil results 12 noon 12-34 bi zie ‘ley Aemmes ehisined asee~ 
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‘the pig-iron. On the other hand, a fluctuating ash is -—— ~o 0-47 cwt. of coke saved and _—| per 1 per cent. reduc- 
an unmitigated evil, as it is impossible so to arrange the ~— 6-7 per cent. increase in make ) tion in ash. 
burden that the furnace shall give reasonably con- 4 p.m. 10-81 These figures are remarkably consistent, in view of the 
sistent results, if the ash in the coke is varying from 8 Lan 14-63 13-28 0-102 0-117 | fact that the two tests were carried out at quite different 
hour to hour even to the extent of 14 or 2 per cent. ; 7 p.m. 13-51 times and had no immediate relation to each other ; 
and probably many practical operators would agree 8 p.m. 13-43 they provide a basis upon which the whole question 
that they prefer a coke consistently carrying 12 per eam 13-08 of the provision of low-ash coke for blast-furnace use 
cent. of ash rather than one in which the ash fluctuates 10 p.m. 15°58 14-33 0-065 0-222 | may be worked out from a financial standpoint. Thus, 
in a case where two cokes were available, containing 


12 per cent. and 9 per cent. of ash respectively, the 
reduction in coke consumption by the use of the 
latter would be 0-42 x 3 = 1-26 cwt. per ton of pig. 
This, based on coke at 20s. per ton at the furnaces, is 
equivalent to a direct saving of 1s. 3d. per ton of pig 
made, and it is a simple matter, knowing the coke 
necessary to make 1 ton of pig iron, to work out what 
extra price could be paid for the lower-ash coke as 
compared with the other, whilst still maintaining a 
margin in costs. The indirect saving due to increased 
output, more regular product, &c., can only be esti- 
mated with a knowledge of local conditions at each 





plant, but the gain is material. 
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Fia. 1. 


THE FORSSBLAD BOILER. 


A new form of boiler, which is illustrated in Figs. 1 
to 5 above, was put into operation on March 1 last 
at the Viasteris power station of the Royal Swedish 
Board of Waterfalls. The boiler was designed by 
Mr. N. Forssblad, chief engineer of the station, and 
was constructed by the power station staff under 
Mr. Forssblad’s supervision. The boiler, the general 
features of which will be gathered from Figs. 2 to 5, 
is intended only for oil, or pulverised fuel, firing. It 
may be described as an internally fired, single-drum, 
sectional unit. The combustion chamber is surrounded 
by six sections, each consisting of upper and lower 
headers connected by 4-in. straight tubes. The six 
sections are arranged to form a hexagon in plan, as 
shown in Figs. 3 and 5. The upper headers are con- 
nected to a horizontal cylindrical drum, situated at 
the top of the boiler, while the lower headers are con- 
nected to a short vertical drum situated at the bottom. 
Between the upper and lower drums a 16-in. connector 
is arranged, which runs through the centre of the 
furnace. For high pressures, for which Mr. Forssblad 
claims the construction to be particularly suited, this 
16-in. connector may be replaced by a number of 
ordinary tubes. Burners are fixed at the six lower 
corners of the furnace and produce a flame round 
the connector in the centre, which acts as an ignition 
arch. The upper tubes, connecting the headers and 
the horizontal drum, carry the furnace roof; the 
corresponding lower tubes cool the ash pit. The gases, 
escaping at the upper ends of the sections, pass down- 
wards through superheaters and thence upwards 
through an air-heater to the fans and chimney. The 
air heater is recuperated and is specially designed 
for high temperature working. 

It will be clear from this brief description that the 
furnace is entirely surrounded by an effective heating 
surface ; the actual heating surface of the steam raising 
tubes is 2,350 sq. ft. The evaporation from cold 
water to steam at 280 lb. pressure and 800 deg. F., 
is 88,000 lb. per hour, or 37-5 lb. persq. ft. Asa result 
of this high evaporation, the boiler is claimed to be 
very cheap to construct, as compared with boilers of 








(235.4) 


more conventional designs, and actually the capital 
cost of this new unit was only about half that of the 
older ones, if costs of evaporation are taken as a basis. 
The boiler is capable of raising steam very rapidly, 
and it is stated that full pressure can be obtained 
from the cold state in 15 minutes; while it is con- 
sidered that, owing to the very small amount of brick- 
work exposed to a high temperature, the maintenance 
costs should be low. The weight of the boiler, without 
water, is 21 tons, the superheater weighing 6 tons, and 
the air heater 19} tons. 

It is claimed by Mr. Forssblad that the boiler as 
constructed, owing to its cheapness and rapid steam- 
ing, is particularly suitable for peak load and stand-by 
duties. The efficiency of 75 per cent. is, however, 
somewhat low for continuous operation. To improve 
this figure an economiser should be added or the 
heating surface increased. A further unit, arranged 
for pulverised fuel firing, and fitted with an economiser 
is now in course of erection at the Vasteras station, 
and will probably be in operation before the end of 
the year. This unit, like the earlier one, is being 
constructed at the station and erected by the operating 
staff, which, for a considerable part of the year, is 
free for extra duties of this kind, the station acting 
as a stand-by to the hydro-electric plants of the 
Waterfalls Board. 








TRADE CONDITIONS IN SWEDEN.—The current issue 
of the Swedish Economic Review states that develop- 
ments in Sweden during the spring and summer of 1927 
have, on the whole, been favourable; and there are 
indications of general progress in most industries. In 
the iron and steel trade, however, no improvement has 
yet been noticeable, and the prices for pig iron have 
further declined. For rough bars and high grade steel, 
on the other hand, the position has been relatively 
satisfactory. In comparison with the second quarter of 
1926 and the first quarter of 1927 the total production 
has been somewhat reduced. The position in the wood 
pulp industry is rather uncertain, but the stabilisation, 
which occurred after the fall in prices during the spring, 
has been maintained. During the second quarter of the 
present year the export figures reached 360,900 tons, 
which is 35,700 tons less than for the same period of 1926. 
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ON THE THEORY OF THE BLAST- 
FURNACE PROCESS.* 
By Proressor Fritz Wist. 


In text-books and proceedings the view is generally 
held that the reduction of the manganous oxide, 
silica, and phosphoric acid does not take place, until 
after complete fusion of the carburised iron; and} that 
it then occurs in the neighbourhood of the tuyeres— 
that is, in the bosh. According to most investigators, 
the reduction of these oxides is effected by elementary 
carbon—that is to say, by so-called direct reduction. 
In the case of manganous oxide alone, the view is 
held by Jiiptner, Wedding and Simmersbach that 
reduction can be effected also by carbon monoxide 
or by so-called indirect reduction. From the following 
arguments it will be seen that manganese, silicon and 
phosphorus cannot be taken up by the iron in any 
considerable quantity in the blast-furnace bosh. 

The iron trickling down in front of the tuyeres 
will become burned to a considerable extent, due to 
the oxygen, the water and the carbon dioxide present 
in this oxidising zone. About 15 per cent. of the 
oxygen of the blast combines with the iron, as it 
trickles down, causing the formation of very large 
quantities of ferrous oxide, which are taken up by 
the slag covering the metal. The slag thenceforth 
exercises a refining effect on the metal bath, just as 
in the open hearth, and since the iron oxide, reduced 
in this way, is continuously replaced by fresh formation, 
any reduction of manganous oxide, silica and phosphoric 
acid can only take place if the iron oxide content of 
the slag reaches an inconsiderable amount dependent 
on the temperature. Such a condition being scarcely 
likely to occur, these other oxides associated with the 
pig iron cannot on theoretical grounds be taken up 
in the bosh below the tuyere level. 

The reduction of manganous oxide, silica and 
phosphoric acid must accordingly take place above 
the tuyere level in the furnace, and a well-grounded, 
but hitherto unnoted, proof of this conception is 


* Paper presented to the Iron and Steel Institute, 
Glasgow, on September 21, 1927. Abridged. 
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furnished by the charcoal blast-furnace. In the older 
furnaces of this type, with open front, the bosh 
temperature was not very high, so that the metal 
sank slowly through the viscous slag, and there always 
remained a portion suspended in the slag, as it ran 
off. By breaking and washing off the slag, this iron, 
called ‘‘ washed iron’? (Wascheisen), was recovered, 
and was re-charged into the furnace. In the year 
1885 the author began his practice in blast-furnace 
work at the ironworks of Wasseralfingen, rendered 
famous by Faber du Faur. Here there was a charcoal 
furnace in operation alongside a coke blast-furnace. 
An examination of the washed iron showed that it 
was really a pig iron precisely the same in character 
as the pig iron simultaneously produced in the fur- 
nace, and this fact being in complete opposition to 
the prevailing view, the author’s trustworthiness as 
an analytical chemist was for a long time thereafter 
in doubt. 

In 1910 the author examined samples of washed 
iron and of pig iron simultaneously produced from 
five charcoal blast-furnaces. The results are given 
in Table I. A comparison of the composition of the 
washed iron with that of the iron run off at about 
the same time, in any case during the same tapping 
reveals the correctness of the theory postulated at 
the opening of the paper, and indicates with satisfacory 
clearness that the reduction of manganous oxide, 
silica and phosphoric acid must take place above the 


the pig iron, causing the latter to become re-oxidised 
and taken up in the slag. It is of course understood 
that the carbon of the pig iron also bears its share in 
the reduction of the iron oxide of the slag. But in 
the low temperature of the charcoal blast-furnace, the 
carbon gives way to the silicon, which accounts for the 
fact that high-silicon pig iron can be produced in 
the charcoal blast-furnace only with difficulty. In the 
coke blast-furnace the temperature of the bosh is much 
higher, and the slag in consequence is more fluid, 
so that under normal conditions no drops of iron remain 
suspended in it. 

The author is, however, indebted to his friend 
Dr. Neumark, of Liibeck, for the analyses of some 
samples of washed iron from a coke blast-furnace, 
which, during a trial run, was worked with an exception- 
ally stiff slag. The composition of the washed iron 
and pig iron samples is given in Table III. In Fig. 2 
the percentage reductions of the constituents of the 
washed iron and those of the pig iron are graphically 
represented in the same manner asin Fig. 1. Table IV 
shows the difference in the mean composition of the 
16 samples of washed iron and pig iron. It will be 
seen that although the differences in the mean com- 
Position of the washed iron and pig iron are not of so 
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tuyere level. In the great majority of the cases the 
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TABLE I.—ANALtysEs oF WASHED IRON AND PiG IRON FROM FivE CHARCOAL BLAST-FURNACES. 









There might exist the possibility that during the 
retention of the washed iron in the slag, the silicon, 
manganese, and phosphorus are reduced out of the slag 
by the carbide carbon of the iron. This conception 
is, however, negatived by the fact that, so long as iron 
oxide is present in the slag in considerable quantity, 
a reduction of the above-mentioned oxides cannot 
take place. The hitherto accepted theory, that the 
carbide carbon of the liquid pig iron reduces manganous 
oxide, silica, and phosphoric acid out of the slag, is 
therefore untenable. The carburised iron, which on 
account of its high carbide content has a high melting 
point, becomes fused at only quite a short distance 
above the tuyere level and then trickles down between 
the lumps of coke into the hearth. The time required 
to run through this space is too short to permit of any 
reaction on a considerable scale. Moreover, the slag, 
trickling down at the same time as the iron, is as a rule 
spatially separated from the latter, so that any reduction 
or taking up of foreign constituents during this period 
of the sinking down of the iron is quite out of the 
question, 

One is therefore forced to the conclusion that not only 
the carbon, but all the foreign constituents of the iron, 





are taken up as aggregates in solid form—in fact, by 
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Silicon. | Manganese. Phosphorus. Sulphur. 
Blast- 
furnace | Sample 
No. Mark. |/wWashed| Pig Washed| Pig : Washed| Pig Washed| Pig , 
Tron. | Iron. | Difference.| “Tron. | Iron. Difference.|| ‘Tron. | Iron. | Difference. Tron. | Iron. Difference. 
Per Per | Per Cent. Per Per | Per Cent. Per Per | Per Cent Per Per Per Cent 
Cent. | Cent Cent. | Cent. Cent. | Cent. Cent Cent. 
I; J1 2-32 | 0-73} + 1-59 || 1-88 | 1-75 | + 0-13 || 0-17 | 0-11 | + 0-06 || 0-046 | 0-010 | + 0-036 
i J2 2-00 | 0-84} + 1-16 || 2-05 | 1-88 | + 0-17 || 0-15 | 0-11 | + 0-04 || 0-030 | 0-011 | + 0-019 
I, J3 2-02 | 0-52] + 1-50 || 1-78 | 1-35 | + 0-43 || 0-16 | 0-10] + 0-06 || 0-030 | 0-010 | + 0-020 
Pf J4 2-14 0-57 | + 1-57 2-02 1-39 | + 0-63 0-16 0-10 | + 0-06 0-032 | 0-008 | + 0-024 
EB. R1 2°11 1-41 | + 0-70 0-75 0-82 | — 0:07 0-84 0-67 | + 0°17 0-076 | 0-042 | + 0-034 
i, R2 2-18 | 1-43] + 0-70 || 0-74 | 0-80] — 0-06 || 0-80 | 0-63 | + 0-17 || 0-076 | 0-042 | + 0-034 
III. Al 2-43 | 1-02] + 1-41 || 0-45 | 0-29] + 0-16 |] 1-03 | 0-65] + 0-38 || 0-096 | 0-026 | + 0-070 
I. 35 2-67 | 1:20] + 1-47 || 2-00 | 1-68] + 0-32 |] 0-12 | 0-11 | + 0-01 |] 0-025 | 0-012 | + 0-013 
Iv. Zl 1:96 | 1-31 | + 0-65 || 0-64 | 0-77 | — 0-13 || 0-98 | 0-73] + 0-25 || 0-073 | 0-031 | + 0-042 
Vv. Bl 1:16 | 1-25 | — 0-09 || 8-16 | 5-82} + 2-35 || 0-14 | 0-10} + 0-04 |} 0-075] 0-041 | + 0-034 
Vv. B2 1:75 | 0-80} + 0-95 || 7-90 | 5-18] + 2-72 || 0-11 | 0-09} + 0-02 || 0-089} 0-052 | + 0-037 
washed iron shows a higher content of foreign con- Taste II. 
stituents than the simultaneously produced pig iron. 
In Fig. 1, where the points of the curves lie above — ial oe Bae 
the zero line, this indicates that the percentages of _ © Tron. | Decuonns. /Diieeenes. 
silicon, manganese, phosphorus and sulphur in the = "gE > Eo ts : 
washed iron are higher than in the pig iron concurrently | gijcon |. ‘tan | ia tk ae Tt eee 
produced. The points below the zero line show that | Manganese 2-58 1-975 0-605 23-4 
the opposite is the case. In Table II the mean values — --| a a pa 27-2 
are given for all the 11 samples of washed iron and | °™P™™ : : 56-0 


pig iron, together with the absolute and percentage 
differences. 

With one exception in the case of silicon, and three 
in the case of manganese (Fig. 1), the percentages of 
foreign constituents in the washed iron are all higher 
than in the concurrently produced iron. The explana- 
tion of this decrease as the iron enters the bosh is 
simple. The iron oxide formed in front of the tuyeres 
is reduced by a portion of the foreign constituents of 





























high an order as in the case of the iron from the five 
charcoal blast-furnaces, yet they are quite marked. 
This is due, first, to the lower concentration of the 
foreign constituents in the pig iron, and, secondly, 
to the higher bosh temperature of the coke blast- 
furnace, causing the carbon to have a leading share 
in the reduction of the iron oxide formed in front of 
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way of cementation—and that the pig iron on becoming 
fused is already mainly in its final condition. The 
carbon of the fuel probably plays only a very small 
part in the formation of the pig iron, since the points 
of contact between the ore and fuel are too few to 
produce any extensive effect. 

Now, it has long been known, from the investiga- 
tions of Sir Lowthian Bell, Ledebur, and others, that 
carbon monoxide in the presence of so-called contact 
materials, such as iron oxide, separates into elementary 
carbon and carbon dioxide, according to the equation, 

2CO = C + CO,. 
Now in the temperature range from 850 deg. C. to 
350 deg. C., the carbon not only deposits on the 
surface of the ore, but, in the case of porous ores 
permeable to gas, it penetrates in quantity sufficient 
in six to eight hours to make up a considerable 
proportion of the weight of the ore. This finely 
divided carbon is in close contact with the constituents 
of the ore. Owing to its finely divided state, it is 
extremely reactive, and thus promotes the work of 
reduction by the carbon monoxide, until the last 
remnants of iron oxide are reduced. Part of this 
carbon sinks down with the reduced ore to the lower 
zones of the furnace, where with the iron it forms 
carbide and reduces at the corresponding temperature 
the manganous oxide, silica, and phosphoric acid, and 
the elements on being set free are immediately taken 
up by the iron present. The dissociation of the carbon 
monoxide is a strongly exothermic reaction, and by 
the reaction 2 CO=C+CO, there are set free 
38,960 kg.-cals. By coupling this dissociation process 
with that of direct reduction the following equation 
is obtained : 

2CO = C + COz 

FeO + C = Fe + CO 

FeO + CO = Fe + COz 
From this it will be seen that thermo-technically the 








the tuyeres. 
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reaction proceeds according to the indirect reduction, 
which also is in agreement with the following equation 
for silicon, manganese, and phosphorus : 
4CO = 2C + 2CO2 
SiOz + 2C = Si + 2CO 
S8i02 + 2CO = Si + 200, .. . &e. 





That is to say, these elements also are thermo-tech- 
nically reduced only by carbon monoxide. 

It must be borne in mind, however, that the pro- 
cesses of the dissociation of the carbon monoxide and 
of direct reduction occur in quite different zones of the 
blast-furnace. Therefore the system as a whole is 
one of indirect reduction, though in the lower part of 
the furnace consumption of heat is required for the 
direct reduction of manganous oxide, silica, and phos- 
phoric acid. Thus the dissociation of the carbon 
monoxide, which is regarded by many blast-furnace 
men as an unfavourable condition, is on the contrary 
essential for economical working. Since the disso- 
ciation is considerable only at a temperature below 
500 deg. C., a low top temperature is desirable in order 
to get the full advantage of it. The low temperature 
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portion of the results of the investigation are sum- 
marised in Table V.* In none of the -tests were any 
fusion and scarcely any sintering observable. The 
last column of the table shows the kind of iron em- 
ployed. The electrolytic iron was in the form of 
prismatic pieces; after the tests with manganese and 
phosphorus a layer 0-5 mm. thick, and after that with 
silicon a layer 1 mm. thick, was removed and analysed. 
The tests with hydrogen showed that manganous oxide 
alone was reducible by hydrogen, while phosphoric 
acid and silica remained unaffected, as may be seen 
from the tests Nos. 2, 5, and 58 in Table V. 

In using carbon monoxide as reducing agent, care 
must be taken to avoid the separation of carbon, which 
takes place below 1,000 deg. C. On this account, the 
test-pieces were not placed in the furnace, until the 
temperature for the experiment had been reached. As 
will be seen from Table V, manganous oxide is likewise 
reducible by carbon monoxide, and so apparently is 
phosphoric acid, according to the analysis of test 59. 
The floral wire uséd contained originally 0-11 per cent. 
phosphorus, and therefore 0-16 per cent. phosphorus 
must have been taken up by reduction. A sample of 
the wire, after annealing for five hours at 1,200 deg. C. 





of the top gases, obtained by heating the blast, causes 
the separation of carbon in large quantities, and herein 
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the shaft takes place. This permits the indirect reduc- 
tion to take its course more fully. The investigations 
of Levin and Niedt* show that in a blast-furnace 18 m. 
(60 ft.) high, the temperature between heights of 
4-6 m. (15 ft.) up to 13-9 m. (45} ft.) above the tuyere 
level falls from about 800 deg. to about 700 deg.— 
that is, the gases are able to effect indirect reduction 
throughout a height of 9 m., or, say, half the height of 
the furnace. It then becomes exolicable why those ores, 
which are interspersed with fine quartz particles, are so 
particularly suitable for the production of high-silicon | 
pig iron, this being the most favourable condition, under 
which the finely divided carbon can exercise its reducing 
effect. If, as has been hitherto assumed, a reduction 
of the silicon from the slag takes place, then the extent 
to which this happens will be entirely independent of 
the petrographic quality of the ore. 

The foregoing theoretical considerations have been 
fully confirmed by practical tests. “3y the kindness of 
Notgemeinschaft der Deutschen Wissenschaft, the 
author has been able to investigate this new theory 
by means of experiments, which were carried out by 
Dr. H. H. Meyer in the Iron Research Institute (Diissel- 
dorf).t The reducing agents employed were hydrogen, 
carbon monoxide, and elementary carbon in a tem- 
perature range of 800 deg. to 1,200 deg. C., and, as basis, 
silica, manganous oxide, and phosphoric acid were 
used, the latter in the form of basic slag. After reduc- 
tion, the quantity of phosphorus, silicon, and man- 
ganese taken up by the iron was determined. A 





* See Metallurgie, 1911, vol. viii, page 515, 

{ Oberhoffer and Heger have previously proved the 
possibility of the cementation of iron by silicon and 
silica. Stahi und Hisen, 1923, vol. xliii, page 1474. 











I} 
| Silicon. | Manganese. | Phosphorus. Sulphur. | Carbon. 
Tap-|) iz ae | 
sing || \ | ( : : & : y 
No. | washea| Pig Differ- | Washed Pig | Differ- a Pig | Differ- ||Washed| Pig Differ- ||Washed| Pig | Differ- 
| Iron. | Iron. { ence. || Tron. ware ence. | Iron, | Iron.) ence. Iron. | Iron. | ence. Iron. | Iron.| ence. 
Boerne | heen. i 
| Per | Per Per Per | Per | Per Per | Per Per Per Per Per Per | Per | Per 
Cent. | Cent. | Cent. Cent. | Cent.) Cent. Cent. | Cent.| Cent. Cent. | Cent. | Cent. Cent. | Cent.) Cent. 
5 || 1-10 | 0-82 |4+ 0-28 || 0-81 | 0-69) + 0-12 |} 0-15 [0-15 0-0 0-048 | 0-041) + 0-007|| 4-49 4-33 + 0-16 
q 0-99 | 0-62 |+ 0-37 || 0-69 0-70; — 0-01 0-11 |0-14 |— 0-03 0-022 0-020 + 0-002|| 4-99 4°55 “+ 0-44 
6a || 0°58 | 0-31 [+ 0-27 0-66 0-56) + 0-10 0-12 {0-12 0-0 0-030 | 0-056) — 0-026); 6-37 4-21/+ 2-16 
2 |; 0-82 | 0-69 |+ 0-13 || 0-64 _ — 0-15 _— — 0-043 | 0-032)+ 0-011] 4°82 | 4:55)+ 0-27 
6b 0-99 | 0-62 |-+ 0:37 0-71 0-71) 0-0 0-16 |0-14 |+ 0-02 0-025 | 0-038)— 0-013)| 4-43 4 57 — 0-14 
1 |} 0-98 | 0-70 |}+ 0-28 || 0-75 0-69) + 0-06 0-15 |0-16 |— 0-01 0-025 | 0-040) — 0-015)| 4-22 4-70|— 0:48 
2b | 0-78 | 0-82 |— 0-04 || 0-65 0-64)+ 0-01 0-10 {0-10 0-0 0-035 | 0-046)— 0-011)| 4-66 4-54)+ 0-12 
3 {11:17 | 0-75 |+ 0-42 0-67 0-72| — 0-05 |} 0-14 |0-10 |+ 0-04 0-035 | 0-049) — 0-014|| 4-61 4-45|/+ 0°16 
5b || 0-56 | 0-56 0-0 0-73 0-65) + 0-08 0-15 [0°15 0-0 0-060 | 0-065) — 0-005)| 4-13 4-38)— 0-25 
2e 0-68 0:73 |— 0-05 0-68 0-56) + 0°12 0:16 {0°15 |+ 0-01 0-032 | 0-025|+ 0-007]| 3-88 4-88}— 1-00 
4b | 0-98 | 0-89 |}+ C-04 0-60 0-60 0-0 0-16 |0-17 |— 0-01 0-024 | 0-029) — 0-005]| 4-01 4-49|— 0-48 
5e¢ 0-80 | 0-66 | 4- 0-14 0-88 0-71) + 0-17 0-114 |0-105/+4- 0-009]| 0-020 | 0-029;— 0-009/| 3-53 4-58| — 1-05 
7 0-93 0-79 |+ 0-14 0-76 0-68} + 0-08 || 0-103 [0-106| — 0-003}/ 0-020 | 0-020 0-0 4-19 4-54)— 0°35 
1b 1:39 1:42 |— 0-03 0-74 0-68) + 0-06 || 0-12 (0-13 |— 0-01 0-025 | 0-027|— 0-002|| 4-65 4-538/+ 0°12 
2d 1:67 | 1-10 |+ 0-57 || 0-73 0-67|+ 0-06 || 0-14 |0-14 0-0 0-030 | 0-020)+ 0-010)| 4-58 4-58 0-0 
3b || 1:01 | 0-75 |+ 0-26 || 0-74 a+ 0-11 || 0-14 |0-14 0-0 || 0-041 | 0-043)— 0-002|| 4-29 | 4-29) 0-0 
It 
TaBe IV. TABLE V. 
Washed Actual Percentage Reduc-| Tem- . i tI 
Pig Tron. : Test ; t ,| ._Time Element Kind of Iron 
Iron. Difference.| Difference. r ing perature : = - 
. No.| 4 gent. | Deg. C. Hours. | Taken Up. Employed. 
= eas ! 
Per cent. | Per cent. | Per cent. | Per cent. o : ; 
Silicon . ..| 0°945 0-747 +0-°198 +20-8 2 Ho 1100 73 8:00% Mn | Electrolytic 
Manganese ..| 0-720 0-618 0-102 +14-2 * - iron. 
Phosphorus ..| 0-:134 0-133 +0-001 + 0-75 5 Ho 1150 9 0:07% P z 
Sulphur | 0-0322 0 -0360 0-0038 | —11-8 58 Ho 1200 5 0-03% Si : Se 
Carbon .. ..| 4°49 4°50 —0:01 | — 0-22 51 co 1150 5 3-80% Mn | Floral wire. 
| 59 co 1200 5 0-27%,P - . 
eae aaa — 1 co 1200 5 0-04% Si # 
6s : : ‘ $2 C 1100 4 5:00% Mn _ 
lies a hitherto unrecognised essentially favourable effect | 55 Cc 1170 5 7:97% P > 
of the hot-blast. 57 c 1170 5 2-55% Si a 
. ° ° . p) +45 y Slee oti, 
Simultaneously with the evolution of heat, wong ” . tan? 1-45% Mn | E a 
accompanies the dissociation of the carbon monoxide, | 13 c 1150 4 1:44% P & 
a remarkable delay in the fall of the temperature within | 56 Cc 1170 5 1-32% Si ” 























carbon, the original carbon having been 0-04 per cent. 
At these temperatures the carbon monoxide reacts 
with the iron, forming carbide, and it is probable that 
this carbon exercises a reducing action on the phos- 
phoric acid, while the silica is not affected. 

The tests with solid carbon resulted in the reduction 
of all three oxides while in the solid state. The oxides 
were mixed with coal, and showed no sign of sintering. 
On comparing tests 2 and 21 it will be noted that 
hydrogen has a stronger reducing effect than carbon 
on manganous oxide. The lower reducing effect of 
carbon is probably due to the formation of manganese 
carbide, which impedes the diffusion of the manganese 
into the iron. The temperatures, at which the reduction 
of the oxides by solid carbon in the presence of iron 
started, were determined as follows: Manganous oxide 
at 900 deg., phosphoric acid at 1,050 deg., and silica at 
1,100 deg. C. That is, the reduction of the oxides 
takes place at a temperature below the melting point 
of pig-iron, and not, as is generally assumed, after it 
reaches the liquid state. 

All reactions in the solid state, such as have frequently 
formed the subject of investigation by Tammann and 
Hedvall,t depend, of course, very largely on the 
intimate mixing, the contact, and the area of the 
surfaces. The influence of the surface is clearly 
evident in the reduction tests with solid carbon, as 
recorded in Table V. In those where floral wire was 





* The complete results will be published in Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Hisenforschung. 

+ Tammann, Zeitschrift fiir anorganische Chemie, 1925, 
vol. exlix, pages 21-98; Hedvall, sbid, 1916, vol. xcviii, 
page 57; 1924, vol. cxxviii, page 57. 








used—that is, where the surface was larger—the 
reduction is much greater than with the electrolytic 
iron. The floral wire, after four hours’ annealing at 
1,100 deg., contained 5 per cent. manganese, while 
the electrolytic iron showed only 1-45 per cent. man- 
ganese, in the 0-5 mm. thick outer layer under the 
same conditions. 

In the blast-furnace, the reduction of the iron 
oxides is about complete, when the burden has reached 
a temperature of 800 deg. The next lower zone down 
to the melting zone is often regarded as a zone of 
chemical inactivity. The results of the reduction tests 
have shown that this view is not correct, but that 
shortly after the reduction of the iron oxide is complete, 
and before the burden sinks down into the melting 
zone, the reduction of the manganous oxide and of the 
other oxides sets in. The conditions for reduction in 
the blast-furnace are far more favourable than in the 
tests as carried out, The iron is present in the blast- 
furnace as iron sponge, and being intimately mixed 
with the oxides, presents the largest possible super- 
ficial area to the accompanying elements diffusing 
into it. 





NEW APPARATUS FOR THE INVESTI- 
GATION OF BELT PHENOMENA.* 


By H. W. Swirt, M.A., B.Sc. (Eng.). 


Tue fundamental principles of power transmission 
by belts are by no means completely understood, and 
differences of opinion still exist on nearly all but the 
most superficial of the phenomena involved. There 
is, however, a growing desire on the part of progressive 
manufacturers to treat these problems from a scientific 
standpoint. To this end, an American association has 
established a laboratory at Cornell University, and 
through the enterprise of Messrs. British Belting and 
Asbestos Limited, an experimental equipment has 
recently been installed at the Bradford Technical 
College. In the development of this plant the author 
has been singularly fortunate in having the close co- 
operation of Mr. F. Sykes and the valuable assistance 
of Mr. J. Hornsby. 

The equipment includes an apparatus for static 
tests after the manner of Friedrich, an autographic 
load-stretch recorder, and a plant for investigating 
conditions in the running belt. This last apparatus 
incorporates certain features which justify a descrip- 
tion in some detail. It was designed to accommodate 
beltsupto 4 in. in width, running at speeds from 1,000 ft. 
to 4,000 ft. per minute over pulleys up to 24 in. in 
diameter. Arrangements were made to vary, control 
and measure the speed, power, mean tension and centre 
distance, and to measure the slip and _ the loss of 
power involved in the drive. Neither of these last 
measurements can be computed satisfactorily as a 
difference between observed values at the two ends, and 
a positive method of measurement was proposed in 
each case. 

The general arrangement of the plant is shown in 
Figs.1 and 2. Power is derived from a variable-speed 
motor M through a belt driving the drum D on the 
entry shaft of a transmission dynamometer TD. The 
delivery shaft of this dynamometer is coupled direct 
to the upper shaft U, from which is suspended, by 
ball bearings, a swing-frame §, similar to that 
shown in Fig. 3. Bearings in this swing-frame carry 
the shaft of the driving pulley P; of the test belt T,T,. 
The pulley shaft extends through the bearings in the 
swing-frame and is fitted with a sprocket wheel at 
each end, to which power is transmitted through chains 
driven by equal sprockets mounted on the upper 
shaft U,. By virtue of this arrangement, the upper 
shaft carries power and also acts as a means of 
suspending the swing-frame, and this frame can swing 
freely, whether or not the pulley is running or trans- 
mitting power. The delivery end of the test belt T,T, 
passes over the following pulley mounted in another 
similar swing-frame (Fig. 3), and power is carried by 
chains to the upper shaft Ug for disposal. 

In order to conserve power, it would be simple to 
return it electrically by means of a variable-speed 
generator driven from this upper shaft, but this would 
limit the possible power through the test belt to the 
rated output of the electrical machines available. In 
order to utilise greater power, a mechanical method of 
returning it has been employed. On the extension 
of the upper shaft Ug, there is mounted a pulley R, 
slightly greater in diameter than the drum on the entry 
shaft of the dynamometer. If this pulley and drum be 
connected by means of a belt at the same time as a 
test belt is in position over the pulleys P, P,, then the 
total slip distributed between the two belts must 
correspond to the difference between the diameters of 
the pulley R and drum D. Suppose the fractional 
slip so determined is s. Then, if the slip in 
the test belt is ¢ and in the return belt r, it follows that 


* Paper read before Section G of the British Asso- 
ciation at Leeds, September 6, 1927. 
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s=r-+t,and so long as t <s the belt will return 
through the dynamometer to the test belt the power 
corresponding to the balance of slip r=s—t. 
The actual power so returned is dependent on the 
relative extensibility of the two belts, the exact 
diameter of R and the power delivered elsewhere from 
the shaft U,. 

In the earlier tests made on this apparatus, the 
diameter of the pulley R was adjusted by lapping stout 
canvas over its surface. When this return circuit is 
employed in conjunction with an electric load, the power 
transmitted by the test belt may be varied by gradual 
steps up to two or three times the permissible output 
of the driving motor. A more easily adjustable pulley 
is now being constructed, which will enable fine adjust- 





the loss of power. The loss of power may be regarded 
as the sum of two components; the loss of speed or 
slip and the loss of turning moment due mainly to 
hysteresis, friction and windage. It is neither easy, 
nor generally necessary, to separate the belt loss from 
the pulley loss, for the transmission loss is most fairly 
regarded as being due jointly to the belt, pulleys and 
bearings. Since, moreover, the belts tested run over 
the same pulleys, and under the same conditions of 
tension, the losses so determined are fair comparative 
data. 

So long as the losses of speed and turning moment 
are both small, the proportional loss of power may be 
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Fig. 2. 


ments to be made without an electric load, and the 
driving motor will then never be called upon to supply 
more than the mechanical losses of the system. 

The difference in speed between the two test pulleys 
is measured by means of the differential shown in 
Fig. 4. This is connected to sprockets running at the 
same speed as the upper shafts, and therefore as the 
respective pulleys. This method enables the actual 
speed difference to be measured by simple mechanical 
means, and provides a positive and sensitive indication 
of changes in the speed of slip. 

The mean tension in the belt under test is controlled 
by a compression member F connecting the lower ends 
of the swing-frames. This strut is swivelled in ball 
bearings at each end and supported on hard polished 
rollers near its mid point. A double-ended turnbuckle, 

‘shown in Fig. 5, is incorporated in the strut so that 
the belt tension may be adjusted, and the thrust corre- 
sponding to this tension is measured by means of a 
leaf-spring dynamometer. The exact position of the 
swing-frames at any time may be observed from pointers 
at the lower ends of the frames, which register on scales 
fixed to the side frames supporting the upper shafts. 

Means have now been described, whereby measure- 
ments may be made of all the important running data, 
except the efficiency of transmission. For this purpose 
it is desirable to make a positive determination of 
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Fig. 5. 


the sum of the fractional losses of the turning moment 
T and speed V. Means have already been described for 
measuring the slip. The method adopted for the 
measurement of loss in turning moment depends on 
the conditions of equilibrium of the suspended system, 
consisting of the swing-frames, test belt and pulleys. 
So long as there are no losses of turning moment between 
the chain sprockets C, and C, in Fig. 5, this system will 
have no tendency to rotate about the pivots U, and U,. 
Any difference between the couples C, and C, acting 
at these sprockets, however, which is not balanced 
by forces external to the system, will give rise to a 
tendency for this system to rotate. Since C, is at the 
driving end, it will necessarily be the greater, and the 





rotational tendency will be clockwise in the figure. 
If this rotation is allowed to take place, the swing-frames 
will find a position of equilibrium where their weight 
has a restoring moment equal to the disturbing couple. 
The value of this couple can be determined, after a 
suitable calibration, from the observed displacement of 
the frames. If, on the other hand, the motion of the 
frames is resisted, the force called into play can 
similarly be correlated with the out-of-balance couple. 

The losses measured in this way are those due to 
forces internal to the suspended system, and therefore 
include all the transmission losses required, except 
that due to windage, which is external to the system. 
By suitable manipulation of the plant when running 
light, it is possible to estimate the windage losses 















Fig. 4. 


separately, though, in point of fact, it is found that 
these are almost negligible with belt speeds up to 
2,000 ft. per min. 

In order to guard against the possibility of oscillation 
while running, it was at first thought wise to prevent 
the frames from swinging and to introduce a restraining 
force in the form of a differential dynamometer (Fig. 6) 
in the strut F. This consists of two similar helical 
springs bearing, at their nearer ends, on a collar made 
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solid with the strut, and, at their outer ends, on the 
vertical faces of a pedestal casting bolted to the floor. 
Any disturbing moment increases the compression of 
one spring and reduces that of the other, and the 
apparatus is so designed that the actual movement is 
insufficient to produce any appreciable gravitational 
effect from the swing-frames. This movement was 
measured by means of a lever and dial-gauge, and the 
whole instrument could be calibrated in position. In 
order that its setting should be unaltered when the 
strut F was adjusted, the instrument was located 
as shown between the two halves of the turnbuckle 
used for the purpose. The strut F, being supported 
on hardened and polished rollers, introduced no sensible 
friction. 

During early experiments with light belts and low 
speeds, it became clear that the loss of turning moment 
was always very small, and that the only unsteadiness in 
running was of a vibrational character. Consequently, 
in these tests it was found better to dispense with the 
differential dynamometer, as such, and to allow the 





swing-frames to take up their natural position. There 
was no tendency to hunt, the oscillations were only 
just sufficient to ensure freedom from frictional effects 
in the movement of the’ frames, and their displacement 
was convenient to measure and simple to calibrate. 
As a safety precaution, the springs of the differential 
instrument were kept in position on the strut, being 
held back so as to come into action if the displacement 
of the suspended system exceeded a reasonable amount 
in either direction. 





RECENT PROGRESS IN HYDRO- 
DYNAMICS.* 
By G. Darrrgvs. 
(Continued from page 406.) 
In\ Fig. 19 is mapped the field observed when the 
vorticity instead of being concentrated in the surface 
of discontinuity, which separates the fluid from the 





cylinder, is distributed uniformly over the whole area 
of the circle. In the electrical analogy this corresponds 
to the case of a rectilinear conductor at right angles 
to a uniform magnetic field and carrying a constant | 
current, 

The case of two vortices of equal strength, but of | 
opposite sign is represented in Fig. 20. This, as will 
be shown later, represents the residual velocity field 
remaining in the wake of a bird or wing at a great 
distance down stream. It corresponds to the field 
round the poles of a horseshoe magnet, or to the 
equipotential lines surrounding two parallel wires, 
serving as the lead and return of a singlephase circuit. 
The dotted lines may be regarded either as velocity 
potential lines, as magnetic potential lines, or as lines 
of electric force 








* Translation (slightly abridged) of paper read on 
May 28, 1926, before the Société Ingenieurs Civils de 
France. 





The above analogy extends also to the forces due to 
the two systems, but the sign must be changed. In 
each case the reactions between the field and the 
walls which guide the flow, or convey currents of 
electricity, are due to the stresses in the field. In the 
magnetic case, however, these stresses consist of a 


2 
tension = along the lines of force and a repulsion 


of equal value between them. In the corresponding 
hydraulic analogy, the momentum conveyed along the 
stream lines is equivalent to a pressure pv? which, in 
the irrotational part of the flow, where Bernoulli’s 
principle holds good, is superimposed on a suction 


2 
equal to x. The net result is that there is the 


equivalent of a pressure ex along the stream lines, 


and a tension of equal value at right angles thereto. 


Fig.79. 





for the space, filled by the surrounding irrotational 
fluid, that multiple connectivity which is the very basis 
of the concept of circulation. The Kutta-Jowkowski 
theory provides a definite explanation of the lift, in 
the case of a wing having an infinite aspect ratio. 
It also applies to the case of a turbine blade ending 
in two parallel walls. It may be asked, however, 
what happens with wings of finite aspect ratio ? 

Since the circulation along a contour, as defined by 
the component speed of the fluid from point to point, 
depends only on this contour, it follows from Stokes’ 
theorem that the flux across any cap terminating 
in this contour is independent of the form of this cap. 
With finite aspect ratios, however, the vector of 
vorticity lacks the support which, as in the equivalent 
case of a current in an electrical conductor, is necessary 
for its conservation. 

In Fig. 21 is shown a cap based on the contour, where 
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Thus, in the case of the rotating cylinder (Fig. 12, 
page 295 ante), the reduction of pressure in the upper 
area, where the crowding together of the stream 
lines indicates an increase of speed, implies a net 
upward thrust of the fluid on the cylinder, whilst 
the Faraday repulsions between lines of force and 
the tensions along them, would, in the corresponding 
electrical analogy, imply a downward force on the 
cylinder. 

Save for this difference of sign, the force p VI ex- 
erted on a rotating cylinder by a fluid, through which 
it moves with a velocity V, is identical with the electro- 
dynamic force ~HI or BI exerted by a field of force H, 
in a medium of permeability », on a current I flowing 
at right angles to the plane of the field. 

In the case represented in Fig. 20, the repulsion, 
between paraliel but opposite currents, is of opposite 
sign to the attraction which, owing to the reduction of 
pressure in the interspace, exists between two vortices 
similarly situated. 

So far, we have assumed that the vortex cores were 
either of infinite length, or that they formed closed 
rings, or, thirdly, that the extension of the blades 
of a turbine from one wall to the other preserved 























the circulation is 7, and extends beyond the tip of 
the wing. By Stokes’ theorem, the flux, which enters 
at the basic contour, must pass undiminished through 
this cap, and can, therefore, be maintained only if 
the vortices extend beyond the tip of the wing inde- 
finitely into the surrounding space, as indicated in 
Fig. 21. 

That such “tip vortices’ must extend along both 
edges of the wake was first demonstrated by Lanchester 
in a research, the fundamental importance of which 
was long unrecognised. Although the existence of 
these vortices is a mathematical necessity, due to the 
geometric properties of the vector of vorticity, their 
origin at the wing tips can be intuitively established 
by a consideration of the mechanism involved. 

There is an excess of pressure below the wing and a 
defect of pressure above it. This inequality of pres- 
sures is @ maximum midway between the wing tips. 
It follows, therefore, that the streamlines tend to 
curve inwards on the upper side of the wing, and in 
the contrary direction below. In consequence of this 
double effect the stream lines, which meet at the trailing 
edge of the wing (although by Bernouilli’s principle 
they must have the same velocity, so far as numerical 
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values are concerned), are not moving in the same 
direction ; and this divergence is a maximum at the 
wing-tips. A surface of discontinuity is consequently 
formed at the trailing edge of the wing, which 
constitutes the wake. 

As noted above, every discontinuity in the velocity 
of adjacent streamlines results in the formation of a 
sheet of vorticity. The axes of the constituent eddies 
are perpendicular to the jump inthe velocity, and 
their strength is measured by the magnitude of this 
jump. In the present case, the axis of each eddy is 
directed along the bisector of the angle between the 
two velocities as indicated in Fig. 22, i.e., along the 
mean direction of the flow in the wake. 

This is the condition necessary, in order that these 
free vortices which, unlike the bound vortices, have 
no material support, shall escape the transverse force, 
which according to the Kutta-Jowkowski principle, 
would be experienced by them in a transverse current. 

The forward motion of the wing thus results, as 
indicated in Fig. 23, in the formation downstream 





lent magnetic shell. The wing, being supported by the 
air, must communicate to the latter a certain downward 
momentum; the amount generated in unit time, or in 
a length of the wake equal to V, being exactly equal 
to the lift. Support is thus obtained at the expense of 
the loss of the kinetic energy involved in this 
downward momentum. 

With a wing of finite aspect ratio, there is also an 
induced drag of purely kinetic origin. This is 
entirely distinct from that arising from the dissipation 
of energy by viscous forces. 

The mechanism of this induced drag, which, owing 
to the conservation of energy, must necessarily exist, 
may be explained as follows: The current in which the 
aeroplane moves, and on which the “ lift ’’ depends, 
is really a resultant current due to the combination of 
the horizontal speed of the plane V with the down 
draft v’, induced, as above explained, by the trailing 
system of vortices. The resultant wind is therefore 
slightly inclined to the horizontal and the “lift,” 
which is perpendicular to this resultant wind, is 























remain straight and parallel for a long distance down 
stream. If we further assume that these have a certain 
distribution in the wake, we can calculate by a relatively 
simple integration the velocity field at every point of the 
plane, which coincides exactly with the magnetic field, 
which would be produced by corresponding currents of 
electricity. The downflow produced at any point 
of the wing by any one of these trailing vortex 
lines is one-half as large as if the vortex line in question 
extended indefinitely in front of the wing, instead of 
only behind it. There is a close connection between the 
distribution of these trailing vortex lines and the 
distribution of lift along the wing. Each of these 
trailing vortex lines is, in fact, a continuation of one 
of the lift vortex lines. 

If we know the value of the down draught at any 
point, the general direction of the current can then 
be determined. This depends both on the distribution 
of the lift and of the trailing vortex lines. In the case 
of wings of the considerable aspect ratios now used, it 
seems legitimate to assume that the circulation around 
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Fig. 25 
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of a sheet of vorticity, the strength of which, however, 
is almost wholly concentrated at its edges. In the 
case of a biplane the two sheets roll up as indicated in 
Fig. 24. 

i; a result of the mutual interaction of the vortices 
the two edges of the sheet roll up and slightly approach 
each other. Ultimately, they assume the form of 
two parallel cylindrical cores, of circular section, 
in which is concentrated the whole strength of the 
original sheet of vorticity. When this final stage is 
reached the general character of the streamlines 
and velocity potential lines is that indicated in Fig. 20. 
Each of the final tip vortices has the full strength I, 
of the circulation round the mid-section of the wing. 
Each moves downwards under the influence of the other 

r 
29rd 
between their centres. Hence the inclination of the 
wake to the trajectory of the wing is given by the 
relation a = sin-? where V is the speed of the 
aeroplane. Fig. 25 represents the distribution of 
velocity, as it would be seen by an observer travelling 
with the two “‘ tip vortices.” 

As noted above, the velocity field is identical with 
the magnetic field, due to two equal and parallel 
currents of electricity flowing in opposite directions. 

The down flow, to which this system of vortices gives 
rise, implies a certain downward momentum, which, 
in the electro-dynamic model, corresponds to the 
magnetic moment of a pair of currents or to the equiva- 


with a speed v = 





where d denotes the distance 





(222.U) 


inclined backwards at an angle 8 = is Hence the 


vertical component, which alone exists in the case of 
an infinite aspect ratio, and is equal to the weight, 
has added to it a horizontal component, which is the 
induced drag. 

This induced drag represents the ideal minimum 
below which it will always be impossible to reduce the 
drag on an aeroplane. It is unaffected by the smooth- 
ness of the wing surfaces, by the viscosity of the fluid, 
or by the size of Reynolds’s number. Its theory shows 
clearly the advantage of a large aspect ratio, as well 
as the superiority of a multiplane over a monoplane of 
equal lift and wing span. Obviously, it must be 
inadvisable to place any one of a series of supporting 
surfaces in the wake of another, just as screws placed 
one behind the other on a single shaft are relatively 
inefficient. 

The quantitative development of this concept in all 
its generality, so as to determine the distribution, 
shape and motion of the vortex filaments, and the 
corresponding value of the induced drag, “presents 
insuperable difficulties. Fortunately, in almost all 
cases of aeronautical interest, and, in particular, those 
concerning the flight of birds and the action of wings 
and propellers, the down draught v induced by the 
trailing vortices is very small compared with V, the 
speed of flight. This down draught may therefore be 
treated as small quantity of the first order, its squares 
and products being taken as negligible. 

We may thus assume that the trailing vortex lines 
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any given wing element depends only on its speed 
through the air and on the angle, at which it meets 
the air current. This circulation can, therefore, be 
deduced from wind tunnel experiments made on 
similar profiles, but of virtually infinite length. 
Results thus obtained can be applied to a wing 
element by assuming that in actual flight the angle of 
attack is not the nominal value corresponding to the 
inclination of the wing to the horizontal, but is modified 
by the down draught produced by the trailing vortices; 
Proceeding thus, it is possible to determine at each point 
of the wing what tilt must be given to each wing ele- 
ment, in order that any proposed distribution of the 
trailing vortex lines shall be secured. 
(To be continued). 








NEw ZEALAND Rattways.—Some notes on the work- 
ing of the New Zealand Government Railways for the 
year ended March 31, 1927, are given in The New Zealand 
Railways Magazine. There were 26,002,137 passenger 
journeys, a figure which is about 1,500,000 less than the 
previous year, when an exhibition was held at Dunedin. 
It is also slightly below the figures for 1925. The traffic 
in goods, 6,833,436 tons, was, however, the highest 
ever recorded. The train mileage increased by 400,000 
and the engine mileage by 500,000. The net earnings 
were 1,943,774/., or 48,5601. less than in 1926, but 
376,665/. more than in 1925. The annual interest 
charges were, however, more than 2,000,000/, or 130,1221, 
in excess of the previous year’s figures, a result which is 
chiefly accounted for by the taking over of a further 
54 miles of unremunerative branch lines. 
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THE FILM PRODUCED BY ANODIC 
OXIDATION OF ALUMINIUM.* 


By H. Surron, M.Sc. and J. W. W. WILLsTROP, 
B.Sc., A.LC. 


THE object of the experiments here described «as to 
isolate and identify, if possible, the film produced by 
anodic oxidation of aluminium. A number of pre- 
liminary experiments were made on anodically treated 
aluminium cut into strips after anodic treatment, and 
then subjected to the influence of gaseous hydrogen 
chloride at a temperature, such that the aluminium 
chloride formed by interaction of the gas and the 
metallic aluminium would volatilize. The following 
method was finally adopted : A piece of the anodically 
treated sheet under investigation (about 1-2 gm.) was 
cut into narrow strips, which were put in a silica boat. 
This was introduced into a hard glass tube mounted in 
a gas-heated furnace. Dry hydrogen, freed from 
oxygen by passing over warm platinized asbestos and 
dried by passing the gas over phosphorus pentoxide, 
was passed through the tube until all the air had been 
expelled. The temperature of the tube was then 
raised to from 300 deg. C. to 320 deg. C., and maintained 
at that value, while a slow stream of dry hydrogen 
chloride was passed through, the hydrogen then being 
stopped. ‘ 

The aluminium at the exposed edges of the strips was 
rapidly attacked by the hydrogen chloride, with the 
formation of hydrogen and aluminium chloride. The 
latter, being gaseous at 300 deg. C., passed over with 
the hydrogen and condensed as a white crystalline 
solid at the cooler end of the tube. The stream of 
hydrogen chloride was maintained, until all the metallic 
aluminium had disappeared from the boat, and only 
the unchanged film remained behind. The end of the 
reaction could be observed by allowing the gas issuing 
from the apparatus to bubble through water. So long 
as some aluminium remained in the boat the issuing 
gas consisted of a mixture of hydrogen chloride and 
hydrogen, and bubbles of the latter escaped through 
the water. When the reaction was completed the 
evolution of hydrogen ceased. The gas then consisted 
entirely of hydrogen chloride, and dissolved completely 
in the water without any bubbles escaping. Without 
stopping the current of hydrogen chloride, hydrogen 
was again passed through the tube until a steady stream 
of bubbles again appeared. The hydrogen chloride 
was then stopped and the apparatus allowed to cool, 
the current of hydrogen being continued, until all the 
hydrogen chloride had been expelled. The boat was 
then removed and the residual film weighed. The 
precaution of allowing the stream of hydrogen chloride 
to continue after the experiment, while hydrogen was 
again passed through, was necessary in order to avoid 
water being taken back into the tube. 

The dry hydrogen chloride was prepared by dropping 
concentrated sulphuric acid from a tap-funnel on 
carefully dried common salt contained in a distilling 
flask immersed in boiling water. It was found to be 
necessary to dry the gases employed, otherwise hydrated 
aluminium chloride was liable to form in the boat, 
thereby giving a high result. In order to determine the 
weight of film formed by any particular treatment it 
was necessary beforehand to do a blank determination 
on a piece of untreated aluminium, as this was found to 
give a small residue due to atmospheric oxidation of 
the aluminium at the surface, and to impurities in the 
metal, Traces of iron and silicon in the aluminium 
were volatilised with the aluminium as their respective 
chlorides, 

Properties of the Film.—It was observed that the 
films obtained by the method described had a greyish 
colour, considerably darker than that of the treated 
metal; when ignited in air, however, the films became 
perfectly white. The ignited films increased in weight 
appreciably on exposure to the atmosphere. Even 
during the short time required for weighing, the increase 
in weight was a considerable percentage of the total 
weight, generally about 4 per cent. As the weight of 
re-ignited films gave steady minima, the increase in 
weight on exposure to the atmosphere was attributed 
to absorption of atmospheric moisture. By igniting 
freshly prepared dry films in a stream of CO,-free air, 
and bubbling the air subsequently through baryta water, 
a precipitate of barium carbonate was obtained. The 
weight of carbon in the film was found to be equivalent 
to a carbon content of 0-01 per cent. in the original 
aluminium. 

Assuming a density of 4-0 grm./c.c. for the coating, 
the thicknesses of various films obtained would be as 
follows :— 


Film. Grm. /m.? Thickness. 
Standard treatment =e f= 2-95 0-74 uw 
Thinnest film obtained (E) hes 0-13 0-033u 
Thick film (J) ai ne we. = 4°65 1-16 uw 
Thickest film oak eke 8-37 2-10u 


Standard treatment consists in raising the voltage 





* Paper read before the Institute of Metals, Derby, 
on September 8, 1927. Abridged. 





from 0 to 40 in 15 minutes, maintaining at 40 volts for 
35 minutes, raising to 50 volts in 5 minutes, and, finally, 
maintaining at 50 volts for 5 minutes. Film E was 
produced by raising the voltage gradually from 0 to 40 
in 15 minutes, and then removing the samples from 
the bath. Film J was obtained by increasing the 
voltage from 0 to 80 in 15 minutes, and maintaining 
at 80 for 45 minutes. It is interesting to note that the 
normal anodic film on aluminium is rather more than 
twice as thick as that obtained by Pilling and Bed- 
worth* by heating aluminium to 600 deg. C. for 80 
hours in oxygen, and from 70 to 100 times thicker than 
the atmospheric corrosion film, the formation of which 
was studied by Vernon.t 

Hydration of the Film.—An attempt was made to 
determine the water content of the film by drying a 
large piece of treated aluminium sheet at a low tempera- 
ture (50 deg. C.) and then heating it to various tempera- 
tures from 100 deg. C. to 600 deg. C. and noting any 
change in weight. Only very small losses in weight 
were observed; and on standing out of the desiccator 
the sheet regained its original weight in a few hours. 
Consequently, if the film consisted of a hydroxide, it 
was of a very stable form, not decomposing below 
600 deg. C. A further series of experiments was made 
to estimate the water content of the film. In these, a 
sample of coated aluminium was heated in vacuo to 
a temperature of 1,200 deg. C. Any water contained 
by the film or any aluminium hydroxide would, at 
this temperature, react with the metallic aluminium 
with the evolution of hydrogen. The volume of gas 
evolved was inappreciable, and was practically identical 
with the volume of gas evolved from the same weight 
of uncoated aluminium similarly treated. We may 
therefore conclude that the film does not consist of 
aluminium hydroxide, but of oxide. 

The practical details of the experiments are described 
below. A silica tube, closed at one end, about 24 in. 
in length and 1 in. in diameter, was mounted in an 
electric furnace, so that about 10 in. of the tube from 
the closed end could be heated. The furnace was 
mounted in gimbals, allowing it to be tilted from a 
horizontal to a vertical position. For the determina- 
tion, a piece of treated aluminium sheet, on which the 
weight of film had been predetermined, was put in a 
smaller silica tube about 6 in. in length and 0-5 in. in 
diameter, and this in turn was placed in the larger 
tube near the open end, the tubes being horizontal. 
The large tube was closed with a rubber bung carrying 
a tube which was connected to a Tépler pump and 
manometer. The bung was fitted with a mercury seal. 
The large tube was evacuated by means of the pump, 
until the pressure was about 1 mm., and the tempera- 
ture of the furnace raised to about 1,200 deg. C. evacua- 
tion being continued to maintain the low pressure. 
The tap connecting the pump was then turned off and 
the manometer reading taken. The furnace was then 
tilted to allow the smaller tube and its contents to slide 
into the hot portion of the larger tube. An increase 
in the pressure recorded by the manometer was 
observed, and the temperature of the furnace was 
maintained until the pressure in the apparatus reached 
a constant value. The manometer reading was again 
taken, and from the increase in pressure the volume of 
liberated gas was calculated. The experiment was 
repeated with a sample of untreated aluminium. The 
samples and the tubes were all carefully dried by 
heating to 600 deg. C. prior to the experiment. 

The data from one of these experiments are given 
below :— 

Weight of sample taken 
Film content of sample 


9-338 grm. 

0-82 per cent. 
= 0-0766 grm. 

1,210 deg. C. 


1 


Temperature of furnace 


Initial pressure ... 1-3 mm. 
Final pressure 9-0 mm. 
Increase ... ais oss eo. «=67°7 mm. 
Volume of gas at N.T.P. re- 

quired to give this pressure =1-53 c.c. 
Volume of gas from same weight 

of untreated aluminium ~~... = 1-49 c.e. 


.*. Volume of gas from film =0-04 c.c. (negligible) 

(0-0766 grm. of AlpO3;H20 would yield by decomposi- 
tion 14-3 c.c of hydrogen at N.T.P.) 

Silicon in the Film.—It was observed that when a 
piece of treated aluminium was dissolved in hot 
hydrochloric acid, both metal and film dissolved, but 
a small quantity of a brown residue was left undissolved. 
The original metal, dissolved in hydrochloric acid, did 
not give this brown insoluble residue, neither did the 
treated aluminium if it had previously been heated to 
500 deg. for half an hour before dissolving. The 
residue was examined and found to be silicon, which 
must have separated from the aluminium at the surface 
during the anodic process, The same residue was 
obtained from aluminium anodically treated in a 
tartaric acid solution using aluminium cathodes. 





* See J. Inst. Metals, 1923, vol. xxix, p. 574. 
+ See ‘Second Report te Atmospheric Corrosion 
Research Committes, British Non-Ferrous Metals 
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CATALOGUES. 


Coolers.—Messrs. Heenan and Froude, Limited, Wor- 
cester, have issued a revised catalogue of coolers, showing 
various types for gas and oil engines, condensers, air 
compressors, ice-making machines, marine engines, &c. 


Gas Welding Plant.—Complete outfits of oxy-acetylene 
welding and cutting plants, with priced lists of all the 
components and supplies, are illustrated in a catalogue 
issued by the Dargue Acetylene Gas Company, Limited, 
57, Grey-street, Newcastle-on-Tyne. 


Milling Machine.—Messrs. James Archdale and 
Company, Limited, Ledsam-street, Birmingham, have 
published a special catalogue giving a full description 
of their milling machine with 30-in. longitudinal feed, 
12-in. cross feed and 18-in. vertical feed, designed for 
accurate high speed work. 


Electric Capstan.—The Ritchie-Atlas Engineering 
Company, Temple, Glasgow, W.2, have issued a cata- 
logue of an electric capstan for hauling railway wagons, 
entire structure of which is above the ground level. 
A centrifugal clutch is fitted to allow the motor to start 
up before the load is applied. 


Electric Motors and Switchgear.—We have received a 
new priced catalogue of electric motors for machine tools 
from the British Thomson-Houston Campany, Limited, 
Rugby. These are fitted with suitable special controls. 
Catalogues of truck-type switch gear, metal-clad com- 
pound-filled switch gear, and iron-clad oil-immersed 
circuit-breakers have alsocome to hand from the same firm. 


Oil Engines.—A sheet of illustrations of oil engines, 
with brief particulars, is to hand from Messrs. Marshall, 
Sons and Company, Limited, Gainsborough. These 
engines are of the two-cycle type, developing 8 h.p. to 
25 h.p. in the horizontal type, and 30 h.p. to 450 h.p. 
in the vertical type. The horizontal engines are supplied 
for stationary work, or mounted on a four-wheeled 
truck for portable purposes. 


Electrical Apparatus.—The General Electric Company, 
Limited, Kingsway, London, W.C.2, have sent us new 
issues of catalogues dealing with the following items :— 
ironclad switches for 60 amperes and 600 volts ; conduits 
and accessories ; general lighting supplies; Wembley 
lanterns; Wonlite letter signs; and a mechanical 
refrigerating machine for commercial installations, of a 
size suitable for dairies, butchers, hotels and provision 
merchants. 


Turning Machine-—An automatic vertical turning 
machine, capable of taking chuck or centre work, is 
described in a catalogue received from Messrs. Thomas 
Ryder and Sons, Limited, Turner Bridge, Bolton. Five 
spindles operate simultaneously, and one is free for 
loading, while five boring and turning tools and four 
forming tools can work at the same time. The spindles 
are carried in a turntable, and five of the tools are 
mounted on a central vertical slide and four on horizontal 
side slides. 


Waterworks. Plant and Supplies.—A special catalogue 
of machinery, fittings, instruments and general supplies 
for waterworks has been issued by Messrs. Guest and 
Chrimes, Limited, Rotherham. This is a new edition of 
one of the most comprehensive catalogues in this line, 
and it includes penstocks, valves, hydrants, pipes and pipe 
fittings, surface boxes and also meters, gauges and 
indicating recording instruments. All the items are 
illustrated. Several pages of technical information and 
good indexes are included. 


General Machinery.—The Association of German 
Machinery Manufacturers, comprising some 2,700 firms, 
has prepared a catalogue and directory in English, with 
very complete references to their products. Illustrations 
and short descriptions of machines occupy over 400 
pages, and cover a very wide range of mill and factory 
plant, in addition to engines, motors, transmission gear, 
marine, mining, pumping, and other equipment, as well 
as machine tools and all the usual engineers supplies of 
small tools, materials and parts. Lists of names and 
addresses and telegraphic addresses are given, together 
with a locality directory and an alphabetical list of 
machines, with lists of makers of each type. 


Locomotive.—We have received from Messrs. Clayton 
Wagons, Limited, Lincoln, a catalogue of a new type of 
railway locomotive suitable for light or heavy shunting 
or light passenger service. The two pairs of wheels are 
coupled with the usual rods, and the drive is transmitted 
to one axle from a high-speed steam engine through 
reduction gearing. The engine is of the two-cylinder 
horizontal type, developing 100 m h.p., for the light loco- 
motive, and of the four-cylinder vertical type for the 
heavy locomotive. A vertical tubular boiler is fitted 
with superheater, and the working pressure is 275 lb. 
per square inch. The water tank capacity is sufficient 
for 100 miles of continuous running. The cab and 
general appearance is similar to that of an electric loco- 
motive. A number of types are shown for light, heavy, 
fast and slow service, and for all gauges. 





THORNYCROFT’s DANISH YARD TO BE CLOSED.—It is 
announced that the yard, which was opened on the 
south harbour at Copenhagen by Messrs. John I. Thorny- 
croft and Company, Limited, in 1919, is to be closed on 
October 1, though the firm will continue to be represented 
in Denmark by an agent. This establishment was 
intended for building pleasure yachts and motor boats, 
and during its short existence a considerable number of 
these vessels, including the Rita, which is owned by 
H.M. the King of Denmark, have been constructed on 
its slips. Business has, however, gredually been 





decreasing, and this has led to the decision noted above. 
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THE CALCULATION OF TEMPERA- 
TURE STRESSES IN TUBES. 


By L. H. Barxker, B.A. (Cantab.). 


TuE calculation of temperature stresses in tubes 
is a matter of increasing importance, and a method 
of avoiding the tedious arithmetic involved will be 
useful to anyone engaged in the design of high- 
pressure boilers, and other commercial plants in 
which the processes involve the transfer of heat 
through tubes under pressure. The existence of 
a temperature difference in a tube, in either a radial 
or in a longitudinal direction, will set up a stress in 
the material. This stress is caused by the unequal 
expansion of the various layers of the material. 
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This article deals only with the stresses that are set | 
up by a radial temperature difference. 

It is shown in text-books on the strength of 
materials that if— 


T = Temperature of tube. 
r = Radius of tube. 
1 


— -- Poisson’s ratio for the material. ~ 
E = Modulus of elasticity of the material. 

a = Coefficient of expansion of the material. 
pe = Tangential tensile stress. 

pr = Radial tensile stress. 

pz = Longitudinal tensile stress. 


and the suffixes 1 and 2 refer tothe inside and 
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s outside of the tube respectively. Then 
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4. TANGENTIAL TEMPERATURE 
RADIAL TEMPERATURE DIFFERENCE. (RADIAL TEMPERATURE DIFFERENCE) 








maximum tangential stress, and that both occur at 
the inside radius of the tube. The longitudinal 
and tangential stresses are again equal in magnitude 
and sign at the outside radius of the tube. The radial 
stresses are small, compared with the longitudinal 
| and the tangential stresses. 

Determination of the Maximum Stresses and 
| Stresses at the Outside Radius.—From Fig. 2, it is 
| obvious that the stresses which must concern the 
| designer are :—(a) Maximum tangential stress. 
|(6) Maximum longitudinal stress. (c) Maximum 
|radial stress. (d) Tangential stress at the outside 
|radius. (e) Longitudinal stress at the outside 
|radius. (a) is the same as (b), and (d) is the same 
}as (e). The radius at which the maximum radial 
| stress occurs is also of interest. 
| Figs. 3, 4 and 5 are alignment charts giving 
| values of the above in terms of the temperature 
| difference across the walls of the tube (T, —,T;), 
| the ratio of the diameters of the tube, and 2s 1 
which is a constant for a material at a given tem- 
perature. The units used are lbs., inches and 
degrees C. If degrees F. are used, « must be in 
corresponding units, and the stresses will be given 
in lbs./sq. in./° F. Fig. 6 shows the radius of 
maximum radial stress. 

The following table gives the signs of the stresses 
for external heating. For internal heating, the 
signs of all the stresses are changed. 
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Stress. Radius. Sign. 
Tangential Inside Tension. 
HS Outside Compression 
Longitudinal Inside Tension 
: be Outside Compression 
220.8.) Radial All Radii Tension 





Fig.5. MAXIMUM RADIAL TEMPERATURE Fig.6. TEMPERATURE STRESS 
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Substituting for T as given by equation (1), in (2) | not being on the scale on the line charts, the stresses 
(3), and (4), we get p,, pe and p; in terms of tem-| can still be obtained therefrom, because they are 





perature difference across the tube :— ia ease mEa € th 
iM _(T,—T,)mEa | (2 i oe wen directly proportional to ef e.g., 1 the — 
2(m— 1) (r3 — r?) loge < mi = : |in a particular case of a material for which ~ 5 ; 
_ r?loger, — (r3 — +2) loge r| (5) 1,500 is required, find the value corresponding to 
w (T, —T.)mEa — [EF og ty — —* 500 and multiply by 3. The value of 
2(m— 1)(r3 — rj) loge a eee i = for most steels lie between 500 and 800. 
— (r? — r2) (loger + 1) + r2 loger, — r? loger, | (6) | Care should be taken in choosing the value for a, 


|as this increases with temperature. The tempera- 
ture difference (T, — T,) is most easily obtained 
| from the heat transfer figures and the conductivity 
of the metal. 
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Fig. 2 shows the variation in stress across the wall | where 


of the tube. It is seen that the maximum longi- Q = kg. cals. per sq. in. of external surface per hour, 


tudinal stress is equal in magnitude and sign to the k = conductivity of metal in kg. cals. per sq. in. per 
hour (degrees Cent. per in.), 

r, and r, = internal and external radius of tube, 
respectively. 
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= Q To 
(Tt, —T;)'= E™ ges 





* These equations assume that the tube is free to 
expand longitudinally. 
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As an example of the use of the charts, the 
following case is given. 

An externally-heated tube has the following 
dimensions :— 


External diameter ... ae pee 1} in. 
Internal diameter... pes ne # in. 
Ses for material ... ee eu = 615 





-!1 
Required to find the tangential stress at the inside 
and outside of the tube, the maximum radial stress 
and the radius at which it occurs. 
Results. : 
Tangential stress at inside radius = 420 lb. /sq. in. /° C 
tension. 
Tangential stress at outside radius = 194 lb. /sq. in. /° C 
compression. ; 
Maxium radial stress = 87 Ib. /sq. in./° C. tension. 
Radius at which maximum stress occurs = 0:3 in. 
In conclusion, the author wishes to express his 
indebtedness to the Directors of Messrs. Synthetic 
Ammonia and Nitrates, Limited, Billingham, for 
permission to publish the information given above. 








THE IRON AND STEEL INSTITUTE. 
(Concluded from page 433.) 

ConTINUING our report of the recent Glasgow 
meeting of the Iron and Steel Institute, we now 
propose to deal with the contributions placed 
before the meeting after the discussion on blast- 
furnace operation, which followed the presentation 
of the papers by Mr. C. S. Gill and Professor Wiist. 


HiauH-FrEQquENcY InpucTION MELTING. 


The fourth paper, taken on Wednesday, Septem- 
ber 21, bore the title ‘‘ High-Frequency Induction 
Melting.” It was by Mr. D. F. Campbell, who read it 
in abstract. He stated that the use of high-frequency 
electricity for melting metals in the laboratory 
has been generally recognised as one of the most 
important advances of recent years, owing to the 
new physical conditions under which metals could 
be melted or heated. This method was now avail- 
able for the industrial production of steel, and was 
applicable to the melting of tool steel and the 
manufacture of small steel castings, especially 
those which were required to replace small malleable 
iron parts, which lacked the reliability that was 
demanded by: modern engineering practice. The 
cost of high-frequency furnace melting was about 
equal to that of small Héroult arc furnaces, as the 
power consumption, including all losses, was about 
the same, and the extra cost of crucibles was approxi- 
mately equal to that of electrodes. ‘The steel, 
however, was made under crucible conditions, with 
the advantage of absolute homogeneity and an 
intensity of mixing and of melting temperature 
which was only limited by the refractories and the 
melter operating the furnace. The scope of high- 
frequency heating was expanding as rapidly as 
electrical machinery constructors could meet the 
requirements imposed upon them, and progress, 
both in the melting and the heating of steel, was 
being rapidly accomplished. Its value was, how- 
ever, already well established as a method of making 
crucible steel of remarkable homogeneity, at a low 
cost, with the elimination of the hard physical 
labour inseparable from present methods. 

The discussion was opened by Mr. F. W. Harbord 
who said that he had recently seen a high-frequency 
induction furnaceinoperation. It had seemed strange 
to see molten steel teemed out of a crucible enclosed 
in a wooden casing. The next speaker, Professor 
C. H. Desch, stated that he had seen high-frequency 
induction furnaces working successfully, in America, 
on the melting of nickel alloys. At Sheffield 
University they possessed a small Ajax-Northrup 
furnace, which was used for experimental purposes. 
The melting was carried out quickly and satis- 
factorily in this unit, and it was possible to watch 
the metal while it melted. They made their own 
crucibles ; if one should crack, it did not matter 
as it was well surrounded with Zirconia packing, 
which effectively retained the metal and prevented 
leakage. The process of melting was very rapid, 
and the loss of heat small. Some time ago they had 
melted a 10-lb. charge of pure Swedish iron bar, 
and they had been able to remove the lid, for in- 
spection purposes, with their fingers. It was only 
after the metal had completely melted that the 


handle of the lid became uncomfortably hot for the 
hand. Turning to the comparison between crucible 
melting and high-frequency induction melting, he 
would like to make one comment. In Sheffield the 
usual practice in crucible melting was to “ kill the 
fire”? at the end of the operation. The melt was 
allowed to remain absolutely quiet for a short time, 
and the slag on the top of the metal was then re- 
moved in the form of a button. In high frequency 
induction melting the metal was turbulent; it was 
not possible to switch off the current at the end, 
and leave the metal, because as soon as this was 
done, the melt cooled down rapidly. It should 
be added, however, that as the molten mass was 
not contaminated with furnace gases, and as no 
carbon was present in the crucible, and furthermore, 
as it was possible to start with pure raw materials, 
little or no slag could be present. Moreover, it 
was possible to enclose the whole apparatus, as 
had indeed been done in the case of their Ajax- 
Northrup furnace at Sheffield, and exhaust the air, 
thus removing all oxidising influences. 

Mr. E. H. Saniter, who spoke next, asked how the 
temperature of casting was regulated in high- 
frequency induction melting, and up to what tem- 
perature it was possible to go. Mr. L. Rothera, 
who was very indistinctly heard, was understood 
to say that the construction of high-frequency 
induction furnaces had been made possible by the 
great advances effected in electrical machinery. 

In the course of his reply, Mr. D. F. Campbell said 
that he had recently conducted experiments on the 
melting of very thin aluminium foil, 7.e., aluminium 


|paper. The oxidation produced had been very 


low indeed ; there had been far less oxidation than 
would have taken place in ordinary crucible melting. 
In answer to Mr. Saniter, it was possible to obtain 
any temperature which might be required. Skill 
was, however, necessary in determining the casting 
temperature. The control of the furnace was good 
because a rheostat comprising many steps was 
provided. The plant was simple, the only moving 
part was the motor generator. A bank of conden- 
sers, to improve the power factor of the furnace, 
circuit to any required degree, and the tilting furnace 
itself, completed the equipment. Professor Desch 
had remarked that crucible cracks did not matter 
as the packing held up the metal. Even if the 
metal went right through the bottom of the furnace, 
as had occasionally happened, the matter was of no 
great consequence. A mass of 300 Ib. of metal 
passing through the bottom of the furnace caused 
no short circuits and no “fireworks.” A spare 
body could be fitted up in place, and the melting 
operations continued while the damaged body was 
easily and quickly repaired. When dealing with 
from 300 Ib. to 400 lb. of molten metal it was 
possible to keep it hot for } hour ; the insulation was 
thin but it was extraordinarily good. Especially 
when using plumbago crucibles and Zirconia linings, 
it was possible to take the furnace body away to 
pour the melt into moulds while another furnace 
body was placed in position and the melting opera- 
tion continued. 


INFLUENCE OF NICKEL AND SILICON ON AN IRON- 
CaRBON ALLOY. 


The last paper taken on Wednesday was entitled 
“The Influence of Nickel and Silicon on an Iron- 
Carbon Alloy’; it was by Dr. A. B. Everest, 
Mr. T. H. Turner, and Professor D. Hanson, and 
was presented to the meeting by Dr. Everest. The 
authors stated that the influence of nickel and 
silicon on an iron-carbon alloy had been investigated 
over ranges of nickel, between 0 per cent. and 40 per 
cent., and of silicon, between 0 per cent. and 3-6 per 
cent. Nickel had been added to the iron in the 
crucible as nickel-silicon shot; the method had proved 
effective and the loss of nickel negligible. The 
original iron-carbon alloy was white and unsound. 
Small additions of nickel rendered this iron first 
sound, then grey. It was established, however, 
that although the action of small amounts of nickel 
was similar to that of silicon, nevertheless the 
production of a given degree of graphitisation 
required about four times as much nickel as silicon. 
Nickel, therefore, reduced the tendency of the iron 
to chill. Nickel and silicon, separately or together, 





tended to graphitise about 50 per cent. to 60 per 








cent. of the carbon in 1 in. thick sand castings of 
this alloy. The graphite, produced by the action of 
nickel, was, in general, finer than that produced 
by silicon. Nickel additions to a silicon iron 
tended to refine the graphite. The addition of 
nickel tended also to produce a finer pearlite or 
to render it sorbitic. Above about 5 per cent. of 
nickel the alloys became hard and unmachinable, 
owing to the formation of martensite. This con- 
dition persisted up to about 18 per cent. of nickel, 
when the alloys became austenitic, soft and non- 
magnetic, the latter property being most marked at 
20 per cent. of nickel and 1-3 per cent. of silicon. 
Beyond 20 per cent. of nickel the alloys remained 
soft, but they became increasingly magnetic again. 
Tests on the resistance of the alloys to corrosion in 
sulphuric acid showed that, with small additions of 
nickel, the alloys were more rapidly corroded than 
ordinary cast iron. High additions of nickel, 
however, rendered the alloys austenitic, and great 
resistance to corrosion was shown. 

Professor C. H. Desch, who opened the discussion, 
stated that, during the spring, he had visited the 
laboratory of the International Nickel Company in 
New Jersey, U.S.A., where work similar to that 
described in the paper was being carried out. The 
American metallurgists had, however, not got as 
far as the present authors had done. He hoped 
that the latter would continue their work. The 
next speaker, Mr. T. H. Turner, stated that his 
name appeared on the paper in friendly acknow- 
ledgment of the fact that he had suggested the 
line of research. He had found that nickel was 
added to cast-iron in many of the best North 
American foundries. Since this practice did not 
apparently exist in Europe, and as the published 
data on the subject were contradictory, and not 
wholly reliable, it had been determined to investigate 
the whole question. Dr. Everest’s results confirmed 
the findings of various investigators in the United 
States, in so far as the combined effects of nickel 
and silicon were concerned. Cast-iron was largely 
used in the manufacture of steam, aero, Diesel and 
motor-car engines, and it was for such applications 
that the results of the present paper would be of 
ultimate if not of immediate importance. 

Professor D. Hanson, who continued the dis- 
cussion, stated that he would like to make it clear 
that the ““F” shot, containing silicon, iron and 
carbon, as well as nickel, which had been used for 
making additions of nickel in the present investiga- 
tion, was not the only form in which nickel could 
be added to cast-iron. It was possible to use 
pure nickel shot. The lower melting point alloy 
used was easier, but there was no reason for 
supposing that, if the nickel had been added in the 
pure form, different results would have been 
obtained. The last speaker, Mr. W. T. Griffiths, 
confirmed that it was possible to add nickel in the 
pure form to cast-irons. He would like to utter 
two warnings. In the first place, having heard of 
the successful addition of nickel to cast-iron, it 
should not be supposed that it was possible to add 
the metal to any cast-iron and obtain an improve- 
ment in physical properties. American cast-irons, 
such as that employed in the present investigation, 
were somewhat different from those used in this 
country. The second warning was this: Having 
added nickel to cast-iron and not having obtained 
success, the conclusion should not be arrived at 
that the addition of nickel to cast-iron was of no 
use. 


TEMPER BRITTLENESS IN NICKEL-CHROMIUM STEELS. 


The first paper considered on September 22 was 
entitled ‘‘ Magnetic and Other Changes Concerned 
in the Temper Brittleness of Nickel-Chromium 
Steels.” It was by Dr. H. A. Dickie, who read 
his contribution in abstract. The paper contained 
an account of experiments carried out to discover 
how the magnetic properties, the specific electrical 
resistance, the specific volume, and the hardness 
of highly-susceptible nickel-chromium steels were 
affected by various tempering treatments. We 
intend to reproduce this contribution to the pro- 
ceedings in a forthcoming issue of ENGINEERING. 

The first speaker in the discussion, Dr. W. H. 
Hatfield, stated that the only questions which lent 
themselves to discussion were the theoretical 
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conclusions arrived at by Dr. Dickie. In the first | 
place, he should not have referred to the slowly- 
cooled nickel-chromium steels as “ brittle’ speci- 
mens. He should have described them as being 
‘* notch-brittle.”” That, however, was only a ques- 
tion of terminology. He, personally, had not had 
the opportunity of seeing carbide separating out 
in the manner described by the author. The 
structure of these nickel-chromium steels was so 
fine that they did not lend themselves to examina- 
tion under the microscope, except under very high 
magnifications. If molybdenum were added to the 
steels, did the author suggest that that metal pre- 
vented the separation of the carbide ? The author 
had said that deposition of carbide from solid solu- 
tion would not, in itself, induce brittleness in the 
steel. It was only when the rate of cooling was 
sufficiently slow to allow of expulsion of the carbide 
to the grain boundaries that brittleness developed. 
In the case of small forgings, the difference in the 
rate of cooling between water quenching and cooling 
in air could not be very great. When making such 
a small forging as an aero-engine crankshaft, how- 
ever, the effect of water quenching as against 
cooling in air led to an extremely wide variation 
in the impact value of the material. He would like 
the author’s opinion on this matter. 

Dr. A. Bramley stated that in Table III. of the 
paper, the specific volume of the specimen had been 
quoted to six places of decimals. He, himself. had 
‘done a good deal of work on specific volume deter- 
mination, and he would not like to guarantee such 
accuracy. He thought that, if there was any like- 
lihood of the sixth place of decimals being inaccurate, 
it would have been better to leave it out. Mr. J. H. 
Whiteley, who spoke next, stated that the author 
had said that brittleness developed when the 
carbide was expelled to the grain boundaries. He 
would like to know what the author meant by the 
expulsion of carbide to the grain boundaries. Con- 
sidering a grain containing carbide particles in the 
form of sorbite within the interior of the grain; in 
.slow-cooling, any dissolved carbide would not be 
deposited at the grain boundaries, it would be 
-deposited on the existing nuclei. The carbide could 
only be deposited at the grain boundaries by a slow 
process of diffusion. He would like Dr. Dickie 
to explain why the nuclei at the grain boundaries 
should grow at the expense of the nuclei within the 
crystal. 

Mr. Dartrey Lewis stated that Dr. Dickie had 
put before them a simple and reasonable explanation 
-of the temper-brittleness phenomenon. Briefly, 
the explanation was as follows :—At 650 deg. C. 
the ferrite dissolved a certain amount of carbide. 
If the cooling from the tempering was sufficiently 
rapid, the carbide was retained in solution. If, 
on the other hand, the cooling was slow, the carbide 
separated out at the grain boundaries and gave 
notch-brittle material. This explanation had been 
deduced, not from micro-evidence, but from an 
-examination of the physical properties of the steels. 
Mr. Whiteley was presenting a paper to the meeting 
in which the same type of microstructure had been 
obtained in a mild-steel boiler plate. The obvious 
thing to do was for Dr. Dickie to test some of 
Mr. Whiteley’s material in order to see if it behaved 
in a similar manner to his own. If this could be 
followed up, it might be possible to show that 
temper brittleness was not a property of nickel- 


steels. Actually there was nothing in Dr. Dickie’s 
theory which confined it to nickel-chromium steels. 
The next speaker, Professor J. H. Andrew, asked 
Dr. Dickie if he had any explanation of any kind to 


magnetic properties of the brittle and non-brittle 
materials. 
In answer to the discussion, Dr. H. A. Dickie 


boundaries was a difficult point to discuss. No 
really conclusive micro-evidence had been put 
forward. He could not see, however, how it 
would be possible to explain the double effect on 
hardness and specific volume except by making 
an assumption of that kind. It was quite possible 
that the carbide particles which were expelled to the 
grain boundaries were ultra-microscopic. He did 








to be deposited at the grain boundaries ; some of it 
might be deposited on the existing carbide nuclei 
within the grains. The effect might be connected 
with a temperature difference in solubility. He had 
examined a large number of steels in the endeavour 
to find carbide at the grain boundaries. In one 
case only, that of a nickel-steel containing high 
phosphorus, had he been successful, and as the 
steel was not of normal composition, it could not be 
said to constitute a good example. Even in this 
case the carbide was not in the form of a continuous 
deposit as obtained by Mr. Whiteley and shown in 
his paper ; it took the form of a string of globules. 
The entire boundary, however, might be influenced 
by some carbide deposited at various points along 
it. The addition of molybdenum might cause a 
difference in the temperature of solution of the 
carbide, i.e., the solubility range might be lowered. 
On the other hand, the metal might also reduce 
the solubility of the carbide in ferrite. He agreed 
that the term notch brittleness was preferable and 
should have been used. With regard to the specific 
volume determinations, he had come to the conclu- 
sion that the accuracy was within + 0-000012. 
On repeating a determination he had either obtained 
an identical result or one very near indeed to it. 
If the results had only been reported to the nearest 
fifth place they would not have been so valuable. 

He was surprised to hear that Mr. Whiteley 
disagreed from some of his conclusions because, 
on reading the paper which he was to present to 
the meeting that morning, he (Dr. Dickie) had 
thought that it was fortunate that the two contribu- 
tions should be discussed at the same meeting. 
Mr. Whiteley had stated that the carbide should be 
deposited on the existing nuclei; was he prepared 
to suggest that the grain boundaries contained no 
nuclei. He (Dr. Dickie) was of the opinion that if 
the space lattice was capable of doing it, it would 
endeavour to expel the carbide to the boundaries. 
Mr. Whiteley showed in his paper that the carbide 
separated in two different forms; the one was 
present at the grain boundaries and the other within 
the grains. This was just what he himself had 
suggested as a result of his own investigation. If 
Mr. Whiteley had tested a steel in which the carbide 
was present at the grain boundaries, he would 
have found the material brittle. The differences 
in magnetic properties between his nickel-chromium 
steel specimens had really been shown for the first 
time, and the only explanation which he could 
suggest was that the change was due to the deposi- 
tion of the carbide in the manner indicated. 


Work HarpEniInG By ABRASION. 


The next paper considered was on the subject of 
“The Work Hardening of Steel by Abrasion,” by 
Mr. E. G. Herbert. We reprint this paper on 
page 470 of this issue. 

The first speaker, Mr. E. H. Saniter, stated that 
the results of work hardening obtained by means 
of the pendulum hardness tester might prove 
of very great value in industry when their useful- 
ness was fully established. In all the metals 
tested by the author, the induced hardness increased 
until it came to a maximum, and then decreased. 
This seemed to show that a steel would harden up 
to a certain point, and would then commence to 
break down. At the International Congress for 
Testing Materials in 1912, he had reported on wear 
testing, and the machine he had employed involved 
the use of rolling friction. He had found that the 
manganese steels occupied a position similar to that 
observed by the author. It was possible to corre- 
late the two sets of results, to a certain extent. The 
author had said that the capacity of a metal to 
resist wear, in so far as it depended on hardness, 
must depend on the hardness induced by wear, and 
not on the original hardness. He agreed with this 
statement, but thought that the fact should not be 
overlooked that, before too much reliance was 
placed on the method, it would be necessary to 
correlate it with actual wearing practice. 

Mr. J. H. Whiteley stated that many of the 
results given by the author in tabular form would 
have been more instructive if plotted in the form of 
curves. For instance, the maximum hardness, in 
mild steel, had only been obtained after eight passes 
of the ball, on the other hand, after the second pass, 
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the maximum hardness had nearly been attained. 
A curve would have shown this up at once. It was 
curious to see how the maximum hardness had been 
obtained at different rates for various steel. In the 
case of mild steel, it had almost been attained after 
the second pass ; in the case of manganese steel, it 
was only after 10 passes that the maximum induced 
hardness had been approached. He would like to 
know if this corresponded to any peculiar property 
in the steels. After the maximum hardness had 
been obtained, a slight drop in hardness took place, 
as a result of further treatment. The author had 
not, however, continued his tests after this drop 
occurred. He would like to know the extent of 
this drop, and how far it continued in each material. 
The author had said that old samples of rails and 
tyres had been tested, not only on the surface 
exposed to wear, but across sections of the material. 
He was of opinion that he should have examined 
his samples for segregation. It was not fair to 
deduce facts regarding the hardness of a piece of 
steel without knowing something of the direction 
and extent of the segregation present. 

Professor C. H. Desch stated the present paper 
afforded a good instance of the usefulness of the 
Herbert pendulum hardness tester. This apparatus 
was valuable for purposes of research, but it could 
not be placed in the hands of an unskilled assistant ; 
any alteration in its adjustment was difficult to 
rectify. In the author’s experiments, the abrasion 
constituted a roll with slight slipping. In practice, 
there was usually some cutting action present, 
caused by sand or emery. He desired to know if 
these two forms of abrasion could be regarded as 
identical. One important result of Mr. Herbert’s 
and of Hultgren’s work was that even the hardest 
steels were capable of being super-hardened by cold 
work. As regards the softening of the material, 
following upon superhardening, he would like to 
know whether the author had observed the occur- 
rence of a tearing action. Some light on the subject 
they were discussing had been thrown by Tomlinson 
in an important paper recently read before the Royal 
Society. 

The last speaker in the discussion, Dr. A. Bramley, 
stated that the picking out of “soft spots” in 
the material treated by the ‘‘ cloud-burst ’’ process, 
reminded him of a procedure adopted in the testing 
of ball bearings. In the final polishing process, 
balls of different sizes were placed in a rotor, 
together with small pieces of wash leather. The 
apparatus rotated on an inclined axis and the balls 
polished one another. The balls were afterwards 
rolled on white paper, and a fault in a ball could 
be detected immediately owing to the irregular 
reflection upon it. 

Mr, E. G. Herbert, in his reply, agreed with Mr. 
Saniter in the matter of correlating the results of 
abrasion tests with what actually occurred in 
practice. He had tried to obtain mileage figures 
relating to the specimens referred to in his paper 
but had not been successful. The slight decrease 
in hardness which followed upon the maximum 
induced hardness was not, he thought, serious. 
If the curve were continued, it would be an asymp- 
tote to the horizontal, after the peak corresponding 
to the maximum hardness had been passed. In 
manganese steels this same decline followed upon — 
the maximum hardness, and yet this material 
had proved its worth, as far as wear resistance 
was concerned, in many spheres. If any deteriora- 
tion occurred, it would have been shown up before 
now. Recently, while cutting up specimens of 
manganese steel, he had obtained a chip, the 
Brinell hardness of which was 700. He agreed 
that the variations at which the rate of hardening 
took place were very great. The rate was charac- 
teristic of each material. One metal showed maxi- 
mum induced hardness after two passes of the ball 
in the case of another, many more passes were 
necessary ; these results could be repeated with 
each particular material. He had endeavoured 
to measure the heat generated during work-hard- 
ening by using the steel ball and another ball 
composed of a different metal as a thermo- 
couple. He had not been able to obtain any 
positive result, and had come to the conclusion 
that temperature scarcely entered into the process 
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Fic. 23. 16,000-Kw. SrnaLE-PHASE GENERATING SET. 





Professor Desch had been quite justified in 
calling attention to the meaning of the term abrasion. 
It was quite obvious that the abrasion to which 
he had subjected his specimens was different from 
that produced by an emery wheel, for instance. 
He had not used the word abrasion in the sense 
of a cutting action. He had not seen any evidence 
of the tearing action mentioned by Professor Desch. 
He did not at all agree with the view that the 
pendulum hardness tester was very difficult to 
readjust after having been in inexperienced hands. 
The President, closing the discussion, remarked that 
the value of Mr. Herbert’s paper would be much 
enhanced if he could include a_ brief illustrated 
description of his ** cloudburst ”’ process.* 


CEMENTITE IN ALPHA IRON. 





The last paper considered by the meeting was 
on the subject of ‘The Solution of Cementite in 
a-iron and its Precipitation,” by Mr. J. H. Whiteley, 
which we reprint on page 472. 

Dr. W. H. Hatfield, who opened the discussion, 
stated that whether or not «-iron contained carbide 
in solution, at room temperatures, would have 
to be settled definitely. It appeared from Mr. 
Whiteley’s paper that the carbide was mainly 
thrown out of solution during slow coc'ing, whereas 
previously it had been supposed that «-ferrite 
contained a low proportion of carbide in solution. Fic. 24. Hypravztic BRAKES ON BERGMANN MACHINE. 
[The next speaker, Professor J. H. Andrew, said 
that the author had first heated his specimens 
to 680 deg. C. and had quenched them, and had 
got all the carbide in solution. He had quenched 
them a second time, and had got all the carbide 
out of solution. His first heating at 680 deg. 
was of one hour’s duration. Had he tried heating | 


angineering 








his specimens at that temperature for a long time, | into solution in the ferrite first. It was difficult. 
say fora day? He would also like to know which | to draw any analogy between the present research 
treatment, in the author’s opinion, produced|and Dr. Dickie’s investigation because, in special 
equilibrium conditions—the first heating of one|steels, many of the peculiar changes observed 
hour’s duration, or the second of one minute’s| were due to the widening of the Ac range. 
duration. The author had referred to the Professor C. H. Desch stated that the one difficulty 
“diffusion of the carbide.’ This might take | was as to how the migration of the carbide particles 
took place. He agreed with Professor Andrew 








* This process was dealt with on page 420 of our : é 
ssue of last week.—Eb. E. | place, but it was necessary for the carbide to go 
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447 
brittleness, and this indicated a 
considerable solubility of carbide at 
high tempering temperatures. 

It was likely also that nickel and 
chromium, either alone or together, 
increased the solubility of carbide 
in ferrite. Whether they raised or 
lowered the temperature range, in 
which solution was appreciable, had 
yet to be determined, but it was 
certain that, particularly where 
nickel was present, the solubility 











































































































Q:9 above 600 deg. or 625 deg. C. was 
| considerable. This was shown by 

v19 the large decrease in specific volume 
which took place when a steel con- 

“. taining nickel was tempered at the 



































*: temperatures indicated. 

Mr. E. A. Atkins stated that in 
the wire trade, carbide at the grain 
boundaries in mild steel gave great 
trouble. In some materials which 
had failed badly, he had found, on 
microscopic examination, that the 
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that it could not take place unless there was 
solution first. A knowledge of the surface tension 
of «-iron might help in the elucidation of the 
problem, especially if it could be ascertained that 
the presence of carbon lowered that surface tension. 
Professor D. Hanson said that many of the 
phenomena referred to in the paper were similar 
to others, which occurred in various non-ferrous 
alloys, and especially in some aluminium and 
copper alloys, in which a constituent had a high 
solubility at high temperatures and a low solubility 
at low temperatures. 

Dr. H. A. Dickie stated that in Mr. Whiteley’s 
work Armco iron and very pure steels had been used, 
whilst in his own work, and in that of Professor 
Andrew and himself, various special steels had been 
used, including complex nickel-chromium steels. In 
all these steels there were indications that the same 


two changes might take ‘place on cooling down | 








from a high tempering temperature. It was very 
interesting to find that such marked changes | 
took place even in Armco iron, and it seemed | 
likely that brittleness might be induced in any 
steel, in the very wide range mentioned above, 
if the particular treatment which would produce 
a carbide grain round any network in that steel 
were applied. In the materials used by Mr. Whiteley 
the only impurity present in sufficient quantity 
to affect either the amount of carbide in solution, 
or the range of solution, was manganese. He 
had found that increase in this constituent raised 
the range of solution, and had inferred that this 
might mean also a decrease in the amount of 
carbide which the ferrite would dissolve. He 
thought that the latter conclusion was hardly 
justified, in view of the information at present 
available. It was well known that a 2 per cent. 
manganese steel was very susceptible to temper 








ferrite crystals were entirely sur- 
rounded by films of cementite. He 
was interested in the amount of 
carbide which could be present in 
solution in «-iron. He had occasionally examined 
material, containing from 0-03 per cent. to 0-04 per 
cent. of carbon, under the microscope, and had found 
no trace of pearlite present. After annealing the 
same specimen, pearlite had been found. The last 
speaker in the discussion, Mr. M. L. Becker, agreed 
with Professors Andrew and Desch that carbide 
could not migrate from the interior to the boundary 
of the crystal without solution taking place. It 
was possible, however, that there might be solution 
of the «-iron in the carbide itself. He had noticed 
that carbide did take up «-iron into solution. 
The migration might possibly be explained by the 
fact that a carbide particle might take up iron along 
one side of it and re-deposit it along the other 
side. 

In the course of a brief reply, Mr. Whiteley 
stated that all the speakers had favoured the solution 
theory in connection with the migration of the 
carbide particles. He himself favoured the bodily 
migration of the carbide particle. If the particles 
dissolved, migrated, and were then deposited at the 
grain boundaries, it would take time, and as this 
migration occurred with such a great rapidity, 
he was forced to look upon the bodily migration 
theory as the more probable one. He did think 
vhat, provided the particles were not too large, 
they did move bodily to the grain boundaries. 





THE WALCHENSEE HYDRO-ELECTRIC 
STATION. 
(Concluded from page 419.) 

THE rotors of the Bergmann machines are fitted _ 
with a damping winding of copper rods which is 
not only fixed to the pole pieces, but between the 
poles. Each three-phase generator has a '220-volt 
exciter set directly connected to it. This’ consists 
of two exciter machines, main and auxiliary, 
thus enabling the regulating curreht and _ there- 
fore the regulating losses to be reduced to a 
minimum. Pressure regulation is effected auto- 
matically by a high speed regulator, which controls 
the field of the auxiliary exciter and is noteworthy 
for the sensitiveness of its action. The voltage 
can be altered in 2 per cent. steps on a lagging 
current and in 4 per cent. steps on a leading 
current. 

As the Bavarian network at the present time 
requires about a 30,000 kw. to charge it, and 
as this will eventually increase to 60,000 kw., 
great care has been taken to ensure the stability 
of the generator on leading loads. 

The three-phase generators are connected in star. 
They are protected from excess voltages by the 
cables between them and their transformers, and 
from the effect of high voltage surges by earthing 
the neutral. The neutral resistance is 160 ohm. 


In order that the machines may quickly be 
brought to rest, both during normal operation, and 
breakdown occur, the three-phase 
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for each set. These are fixed below the generators, 
so that in case of need they can be simultaneously 
and rapidly opened. The circulation of the carbon- 
dioxide through the generator is effected via special, 
so-called, fire-shutters. Recent tests have shown that 
the carbon dioxide gas will reach the most unfavour- 
ably situated portions of the machine in less than 
4 seconds. The extinguisher equipment is worked 
by hand, and when a fire occurs is operated before 
the turbine is shut down. 

The turbines in the single-phase portion of the 
station are of the twin free-flow type (see Figs. 
23, 25 and 26). They are designed to give their 
maximum efficiency of 83 per cent. on a load of 
9,000 h.p., and have a maximum output of 18,000 
h.p. They have delivered as much as 20,000 h.p. 
on test. 

Each of the runners weighs 8-3 tons and is formed 
of two cast-steel discs of equal strength. The 
external diameter of these discs is 2,780 mm., and 
round the peripheries are 24 cast-steel buckets, each 
weighing 190 km. These are secured by a patent 
arrangement devised by Voith and Company, and 
can be easily removed when in position. Admis- 
sion to the two runners is effected through control 
nozzles. 

The two runners are fixed 2,600 mm. apart on a 
steel shaft. This shaft is 7-6 m. long, 550 mm. 
diameter, and weighs 12-3 tons. It carries the belt 
pulley for the oil pumps and the operating gear for 
the twin governor, as well as a rigid forged coupling 
flange for connection to the corresponding flange 
on the generator shaft. It is borne on a support- 
ing bearing with an internal diameter of 525 mm. 
and a thrust bearing with an internal diameter of 
300 mm. Both bearings are provided with ring 
lubrication and water cooling. 

The bedplate is concreted into the floor of the 
turbine room. Three sides of its lower edge are 
secured to the sheet armouring of the turbine outlet, 
while the fourth side is fixed to the nozzle plate. 
The lower nozzle bends are secured to the nozzle 
plate, while the upper nozzle bends pass through 
the bed-plate itself. A two-part cowl of sheet iron 
is screwed to the turbine frame above the runners. 
The shaft passes through stuffing-boxes in the 
side of the frame boxes, where splash-rings and 
catch shields prevent the exit of the water. 

The bends, cross guides, and mouthpieces of 
the nozzles are made of cast steel. The latter are 
270 mm. internal diameter and are fitted with 
extension pieces of forged steel, which, like the 
forged needle-points, can easily be replaced. The 
operating portions of the needles are covered with 
brass to protect them from rust, and they turn in 
lubricated bronze bushes, so that easy movement is 
always possible. At the rear end of the needle 
is a reversing ram and compensating spring, as 
well as a hydraulic piston engaging with the drive, 
so as to prevent an excessive amount of distorting 
force. 

The flow deflector, which causes an immediate 
reduction in the admission (if the load be suddenly 
removed) without altering the amount of water 
flowing through the pipe, cuts upward into the 
water stream and is of cast steel with interchangeable 
blades. In order that the nozzles, deflectors and 
runners may be inspected, gratings are constructed 
in the armoured turbine pits. A water-tight iron 
door is provided in the armouring itself. This can 
be reached from the turbine-room floor via a shaft. 

The distributing pipe line consists of two bifur- 
cated cast-steel pipes, each with two nozzle supports. 
A stop valve of 1-2 m. internal diameter, and of 
the same design as that fixed on the Francis 
turbine, is provided on each distribution pipe. In 
front of the main valve a 100-mm. pipe, which 
is also fitted with a valve, branches off from the 
last section of the main pipe line. This supplies the 

, two braking nozzles of 40 mm. diameter, which 
are placed on the opposite sides of the bedplate 
to the main nozzles. These direct water against 
the rear side of the buckets, so as to bring the} 
turbine quickly to rest. The time taken to stop 
the turbine can thus be reduced from 60 to five 
minutes. 

The nozzle needles and flow deflectors are con- 
trolled by a so-called double governor which, like 


the pump, for generating the oil pressure, on its base. 
The operation of this governor is balanced by an 
automatic relief valve. It is also, like the governor 
on the spiral turbine, fitted with an electrical speed 
control device, an apparatus for adjusting irregular- 
ities in the flow and for limiting the opening, and a 
beit-breakage safety device. The air vessel is fixed 
under the floor, the oil pipes for four double gover- 
nors being connected together. An electrically-driven 
reserve oil pump is also connected to the pipe 
range. This can be used as a starting pump, when 
no turbine is running. Change-over to hand opera- 
tion can also be effected. The governor operates 
the two brake nozzles and the jet deflector of the 
turbine, and maintains the speed variations within 
14 per cent. and the pressure rise within 10 per 
cent., when the load is wholly removed. 

Two of the four single-phase generators which, as 
already mentioned, are installed in this station for 
supplying the current necessary for operating the 
railways, were supplied by the firm of Brown, Boveri 
and Company (Fig. 23), and the other two by the 
Siemens-Schuckertwerke (Figs. 27 and 28). The 
latter firm were also responsible for the switchgear 
for controlling the single-phase plant. The three- 
phase switchgear was constructed by the Allgemeine 
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Elektricitiits Gesellschaft. These generators are 
designed for a normal constant load of 10,650 kv.-a., 
with a terminal voltage of 6,000 to 6,900 volts, a 
frequency of 16% and a power factor between unity 
and 0-75. They will carry a load of 16,000 kv.-a. 
for one hour, without exceeding the temperature 
reached when operating on normal full load, and 
this figure can be increased to 20,000 kv.-a. for 
three minutes. 

In the Brown, Boveri machines, the stator housing 
is made in four parts and rests on two bedplates, 
which are fixed rigidly to the foundations. The 
feet, which form the connection between the 
housing and the bedplates, can be moved in a 
horizontal direction. The division of the stator 
housing through a plane vertical to the axis was 
employed solely for manufacturing reasons for 
use after the laminations had been placed in 
position. The complete stator is mounted on 
rollers, so that any part of it or its windings can be 
drawn out into a suitable position for examination 
or repairs. The stator winding is of the bar type, 
one bar being placed in each open slot. There are 
32 slots per polar are, twenty-four of which contain 
windings. 

The rotor consists of a cast-iron spider, which is 
fixed to the shaft by shrunk rings and keys. Four 
Siemens-Martin steel plates, which form the rotor 
body, are drawn on to the spider when hot and 
screwed together. The spider is provided with 
milled slots on its outer periphery and the pole cores 
are fixed on to the corresponding projections. 
The pole cores themselves consist of punched 
steel laminations, which are held together by rivets. 
The pole shoes are provided with slots, which carry 
copper rod damping windings. These windings are 





the speed regulator on the Francis turbine, carries 





connected together on both sides by copper rings. 





The field coils consist of copper strip wound on 
edge. In order to increase their cooling surface 
they are provided with a number of cooling ribs, 
which are formed by employing copper strip of 
greater width at intervals. 

On the other hand, the rotors of the Siemens- 
Schuckert generators consist of a three-part cast-steel 
spider, on to which six forged plates are shrunk. These 
plates carry solid poles, which are secured by dove- 
tails. The bar winding is made up of two bars 
per slot. Each Siemens-Schuckert machine is 
fitted with an Ossanna exciter, which has a normal 
output of 90 kw. at 220 volts. This can be increased 
to 117 kw. for one hour and to 154 kw. for 30 min. 
The principle of this machine depends on the 
generation of two separate voltages, one constant 
and one variable, the resultant of which provides a 
variable exciting voltage. This enables the exciting 
current to be regulated from its maximum value 
down to zero, and even down to a negative value 
sufficient for full-de-excitation, without the machine 
losing its stability. 

It will now be of interest to say a word or two 
about the acceptance tests on both the three-phase 
and the single-phase machines. In both cases the 
turbine output was arrived at from the power 
delivered by the generator, the alternator losses, as 
determined on the test bed, being taken into account. 
During these tests the three-phase machines were 
connected to the network and were excited, so that 
they ran continuously at approximately unity 
power factor. The electrical output was measured 
by the two-wattmeter method by means of pre- 
cision instruments, which were connected direct to 
the generator through instrument transformers of 
appropriate design. 

The method of determining the amount of water 
used has already been described in connection with 
our account of the pipe line. In order to determine 
the head available, the pressure at the inlet to the 
spiral .housing was measured, together with the 
height of the tail water level, compared with a sur- 
veyed fixed point. For this purpose 4-mm. bore 
holes were made in the inlet to the spiral housing 
at four points lying opposite to each other, and the 
housing wall was rendered smooth at this place, so 
that the pressure could be accurately measured. 
The four bore holes were connected by }-in. gas 
pipe, via a shut-off cock, to a distributing pipe. 
This distributing pipe was connected to two 
precision manometers, so that each measurement 
position could be transferred in turn to both instru- 
ments. Besides the four measurement pipes, which 
were connected to the spiral housing, a fifth 
pipe was connected to one of the main pipes which 
was acting as a stand-by. This enabled the static 
head to be read off on each manometer during the 
test. 

Before each test both manometers were cali- 
brated against fixed points in the forebay and in 
the turbine room, these being obtained from the 
official altitude measurements. To determine the 
position of the tail water level a measuring float 
was placed in the ‘channel about the centre 
of the turbine room. As during the test the 
other turbines in the station were more or less 
lightly loaded, alterations in the forebay level 
could not be entirely avoided. The sensitiveness 
of the two precision manometers was, however, so 
great that they indicated all these changes, and no 
errors in measurement were caused thereby. 

In order to be able to determine the efficiency 
curve of the turbine with accuracy, as the result of 
preliminary tests, five points on the curve were 
chosen for guide blade openings of a, = 72, 55, 45, 
30 and 20 mm., and all the measurements in each 
set of tests were corrected to these. In the time 
available only three sets of tests could be com- 
pletely carried out. 

Each guide blade opening was as far as possible 
maintained constant during all three sets of tests. 
Small differences could not, however, be avoided, 
owing to the other turbines affecting the level in the 
forebay. The results of the measurements obtained 
on the three sets of tests were summarised, so that 
an efficiency curve was obtained for each, and an 
average efficiency curve was worked out therefrom. 
Figs. 29 and 30 give the test results on 





the Francis and free-flow turbines, showing 














the water consumption, against the output, based 
on guide-blade opening or needle stroke. The 
curves are based on a summary of the results of 
the different sets of tests. The quantities of water 
and output are based on the specified head. 

The Francis turbine tested was not fully 
opened when the guaranteed maximum output of 
24,000 h.p. was obtained, so that an overload of 
25,600 h.p. with a head of 197 m., 7.e., about 6-5 per 
cent., was possible. In a general consideration of 
the test results it should be noted that the draught 
height of the Walchensee turbines is very high in 
relation to the head. This cannot be avoided with 
the horizontal design of turbine, which was chosen 
for reasons already explained. It is thought 
probable that a vertical design and a correspond- 
ing lowering of the turbine would have added 1 or 2 
per cent. to the efficiency at full and two-thirds 
admission. 

The acceptance tests on the single-phase sets 
were carried out in the same way and gave a 
maximum useful turbine output of 20,000 h.p., 
which is about 11 per cent. more than the guar- 
anteed figure. The appropriate curve is shown 
in Fig. 30, and may be compared with that for 
the Francis turbine. As anticipated the free- 
flow turbine had a high efficiency, even at 6,000 
h.p., or less than one-third the maximum load. 
This was a reason for employing it for the 
traction generators. 

We have to thank the officials of the Walchensee 
Werke A.G. for providing us with the information 
on which this article is based. 





THE CERAMIC SOCIETY. 


REFRACTORY MATERIALS SECTION. 


THE Refractory Materials Section of the Ceramic 
Society held its autumn meeting in connection with the 
Clay Convention at Bournemouth on September 26 
and 27, the chair being taken by the President, Mr. 
H. J. E. Johnston, who is also President of the Con- 
vention. 


OpeN-HeartH STEfL Works’ REFRACTORIES. 

The programme opened with a paper by A. T. 
Green, F.Inst.P., A.M.I.Chem.E., entitled ‘** A Con- 
sideration of Open-Hearth Steel Works’ Refractories.” 
In a brief introduction it is pointed out that, at a pro- 
gressive steel plant in the Midlands, the regular working 
of a battery of five basic open-hearth furnaces, produc- 
ing about 3,000 tons of steel per week, involves an 
average cost of about two shillings per ton of steel 
produced, including the casting operation, and a further 
sixpence per ton for the rolling of the steel, for the 
refractories alone. This is equivalent to more than 
ten thousand pounds for a year’s working of that 
steel plant. In this country eight million tons of steel 
were made in 1920 by the open-hearth process, which 
involved the expenditure of something like one million 
pounds for refractories. As furnace efficiency depends 
on the quality of the silica and fireclay products mainly 


used for refractories in furnace construction, the | 
figures quoted show clearly the importance to the steel | 


industry of the continued study of such products. 
Open-Hearth Furnaces.—The open-hearth furnace is 

a gas-fired regenerative unit capable of smelting large 

quantities of steel and of controlling the reactions 








between the metal and the slag. According to the 
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regenerative chambers, the best shape of the chequer 
brickwork for highest heat transmission and limitation 
of heat losses, and the correct ratio of the capacity of the 
gas and air chambers to gas and air quantity. Accord- 
ing to F. Clements,* these several factors involved in 
the provision of an efficient system of regeneration, 
may be stated as follows :—(1) The shape and dimen- 
sions of the chamber should be such that the gases 
during generation and recuperation are evenly distri- 
buted over the whole of the chequer work, thus bring- 
ing all parts of it into service. (2) The weight of the 
suitable brickwork provided to form the chequering 
should be sufficient to ensure a store of heat ample for 
regeneration without a wide range of temperature 
variation. (3) The effective heating surface, presented 
by the chequer work, must be ample to allow for a rapid 
heat exchange, and the arrangements of the chequers 
must be such that the particles of gas are brought into 
intimate contact with the hot surfaces. As the velo- 
city of the gases is a factor in the heat exchange, this 
should be sufficiently high to give maximum results. 

For all practical purposes an upper limit of 
1,500 deg. C. for the top courses of brickwork (which 
are the hottest) in the chambers, may be assumed, so, 
as regards refractoriness, the properties of silica and 
fireclay products are outstanding. It should not be 
overlooked, however, that dusts and other incidental 
factors seriously affect the life of the chequer brick- 
work. <A considerable height compared with cross- 
sectional area of a chamber promotes the more even 
passage of the gases through the regenerator, the pres- 
sure, at the top of high regenerators, tending to be 
increased, thus increasing the velocity of the air 
entering the furnace proper. This velocity affects 
the direction of the flame, and therefore the life of the 
structure to some extent, for, with the flame consist- 
ently traversing the bath, the danger of localised 
‘** hot spots ’’ on the roof is minimised. 

The definition of the correct velocity to allow in the 
air regenerators is one of extreme difficulty. A table, 
reproduced in the paper, gives data obtained by 
F. Clements on industrial plants, concerning this point. 
It has been stated that only a thickness of 1 in. of 
the brickwork comes into play in giving up heat to the 
gases, so that a brick 2 in. thick, subjected on both 
sides to heat interaction, should be the ideal from the 
purely regenerative point of view. For stability a 
larger brick is desirable, and the spacing is governed 
mainly by conditions regarding choking with dust rather 
than thermal requirements. 

The general design of the regenerators is based on 
thermal requirements, mechanical requirements, opera- 
tional disturbances such as slagging and dusting, and 
the desired velocity and temperature of the air and 
gases, and the known laws of heat transmission between 
gases and refractory surfaces. 

The losses from the regenerators by radiation and 
convection amounts to 16 per cent. of the total heat 
losses of the steel plant. As the thermal efficiency of 
the open hearth process is only about 17 per cent., 
this loss from the regenerators is a serious factor. 
The insertion of an insulating wall between the outer 
wall of red brick and the interior lining should suffice 
to reduce these losses to a minimum, and may also facili- 
tate the even passage of the gases through the chambers. 

The Furnace Proper.—The modern trend of design is 
towards obtaining higher temperatures. This tends to 
increase the heat losses and so reduce the overall 
thermal efficiency of the process, and such a practice 
is limited by the properties of the available refractories. 
For the roof and ports and general constructional 
features, other than the bath and slag line, silica 
brick is the only available refractory, and this has very 
definite limitations. For such refractories to maintain 


percentage of phosphorus or of silicon present in the | these furnace conditions for an economical life, radical 


pig-iron used, the bath for the metal is lined internally | 
with either basic material (burned dolomite and mag- | 
nesite) or acid material (a ganister mixture). The | 
general principles of furnace construction are very | 
similar for both basic and acid open-hearth furnaces. 
Within certain limits, the higher the working tempera- 
ture the quicker the rate of steel production, because 
the essential interactions between the slag and the ! 
metal depend largely on the temperature. Hence 


changes of design and far more consistent manipulation 
than at present obtains appear necessary. 

For reduction of the wear and tear on refractories 
consequent on the operation alone, the producer gas 
and air must be adequately intermixed at the ports or 
in a spacing just following these openings, and they 
must be directed towards the bath at the centre of the 
furnace. Combustion should be complete before the 


| flame reaches the opposite ports, so that no very hot 


effective regenerators are of decisive importance in the | flames can strike the brickwork there, nor should the 


heat economy of this type of steel oroduction. 
Regeneration.—The regenerative system consists of 


flame touch either the roof or the walls. With strict 
attention to these points it should be possible to work 


alternative sets of chambers filled with chequer brick- | at higher temperatures than at present, and still to 
work, through which in turn are caused to pass, for a| use the normal silica brick. How far such conditions 
definite period, first the hot products of combustion, | could be maintained it is very difficult to say. The 





and afterwards the air and producer gas to be burned | 
at the ports of the furnace. The alternative chambers | 
enable the waste gases to heat up the chequer brick- 
work in readiness for more air and producer gas to be | 
heated. In this way, by suitable regulations, much 
higher temperatures are obtained where the combustion 
is proceeding. 

The attainment of high bath temperature with 
maximum heat economy depends on various factors, | 
including construction, capacity, and position of the 














whole dimensioning of the furnace, including depth of 
bath, slope of ports, and regenerator factors, are inter- 
connected in a very definite though empirically deter- 
mined manner. 

Silica Bricks in Open-Hearth Furnaces.—Many dif- 
ferent varieties of silica bricks are used in the open- 
hearth furnace, apparently with equal success. The 
coarser, textures are superior for the roof of the furnace 





* See ENGINEERING, 1922, vol. cxiii, page 579. 
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because of their greater resistance to spalling, if the 
grading is satisfactory. In the original grading both 
an excess of the coarse fragments and of the very fine or 
“* flour ’’ fraction is desirable. The “‘ flour ’’ determines 
the matrix formation and the alteration in the nature 
of silica, both taking place under high temperature 
conditions. The matrix formation and the angularity 
of the larger particles mainly determine the strength 
of the product. The grading of typical silica bricks is 
shown in Table II. 
TaBLE II. 





Percentage Screen Analyses of Bricks. 








{ 
Screens. | ; 
| A | By Ie | D | E | F | G 
i 
| { 
On 6's...) — | 13-8 | 0-3 | 3-7 | 10-0] 16-0} — 
», 20’8 | 13-3 | 28-4 2-5 | 31-6 | 29-0 | 27-2 boa 
» 60's ..| 19-4 | 6-5 | 38-5 | 22-5 | 20-4) 6-0) — 
,120’'s ..| 13-8 | 16-1 | 43-0 | 15-3 | 14-7 | 11-0 i 
Mn 1120's ..| 53-3 | 35-2 | 21-0 | 26-3 | 26-0 | 39-8 | — 





B, E and F should have the coarser structure required 
for steel works. The author considers that E shows a 
good texture for roof bricks, while B and F are much 
better for the ports, since they show high percentages 
of “ fines.” For port bricks the author considers nearly 
40 per cent. through 120’s highly desirable, because 
with correct firing it will allow adequate formation of 
matrix. W. J. Rees suggests addition of finely divided 
ferric oxide (up to about 2 per cent.) for increasing the 
strength of silica bricks for steel furnaces. 

For the ports and top courses of the regenerators, 
the silica bricks should not be too porous, though the 
finer the texture the lower the porosity, in general. A 
proportion of the coarser fractions is necessary for 
resistance to spalling, but the final porosity should not 
exceed 27 per cent. 

Under the influence of continued high temperatures, 
the quartz which forms the basis of the raw materials 
(ganisters) may be transformed into cristobalite or 
tridymite (or both, more quickly in the presence of a 
flux, such as lime, which is commonly used in making 
silica bricks. The presence of highly converted silica 
in silica bricks, especially cristobalite, increases the 
spalling tendency between 100 deg. C. and 250 deg. C., 
and a furnace constructed of such bricks needs to be 
very carefully heated past this danger zone. Excess 
of lime influences the corrosion and erosion, and reduces 
the elasticity of the product, thus increasing the 
tendency to spall at lower temperatures. With 
mixtures such as B, E, and F already referred to, a 
lime content of 1-7—1-9 per cent. is desirable. Lower 
lime contents means less matrix development, though 
probably giving greater elasticity. The matrix forma- 
tion must not be too great, on account of lowering the 
stability, and the matrix itself must have viscosity 
enough to ease strain in the structure. A lower per- 
centage of lime is much more likely to give this com- 
promise than a high one. 

The true specific gravity of a number of silica bricks 
used in open-hearth furnaces was found to range 
generally between 2-42 and 2-47, and in a few instances 
over 2:50. Values of about 2-42 seemed to belong to 
bricks giving most desirable service, the amount of 
conversion of the quartz being moderate (‘‘ medium ”’), 
probably owing to the presence of the larger fragments. 

A low value of true specific gravity is generally 
associated with low after-expansion, but not always in 
the case of coarse-grained silica bricks, for appreciably 
low values for the after-expansion are shown by products 
having specific gravities of about 2-42, obviously due 
to the slower rate of conversion of the larger quartz 
grains. In furnace construction, expansion allow- 
ances are made, based on empirical experience with 
specified materials. Apparently only a compromise 
of properties is possible, since an exceptional heat 
treatment is necessary to convert the coarser textured 
product fully, and it is advisable to have a product of 
specific gravity 2-42 or thereabout, with greater resist- 
ance to spalling and corrosion, at a reasonable cost, 
and make allowances for expansion, than to have a 
very expensive highly converted product with less 
expansion, but with the possibility of spalling strains 
being developed during the initial heating, a softening 
at high temperatures, and a liability to excessive corro- 
sion, The maximum and minimum values of cone-melt- 
ing point, porosity, specific gravity, softening point under 
load of 50 lb. per square inch, &c., quoted in the paper 
from a German source, serve to illustrate the variations 
in properties of silica bricks for open hearth furnaces. 

Corrosion and Erosion of Open-Hearth Silica Bricks. 
—The temperature and velocity of the gases leaving the 
bath by way of the ports are about 1,550 deg. C. and 
150 ft. per second respectively. These gases are laden 
with calcareous and ferruginous dusts, and the wear 
and tear of silica bricks at the ports is partly due to the 
abrasive action of these fine dusts; other factors aiding 
the process of denudation being high-working tempera- 
tures, local effects of flame, dust in the materials 
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charged, liquid metal from the bath and charge, and the 
spurting of slag during boiling of the bath. The roof 
bricks are subjected to considerable corrosion and 
erosion, but the mechanism of this action is probably 
different from that at the ports. There are reasons for 
supposing—with Clements—that the nature of the 
gases plays a big part in the corrosion of steel furnace 
roofs. The roof of a furnace is often eaten away by 
intensely hot flames playing on it. 

Two features, definitely concerned with corrosion, 
are the interaction between the corrodant (slag or dust) 
and the material forming the surface of the refractory, 
or the passage of slag or dusts, or substances formed by 
superficie] action, into the body of the refractory. The 
passage of dusts and slags may take place by way of the 
pores or by way of the matrix, the matrix being 
molten at the temperature of the open-hearth furnace. 
In general, examination of roof bricks from steel 
furnaces show :—(1) The fusible silicates formed at the 
surface of the brick, after combination with oxides of 
iron and calcium, flow upwards into the cooler (but 
still very hot) portions of the brick by capillary attrac- 
tion, and become concentrated at a considerable distance 
from the point at which they entered. Thus, lime, 
alumina, iron oxides are concentrated at a distance, in 
the interior of the brick; the matrix of the silica brick 
being pushed forward at the same time. (2) The iron 
oxide is at its maximum about 23 inches from the hot 
end, although a considerable quantity remains at the 
hot end. (3) Unconverted quartzite is present 4 in. to 
5 in. from the hot end after long working. (4) Stead 
notes that, in the hottest zone, the tridymite has 
undergone actual fusion, though tridymite crystals 
appear 2 in. to 6 in. from the hot end. 

The passage of the slag into the port blocks is very 
probably much faster than in roof bricks, and, owing to 
the velocity of the gases and dust, the action will be 
erosive and abrasive, but the behaviour of port blocks 
is very variable. 

Regenerators, &c.—The regenerators are discussed 
at some length, and other subjects which receive 
consideration are the casting of steel in relation to the 
refractories used, the nozzle, soaking pits, and reheating 
furnaces, 

In the discussion which followed, several speakers 
dissented from the author’s views in some respects, 
especially stressing the superiority of silica bricks with 
highly converted quartz for steel furnaces. Mr. Green, 
in replying, agreed that support could be found for 
different views. Nevertheless, he adhered to the 
opinions he had expressed, which were based on special 
investigations and some personal experience in a works. 


Sizica Bricks witHouT ADDED Bonp. 

Mr. W. J. Rees, B.Sc., F.I.C., next read a paper by 
W. Hugill, M. Met., and himself, entitled ‘‘ A Note on 
Silica Bricks made without Added Bond.” It was 
found in the course of an investigation to be possible, 
by the usual hand-moulding methods, with a suitable 
grading of the silica rock, to make bricks of the usual 
size of fair mechanical strength, without any addition 
of bonding material. 

Bricks were made from a ganister and from two 
different Welsh quartzites, each being well washed prior 
to being used, All contained about 97 per cent. silica. 
About half the material was passed through 100-mesh 
screen (much of it very fine), nearly a quarter through 
10-mesh, and the remaining portion through 80, 30, 20 
and 5-mesh sieves. The compressive strength of the 
unbonded bricks was 28 to 30 lb. per square inch, as 
compared with 64, 49 and 63 lb. per square inch for 
corresponding bricks bonded with 2 per cent. lime. 
The bulk density of the unbonded bricks was slightly 
less than that of bonded bricks. The expansion during 
firing was much greater in the unbonded bricks than in 
those bonded with lime. The degree of quartz con- 
version was greater in the bricks without added bond, 
but the inversion was almost entirely to cristobalite, 
whilst in the bricks with lime bond a fair proportion of 
tridymite has been formed. 


Dryina Criay. 


The next paper was by Messrs. R. 8. Troop, B.Sc., and 
F. Wheeler, on ‘“‘ Some Experiments in Drying Clay.” 
In connection with the drying contraction of clay, it is 
pointed out that the calculation of this from linear 
measurements is open to objection on account of possible 
effects of the method of making the test-piece on the 
results obtained. The apparent contraction can be 
seriously affected by accidental stretching or compres- 
sihg of the sample, and such effects are not easy to 
avoid. Distortion of the test-pieces is also difficult to 
prevent, and may give rise to erratic results. In the 
case of air-dried bricks made of Stourbridge fireclay 
considerable differences were found in the linear 
contractions measured in different directions. 

Volume contraction determinations by a special 
method devised by S. R. Hind were found to give 
very good and reliable results. The results obtained 
with Stourbridge fireclay, ball clay and china clay 


ENGINEERING. 





are shown graphically. In all cases the “ main 
contraction ” is uniform and equivalent (or nearly so) 
to the volume of the water removed by evaporation. 
This is followed by the “residual contraction,” the 
rate of contraction suddenly becoming very small, 
but remaining fairly uniform until the “100 deg. C. 
dry” state. The change took place at a moisture 
content of 14 per cent. to 15-7 per cent. with Stour- 
bridge fireclay, 12 per cent. with ball clay, and 28 per 
cent. with china clay. In the case of china clay there 
was no contraction between 28 per cent. of moisture 
and 11 per cent., but a slight expansion, as was 
observed in the case of several different china clays but 
not in any others. 

Rate of drying does not seem to have any marked 
effect on contraction. 

Contraction can be found indirectly by applying 
Robinson’s “ plasticene ” coating method for measuring 
the “ wet volume ” of A and weighing a second similar 
test piece B before and after drying, the apparent 
volume being assumed to be proportional to the 
weight of dry clay. Samples A and B being similar, 
only the volume of sample B and the dry weights 
of A and B are necessary for determining the “ dry 
volume” of A. The difference between the “ wet 
volume ”’ of A and its calculated “‘ dry volume ”’ gives 
the actual contraction. Such a method has the great 
advantage of eliminating errors arising from the 
method of making the test piece. Another advantage 
is that the contraction for other initial water contents 
can be calculated when the contraction from one 
moisture content is known; experiments have shown 
that when clay is in a ‘‘ working condition ” the volume 
contraction is exactly equal to the volume of the water 
lost. 

The authors raised the question whether the use of 
clay in a much drier state than usual might not be 
practicable, in order to avoid loss from distortion, 
and suggest that the point is well worth investigating. 


Tue CrusHING STRENGTH OF UNFIRED FIRECLAY 
Bovis. 

A paper by Messrs. W. C. Hancock, B.A., F.I.C., 
and J. G. Cowan, A.R.C.S., entitled ‘‘ The Crushing 
Strength of Unfired Fireclay Bodies,” was the next 
item. The materials used were a mixture of two 
Stourbridge pot clays, ground to pass a sieve of 
30 meshes to the linear inch, and “ grog ” from hard- 
fired Stourbridge clay, crushed and sieved to give a 
fine and a coarse grade, the latter between } in. and 
7; in., and the former between 3 in. and 30-mesh. 
The five materials used for the test pieces were 
neat clay, 80 per cent. clay mixed with 20 per cent. 
fine and coarse grog, respectively, and 60 per cent. 
clay mixed with 40 per cent. fine and coarse grog, 
respectively. The respective tensile strengths of these 
were 156, 171, 137, 108 and 71 Ib. per square inch— 
all averages of five tests. 

For crushing strength three forms of test piece 
were used : (1) cylinders, 1-in. diameter and 2 in. high ; 
(2) rectangular blocks, 2 in. by 1 in. by 1 in.; and 
(3) cubic blocks with 2-in. edges. The results were :— 





Crushing strength in Ib. per sq. in. 
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Cylinders... xa --| 478 527 442 438 329 
Rectangular blocks. Major 
axis re oY .-| 724 433 596 474 268 
Rectangular blocks. Minor 
axis 3 Ke wo} ne 724 — 724 542 
Cubes ds “a --| 926 950 841 671 600 








In the crushed test pieces three types of fracture 
were observed : (1) fracture due to “ cone ” formation 
(2) fracture due to (plane) shearing; (3) fracture due 
to a combination of (1) and (2). These were shown 
in lantern slides, 


THE CHARACTERISTICS OF CLAY. 

Dr. A. F. Joseph, F.1.C., Sudan Government Chemist, 
read a paper entitled ‘‘ The Characterisation of Clay.” 
Most soil chemists (but not all) restrict the term 
“clay” to that fraction of the raw material the 
particles of which are not larger than 0-002 mm., 
and it is fairly certain that the real clay-like properties, 
such as plasticity, shrinkage and water-retaining 
capacity, are mainly confined to that fraction. 

The mechanical analysis is conveniently performed 
by the sedimentation method used for the examination 
of soils, 0-05 per cent. solution of sodium carbonate 
being used to facilitate dispersion. 

The table in the next column shows the range in 
mechanical composition of 12 samples of ceramic clays. 
The proportion of “clay” ranges from about 
13 per cent. to about 90 per cent. But this fraction 
(0-002 mm.) does not always consist of the same 
material. Nos. 10,118 and 10,119 are not very different 








in properties or composition, but No. 10,118 is more 





a 


plastic than No. 10,119 as might be expected from 
its larger proportion of small particles. No. 10,095 
is much more plastic than No. 10,096, although its 
mechanical composition is very similar, so the difference 
must be due to the nature rather than the amount of 
the finer particles fraction. 

It has been shown conclusively that there is a very 
close relationship between the chemical composition of 
the “clay ’’ and its physical properties, which can be 
generalised by the statement that the molecular 
ratio of silica to alumina is related to clay-like 
properties. The higher this ratio is the more highly 
developed are such properties as imbibitional power 











Percentage Mechanical Composition. 

Particles less Particles Particles Senne He. 

than 0-002 0-2-0-02 0-02-0 -002 
mm. mm. mm. 
20-2 5-5 74-2 10,056 
36°6 2-6 60-8 10,057 
28-2 10-1 61-7 10,095 
26-3 9-9 63-8 10,096 
12-8 14-7 72-5 10,118 
31-8 7-2 61-0 10,119 
89-8 3-9 6-3 10,120 
60-9 21-0 16-9 10,121 
63-2 27-1 8-3 10,122 
28-0 6-4 65-6 10,123 
26-8 9-4 63-8 10,124 
20-4 3-7 65-9 10,125 














for water, heat of wetting, shrinkage, tensile strength, 
and absorptive power for vapours and dyes; with 
low values of this ratio, clay-like properties are 
exhibited to only a small degree, and it appears likely 
that with a ratio of 2-0 (the ratio for kaolinite, 
Al,0,.2Si0,.2H,O) they would be entirely absent. 
This idea of plasticity being connected with a relatively 
high silica content is somewhat novel, but the over- 
whelming body of evidence now obtained places it 
beyond doubt. No method exists of measuring 
adequately plasticity in the laboratory, and further 
investigation is needed before any of the physical 
properties above mentioned can be considered the 
best as an index of plasticity. The author of the 
paper prefers the “imbibitional water” capacity for 
this purpose. This is a measure of the volume of 
water retained by the material after centrifugal 
draining under standard conditions less the interstitial 
space, the latter being measured by the volume of 
some inactive liquid (xylene is very suitable) retained 
under the same conditions. The imbibitional water 
capacity and composition of six “clay” separates 
and three typical “‘ clays” are given in a table. The 
figures show that clay properties are associated 
with a high silica-alumina ratio, and that materials 
approximating in composition to kaolinite are deficient 
in such properties. 

Results of work done in the author’s laboratory 
seem to indicate that the whole of the original 0-002 
mm. fraction is obtainable in the colloid form, so 
that the colloidal content of a raw material may be 
taken as identical with its “clay ’’ content. 


(To be continued.) 








AVIATION IN Brazit.—We learn from a recent issue 
of the Monthly Review of the Bank of London and 
South America, Limited, that a company, named the 
Aero-Lloyd Brasileiro, has been formed in Séo Paulo, 
Brazil, for the purpose of inaugurating a regular aerial 
service between Recife (capital of the State of Pernam- 
buco) and the Rio Grande, and, later, services between 
Rio de Janeiro, Sio Paulo, and other State capitals. 
The initial equipment will consist of eight commercial 
seaplanes (five of which will be put into service), two 
spare motors, three reserve floats, and the necessary 
spare parts, all of which equipment will be purchased 
from the Junkers-Flugzeugwerk A.G., Germany. This 
company will also provide technical assistance and 
pilots. 





THE Economic DEVELOPMENT OF JUGOSLAVIA.—It is 
stated in a recent issue of the Monthly Review of Central 
Europe, published by the Anglo-International Bank, 
Limited, that such references to Jugoslavia as appear 
from time to time in the British press are usually 
devoted to the dissensions between the Serbs, Croats, 
and Slovenes. As a consequence, the very solid progress, 
which the country has achieved during the last eight 
years, has not received the notice which it deserves, 
The country is far more compact than the average 
foreigner realises ; the Slav majority is an overwhelming 
one, and the settlement of the inter-Slav differences 
is only a question of time. Already considerable progress 
has been made in this direction, and, even to-day, 
it is already possible to speak of a Jugoslav nationality. 
The country has great and varied agricultural resources, 
many of which are only in a primitive state of develop- 
ment. Its peoples, too, are vigorous and frugal and 
possess in a large measure the will to succeed. There 
is no reason why a consolidated Jugoslavia should not 
prosper exceedingly, and become one of the chief factors 





of peace and stability in Central Europe. 
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THE HOLBORN MECHANICAL 
TANDEM TELEPHONE EXCHANGE. 


Tue conversion of the London¥telephone system 
from manual to automatic working is not only difficult 
in itself, but is complicated by the fact that during 
a longer or shorter period, the two methods of operation 
must exist and operate side by side. Arrangements 
have had to be made, therefore, to ensure smooth 
interworking during the interim period, and one of 
the most important of the means adopted for this 
purpose is the establishment in High Holborn of a 
** mechanical tandem”’ exchange, where the outgoing 
and incoming junctions from the smaller exchanges, 
as well as a number of junctions to practically all the 
other exchanges, will be concentrated. The economy 
of this arrangement, apart from any other advantages, 
becomes apparent by comparing the diagrams given in 
Figs. 1 and 2. Fig. 1 shows a hypothetical exchange 
network, in which direct linking between all the 
exchanges is used, and indicates clearly the complexity 
of the inter-office cabling. Fig. 2, on the other hand, 
shows the simplification of the inter-office trunking, 
when a centrally-situated mechanical tandem exchange 
is employed. The advantages of such an exchange from 
the economic point of view are greatly increased by the 
adoption of automatic working, and its employment 
will also facilitate operation during the transition period. 
Until the conversion to automatic working is completed, 
the mechanical tandem exchange will route traffic 
(1) from manual exchange to manual exchange ; 
(2) from manual exchange to automatic exchange ; 
(3) from automatic exchange to automatic exchange ; 
and (4) from automatic exchange to manual exchange. 

The method of handling the traffic by means of this 
exchange is indicated diagrammatically in Fig. 3. A call 
originated by a subscriber on a manual exchange will 
be communicated by the ‘‘A” operator in that ex- 
change over an order wire to the “ B” operator at 





up the “coder,” whose main object is to minimize 
the number of automatic switches necessary for 
displaying the call at a manual ‘exchange and to 
provide facilities for the even distribution of the calls 
from all exchanges among the operators.* 

It is obvious that before the first automatic exchange 
can be brought into use the whole of the existing 
manual exchanges in London must be equipped for 
code indicator working. During the initial stages of 
automatic working, in fact, 90 per cent. of the auto- 
matically originated inter-exchange traffic will be 
handled at call indicator positions, this percentage 
gradually decreasing as more automatic exchanges 














Fig.1. 
(Manual Exchange 
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There is one of these coder call indicators at each of 
five “B” operators’ positions at the outlying 
exchanges. These comprise an illuminated display 
panel, which is let into the key board in front of ,the 
operator. These panels consist of a ground glass 
screen, beneath which is a bank of miniature lamps and 
a numbered stencil screen. Thus, by suitably con- 
trolling the illumination of selected lamps in the bank, 
a wanted subscriber’s number can be displayed in 
luminous stencil on the ground glass. The “B” 
operator then inserts a plug in the appropriate jack, 
completing the connection to the wanted subscriber 
and ringing the bell in the usual way. 
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the tandem exchange, who will set up the call on the 
key sender shown. If the call is to a manual exchange, 
as will usually be the cave for some time, it will be 
directed to a call indicator position at that exchange, 
where the number required will be displayed on a lamp 
panel. The “B” operator at this exchange will then 
establish communication with the wanted subscriber 
in the usual way. If the call is to an automatic 
exchange, the exchange code will have to be set up by 
the operator at the mechanical tandem exchange, in 
addition to the subscriber’s number, so that the key 
sender is associated with a translating unit and with 
a coder. A view of one of « “ B”’ positions at the 
tandem exchange, showing the keyboard, is given in 
Fig. 4 on page 453. 

To make the system clearer, it may be mentioned 
that the piece of apparatus, which forms the basis of 
the system of automatic telephony, which has been 
adopted by the British Post Office, is known as the 
director. The function of this device is to receive 
and store the call originated by a subscriber on 
an automatic exchange in its original form, to 
send it out into the exchange switching mechanism 
translated into any trains of impulses which may be 
required by the existing lay-out of junction routes 
and switching centres, and to steer it through, 
link by link, to the line of the required subscriber. 
At the originating automatic exchange the director 
impulses are stored in a series of relays, which make 








are brought into use. The work of providing the 
existing exchanges with this apparatus has now 
been nearly completed, the 73 manual exchanges 
within a radius of 10 miles of Oxford Circus having 
been equipped with code call indicator equipment. 
Twenty of these equipments are already in commission, 
and it is expected that the remainder will be brought 
into use at an early date. This development besides 
being necessary for the purpose we have just mentioned 
will, in addition, have the effect of speeding up com- 
munication between manual exchanges. 

The Holborn mechanical tandem exchange to which 
we have already referred, comprises 108 cordless “‘ B”’ 
positions. These, as shown in Fig 4, are arranged on 
switchboards with sloping keyshelves containing rows of 
numbered and lettered keys, resembling those of a 
typewriter. These keys are numbered in the same 
way as a calling dial on an automatic telephone, 7.e., 
from 0 to 9. They are also distinguished by groups of 
letters, which form the code necessary for calling the 
various exchanges.+ These keys operate a series of 
170 ‘senders,’ which transmit trains of impulses, 
and thus register on the code call indicators at the 
outlying exchanges. 





* “The Post Office and Automatic Telephones,” by 
Col. T. F. Purves, O.B.E. Journal of the Institution of 
Electrical Engineers, 1925, vol. lxiii, p. 617. 

+ Purves loc, cit. 
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It will be noted from Fig. 3 that in mechanical tandem 
routing the verbal instructions are confined to one 
operator only, whereas two, three or even more opera- 
tors have to repeat instructions under the purely manual 
system. The new method of working should therefore 
be both quicker and freer from error than the old, and 
should incidentally relieve the pressure on both the 
junctions and junction plant. 

The whole of the equipment of the Holborn mechanical 
tandem exchange, as well as the coder call indicator 
apparatus at the outlying manual exchanges, has been 
manufactured by the Automatic Telephone Manufac- 
turing Company Limited, of Liverpool, to whom we 
are indebted for the diagrams and photograph illus- 
trating this article. 








THe TAONAN-TsITSIHAR Ratuway, MANcHURIA.—As 
reported in our issue of January 21 last, on page 86, the 
Taonan-Tsitsihar Railway was, some time ago, com- 
pleted to Angangchi, a station on the Chinese Eastern 
Railway some 100 miles west of Harbin Junction. The 
final completion of the line to Tsitsihar, some 20 miles 
north of Angangchi, entailed crossing the Chinese Eastern 
Railway, and this procedure was, at the time, strongly 
opposed by the C.E.R. authorities. Differences appear 
now to have been adjusted, however, and it is stated 
in a recent issue of The Chinese Economic Bulletin 
that the Taonan line will be carried on to Tsitsihar 
by means of an elevated track over the Chinese Eastern 
Railway. 
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AUTOMATIC TELEPHONE MANUFACTURING COMPANY, LIMITED. 


(For Description, see opposite Page.) 


Fie. 4. Corpiess “B” Position 


PNEUMATIC COAL-HANDLING 
PLANT. 


ALTHOUGH pneumatic elevators for grain have been 
successfully employed for upwards of thirty years, the 
use of similar plant for handling coal and other heavy 
materials is comparatively recent. The increasing 
use of small coal for boiler firing is doubtless respon- 
sible for the extension of the system, since this class of 
fuel is obviously suitable for pneumatic handling, and 
is that for which it is likely to prove most economical. 
The economies, however, arise mainly from the 
flexibility and handiness of the pneumatic system, 
and from the fact that with the latter there is 
often a considerable saving in time and labour 
in discharging coal from barges or wagons. The 
pneumatic system also lends itself extremely well to 
the transport of coal and similar materials over 
obstacles frequently encountered in large works and 
power stations, it being a comparatively simple matter 
to support a pipe in situations, where it would be prac- 
tically impossible to instal a mechanical conveyor. 
With the latter, moreover, there is, in many cases, a 
risk of a nuisance arising from the dust created, to 
say nothing of the loss of fuel from this cause. These 
troubles are entirely avoided with the pneumatic 
system. On the other hand, it must be admitted 
that the power required for a pneumatic plant is 
greater than is necessary for operating mechanical 
conveyors of the same capacity, so that the latter 
would naturally be employed where the particular 
advantages of the pneumatic system are insufficient to 
balance the additional cost of power. Frequently, 
of course, the most satisfactory results can be obtained 
by using the two systems in combination. 

Messrs. Henry Simon, Limited, of Mount-street, 
Manchester, who have had an extensive experience 
in the design and construction of pneumatic grain- 
handling plant, as well as of mechanical elevators and 
conveyors for this and other materials, have, in recent 
years, installed a number of pneumatic plants for coal 
handling, so that the details which we are able to give 











at HoLBporN TANDEM EXCHANGE. 


below of one of their most recent installations of this 
class will doubtless be of general interest to engineers. 
The drawings and photographs on Plate X XXIII illus- 
trate a pneumatic coal-handling plant installed by this 
firm at the Carrow Works of Messrs. J. and J. Colman, 
Limited, Norwich, whose main products, as is well known, 
are mustard and starch. Messrs. Colman have recently 
constructed a new boiler house for the supply of process 
steam throughout the works, the main contractors for 
this work being Messrs. Babcock and Wilcox, Limited. 
The boiler house is a steel-framed building covered with 
corrugated iron, and in it are installed four boilers, 
working at 200 lb. per square inch with chain-grate 
stokers, and each capable of evaporating 8,500 lb. of 
water per hour. The coal consumption is expected 
to amount to about 60 tons a week in the summer and 
to about 100 tons a week in the winter, under normal 
conditions. The pneumatic plant, the capacity of 
which is 10 tons per hour, is used for discharging the 
coal from the trucks and delivering it into concrete 
lined steel-plate overhead bunkers in the boiler house. 
As the boiler house is constructed in close proximity 
to the starch factory, the dissemination of coal dust into 
the atmosphere could not be tolerated, and it was 
mainly this consideration which led Messrs. Colman’s 
chief engineer, Mr. D. P. Scott, to employ the pneu- 
matic system, although the fact that the discharging 
plant could be operated by one man only was also 
taken into account. 

Figs. 1 and 2, on Plate XX XIII, show the general 
arrangement of the plant and Fig. 3, on the same 
plate, illustrates the part of it which is external to the 
boiler-house. From these illustrations, it will be seen 
that the suction pipe, which is of 5 in. bore, is 
supported on a swinging cantilever arm, the pipe 
being fitted with a swivelling joint in line with the 
hinges of the cantilever arm, as is perhaps most 
clearly shown in Fig. 3. This arrangement enables 
the nozzle to be easily moved from one truck to 
another, and also permits the pipe to be swung back 
clear of the track when the plant is not in use. The 
vertical part of the pipe includes a telescopic length, 


which can be raised and lowered by a small winch in 
the cantilever arm, and a flexible portion, to which 
the nozzle is connected, as shown in Fig. 7 on 
Plate XXXIII. This figure also shows the class 
of coal used, which is double-screened nuts up to 
about 1} in. cube, although pieces up to 24 in. 
cube can easily be handled. Details of the nozzle 
are given in Figs. 4, 5 and 6, and its construction 
can be followed from these with but little explana- 
tion. It is constructed of steel plate with an open- 
ing in the shape of a trapezium, and is fitted with a 
handle, for moving it from place to place, and with a 
flap valve, for regulating the quantity of air admitted 
above the coal. This additional air is of considerable 
importance in preventing choking, its effect being to 
confine the coal to the central portion of the suction 
pipe, so that it would only come into contact with the 
sides at sharp bends. These are, of course, avoided 
as far as possible, in order to prevent rapid wear of the 
pipe. 

The suction pipe is connected to the side of a coal 
receiver located in the boiler-house, above the level of 
the bunkers, as shown in Figs. 1 and 2, the mixture of 
coal and air entering through a cast-iron bend and 
being delivered towards the bottom of the receiver, a 
section of which is given in Fig. 8. To the bottom of the 
receiver is bolted the tipper seal illustrated in Figs. 9, 
10 and 11, and through this the coal is delivered on to a 
scraper conveyor, which carries it along to any one of the 
four bunkers, each of which is capable of holding 25 tons. 
From these it is delivered, as required, through a travel- 
ling Avery weighing machine into chutes, which convey 
it to the stokers. The object of the tipper seal is, of 
course, to allow the coal to pass out of the receiver 
without permitting the air toenter. Referring to Figs. 
9, 10 and 11, it will be seen that the seal comprises a 
rocking member containing two pockets with inlets at 
the top and hinged outlet doors on the sides. The upper 
part is machined to form a cylindrical surface, which fits 
into a similar surface formed on a casting bolted to the 
bottom of the receiver. The rocking member is carried 
in adjustable bearings, and is rocked to and fro by a 
frame fitted with springs and connected to a crank-pin 
driven by chain and worm-reduction gearing from a 
3 h.p. motor, which is started up from the firing floor 
level of the boiler-house. The driving arrangements 
can be followed from an examination of Fig. 13. 

The rocking member oscillates at about 22 strokes 
per minute, and at each stroke one of the pockets is 
brought into communication with the outlet from the 
receiver and filled with coal, while the contents of the 
other are discharged through the swinging door; Fig. 11, 
perhaps, illustrates the arrangement most clearly. It 
will be understood that while one of the pockets is in 
communication with the receiver its hinged door, which 
is fitted with a rubber seating to render it airtight, is 
held closed by the pressure of the atmosphere. The 
other pocket, however, has swung over sufficiently to 
allow air to enter through the coal inlet at the top, as 
shown on the right of Fig. 11, and, the vacuum having 
been broken in this way, the outlet door can swing open 
and allow the contents to escape. An airtight joint 





between the rocking member and the upper casting 
is made by means of a steel packing strip, fitted in a 
recess formed in the upper edge of the central diaphragm 
plate, and held up by bow-shaped springs, leather strips 
being also provided at the sides and ends of the rubbing 
face of the rocking member. It will also be noticed 
from Fig. 11 that small ports are formed in the working 
face of the upper casting on each side of the main outlet, 
these ports communicating with passages to which pipe 
connections are made to the receiver. The object of 
these ports is to exhaust the air from the pockets before 
they come into direct communication with the receiver 
for filling, and thus to prevent dust from being carried 
upwards by the sudden inrush of air from the pockets. 
The driving arrangements, which are patented, call for 
no particular comment, except perhaps that the springs 
fitted serve to prevent damage in the event of any large 
foreign body becoming jambed between the centre plate 
of the rocking member and the edge of the outlet from 
the receiver. Such a body would, of course, be released 
on the return stroke, without interrupting the working 
of the plant. 

The dust and fine particles of coal which are carried 
up by the air passing through the receiver are collected 
by the cyclone separator indicated by dotted lines in 
Fig. 8, and returned through a separator rotary seal, 
not shown in the illustrations, into the main stream of 
coal leaving the tipper seal; the rotary seal is driven 
by a chain from the worm gear which drives the tipper 
seal. The air from the receiver, which still contains a 
certain amount of dust, leaves at the top and passes 
downwards through the pipe shown in Figs. 1 and 2 
to a water filter, consisting of a cast-iron vessel with 
conical end pieces erected on a light steel structure 
outside the boiler-house, as is most clearly shown in 
Fig. 3. A section of the filter is given in Fig. 12 on Plate 
XXXIII, and it should be explained that the upper 








portion contains a layer of coke resting on a central 
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perforated plate, while water sprays are provided in 
the lower portion. The dusty air enters the lower 
portion of the vessel at the side, and after being washed 
by the sprays, passes upwards through the coke, 
which serves to collect the moisture and any remaining 
dust. The air, now free from dust, passes out from the 
top of the filter through an expansion box to the vacuum 
pump, while the water from the sprays, carrying with 
it the dust, passes down through a vertical pipe, con- 
nected to the bottom of the filter, to a sludge tank on 
the ground level. The sludge tank, which can be 
seen in Figs. 1, 2 and 3, is connected to the water 
main through a ball valve, which serves to maintain a 
constant level, and any surplus water can escape through 
an overflow to the drain. It will be understood that, 
with the arrangements described, water will rise in 
the vertical pipe connecting the sludge tank and the 
filter as soon as the vacuum pump is started up, the 
height, to which it rises depending upon the vacuum, 
the maximum value of which is 12 in. of mercury, 
although the plant normally works at from 5 in. to 
7 in. of mercury. The filter must thus be placed at 
a sufficient h. ight to prevent it from being flooded at 
the maximum vacuum, and it is for this reason that it 
has been erected on the structure shown in Fig. 3. 
The water, which rises in the vertical pipe when the 
plant is started up, is replaced by fresh water entering 
through the ball valve ; and that which runs down when 
the plant is stopped escapes through the overflow. 
The dust accumulates in the bottom of the tank in 
the form of sludge, which can be removed at intervals, 
the tank being formed with a sloping end, as shown in 
Figs. 2 and 3, to facilitate the operation. 

The expansion box, shown near the pump in Figs. 1 
and 2, and also visible in Fig. 14 on Plate XX XIII, is 
provided to damp out the pulsations arising from the 
reciprocating action of the pump. It is fitted with an 
outlet door at the bottom for cleaning purposes, al- 
though very little dust is found to collect in it. On the 
pipe leading from the expansion box a relief valve is 
titted, and the pipe is connected by a breeches piece 
to the suction side of the pump, as shown in Fig. 14. 
A similar breeches piece on the discharge side connects 
the pump with the exhaust pipe, which is carried up 
on the outside of the building, as shown in Fig. 2. The 
pump itself is of the vertical type, having a single 
cylinder, 24} in. in diameter with a piston stroke of 
8 in., and is driven by a belt from a 20 h.p. 440-volt 
Laurence Scott direct-current motor, controlled by a 
Brookhirst starting panel. The pump has_ been 
specially designed for the pneumatic handling of coal, 
and to be unaffected by any dust, which may be carried 
through with the air. For this reason the piston is 
not lubricated in the usual manner, but holes are drilled 
in the cast-iron piston rings and are filled with a dry 
graphite lubricating compound, which requires little 
or no attention for long periods. A large number of 
comparatively small valves, of the plate type, are 
fitted in the cylinder covers, and are easily accessible 
for renewal or repair. The main bearings are of the 
ring-oiling type, and the reciprocating parts are supplied 
with oil by drip-feed lubricators. 

As previously mentioned, the normal capacity of the 
plant is 10 tons per hour, but a maximum capacity 
of 12 tons per hour was obtained under test conditions 
The plant has now been in use for some six months, 
and has, we understand, given entire satisfaction. 








LABOUR NOTES. 

At its meeting on Wednesday, the annual conference 
of the Labour Party at Blackpool adopted, by a large 
majority, an important resolution relating to the coal 
industry. It was in the fcllowing terms :—* This 
Conference deplores the disastrous condition into which 
the mining industry has fallen as a result of the Govern- 
ment’s lamentable surrender to the mine owners 
during the dispute of last year, and the absence of any 
constructive policy on the part of either the owners 
or the Government to deal with the situation. It re- 
affirms its considered view that the nationalisation of 
the mines, the development of coal treatment as an 
integral part of the coal industry, and the reorganisa- 
tion of the distributors’ processes are essential to the 
prosperity of the industry and to an assured livelihood 
and an adequate standard of life for the mine workers. 
In view of the imperative need for an immediate pro- 
gramme for the amelioration of existing conditions, and 
especially of the serious and growing volume of unem- 
ployment, this Conference calls for: (a) The repeal 
of the Eight Hours Act; (6) the regulation of the 
supply of labour in the mining industry by (1) raising 
the school-leaving age to 15, or preferably 16, with the 
provision of the necessary maintenance allowances 
and preparatory training for other forms of employ- 
ment; (2) the suspension of recruitment of adult 
labour from outside the industry and the transfer of 
unemployed miners under proper arrangements to 
areas where there is a demand for mine workers; (3) 
superannuation allowances for mine workers of 60 
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years and upwards to be provided partly by a levy 


on coal royalties and partly out of the future proceeds 
of the industry. (c) Adequate provision on national 
lines without recourse to the Poor Law and local 
rates for the maintenance of those for whom work is 
not available. (d) Compulsory grouping and amalga- 
mation of mines so as to secure the advantages of uni- 
fication. (e) The establishment of a selling agency 
on each coalfield either by the State or by public 
utility societies. (f) Legislation to enable local 
authorities to undertake the sale of coal.”’ 





The September report of the United Society of Boiler 
Makers and Iron and Steel Shipbuilders states that at 
the end of August 11,403 members were “ signing the 
books ’’ as compared with 11,739 at the end of July. 
The number in receipt of superannuation benefit was 
4,155 as compared with 4,215, and the number on the 
sick fund 2,874 as compared with 2,740. The expenses 
were 9,7761. 19s. 1d.; in July, when there were five 
weeks’ outlays, they were 11,964I. 3s. 2d. 





An official announcement published in Rome is to 
the effect that employers of labour at an inter-syndical 
conference, having intimated the necessity of reducing 
wages so as to bring the cost of production into harmony 
with the sterling quotation at 90, the Italian Govern- 
ment has made arrangements in regard to the reductions, 
which are in no case, it is stated, to be below 10, or 
over 20 per cent. 





According to the New York correspondent of the 
Daily Telegraph, the Executive Council of the American 
Federation of Labour, at its annual convention in Los 
Angeles, recommended the adoption of a new wage 
policy, in which the practice of making arbitrary 
demands for increased wages with the alternative of a 
strike would be subordinated to the presentation of 
facts and figures in support of Labour contentions. 
Other matters considered by the convention included 
Labour’s goal of a five-day working week, and a recom- 
mendation that Labour should insist upon an almost 
complete restriction of immigration. 





The difference between the Electrical Trades Union 
and the National Federated Electrical Association over 
the employment of a man who was not, strictly speaking, 
a union member, was adjusted on Thursday of last week. 
According to Mr. W. J. Webb, the London District 
Secretary of the E.T.U., the terms of settlement were 
as follows :—‘‘ If the E.T.U. agrees to withdraw any 
and every instruction to its members not to work for 
the Bective Electrical Company, and, further, to 
withdraw its pickets, official or otherwise, the National 
Federated Electrical Association agrees, provided the 
above steps are taken immediately and a sufficient 
number of E.T.U. men apply for work, to advise the 
Bective Company to dispense with the services of the 
non-union men engaged by them since the strike started 
within seven days of the men applying for work, with 
the exception of the man and mate now working at 
Hereford, who shall be recommended to join the E.T.U. 
In the unlikely event of their refusing to do so within 
twenty-one days, the matter shall be referred to the 
London Disputes Committee.” At a meeting held 
later in the day, the strikers agreed to resume work on 
the following morning. 





Last week’s conference in London between the 
Shipbuilding Employers’ Federation and the Boiler- 
makers’ Society, on the subject of the industry’s proce- 
dure agreement, did not succeed in adjusting the 
difference which has arisen. Mr. John Barr, of Barrow- 
in-Furness, the president of the employers’ federation, 
made a considered statement explaining the views of 
the employers, and Mr. John Hill, the general secre- 
tary of the men’s union, replied. The conference was 
adjourned until October 14 in order, it was under- 
stood, to enable the men’s representatives to consider 
the statement made by Mr. Barr. 





The sub-committee of the National Federated 
Electrical Association and the Electrical Trades Union 
intimate that a variation of wages in the electrical 
contracting industry in accordance with the cost of 
living, will take effect during the next four months. 
A reduction of 4d. an hour in all four grades will come 
into operation on the second pay day in October. 
The cost-of-living figure, it is stated, justifies a 28} per 
cent. reduction on the April, 1921, basic rates. 





The Berlin correspondent of The Times, telegraphing 
on September 27, stated that the steady decrease of 
German unemployment continues. The latest returns 
show that the number of unemployed in receipt of 
ordinary relief fell from 404,000 on September 1 to 








381,000 on September 15. The number of dependents 
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in receipt of allowances decreased from 466,000 to 
427,000 during the same period. The returns of 
unemployed in receipt of extended benefit under the 
Emergency Relief system, published monthly, show a 
decrease from 156,000 on August 15 to 136,000 on 
September 15. The total decrease in the number of 
unemployed, in receipt of relief in both categories, 
during the month from August 15 to September 15 
amounted to 59,000, or 10-2 per cent.—from 576,000 
to 517,000. 





During the next few months, trade unionists will be 
invited to sign the “ contracting-in ” forms, required 
by the Trade Unions and Trade Disputes Act from 
those who desire to contribute to the Labour party’s 
political funds. “‘ Among the trade unions affiliated 
to the T.U.C., there are 87 with an aggregate member- 
ship of about 450,000, which are not affiliated to the 
Labour party,” says the Industrial News Service of the 
T.U.C. ‘“* Arrangements are now being made for wide- 
spread distribution of the ‘contracting-in’ forms 
throughout the trade union movement, and it is hoped 
that within the next few months a strong and deter- 
mined effort will be made to get them signed in millions, 
so that the Labour party will be enabled to continue 
its work with increased membership and funds. Special 
attention needs- to be given to the politically non- 
affiliated unions.” 





Further district conferences have taken place 
between representatives of the L.M.S. Railway and 
representatives of the railwaymen’s unions under the 
scheme of co-operation put forward by Sir Josiah Stamp. 
After a meeting held at Derby, Mr. W. Clower, the 
Company’s chief officer for labour and establishment, 
informed a representative of the Press that the inten- 
tion was to revitalise the old local departmental com- 
mittees, which had ceased to function in the way 
desired, and, by putting all the cards on the table, to 
gain the full confidence of the employees. He added 
that the scheme was at present confined to those 
engaged in the operation of traffic, but an agreement 
had been reached with the trade unions for its exten- 
sion to the workshops. 

The difference which has arisen between the Miners’ 
Federation of Great Britain and the National Union of 
Seamen is to be considered by the full Disputes Com- 
mittee of the General Council of the Trades Union 
Congress‘on October 11. The National Union of Sea- 
men, it will be recalled, recently decided to lend the 
new non-political Miners’ Union a sum of not less than 
10,0007. At the Trade Union Congress in Edinburgh, 
the National Furnishing Trades Association put forward 
a resolution proposing that the National Seamen’s 
Union should be expelled and the Transport and 
General Workers’ Federation invited to open a marine 
section. Failing that, it was suggested the General 
Council should provide opportunities for the recruit- 
ment of seamen in a suitable trade union organisation. 
Eventually, it was decided that the question should be 
referred to the Disputes Committee of the General 
Council. 





The official organ of the International Labour Office 
states that the rise in prices in Hungary, which has 
been the subject of a Government inquiry, recently 
caused a serious dispute in the metal-working industry. 
At the beginning of August, 1927, a movement with 
the object of obtaining increases in wages, corresponding 
to the higher cost of living, began in several metal 
working factories of Budapesth. A strike was declared, 
and in a few days extended to 15,000 workers. An 
attempt at conciliation between the strikers and the 
National Association of Iron and Steel Works, made 
under the auspices of the Deputy Chief of Police of 
Budapesth, was unsuccessful, the workers demanding 
an increase of 20 per cent. in wages, which the employers 
declared themselves unable to pay. The Minister of 
Labour and Social Welfare, Mr. Vass, nevertheless 
continued the negotiations. On August 26 it was 
agreed that the workers in each factory should enter 
separately into negotiations with their respective 
managements. This method gave results satisfactory 
to the two parties, the employers agreeing to certain 
increases in wages. Work was resumed at the end 
of the month. 





According to the report prepared by the Central 
Committee for the party’s annual conference, the 
membership of the British Communist party has fallen 
off by nearly 33 per cent., as compared with a year ago, 
when it was in the neighbourhood of 11,000. The new 
total is 7,377. The loss of members is stated to be 
almost exclusively in the mining areas. Between Sep- 
tember, 1926 and August, 1927, the organisation issued, 
it is stated, 1,500,000 leaflets, 45,000 posters, 26 publica- 
tions in over 200,000 copies, and 8,000 ‘ speakers’ 
notes.” 
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The Ministry of Labour states that on September 26, 
1927, the number of unemployed persons on the 
registers of the Employment Exchanges in Great Britain 
was 1,050,800, of whom 836,400 were men, 32,200 
boys, 149,900 women, and 32,300 girls. Of the total 
number 704,900 were wholly unemployed, 282,400 
temporarily stopped, and 63,500 normally in casual 
employment. On September 19, 1927, the number 
of persons wholly unemployed was 699,273, and the 
number temporarily stopped 284,626. The number 
normally in casual employment was 64,093. Of the 
1,047,992 on the registers at the latter date, 823,512 
were men, 33,606 boys, 157,770 women, and 33,104 
girls. On September 27, 1926—when the figures were 
affected by the dispute in the coal-mining industry— 
the number of unemployed persons was 1,527,751, 
of whom 1,161,981 were men, 43,542 boys, 278,948 
women, and 43,280 girls, 





The Blanesburgh Committee’s recommendations 
have, in the main, been adopted by the Government in 
framing the Unemployment Insurance Bill—the text 
of which was issued late last week. On two important 
points, however, the views of the Committee have 
not been accepted. One of the recommendations of 
Lord Blanesburgh and his associates was, it will be 
recalled, that the cost of the scheme should be borne 
equally by the three parties concerned—the State, the 
employers, and the workers—and that the amount of 
the weekly insurance payment should be reduced, 
subject to the proviso that there should be a slight 
increase in the revised contribution, but still a reduc- 
tion in the present rate, until the debt on the existing 
scheme had been extinguished. No proposals of that 
kind appear in the Bill. A new class of workers— 
young men and young women—between the ages of 
18 and 21—are provided for. They will receive lower 
benefit and pay a lower contribution. 





In the course of a reference to the recent Vienna 
Congress of the International Association for Social 
Progress, Industrial and Labour Information says that 
like other international conferences on a large scale 
that have taken place in recent months, the meeting 
emphasised the close relation between economic and 
social problems, particularly in discussing unemploy- 
ment. The association suggested the stabilisation of 
the general level of prices as a means of reducing an 
important factor in economic fluctuations. The meet- 
ing also discussed “rationalisation ’’ and its social 
consequences—diminished unemployment, progressive 
reduction of hours of work, and the increase in real 
wages derived from increased production. Fore- 
seeing, however, that in spite of all efforts a certain 
lack of employment would persist, the Conference laid 
down the general principles of an extensive programme 
of unemployment insurance. Finally, the important 
problem of family welfare was approached. The 
association decided to continue the study of this 
question, and also to consider the prolongation of 
the period of compulsory education. 











VESSEL ON TRIAL Run. 


Fie. 1. 


THE MOTOR LINER “ SATURNIA.”’ 


By the completion of the Saturnia, which left Trieste 
on her maiden voyage on September 21, the possession 
of the world’s largest motor vessel passes to Italy. 
The Saturnia has a gross tonnage of 23,900, against 
22,500 tons for the Asturias, placed in service early 
in the year, and 20,000 tons for the Carnarvon Castle, 
which was completed a little later. The Saturnia has 
been built to the order of the Cosulich Linie, of Trieste, 
by the Cantiere Navale Triestino, Monfalcone, and will 
be employed for the South American express passenger 
service, between Trieste and Buenos Aires, calling at 
Naples, Marseilles and Rio Janeiro. 

The vessel, which is illustrated in Fig. 1, above, 
has an overall length of 631 ft., a breadth of 79 ft. 6 in., 
and a depth to the main deck of 46 ft. 6in. The load 
draught is 29 ft., the service speed 19 knots, and the 
ship’s personnel numbers 441. She has accommoda- 
tion for 279 first-class, 257 second-class, 309 inter- 
mediate, and 1,352 third-class passengers. The vessel 
has eight decks, and the main sub-division is effected 
by ten transverse water-tight bulkheads, which extend 
vertically to the fifth deck with the exception of the 
foremost, which extends to the fourth deck, and bulk- 
head number five, which extends to the sixth deck. 

There are three cargo holds forward and three aft, 
the intervening space being occupied by the main and 
auxiliary engine rooms and the swimming pool. The 
cellular double bottom extends for the full length of 
the ship. It is utilised for the carriage of fresh water 
to the amount of 2,500 tons. Two of the forward holds 
are insulated for the carriage of frozen and chilled 
cargoes. The cargo spaces are served by six hatchways 
with trunks through the upper decks. The passenger 
accommodation includes a lounge, 43 ft. by 33 ft., a 
social hall, 63 ft. by 46 ft., library, smoke room, and so 
on. The whole of the deck house is surrounded by a 
large teak-covered promenade 16 ft. broad. Both the 
first and lower class accommodation are in keeping 
with the standard of modern ocean-going vessels. 
The structural arrangements and scantlings are through- 
out in conformity with the requirements of the Registro 
Italiano and with Lloyd’s Register of Shipping. 

The main propelling machinery, which was built 
by the Fabbrica Macchine San Andrea, 8.A., a con- 
cern of the Stabilimento Tecnico Triestino, consists 
of two eight-cylinder Burmeister and Wain double- 
acting Diesel engines operating on the four-stroke 
cycle, each engine developing 10,000 brake horse- 
power at 125 r.p.m. The diameter of the cylinders. 
is 840 mm. (334 in.) and the piston stroke is 1,500 mm. 
(58}#% in.). As will be clear from Fig. 2, page 458, 
which shows one of the engines in the shops, they are 
of the closed type, and are generally similar to earlier 
engines of Burmeister and Wain type, several of 
which have been previously described in our columns. 
Forced lubrication is employed for all bearings, the 
lubricating oil being also employed for cooling the 
pistons. The ‘cylinder heads and valves are water 
cooled. The bedplate is of cast iron, and is divided 





up into compartments by webs carrying the main 
bearings. The cylinders are mounted on a box cast- 
ing, or entablature, in which the lower cylinder covers 
are carried, and the same type of construction is em- 
ployed for the cylinder heads. The cylinders are 
divided into two groups of four, and, between the 
groups, a special frame is introduced carrying the 
various controls, of which the mechanism is enclosed 
and lubricated under pressure. Separate camshafts, 
which can be seen in Fig. 2, are employed for the upper 
and lower valves, both camshafts being driven from the 
crankshaft through steel gearing. The engine is 
reversed by sliding the camshafts, a compressed-air 
servo-motor being employed for this purpose. The 
oil pump is in two parts, each part being provided 
with four plungers so that every cylinder has an inde- 
pendent supply. 

Among the auxiliaries may be mentioned three 
generating sets and three compressors, all Diesel driven. 
Two of the generating sets are driven by six-cylinder 
Burmeister and Wain engines, while the third is driven 
by a three-cylinder engine of the same type. All 
three engines are of the closed type, with forced lubri- 
cation, operating on the four-stroke cycle, and are 
direct coupled to the generators. The compressors 
for the sets form one unit with the engine. The six- 
cylinder sets are of 1,350 brake horse-power, and the 
three-cylinder set of 650 brake horse-power, the 
engines running at 195 r.p.m. in all cases. The 
diameter of the cylinders is 550 mm. (21% in.) and the 
piston stroke is 900 mm. (35, in.) for both the six- 
and three-cylinder engines. 

The compressor engines, one of which is illustrated 
in Fig. 3, are four-cylinder Diesel units, also of Bur- 
meister and Wain type, the bore and stroke being the 
same as that of the engines for the generator sets 
referred to above. Each engine is built up in one unit 
with a three-stage twin-cylinder compressor, as shown 
in the illustration. The engines develop 900 brake 
horse-power at 175 r.p.m., and there is one set for 
each main engine, the third set being used as a standby. 
We understand that the main engines each developed 
13,000 brake horse-power on the test bed, and that the 
vessel, which, as previously stated, has a designed 
speed of 19 knots, reached a speed of 21 knots on her 
trials. Since 1920 the Fabbrica Macchine San Andrea 
S.A. have built Diesel engines totalling 200,000 brake 
horse-power with Italian materials and labour, and 
have at present in hand the engines for the Vulcania, 
sister ship to the Saturnia, and about fourteen other 
large vessels, 








MvuKpeEn-Haitune Rattway, Mancuurta.—The pro- 
gress made with the construction of the Mukden-Hailung 
Railway has, from time to time, been referred to in our 
columns. The line runs in a north-easterly direction 


from Mukden, through Fushun and other growing 
centres, to Hailung, which terminus is about 90 miles 
south-west of Kirin. According to a recent issue of T'he 
Chinese Economic Bulletin, the railway, which is over 
170 miles in length, was opened to traffic on September 3 





last. 
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LETTERS TO THE EDITOR. 


THE SEVENOAKS ACCIDENT. 
To THE EpIToR oF ENGINEERING. 


Srr,—I agree with your correspondent, Indagine, 
that my model might be viewed as representing, in 
certain running characteristics, a locomotive with pony 
axle, and it is not unlikely that the pony axle in the 
locomotive under notice contributed to the derailment. 
Regarding your correspondent’s claim that the prob- 
lems of locomotive running are sufficiently amenable to 
mathematical analysis, I agree as to statical problems, 
and do not anticipate inexplicable derailment at low 
speeds, Isubmit, however, that the dynamics of loco- 
motive behaviour at high speed defies intimate analysis : 
our knowledge of it is mainly empirical ; and, as such, 
often defective or mistaken in its correlation of cause 
and effect. Abstract dynamics, however, teaches that 
a feature, like the rear bogie, which tends to cause 
instability of running, or whatever term is appropriate 
to describe the condition in which a small departure 
from right alignment of the wheels tends always to 
increase, should be avoided in a high-speed locomotive, 
the lateral motion of which has natural periodic proclivi- 
ties which can develop a dangerous swing. An unavoid- 
able feature making always for instability of running, 
and becoming more effective as the speed rises, is the 
inertia of the locomotive itself; and it is undesirable 
that the machine should be given avoidable proclivities 
in the same direction, especially as wheel arrangements 
tending in the opposite direction (i.e., towards steady 
running), are available and feasible. A return showing 
the types of engine involved in inexplicable derailments 
might throw light on the matter. It would appear 
from the evidence of the present inquiry, that that 
which took place near Hassocks in 1914, in which a 
4-6-4 tank engine, travelling at 65 m.p.h., derailed at 
a leading coupled wheel on a perfectly straight road, 
wouid be included in such a return. 

Yours faithfully, 
F, W. Carter. 


Rugby. October 5, 1927. 





COKE v. OIL FUEL FOR DOMESTIC 
HEATING. 


To tHE Eprror oF ENGINEERING. 

Sir,—Your correspondent’s exposition of the term 
“ efficiency,” as applied to solid and liquid fuels, in your 
issue of September 23, tends to obscure the real issue 
of the present question, namely, the comparative fuel 
cost of central heating using gas coke and oil fuel. 
Your correspondent’s estimate, per one million B.Th.U. 
transmitted to the water circulated through the boilers, 
is 50d. with oil fuel at £5 12s. 6d. per ton (ENGINEERING, 
July 29). The official (L.C.C.) boiler test quoted in 
my letter (September 9) proves the corresponding cost 
with gas coke (at 34s. 2d. per ton) to be 18-34d. 

It is now suggested that oil fuel can be purchased by 
most consumers in 5 ton lots at £4 10s. per ton; but 
successfully to compete with gas coke on a cost and 
efficiency basis, the price of oil fuel (assuming your 
correspondent’s figure of ‘‘ 624 ” per cent. efficiency for 
oil) would have to be less than 45s. per ton. 

The advantages claimed for liquid fuel are fully 
appreciated at their true value by most engineers who 
have had experience in oil firing ; but compared with 
gas coke its application to central heating is unfortu- 
nately complicated by the unavoidable introduction 
of automatic feed and draught control appliances. 
These include electric or gas pilot jet ignition ; thermo- 
static feed control; electric air compressor and auto- 
matic electric heater (for heavy oils), all liable to failure 
without warning, and sometimes attended with 
disastrous results due to incomplete combustion. 

Yours faithfully, 
E. W. L. Nicot. 
Engineer and Fuel Expert. 
London Coke Committee, 


84, Horseferry Road, 8.W.1. October 5, 1927. 





THE LATE PROFESSOR SVANTE 
ARRHENIUS. 


FEW men were so widely popular in the world of 
science as Professor Svante Arrhenius, director of the 
Nobel Institute, who died at Stockho!m on October 2, 
in his 68th year. Of the three fathers of the electrolytic 
dissociation theory, Arrhenius, J. van’t Hoff, who died in 
Berlin in 1911, and Wilhelm Ostwald, there remains only 
the third, a professor emeritus of Leipzig University. 

Svante Arrhenius was born on February 19, 1859, at 
Wijk, near Upsala, a son of an engineer of the same 
name. He studied chemistry and natural science at the 
University of Upsala, founded in 1477, and famous for 
its library. Having taken his degree, he proceeded to 
Riga, where he worked with Ostwald, who soon after- 
wards went to Leipzig, then to Wurzburg, Gratz, 
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Amsterdam and back to Leipzig, Kohlrausch, Boltzmann 
and van’t Hoff being his teachers or colleagues. His 
investigation of electrolytic conductivity began in 1883. 
That the current was, during electrolysis, carried by 
ions had been suggested by Faraday, Clausius, and 
Williamson. Dissociation of salts in solution to a 
chemically-indeterminable degree had been suggested by 
Clausius. No chemist or physicist, however, had taught 
that the dissociation of salts into their ions in aqueous 
solutions played any important part in chemical 
reactions. Arrhenius came to the apparently paradoxi- 
cal conclusion that the molecular conductivity of a salt 
in solution increased with increasing dilution, because 
the number of conducting, i.e., dissociated, molecules 
increased at the expense of the other molecules; also 
that all molecules of an electrolyte were conductors at 
infinite dilution. The evidence rested partly on the 
experiments of Raoult, on the abnormally great lower- 
ing of the freezing point of water by electrolytes in 
solution. The explanation of this was given in 1886, 
when van’t Hoff proved that dilute solutions obey the 
gas laws, and that dissociating sodium chloride, e.g., 
exerts an increased osmotic pressure in solution because 
each of the two ions exerts the pressure of one particle 
of an undissociated salt. The “‘ wild ionians’’ were 
assailed everywhere, especially by the old school, but 
their views soon prevailed, though difficulties in 
connection with concentrated solutions have not quite 
been overcome yet. 

The three fathers of the new theory founded, in 1887, 
the Zeitschrift fiir physikalische Chemie, and physical 
chemistry became almost synonymous with theo- 
retical chemistry. Arrhenius had several offers of 
professorships abroad, but he remained at Stockholm, 
where he had been appointed lecturer in 1891. In 1903 
he was awarded the Nobel prize, and, in 1905, he became 
director of the Physico-Chemical Department of the 
Nobel Institute, which is subordinate to the Swedish 
Academy. As such, he came in touch with the leading 
scientists of all nations; he was elected an honorary 
member of many foreign academies, and held many 
honorary degrees. The Royal Society gave him the 
Davy medal in 1902, and created him a foreign member 
in 1910; he was the Faraday Lecturer of the Chemical 
Society in 1914. In later years his interests re- 
turned once again to biology and the part played by 
dissociation and membranes in the animal system. 
His book on immuno-chemistry dates from 1906; in 
1915 he wrote another book, Quantitative Laws in 
Biological Chemistry. His views on the universe in 
the course of time, written in Swedish, in 1906, were 
translated into English under the title, The World in 
the Making. He there maintained that spontaneous 
generation was as inadmissible as was perpetual 
motion. Life had come to this earth by spores 
from other parts of the universe, on which life had 
already developed, always from the lowest form. Life 
was to be as indestructible as matter and energy ;_ but 
he saw the difficulty thatilife can apparently be 
destroyed without giving rise to new life. Of later 
books of his, we may mention, Destinies of the Stars 
and Chemistry and Modern Life. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron T'rade.—Business in Cleveland pig- 
iron is on only a moderate scale, but the restricted 
output barely meets market needs, and producers’ 
stocks are stated to have been reduced to quantities in 
the neighbourhood of that which is necessary to conduct 
ordinary transactions. The bulk of the production is 
still going into direct consumption at makers’ own 
steelworks, and the marketable surplus is chiefly absorbed 
by local founders and firms in Scotland. A few more 
small sales to the Continent are reported. For home 
consumption No. | quality is 70s. ; No. 3 g.m.b., 67s. 6d. ; 
No. 4 foundry, 66s. 6d.; and No. 4 forge, 66s. Iron- 
masters’ fixed quotations for despatch to Scotland, and 
for shipment to foreign parts are half-a-crown below the 
foregoing figures. 

Hematite.—The small make of East Coast hematite 
iron is promptly taken up by home and Continental 
customers, but producers still have very considerable 
stocks which they are anxious to liquidate, and they 
quote Nos. 1, 2 and 3 at from 74s. to 75s, 


Foreign Ore.—Consumers of foreign ore are so well 
bought that merchants cannot tempt them to negotiate 
for further supplies. Nominally, market rates remain 
on the basis of best rubio at 21s. c.i.f. Tees. 
Blast-Furnace Coke.—Local users of Durham blast- 
furnace coke are buying en al They continue to 
seek price concessions, though makers declare that rather 
than accept prices below ruling unprofitable quotations 
they will close down ovens. Good average sorts are on 
sale at 18s. delivered here. 

Manufactured Iron and Steel.—The tonnage output of 
finished iron and steel is heavy, and in one or two 
departments a few new contracts have been arranged. 
Shipbuilding materials are more inquired after. Common 
iron bars are 10/1. 15s.; best bars, lll. 5s.; best best 
bars, 11/. 15s.; iron rivets, 11/1, 15s. ; steel rivets, 122, 








packing (parallel), 8/.; packing (tapered), 11l.; steel 
billets (soft), 77. 12s. 6d. ; steel billets (medium), 87. 2s. 6d.; 
steel billets (hard), 8/. 12s. 6d.; steel ship plates, 
8l. 2s. 6d.; steel angles, 7J. 12s. 6d.; steel joists, 
7l. 12s. 6d. ; heavy sections of steel rails, 8/. 10s. ; and 
galvanised corrugated sheets, 141. 


Shipments of Iron and Steel—September shipments of 
iron and steel from the Tees totalled 95,780 tons, com- 
prising 14,884 tons of pig-iron, 4,090 tons of manu- 
factured iron, and 76,806 tons of steel. Of the pig-iron 
cleared 8,006 tons went abroad, and 6,878 tons went 
coastwise ; of the manufactured iron despatched 3,743 
tons went to foreign ports, and 347 tons went coastwise ; 
and of the steel loaded 63,477 tons went overseas, and 
13,329 tons went coastwise. Scotland was the largest 
buyer of pig-iron, accepting 5,048 tons; Denmark, 
with 2,080 tons, being second; Germany, 1,600 tons, 
third ; and Wales, 1,500 tons, fourth. The Cape and 
the Irish Free State were the chief purchasers of manu- 
factured iron, receiving, respectively, 1,308 tons and 
1,169 tons. Principal customers for steel were :—India, 
18,997 tons; Argentine, 15,212 tons; Australia, 6,685 
tons ; Portuguese East Africa, 5,163 tons ; Tanganyika, 
3,739 tons; and Japan, 2,439 tons. 


Imports of Iron and Steel.—Returns issued this week, 
give the imports of iron and steel to the River Tees from 
Holland, Belgium, France, Norway, Sweden, India, 
Germany and coastwise for the eleven months ending 
September 30 last at 354,773 tons, as compared with 
212,869 tons for the same months a year ago, and 54,563 
tons for the corresponding pre-war period of 1913-1914. 
No less than 103,004 tons of pig-iron were unloaded in 
the past eleven months, whereas for the same time a 
year ago the quantity was 60,010 tons, and for the 
corresponding pre-war period the pig-iron imports 
amounted to only 1,427 tons, 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Though there are sections where it 
lacks solid reflection, quiet optimism continues to be the 
dominant keynote in local industry. Users generally 
show exceptional caution in the buying of basic materials, 
but the circulation of an increased number of inquiries, 
coupled with the common endeavour to maintain prices 
at a level that is attractive in comparison with similar 
products offered by foreign competitors, gives rise to 
expectations of an improvement in the near future. 
The fact that unemployment in the staple industries has 
steadily diminished during the last six or seven months is 
accepted as reliable proof that conditions are slowly becom- 
ing more satisfactory. Considering the weight of output 
in some of the finished branches, purchases of raw and 
semi-finished iron and steel are remarkably light. Works 
are clearly carrying minimum stocks, apparently being 
content to await further developments before covering 
winter needs. Numerous steel-making furnaces are 
unemployed, and several rolling mills continue the short- 
time operations which have been necessary for the last 
twelve months or so. Prices show only minor variations. 
Siemens acid billets are quoted at 10/., hard basic billets, 
71. 12s. 6d. and 81. 2s. 6d. ; soft basic billets, 77. ; Crown 
iron bars, 11l.; Derbyshire and Lincolnshire foundry 
pig iron, 65s. ; Derbyshire forge iron, 63s. ; and Lincoln- 
shire forge iron, 62s. 6d. per ton. The heavy engineering 
trades are moderately good in parts. Prospects, however, 
have definitely improved. More orders are expected on 
home account for railway steel and rolling stock. An 
incidental feature of importance is the disposition to use 
more steel and less wood not only on the railways but in 
the South Yorkshire and adjoining collieries. Rolling 
mills will have an excellent chance to compete for some 
of the big work expected in connection with British 
electrical schemes, while foreign users of engineering 
and steel products are paying increased attention to 
quality when considering renewals in connection with 
mining and transport enterprises. Efforts are being made 
to cheapen stainless steel and thus open a much wider 
channel for British and foreign engineering use. 

South Yorkshire Coal Trade.—The steady improvement 
reported in the demand for best house coal during the 
past three or four weeks is more than maintained, with 
the result that prices show a seasonal advance and collieries 
are enabled to work fuller time. Best qualities have 
risen ls. 3d. per ton, and screened house coal and nuts 
by 9d. to ls. 3d. per ton. An improvement is expected 
in secondary sorts, of which there is still a substantial 
surplus available, spot lots being offered at special 
prices. Industrial fuel shows little change. The geo- 
graphical position of northern pits enables them to compete 
more successfully for export trade, while inland demand 
is well below the average. Slacks and smalls are super- 
abundant, and, while heavy surpluses are held, are 
unlikely to harden. Quotations :—Best branch, hand- 
picked, 28s. to 30s. 6d. ; best house coal, 22s. 6d. to 23s. ; 
screened house coal, 19s, to 20s. ; screened house nuts, 
16s, to 17s. 6d.; Yorkshire hards, 14s. 6d. to 16s. 6d. ; 
Derbyshire hards, 15s. to 17s. ; rough slacks, 9s. to 10s. ; 
nutty slacks, 7s. to 8s. ; smalls, 3s. to 4s. 6d. 








Prrsonat.—Mr. J. Lloyd Bentley, who has been with 
Messrs. Dorman, Long and Company for the last seven 
years, has been appointed works manager in general 
charge of the iron and steel works, in Staffordshire, of 
Messrs. Robert Heath and Low Moor, Limited.—Sir 
Alfred Yarrow, the founder of Messrs. Yarrow and 
Company, Limited, shipbuilders and engineers, Glasgow, 
is approaching 86 years of age, and has resigned his 
position as president of the Company. 
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NOTES FROM THE NORTH. 
Guasaow, Wednesday. 

Scottish Steel Trade.—Although a hopeful feeling 
continues to prevail in Scottish steel trade circles, 
it cannot be said that there is any apparent improvement 
in the general demand. In one or two cases bookings 
have been better, but in none of the works is plant 
taxed to cope with orders, nor is it being operated to 
anything approaching capacity. Buyers are specifying 
sparingly, and few are prepared to place much forward 
business. Reports tend to show that some other steel- 
producing countries are also quiet, and there is a fear 
that severe competition may result. Ship plates are 
in poor demand, and boiler plates, even at the reduced 
price now quoted, are still slow of sale. In the black 
sheet trade there has been an increase in the number 
of export orders, of late, for the lighter gauges, and most 
of the works are fairly well booked at the moment. 
On the other hand, the heavy gauges are a dull market. 
Prices current are as follows: Boiler plates, 10/. 10s. 
per ton; ship plates, 8/. 2s. 6d. per ton; sections, 
7l. 12s. 6d. per ton; and sheets, } in., 9J. per ton, all 
delivered Glasgow stations. 

Malleable-Iron Trade.—There has been no change in 
the state of the malleable-iron trade of the West of 
Scotland since last report, and works are all quiet. 
For bar iron the demand is very limited, and the steel 
re-rolling departments have not had a very encouraging 
response to the recent reduction in prices. The current 
quotation for “‘ Crown ”’ bars is 10/. 15s. per ton, delivered 
Glasgow stations. 

Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are still very unsatisfactory, and the 
current demand is very poor. Makers are not able to 
dispose of their present output, and stocks are again 
on the increase. Not only is the home demand of quite 
small dimensions, but export orders do not amount 
to a large tonnage almost any week. Hematite iron, 
delivered at the steel works, is 76s. per ton; foundry 
iron, No. 1, is quoted at 79s. per ton; and No. 3 at 
74s, per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 1, amounted to 497 tons. Of 
that total 466 tons went overseas, and 31 tons coastwise. 
During the corresponding week of last year the tota 
shipment was 347 tons, and all of it was for overseas. 

Scottish Shipbuilding.—In the shipbuilding industry 
in Scotland, work is proceeding along even lines at 
present, and judging from the prevailing conditions 
it would seem that many of the yards will manage to 
weather the winter satisfactorily. The tonnage on hand 
was mostly booked some time ago, but owing to labour 
troubles of one kind and another much of it was held 
up. The activity at the moment is, therefore, not due 
to fresh orders having been placed of late; in fact, 
shipowners still declare that costs are much too high 
for them yet, and only contracts of necessity are being 
placed. During the past month only some eight or 
nine vessels were booked, whereas 26 were launched. 
The output for the month of September and the total 
for the past nine months is as follows :— 








September. Nine Months. 
Vessels. Tons. Vessels. Tons. 
a — 
The Clyde ... na) we 57,119 154 260,294 
The Forth ... eee y i 6,678 40 14,170 
The Tay ... wo — 6 8,580 
The Dee and Moray 

Firth ° —< 960 20 7,052 
26 64,757 220 290,096 





These figures show that progress has been made 
this year, and the total tonnage, for September, and for 
the nine months, is a little above that of the corresponding 
month and nine months of last year, respectively. 
The Clyde output for September is the best month 
of the year, and is round about the average for that 
month in pre-war years, but the total for the nine 
months, while some 16,000 tons over that for the same 
period of last year, is still under the average output 
of former years. The differences on certain points be- 
tween the masters and men are not so prominent at 
present, and it is freely anticipated that those will be 
amicably settled before long. 

Clyde Shipbuilding Contracts——An announcement was 
made yesterday that Messrs. Furness, Withy and Com- 
pany had placed orders for four new motorships for 
the Prince Line, with Clyde shipbuilders. Messrs. Lith- 
gows, Limited, Port Glasgow, will build two of the 
vessels, and Messrs. Napier and Miller, Limited, Old 
Kilpatrick, will build the other two. Messrs. John G. 
Kincaid and Company, Limited, Greenock, are to 
construct the internal-combustion engines. These four 
new vessels are to be exceptional in respect both of 
construction and equipment, and although they could 
have been obtained at a lower figure from Continental 
builders, Sir Frederick Lewis decided to keep the busi- 
ness at home and placed the orders on the Clyde. This 
is the second occasion of recent date that the above 
vowners have placed orders for four motor vessels with 
Clyde builders, the previous one being in January, 1926. 

Institution of Engineers and Shipbuilders in Scotland.— 
The opening meeting of the Institution of Engineers and 
Shipbuilders in Scotland for the current session was 
held in the Rankine Hall, Elmbank-crescent, Glasgow, 
last night. The new president, Mr. R. D. Moore, 
addressed the meeting on international competition in 
the steel trade. He discussed the problems which the 
home steel makers had to face, and dealt with costs of 
the British and Foreign manufacturers. 








NOTICES OF MEETINGS. 


THE JUNIOR INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecture. 
‘* Lubrication,” by Professor Edwin Edser. Friday, 
October 14, at 7.30p.m. Extraordinary General Meeting, 
Lecturette, ‘‘ Problems Created by the Rapid Develop- 
ment of the Motor-Car Industry,” by Mr. F. A. Simpson. 

THE Hutt AssocraTION OF ENGINEERS.—Saturday, 
October 8, at 7.15 p.m., at the Technical College, Park- 
street, Hull. ‘‘ Three Years’ Engineering in Mesopo- 
tamia,” by Mr. J. Shepherd. 

Tue INSTITUTE OF TRANSPORT.—Monday, October 10, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Presiden- 
tial Address, ‘‘ Main-Line Railway Electrification,” by 
Mr. Roger T. Smith. 

THE INSTITUTION OF AUTOMOBILE ENGINEERS: BRIs- 
TOL CENTRE.—Monday, October 10, at 6.45 p.m., at the 
Merchant Venturers’ echnical College, Bristol. Presi- 
dential Address, ‘‘The Influence of the Automobile 
User upon the Automobile Engineer,” by Major E. G. 
Beaumont. 

Tue INsTITUTE OF MetTats: ScottTisH Locat SECTION. 
—Monday, October 10, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank 
Crescent, Glasgow. Chairman’s Address by Mr. 8S. E. 
Flack. 

Tue INsTITUTION OF MECHANICAL ENGINEERS: 
Souto Wates Brancu.—Tuesday, October 11, at 6 p.m., 
at the Chamber of Commerce, Swansea. ‘‘ Constant- 
Pressure Steam Accumulation in Collieries and Steel 
Works,” by Mr. Stanley Hopkins and Mr. G. E. Hider. 

Tue INSTITUTE OF MARINE ENGINEERS.—Tuesday, 
October 11, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.1. “A New Form of Insulating Material for 
High Temperatures,” by Mr. A. F. C. Timpson. 

THE INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—Tuesday, October 11, at 6.45 p.m., at 
Caxton Hall, Broadway, Westminster, S.W.1. ‘‘ Atmo- 
spheric Pollution,”’ by Dr. J. 8. Owens. 

THE INSTITUTE OF BRITISH FOUNDRYMEN: BURNLEY 
Srction.—Tuesday, October 11, at 7.15 p.m., at the 
Technical College, Ormerod-road, Burnley. Lecture, 
** Cores and Core-making,” by Mr. T. G. Hilton. 

THE SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, October 11, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘ The Iron-Carbon Equilibrium Diagram from 
a Practical Point of View,” by Mr. R. Whitfield. 

Tue INsTITUTION OF ELECTRICAL ENGINEERS: Scor- 
TISH CENTRE.—Tuesday, October 11, at 7.30 p.m., at 
the Royal Technical College, George-street, Fae a 
Inaugural Address by the Chairman, Mr. D. M. Macleod. 

THE LIVERPOOL ENGINEERING SocreTy.— Wednesday, 
October 12, at 6 p.m., at 9, The Temple, Dale-street, 
Liverpool. Inaugural Address by the President, Mr. 
Sterry B. Freeman. 

THE INSTITUTE OF METALS : SWANSEA LOCAL SECTION. 
—Wednesday, October 12, at 7 p.m., at the Thomas’s 
Café, High-street, Swansea. Chairman’s Address by 
Captain L, Taverner. 

Ture MANCHESTER METALLURGICAL SocieTy.—Wednes- 
day, October 12, at 7 p.m., at the Engineers’ Club, Albert- 
square, Manchester. ‘“‘Some Recent Work on the 
Corrosion of Metals,” by Mr. Ulick R. Evans. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MiIpLAND CENTRE.—Wednesday, October 12, at 7 p.m., 
at the Grand Hotel, Birmingham. Inaugural Address by 
the Chairman, Mr. W. Wilson: (a) ‘‘ The Influence of 
Switch and Control Gear in Present-Day Electrical 
Engineering ’’; (6) ‘‘ The Importance of Psychology in 
Engineering Progress.” 

THE INSTITUTION OF THE RUBBER INDUSTRY.— 
Wednesday, October 12, at 7.30 p.m., at the Engineers’ 
Club, Coventry-street, W.1. ‘“‘ Coagulation, Structure, 
and Plasticity of Crude Rubber,” by Dr. O. De Vries. 

Tue INSTITUTION OF WELDING ENGINEERS.—Wednes- 
day, October 12, at 7.30 p.m., at Caxton Hall, 
Broadway, Westminster, S.W.1. Presidential Address. 
‘*Some Metallurgical Factors which may have an In- 
fluence on Welds, Particularly of Iron,”’ by Professor 
F. C. Thompson. 

THE INSTITUTION OF CiIvIL ENGINEERS: BIRMINGHAM 
anD District AssocraTion.—Thursday, October 13, at 
6 p.m., at the Birmingham Chamber of Commerce, New- 
street, Birmingham. Opening Address by the Chair- 
man, Major F. C. Cook. 

THE Royat AERONAUTICAL Socrety.—Thursday, 
October 13, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. Lecture, “‘ The Practical 
Side of Performance Testing of Aircraft,” by Squadron- 
Leader T. H. England. 

Tue InstTITUTE OF METALS: LonpDon Locat SECTION. 
—Thursday, October 13, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. Chairman’s Address, ‘“‘ Works’ Economics,” 
by Mr. A. H. Mundey. 

Tue INSTITUTION OF MECHANICAL ENGINEERS: YORK- 
SHIRE Brancu.—Thursday, October 13, at 7.30 p.m., 
at the Hotel Metropole, Leeds. ‘‘ Modern Conveying 
Machinery,” by Mr. W. H. Atherton. 

THe InsTITUTION OF MECHANICAL ENGINEERS: 
GLASGOW AND WEST OF SCOTLAND BRANcH.—Thursday, 
October 13, at 7.30 p.m., at the Royal Technical College, 
George-street, Glasgow. ‘An _ Internal-Combustion 
Locomotive,’ by Lieut.-Colonel E. Kitson Clark. 

THe Optica Socirety.—Thursday, October 13, at 
7.30 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, 8.W.7. ‘‘ Experi- 








ments in Ultra-Violet Refractometry,” by Professor L. C. 
Martin. ‘‘'The Construction of Wave-Length Scales for 
Spectrograms,”’ by Dr. Guy Barr. 

THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, October 14, at 7.15 p.m., at the Engineers’ Club, 
Albert-square, Manchester. Presidential Address by 
Mr. S. H. Heywood. 

THe Institute oF Mertats: SHEFFIELD Loca 
Section.—Friday, October 14, at 7.30 p.m., at The 
University, Sheffield. Chairman’s Address by Mr. 
J. H. G. Monypenny on “ Science and Industry.” 

THE INSTITUTION OF ENGINEERING INSPECTION.— 
Friday, October 14, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ Electric Power 
Cables and Recent Developments,” by Mr. C. M. Read. 

THE Society or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING Group.—Friday, October 14, at 8 p.m., at 
the Chemical Society, Burlington House, Piccadilly, 
W.1. “A Recent Development of Spray Drying,” by 
Mr. J. Arthur Reavell. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
show no change of importance. Business has been 
slightly more active, but the general demand has remained 
entirely inadequate to absorb the output of the collieries, 
despite numerous temporary stoppages due to lack of 
trade. The shipping position, too, has aggravated the 
difficulties of colliery salesmen, the volume of tonnage 
in berth being insufficient to provide a ready outlet for 
current production. Between 40 and 46 berths have 
been vacant at the docks during the week, and with the 
general demand quiet, collieries have in many cases 
been unable to keep going. Prices have shown no 
alteration, as salesmen refuse to make any further cuts, 
preferring to take the risk of stoppages. Shipments of 
coal, in the past week, amounted to only 370,710 tons, 
compared with 428,460 tons in the preceding six days. 
Exports to France were increased from 89,140 tons to 
99,490 tons, and to Egypt from 29,500 tons to 43,850 
tons, but these improvements were more than balanced 
by reductions to Argentina, Brazil, Canada, Spain and 
Italy. At Cardiff, shipments were lowered from 261,770 
tons to 203,500 tons, and at Newport from 70,350 tons 
to 58,750 tons, but at Swansea raised from 51,990 tons 
to 52,650 tons, at Port Talbot from 43,600 tons to 
51,190 tons, and at Llanelly from 750 tons to 4,620 tons, 


Orders for New Ships.—Sir Wm. Reardon Smith, Bart., 
head of the St. Just and Leeds Shipping Companies, 
Cardiff, who this year has placed orders for six new cargo 
steamers, has now contracted for a Diesel motor vessel 
of 8,600 tons to be built by Messrs. Wm. Doxford and 
Sons, Limited, of Sunderland. The vessel, which is 
to be constructed to the highest specification, will be 
fitted with electrical auxiliaries throughout. Mr. Dan 
Radcliffe, of Messrs. Evan Thomas, Radcliffe and Com- 
pany, Cardiff, who had previously ordered four cargo 
steamers of about 8,500 tons each, to be engined by 
Messrs. Blair and Company (1926), Limited, has now 
contracted for a further two steamers of about 8,250 tons 
each, to be built by Messrs. Bartram and Sons, Limited, 
of Sunderland. Since the end of last year Cardiff 
owners have contracted for 35 vessels, totalling 286,750 
tons deadweight. Ten of these new vessels have already 
been launched. 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled more than 21,000 tons, of which 
8,352 tons were tinplates and terneplates, 2,620 tons 
blackplates and sheets, 2,469 tons galvanised sheets, 
and 7,588 tons other iron and steel goods. An improved 
demand has developed for tinplates, particularly for the 
Far East. Actual business, however, remained on 
rather quiet lines, but sellers were refusing to sell at 
less than 18s, to 18s, 3d. per box. 





Contracts.—Messrs. William Beardmore and Com- 
pany, Limited, of Dalmuir, are engaged upon an order 
for 25, six-wheels coupled, side-tank, goods locomotives 
for the London, Midland and Scottish Railway. The 
engines are to the design of Sir Henry Fowler, chief 
mechanical engineer.—Messrs. Smith, Major and Stevens, 
Limited, Abbey Works, Northampton, have received 
many repeat orders for their S.M.S. lifts. Many of these 
include the 8.M.S. Truelevel control gear. This new gear 
ensures that the lift stops accurately at the floor level ; 
it performs this duty automatically, and irrespective of 
the skill of the attendant or the weight of the load.— 
Messrs. Crompton Parkinson Limited, Guiseley, near 
Leeds, recently secured orders for two rotary con- 
verters, 6-phase, reversible, each of 400-kw. output, 
and one of 200-kw. output, for the Allahabad power 
station; five large auto-synchronous motors for pump 
drives for the Bunnerong power station, New South 
Wales ; nineteen 125-h.p., 245 r.p.m., and nineteen 
80-h.p., pipe-ventilated, slip ring motors; three drip- 
proof, auto-synchronous machines for Johannesburg ; 
two drip proof, 105-h.p., 415-volt, 50-cycle, 3-phase 
motors for Southern Malayan Tin Dredging, Limited ; 
and three 175-kw., direct-current generators, which 
constitute an extension of the equipment of the Egyptian 
Sugar Refining Company at Alexandria. Orders have 
also been received for auto-synchronous motors for 
Singapore, Perth, Western Australia, and New Zealand.— 
Messrs. William Beardmore and Company, Limited, 
are now engaged, at their Dalmuir Works, on a new order 
for 248 of their Atholl steel houses for the Glasgow 
Corporation. These houses are of the three-apartment 
flatted type, similar in general design and accommodation 
to the 500 dwellings recently built for the Scottish Board 
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MAIN AND AUXILIARY DIESEL ENGINES FOR THE MOTOR LINER “ SATURNIA.” 


CONSTRUCTED BY STABILIMENTO TECNICO TRIESTINO, ENGINEERS, TRIESTE. 





(For Description, see Page 455.) 
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Fig. 2. 10,000-B.H.P. Matin EnarIne. 














Fic. 3. 900-B.H.P, Compressor Set. 
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EXPORT CREDITS. 


In theory the parties to a contract of sale and 
purchase are equally obliged to each other. There 
seems to be no more reason why the seller should 
wait to be paid till the buyer has turned the goods 
to some sort of account than that the buyer should 
provide the seller with plant, raw materials, and 
wages in order that he may manufacture the desired 
commodities. In practice, however, the conditions 
are not usually so equal. The seller as a rule 
wants the orders of his customer more keenly 
than the customer wants the services of a particular 
manufacturer, and finds it profitable to offer credit 
to his customer among the other attractions by 
which he seeks business. Such credit, indeed, 
is often necessary before the buyer can enter 
into the contract, and still more often before he 
is willing to do so. 

British manufacturers, though none are more 
constantly dependent on their export trade, or do 
more to deserve it by the quality of their products 
when once they have obtained it, are said to 
compare unfavourably with their competitors in 
some of the measures by which such trade is 
most effectively sought. They are said, for instance, 
to be less active in cultivating the personal 
acquaintance of their overseas customers, less 
astute in detecting the modifications that home 
standards require in order to suit local requirements, 
and less ready to make those modifications even 
when they have learnt them. To such extent ag 
these criticisms may be well founded, they relate 
to matters more or less within the control of the 
manufacturers themselves. The remedy doubtless 
involves some expense, but of an amount usually 
within the competence of the manufacturer, if he 
has sufficiently trustworthy evidence to justify 
him in undertaking it. Such evidence has been 
accumulating for some time past in the reports 
of the Overseas Trade Department, and the 
considerable and increasing organisation of that 
body is doing much to facilitate the task of 
individual manufacturers in turning the information 
to account, if they care to make use of such 
assistance. In respect, however, of their ability 
to offer credit to overseas customers, manufac- 
turers have been more straitly restricted. No 





man by taking heed can add a cubit to his stature, 
and from his individual resources no manufacturer 
can extend credit beyond the limit they prescribe. 
If, therefore, British manufacturers are to maintain 
and increase their hold on export markets by 
offering extended credit, they need help outside 
their own resources to enable them to do so. 

It is no exaggeration to say that this method 
of securing and attracting business is more necessary 
now than it was before the war. With the increase 
in costs and overhead charges exceeding the increase 
in selling prices, a business needs a greater turnover 
if it is to hold its own in international markets ; 
but, with the decrease in the purchasing power of 
money, the capital of the business must be either 
increased, or in some way made to go further, if 
it is to finance even the original turnover. In 
these circumstances it is natural that Mr. A. M. 
Samuel, the Parliamentary Secretary to the 
Department of Overseas Trade, should have called 
attention once again to the assistance which the 
Department is prepared to give for the time being to 
individual firms who wish to extend their export 
trade. The statement is the more opportune 
because it may be questioned whether the extent 
of this assistance is generally realised by manu- 
facturers. The present Export Credits Guarantee 
Scheme is, for instance, confused by many people 
with provisions under the Trade Facilities Acts, 
1921 to 1925, which have now ceased to operate. 
The two sets of measures deal, however, with 
entirely different aspects of business. The assistance 
which was given by the now lapsed provisions of 
the Trade Facilities Acts was confined to loans to 
be used for works that were considered to be of a 
capital nature, and the Treasury was precluded 
from giving any guarantee under them for a loan 
that was to be used wholly or in part for providing 
working capital. The measures in question served 
their purpose, and advantage was taken of them 
to procure over 70,000,000/. worth of capital. 
Apart, however, from the restriction of the purposes 
to which loans so facilitated might be applied, 
they were essentially financial operations on a 
large scale. It is understood that the least amount 
dealt with in any transaction was some 200,0001., 
and the majority of transactions were much larger. 
The preseng scheme of guaranteed credits differs 
from these provisions both in purpose and in 
scale. It is intended not for providing capital, 
but for facilitating production, and neither in 
principle nor in practice is any lower limit put 
on the business that is entertained. The attitude 
of the Department in regard to the scheme is, 
in fact, substantially that of an insurance company 
to an insurable risk, except that it does not seem 
either to have, or to contemplate the use of, 
facilities for reinsurance, or to restrict its operations 
by reason of their absence. 

The Export Credits Guarantee Department of 
the Department of Overseas Trade is carried on at 
31, King-street, E.C.2, from which address it has 
issued a full description of the facilities it is in 
a position to offer. Copies of its standard forms of 
contract are also published, though these may be 
varied when they do not suit the requirements of 
individual exporters. As the result of the inquiry 
by the Credit Insurance Committee appointed by 
Mr. Samuel, which included among its members 
strong representatives of industrial, banking, and 
insurance interests, and of the unanimous recom- 
mendations made in its report of last year, the 
scheme in its present form has been made both 
simpler and more ample than that which existed 
when the Committee was appointed. The sub- 
stance of its principal provisions may be described 
quite shortly. The Department receives and 
investigates in strict confidence, and without any 
charge or obligation on either side, inquiries or 
applications from exporters made in view either of 
possible orders, or of pending or actual tenders, or 
contracts, for goods that have been, or are intended 
to be, produced wholly or partly in the United 
Kingdom, and to be sold on short or long credit. 
Subject to the approval of an Advisory Committee 
of bankers and business men, it will guarantee a 
portion of the price of such goods as represented 
by bills of exchange up to a maximum of 75 per 
cent., the proportion so guaranteed and the premium 
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charged being determined on the circumstances of 
each application. Such guarantee is given without 
recourse to the exporter, but in approved cases it 
may be extended to 100 per cent., provided the 
exporter accepts liability to the Department for 
the excess over the risk the Department is willing 
to retain, or the importer offers satisfactory security. 
Alternatively a guarantee for financial, and not 
for insurance, purposes may be given up to the whole 
amount of the credit given to the importer, but with 
full recourse to the exporter, or intermediate arrange- 
ments may be made regulating the proportion of 
recourse. The guarantees may be for short or for 
long terms, and where the credit granted to im- 
porters does not exceed six months may apply 
generally up to a fixed amount to all the exporter’s 
transactions in a specified country or countries 
without the necessity of submitting the names of 
the importers. Whatever may be the extent of the 
guarantee, it will be paid immediately on tender of 
a presented bill; and as normally the guarantee 
attaches to the documentary bill without waiting 
for acceptance, the guaranteed bill becomes fine 
paper, and the difference between the rate of dis- 
count for such acceptances and for good com- 
mercial acceptances must be reckoned as available 
towards the premium paid for the guarantee, and 
may even provide for its full amount. The Depart- 
ment may also guarantee approved banks, credit 
insurance companies, and similar institutions 
against loss on specific transactions. In the event 
of any default by the importer proceedings for 
recovery, which need not necessarily be legal, will 
be taken by or under the direction and with the 
support of the Department and its entire consular 
and other organisation, and the Department will 
bear the same percentage of any expenses incurred 
as it has guaranteed in respect of the debt. In 
this way the exporter obtains the benefit both of 
the local knowledge and of the prestige and moral 
influence of the consular organisation, and the 
peculiar difficulty of collecting a debt in a foreign 
country is minimised or altogether avoided. 

This in outline is the ordinary course of credits 
provided under this scheme, but it by no means 
exhausts the forms or extent of the assistance that 
may be arranged. To engineers in particular it 
seems to offer facilities that should be of great 
value. In its ordinary form it enables contracts to 
be undertaken with complete financial convenience, 
which might be difficult or impossible to finance 
without the Department’s guarantee against default. 
An incidental advantage is that the exporter has 
the benefit of the information at the disposal of the 
Department’s local officers, and may be warned off 
accepting contracts with undesirable importers. 
In respect, however, to long credit the scheme offers 
a means of unequalled simplicity for enabling firms 
both to undertake works that will occupy consider- 
able periods in manufacture, and to give prolonged 
credit up to five years. The Department, forinstance, 
may couple with its guarantee on bills of six months 
or less its undertaking to guarantee renewal bills 
until the agreed period of credit is covered, and this 
provision may of course apply to bills drawn in 
respect of works in progress, where they are autho- 
rised by the terms of tLe contract. The scheme, in 
fact, though put forward and administered by a 
Government department, is essentially one that has 
been devised by business men to meet the practical 
needs of business. Mr. Samuel himself, whose per- 
sonal action initiated the investigation out of which 
the present extensive facilities have been evolved, 
has been described on the best authority as much 
more a manufacturer than 4 politician, and with a 
manufacturer’s instinct he has taken care not only 
that the scope of the scheme shall have the extent 
and elasticity necessary to suit the many and various 
industries to whom it should appeal, but that the 
details of its working shall in effect be controlled 
by an advisory body in which business men are 
predominant. The superior advantages said to be 
enjoyed by American and German manufacturers 
have long been regarded as a grave handicap to their 
British competitors. It seems as though the 
institution of the Export Credits Guarantee Depart- 
ment may have provided the means for avoiding it. 

This account would be misleading, however, if it 
did not draw attention to the fact that this Govern- 





ment action is not intended to be permanent. It is 
announced, indeed, that no fresh application can be 
considered after September 8, 1929, though guaran- 
tees may be given after that date in respect of appli- 
cations previously approved. It is easy to follow 
the views that have led to this decision. Valuable 
as the present help to export trade may be, it would 
be purchased dearly if it were allowed to check the 
development of private enterprise, which all experi- 
ence has shown must ultimately be able to do better 
than is possible for a Government department. 
As a temporary measure the scheme may be of 
inestimable advantage. It breaks new ground, 
in respect of which further experience is particularly 
desirable, and the conditions under which this 
experience is to be obtained offer a good prospect 
that the cost of procuring it will be covered by the 
premiums earned, which so far as the assured are 
concerned will be covered largely or perhaps wholly 
by savings in the cost of their finance. The terms, 
on which the Government guarantee is given, leave 
the credit of the State unimpaired. The amount 
to which the aggregate current risk is limited at 
present is 26,000,000/. of which as yet only 1,000,0000. 
has been absorbed by the present scheme; but 
even if it were greater, the whole of it is represented 
by concrete assets, and the risk of these assets 
proving to yield less than the amount guaranteed 
may be presumed to be represented fairly by the 
amounts of premiums. Nevertheless it is impossible 
that such a scheme can be developed under the 
restrictions which Government administration must 
necessarily imply in the same way as it could in the 
hands of private enterprise. The present facilities 
seem to be given and experience sought in much the 
same spirit as prompted the Government insurance 
of war risks. Following the precedent of that well- 
advised action, it is to be hoped that the great 
insurance institutions will see their way in due course 
to take over the work which, with the exception of a 
small and insufficient amount of similar facilities, 
the Government has now effectively begun. Whether 
it is also to be hoped that the facilities so created will 
be placed equally at the disposal of foreign manufac- 
turers is perhaps another question. From the point 
of view of national economy such a service would 
doubtless add to the volume of invisible exports, 
but it seems possible that the addition might be 
less than the corresponding loss in exports of the 
visible products of British labour. In any case, 
however, it may be both hoped and expected that 
when the Government guarantees come to an end, 
they will leave behind them an established practice 
of co-operation between British manufacturers and 
the consular service of the Overseas Trade Depart- 
ment, which the best interests of industry require 
to be maintained and developed on their present 
lines. 





CIRCUIT-BREAKER PROBLEMS. 


TuHosE responsible for the organisation of the 
so-called High Tension Conferences, the fourth 
of which was recently been held in Paris, are, either 
fortuitously, or by design, gradually increasing the 
range of subjects, which are brought up for considera- 
tion. For, while to begin with, as the title implies, 
the problems of electric power transmission were 
the main concern of this body, it has now taken under 
its wing, not only the design and construction of 
sub-stations (which might with some stretch of the 
imagination be held to come within its original 
‘articles of association,’’) but such questions as 
the pros and cons of the employment of pulverised 
fuel and the use of higher steam pressures and tem- 
peratures, which would more properly be included 
under the heading of the generation of power. 
It has, indeed, developed into a World Power 
Conference in embryo, though with a distinct 
electrical bias. In this there is little matter for 
criticism, except perhaps by those who find some of 
their thunder stolen. For it means that technical 
subjects of great international importance are dis- 
cussed in a friendly and enquiring spirit by the 
engineers of many countries ; and it cannot be 
doubted that the results, perhaps sooner and perhaps 
later, but at any rate eventually, will amply justify 
the trouble that has been taken in preparing the 
papers and organising the meetings. 





Even so, there is a good deal to be said for Mr. 
Borlase Matthews’ suggestion that the Conference 
should officially communicate its syllabus to all 
international electrical organisations, so as to 
prevent overlapping, and we could have wished also 
that it had confined itself to its own specialised 
field for the same reason. It can easily find 
therein full scope for its activities and many 
problems, which, with the increasing spread of 
the electrical transmission of power, urgently demand 
solution. Both the cables, which must continue 
to be used in populous areas, and the overhead lines, 
which will find increasing employment in the more 
rural districts, offer numerous examples of the truth 
of this dictum. As regards the former especially 
there is ample work to be done in closing the gap, 
which exists, between the highest pressure, which 
it is now known can be safely applied to a cable, 
and that pressure, which the Central Electricity 
Board have selected as the primary transmission 
voltage for Great Britain. In the latter field, as 
we have recently pointed out, there are mechanical 
and electrical problems of equal technical and 
economic importance awaiting consideration. 

A further matter, on which much investigation 
is still necessary, is the design and performance of 
the circuit-breakers, which will enable faulty lines 
or cables to be automatically isolated from the 
rest of the system without any damage to themselves 
or the rest of the apparatus, both simple and com- - 
plicated, which may be connected in circuit. This 
problem is so important and some of the factors, 
which determine its solution, are so obscure that 
its neglect at the recent High Tension Conference 
is the more unaccountable. The various accounts 
of the proceedings, in fact, show that it was almost 
entirely disregarded. It is true that one paper 
described British practice in connection with 
ironclad switchgear for pressures up to 50 kv., 
and this seems greatly to have interested Conti- 
nental engineers, as being a matter almost entirely 
outside their experience. It is curious in fact to 
note, as Mr. J. R. Beard has pointed out,* that 
switchgear assembly for voltages up to 33 kv. 
has developed on four distinct lines, two of which 
may be said to represent American and one each 
British and Continental practice respectively. 
Until recently it has been usual in America to house 
switchgear in concrete cells, the various parts of the 
apparatus being connected by bare conductors, 
mounted on insulators, and each phase being placed 
in a separate cell and even in a separate switch 
house. In Continental practice, as_ illustrated 
in our recent description of the Bavarian power 
scheme,t the switch house is often not sub-divided 
at all, or at any rate the phases are not separated. 
In Great Britain the distinctive design is that known 
as armour clad equipment in which air insulation 
is entirely eliminated. Finally, the second American 
design, which has been brought about by the 
increasing voltages and the consequent high cost of 
the buildings necessary to house the cellular equip- 
ment, consists of outdoor switchgear, the connec- 
tions to which are made by widely spaced bare 
conductors carried on a steel framework. 

It has been stated with some truth that the chief 
dangers to the continuity of supply are short-circuits 
between the connections caused by gases expelled 
by oil circuit-breakers operating under faulty con- 
ditions, the breakage of insulators, the fusing of 
small subsidiary conductors and the accidental 
opening of air-break isolating switches under load ; 
and that the chief risks to operators are the exposure 
of live metal, the incorrect movement of isolating 
switches and the explosion of circuit-breaker tanks. 
It has also been argued, in a commendable spirit 
of patriotism, that these drawbacks are best over- 
come by the British armour-clad construction. 
On the other hand, it has been stated that to confine 
such operations as the opening of an oil circuit- 
breaker under short-circuit within the small space 
usual with armour-clad gear is to invite disaster, 
and that argument is not altogether vitiated by 
pointing out, truthfully it may be admitted, that 
such a disaster has not yet occurred. Again, an 
argument often advanced in favour of armour-clad 
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+ See ENGINEERING, 1927, vol. cxxiii, page 691, e¢ seq. 








ei indi deiaaieaialadh iteliaiahittiniaaiimansdidmiecmeaiaete came 


para: 








OcT. 7, 1927.] 











ENGINEERING. 











gear is that it occupies less space than the other 
types of assembly, which we have mentioned. 
This is correct enough, and is a statement which 
carries considerable weight when the disposal of 
equipment in substations, or on consumers’ pre- 
mises, is being considered. But in a generating 
station the superficial area occupied by the switch 
house, even when cellular construction is used, is 
much less than that taken by the boiler-house or 
turbine room, so that it is the arrangement of these 
which determines the actual lay-out. The answer 
to this is, of course, that building costs are saved, 
but here again it would be unwise to attempt a 
saving in the capital account at the cost of operating 
security. We state these conflicting arguments, not 
with any idea of lending our weight to one side 
or the other, but rather to emphasise that it is 
possible to obtain satisfactory results with both 
systems, and that the question is, therefore, one 
mainly of personal or national predilection. 

It is far otherwise when we come to consider 
the design of the circuit-breakers, which in one 
form or another are used in conjunction with all 
these types of switchgear. While it is true that the 
designs employed vary in pattern, depending upon 
the work which they are called upon to do, and that 
the details of these patterns exhibit differences, 
which are based on the individual ideas of designers 
and manufacturers, they all have this important 
point in common—an uncertainty about their 
performance in practice, an uncertainty which arises 
from an ignorance of the conditions, with which a 
particular breaker will be called upon to deal. 
What exactly those conditions are is, in fact, a 
problem, which has not yet been solved. And the 
reason is that it is difficult to reproduce them in the 
laboratory. As a result, circuit-breaker design has 
been largely based on data derived from imperfect 
observation and faulty analysis. This has led not 
unnaturally to divergent views on such fundamental 
questions as the speed and number of breaks, the 
volume and head of oil, rigid versus flexible con- 
tainers, to mention only a few of the factors which 
play a greater or less part in the manufacture of 
this equipment. Further complications are the un- 
certain effect on the circuit-breaker of limiting the 
short-circuit power by artificial reactance, and the 
suspicion that the arc occasionally behaves in an 
erratic manner. 

The problems involved in the design of circuit 
breakers on rigid lines were significantly reduced 
to figures in a paper, which was read a short time 
ago before the Institution of Electrical Engineers 
by Messrs. E. B. Wedmore, W. B. Whitney and 
C. E. R. Bruce.* It was pointed out in this 
communication that to check the nominal rating 
of an oil circuit-breaker was a difficult matter, 
inasmuch as the energy liberated at a single break 
might vary from about 1 to 50 kw.-seconds, and that, 
therefore, a large number of repeat tests were re- 
quired before the rating of a breaker could be 


checked to within, say, 50 per cent. of its true value. would tes.o fd endl Moblei 
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conditions. At the same time, for economic reasons, 
care must be taken not to press this policy too far. 
It has, in fact, been calculated that the chances 
in actual practice of a circuit-breaker on a 3,000-volt 


that before long this result may be achieved. 


emphasising. It was advanced in criticism of the 
results given in the Paper, from which we have just 
quoted, that the experimental switchgear employed 
bore but a faint resemblance to commercial appara- 
tus. Attention may therefore be called to some 
tests, which have been made in America by Messrs. 
P. Sporn and H. P. St. Clair, on equipment purchased 
from various manufacturers. The results of these 
tests have been published in the Journal of the 
American Institute of Electrical Engineers*. The 
first series was conducted on a 150-kv. breaker of 
Swiss manufacture at 132 kv. The load was 
750,000 kv.-a., which was about half the rated 
rupturing capacity. Though it was not definitely 
determined whether a multi-break circuit-breaker 
could be designed and built with a rupturing capacity 
of 1,000,000 kv.-a., there appeared no doubt that at 
750,000 kv.-a. the limit in this respect had not been 
reached, and the ability of the equipment to go 
through a cycle of operations much more severe 
than that likely to be met with in practice, say, to be 
closed on short-circuit four or five times in rapid 
succession, was proved. On the other hands, tests 
on a 35-kv. breaker of the same manufacture, 
which was tested at its full capacity of 250,000 kv.-a. 
showed that the designer ‘“‘ had completely missed 
his mark” in rating the breaker at that figure, 
and that perhaps under no conditions is it possible 
to build a single tank breaker for that voltage and at 
the same time to make it an economical success. 
In a third series of investigations an English 
circuit-breaker, which was rated at 7,000 volts, 
400 amperes and had a guaranteed rupturing 
capacity of 750,000 kv.-a., was tested on short- 
circuit at varying voltages and ratings, including 
overloads. The results were satisfactory, though 
some adverse comments were made on the design. 
Finally, a test was made on two 132-kv. breakers of 
American manufacture and rated capacities of 
1,250,000 kv.-a. and 750,000 kv.-a. respectively. 
These showed that on a cycle, which was much more 
severe than that likely to be experienced in practice, 
the guaranteed rupturing capacity could be success- 
fully handled. Whether these tests tell the whole 
story is, however, another matter. They were of 
relatively short duration, and it might therefore be 
argued, on the basis of Mr. Wedmore’s thesis, that 
their extension would have given rise to results 
that might have led to a revision of opinion. 
One thing is however certain. Much more work 
is necessary in this field before the rating of a circuit- 
breaker can be laid down with the same degree of 
certainty, as is possible with many other classes of 
plant. This predicates not only careful tests and 
correct deductions from them, but adequate testing 
plant. Testing plant of larger capacity that at 
present available is, in fact, very necessary in this 
country and should be provided. In this matter 
it would, in fact, be well for switchgear manufac- 
turers to follow the lead of the cable makers and, 
either severally or conjointly, to set about acquiring 
the necessary equipment without delay. That 


This is, however, in brief, the record of the Société 
Cockerill, which was established by an Englishman, 
John Cockerill, one hundred and ten years ago at 
Seraing, near Liége, in Belgium, his partner for the 
first few years of the firm’s existence being King 
William I, of the Netherlands. To go back a 
step further, it may be added that as early as 1802 
John Cockerill’s father, William, founded a small 
factory in Liége itself, with whose operations his 
son was associated from an early age. 

From the beginning, the nucleus of the firm’s 
premises was the summer residence of the prince- 
bishops of Liége, the original building of which 
was restored in 1553, and reconstructed by Louis de 
Berghes in 1724. As it stands to-day, it forms a 
handsome, if simple, structure of the type we 
should call Queen Anne, being planned round a 
central courtyard, in which a formal garden has 
been laid out with great taste. Pleasanter or more 
unusual offices for an iron and steel works could 
hardly be imagined. This building has played 
the part of an inspiration in the development 
of the firm, so much so that an employee of the 
Cockerill organisation, when he is asked where he is 
employed, will invariably reply in the local dialect 
** A tchestai ” (aw chateau). 

It was hardly to be expected that the profound 
influence of John Cockerill’s enterprise on the develop- 
ment of the Belgian metallurgical and engineering 
industries would be stressed by the present manage- 
ment of the firm at the anniversary celebrations, 
which took place at Seraing on Saturday last. But 
the active part taken in the proceedings by H.M. 
the King of the Belgians during a long autumn 
afternoon, and the presence of the Prime Minister 
and other members of the government, not to 
speak of a number of leading industrialists, both 
native and foreign, are all sufficient assurance that 
this role is recognised in his adopted country ; 
and this recognition cannot be better expressed than 
in the words of His Majesty’s speech when he said 
that the history of the firm ‘donne un exemple 
impressionnant de ce que peut Vinitiative d’un homme, 
@un ouvrier quin’a pour toute fortune. que son intelli- 
gence, mais qui voit juste et dont les idées sont servies 
par une inlassable ténacité. 

Of King Albert’s military quality Englishmen are 
well aware, but those who visited Seraing on Satur- 
day could not fail to have been impressed by his 
keen interest in the commercial development of his 
country. Like the other official guests, he travelled 
by special train from Brussels and was received on 
arrival by the municipal authorities. He proceeded 
on foot through the gaily-decorated town, to the 
main entrance of the works, having on the way 
laid a wreath on the tomb of the founder of the 
firm, who died in Warsaw in 1840. Here he was 
received by M. Louis Chainaye, the president of 
the board of directors and his colleagues, and paid 
similar floral honours at the monument to the 
employees of the firm, who fell in the great war. 
Attended by M. Léon Greiner and accompanied 
by the remainder of the official visitors, he then 
made a tour of the works, which lasted some two 
hours. 

This tour included an inspection of the erecting 





THE COCKERILL WORKS, 1817-1927. 
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a century marked not only 





In this connection there is one point that is worth 
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shop, where machines of various types such as 
steam turbines, gas engines and air compressors are 
assembled ; the locomotive erecting shop, where a 
great deal of work was in progress, and outside 
which was a model of one of the first locomotives 
built by the firm alongside one of the most modern 
type, which has recently been constructed for the 
French Northern Railway; the blast and steel- 
making furnaces ; the rolling mills ; and finally the 
foundry. The first impression obtained was that 
there is little trace of the fact that the factory 
has been in existence for over a century. It was 
of course to be expected that the equipment would 
have fairly kept pace with the times, but it was 
surprising to find light and airy buildings, and 
especially a modern main foundry, which is a 
spacious hall some 300 ft. long by 230 ft. wide. 
The explanation is, of course, the devastation 
wrought by the war, which not only forced a 
reconstruction, but enabled that reconstruction to 
be carried out on modern lines. 

At the conclusion of his inspection, His Majesty pro- 
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ceeded to the new foundry, which had been suitably 
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decorated for the occasion, where an audience 
of several hundred people, including many of the 
employees, was assembled. Here, a number of 
speeches were made, but we have only space to refer 
briefly to that of M. Léon Greiner, who, in the course 
of some 20 minutes, eloquently traced the history 
of the firm from its earliest days. He recalled that 
the Cockerill organisation had been among the first 
to form a “ vertical trust ’’ by manufacturing land 
and marine engines from their own iron. They had 
also, in 1835 supplied the rails for the first Belgian 
railway, and in 1861 had not only adopted the 
Bessemer process, but had utilised blast furnace gases 
for operating gas engines. M. Greiner paid an 
eloquent tribute to the memory of those whose 
efforts, whether in the administrative departments 
or in the shops themselves, had done so much to 
ensure the success of the firm. That the relations 
between employers and employed at Seraing is 
good was evident enough from little touches which 
broke through the formal proceedings and from the 
prolonged applause, which greeted the appeal for 
co-ordination made by M. Jasper, the Prime 
Minister, at the banquet, which concluded the 
ceremonials. 

To quote His Majesty again, the whole proceed- 
ings were a great display of national energy, and he 
did well to take the firm’s motto “‘ Courage to the 
last” as applying to the spirit of the inhabitants of 
the country over which he rules. 


THE LATE MR. F. C. WIGHT. 


Ir is with great regret that we have to record 
the death, at the early age of 45, of Mr. Frank 
Clinton Wight, editor of the Engineering News Record, 
New York. Mr. Wight, who had recently recovered 
from a nervous breakdown, died after a brief ill- 
ness at his home in Summit, New Jersey, on 
September 18 last. Born in Washington, District 
of Columbia, U.S.A., on February 26, 1882, 
Mr. Wight received his technical training at 
Columbia (now George Washington) University, 
Washington, D.C., and later at Cornell University, 
New York, at which latter institution he gained 
the degree of Civil Engineer in 1904. The young 
graduate then entered the office of the engineer 
of bridges of the District of Columbia, as an assistant 
engineer. While in this capacity, he was employed 
on work in connection with the design and con- 
struction of the Piney Branch and Anacostia 
bridges and of the great Connecticut Avenue viaduct 
over Rock Creek valley. Mr. Wight was initiated 
into technical journalism in December, 1906, when 
he was appointed associate editor of Hngineer- 
ing News. During the six years, which followed, he 
devoted himself principally to questions relating to 
concrete design and construction. This subject, we 
may add, was not without difficulties, as reinforced 
concrete was, at the time of Mr. Wight’s appoint- 
ment, in its early stages of development in the 
United States. In addition, he was given the almost 
equally arduous task of dealing with all river and 
harbour installations and engineering plant. By 
sheer force of ability and hard work, however, the 
young engineer triumphed over the difficulties, 
which lay in his patk, and won success from the 
very first. 

Mr. Wight was promoted to the post of manag- 
ing editor of Engineering News in 1913, and retained 
that position until this journal was incorporated 
with Engineering Record in 1917. In that year he 
returned to more strictly technical work on the 
combined journal. Four years later, however, he 
was called upon to resume the managing editorship 
for, on January 1, 1924, when Mr. E. J. Mehren, 
editor of Engineering News-Record, vacated that 
position in order to devote his time to the executive 
management of the engineering branch of the 
McGraw-Hill publications, Mr. Wight succeeded 
him, and continued to hold this difficult appoint; 
ment until his death. The new editor’s first big 
task was the production of a special issue com- 
memorating the fiftieth anniversary of the existence 
of the journal. This issue, which was published 
on April 17, 1924, further enhanced his already 
established reputation as an efficient technologist 
and administrator. 

Mr. Wight had for many years been looked upon 





as an authority on reinforced concrete ; and his inves- 
tigations into the effect of sea-water on that material, 
his writings on reinforced-concrete design and con- 
struction, and his work as a member and com- 
mitteeman, of the American Concrete Institute, and 
as editor of its “‘ Proceedings,” were all noteworthy. 
A member of the American Society of Civil Engineers, 
he served on some of its important committees. He 
was also for many years a member of the Cornell 
Society of Engineers and of the Engineers’ Club. Some 
time ago, he was chosen as a member of the com- 
mittee on street and highway-traffic safety, which was 
formed by Mr. H. C. Hoover, Secretary of Commerce 
in the United States Government. Quite recently, as 
a result of a serious hotel fire, Mr. Wight was 
asked by the National Fire Protection Association, 
to undertake the chairmanship of a committee on the 
protection against fire of structural work. He was 
for many years an active worker of both the National 
Conference of Business Paper Editors and of the 
New York Editorial Conference, and was President 
of the former organisation at the time of his death. 
He was a former chairman of the New York Editorial 
Conference. 

Mr. Wight was a man of brilliant attainments and 
possessed great administrative talents. His career 
was one of incessant activity, and it is highly prob- 
able that overwork was a contributory cause of his 
untimely death. 








THE BRITISH ASSOCIATION AT 
LEEDS. 
(Continued from page 416.) 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 


REGULARITIES IN FusE SPECTRA. 


In the next paper read on September Ist, Dr. A. C. 
Menzies described some experiments, made by 
J. A. Anderson’s method, in which wires were 
exploded by condenser discharges and powerful 
currents, and the vacuum arc spectra examined. 
Dr. Menzies fused wires, mainly of copper, because 
it is easily obtained pure, and also because its energy 
levels of copper had recently been re-determined, by 
short-circuiting an accumulator battery or the 
town mains. The fusion produced momentary 
currents lasting perhaps 0-01 sec., of the order of 
100 amperes, and the spectra observed, photo- 
graphs of which were exhibited, showed both 
reversals and shifts, when compared with the ordi- 
nary low-current arc. The reversals involved the 
two lowest energy-levels and some low levels of 
the spark spectrum. The shifts involved high 
levels; a red shift appeared to indicate s orbits, 
while a violet shift meant d orbits. These obser- 
vations had rendered a further classification of 
terms possible. Dr. Menzies also drew attention 
to applications of this method, particularly for 
photographing spectra in the ultra-violet. 


RECENT PROGRESS IN QUANTUM MECHANICS. 


Dr. Heisenberg, in a paper with the above title, 
said that quantum mechanics started from the 
assumption that the electron was a very small 
particle, moving in accordance with its particular 
laws. The theory of wave mechanics replaced 
the electron by continuous waves, which spread 
out into space, according to the equations of 
L. de Broglie and Schrédinger. The two theories 
led to the same mathematical scheme, but the 
physical interpretations seemed different. The 
apparent contradiction between electronic and 
atomic phenomena had shown the necessity for a 
reconsideration of the whole matter. Following 
Einstein’s example, he had begun with an examina- 
tion of elementary experimental facts, in order to 
determine the validity of the classical terms. What 
was meant by the position of an electron in space 
and its orbit? If we could watch an electron 
with the aid of a microscope, or simultaneously 
with two microscopes, in y ray illumination. We 
might thus settle the position of an electron. By 
examining a beam of light entering the aperture of 
the microscope, however, we might, or might not, 
find an electron, and the assumption of a con- 
tinuous density of charge would be wrong. To see 
the electron at all, moreover, the field had to be 





illuminated by at least one quantum of light energy, 
which itself would change the velocity of the 
electron under test or throw it out of its path. 
The hypothetical accuracy of such determinations 
had quite recently been investigated by Bohr. 
When the electron was thrown out of the atom, 
we could determine one point of its orbit, and that 
might be repeated on other atoms. But any 
reference to simultaneous observations of pulse 
and position at once introduced the velocity of 
light, as in relativity problems. For these reasons 
it was impossible to dogmatise about the exist- 
ence, position or orbit of an individual electron, 
as in the classical treatment, and we were bound to 
take a statistical average view of the whole 
phenomenon. 

Similar difficulties arose when the subject was 
approached from the standpoint of wave mechanics, 
according to which the energy of a pulsation 
spread out in packets from the centre. The 
only justification for such a view was a statistical 
one. Every time such a packet was examined, the 
new evidence thus acquired compelled us to re- 
consider our view as to where the probable centre of 
the pulse was to be found. A series of successive 
centres of pulsation determined what might be 
regarded as the average orbit. We did not know 
where the electron was ; we had only probability to 
go upon, and the probability function was the 
Schrédinger function. It was found that the 
quantisation of the electronic motions corresponded 
to what might be called the wave-character of the 
electron. Classical statistics did not apply to 
electrons and light quanta; but the new statistics, 
both of Bose-Einstein and of Fermi-Dirac, could be 
brought into the theory in different ways. Dr. 
Heisenberg proceeded to examine how these statistics 
accounted for the phenomena, especially of band 
spectra, and their intensity variations, and vanishing 
lines, which Hund’s researches had made the most 
promising method for the investigation of the 
nucleus. Both electrons and protons seemed to 
be capable of the spinning motion, which Uhlenbeck 
and Goudsmit proposed in 1925, and which C. G. 
Darwin compared to polarisation. A deeper know- 
ledge of that spin was required. The light waves had 
no real existence, but they provided a convenient 
method of representing our statistical knowledge. 
Dirac’s theory of electromagnetic waves consti- 
tuted the most important progress in that branch 
of quantum mechanics. 


Tue Viscosity oF Liqurps. 


In introducing his ‘Note on a Theory of the 
Viscosity of Liquids,” Professor EK. N. da C. Andrade 
pointed out that the viscosity of liquids had to be 
explained by devising a mechanism essentially 
different from that used to explain the viscosity 
of gases. The viscosity of gases increased with 
rising temperature, but was independent of the 
pressure. The viscosity of liquids decreased with 
rising temperature and increased with the pressure. 
This change became considerable for large pressure 
differences. In the case of amyl alcohol, for 
instance, a reduction of the volume from 1 to 
0-8 increased the viscosity a thousandfold. The 
theories of the viscosity of liquids, recently pro- 
posed by L. Brillouin (starting from the energy of 
wave motion), and by H. B. Phillips (quantum 
principle) only concerned the change of the viscosity 
n at constant volume. Until the experiments of 
Bridgman, which were made with water and 42 
other liquids at temperatures between 30 and 
75 deg. C. and pressures up to 12,000 atmo- 
spheres, even the sense of the change of 7 had 
been uncertain. Bridgman found that when the 
volume was kept constant, the viscosity fell 
rapidly, as the temperature rose. The theories 
of Brillouin and of Phillips, moreover, did not 
accord with facts. Professor Andrade assumed that 
the flow of one layer of liquid over another took 
place as the result of rolling the molecules over 
one another without slip, and that the application 
of a shearing force to the liquid as a whole produced 
a molecular arrangement within the field, somewhat 
as in ferromagnetism. The molecules, possessing 
some kind of polarity, acquired potential energy 
in the field-and set themselves in the direction of 
the field according to Boltzmann’s formula, At 
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low temperature the molecules would lie parallel 
to the direction of shear, but at higher temperatures 
more at random, the application of the shear 
tending to rotate the molecule with an angular 
acceleration proportional to S sl sin 9, where S 
was the shearing force, s the diameter of the sphere 
of influence of the molecule, / its length, and § the 
angle made by the molecular axis with the direc- 
tion of shear. On this view the formula for the 
viscosity could be written 7 = f/#, where f was the 
shear per unit area and @ the angular velocity 
about an axis normal to the shear. A further 
assumption had to be made. The molecules 
would either be locked (normal condition) or free ; 
and they would be unlocked or freed by an impact 
for a period r, until locked again by another im- 
pact. The mathematical deductions led Professor 
Andrade to the simplified formula for the tempera- 
ture variation of the viscosity at constant volume 
n = C/(T—T,)3, that is to say, the viscosity 
should vary inversely as the square root of the 
temperature and should tend to become constant, 
if the temperature increased indefinitely. This 
agreed with observations. The deductions further 
indicated a rapid increase of viscosity with tempera- 
ture. This increase would mainly depend upon the 
length of the period r, during which the molecules 
were free. That period must decrease rapidly as 
the volume was decreased ; but Professor Andrade 
could not definitely connect + with other properties. 


Poxar Properties oF MoLEcuLss. 

Professor P. Debye gave an account of his recent 
investigations of the electric properties of matter, as 
indicated by the behaviour of molecules in electric 
fields and by the interaction of molecules. Those 
relations were simple only in gases, in which the 
internal fields could be neglected, and they were 
difficult to trace through the vapours, liquids and 
solids. Molecules would have polarity and an 
electric moment, in the absence of external fields, if 
the centre of the electric charges did not coincide 
with the mass centre; and these moments could be 
measured by placing a cubic centimetre of the gas or 
vapour in anelectric field. Asymmetrical molecules 
(dipoles) would then tend to arrange themselves in 
alignment, but this process would be disturbed by 
temperature agitation, and the dielectric constant 
and refractive index should change with tempera- 
ture, if the molecules were not symmetrical. In this 
way the connection between polarity and chemical 
constitution had been studied for methane gas (CH,) 
and the vapours of its chlorine substitutes CH,Cl., 
CH,Cl,, CHCl, (chloroform) and CCl, (carbon tetra- 
chloride). Of these CH, and also CCl, proved to 
have symmetrical (tetrahedral) structures, as ex- 
pected, the dielectric constant and refractive index 
not changing with temperature. When one chlorine 
was introduced into the molecule, the dielectric 
constant greatly increased and changed considerably 
with temperature; that effect diminished as more 
chlorine was introduced and vanished again in the 
tetrachloride, as stated. The refractive index showed 
changes in the opposite sense. Such tests further 
admitted of distinguishing between ethylene com- 
pounds of the types: 


H-H H-—X H—X 
c=C C=C C=C 
x-—-<X H-xX xX—H 


of which only the last (trans-position) was sym- 
metrical (the first is cis-position). Again, in ben- 
zene, when two of the hydrogen atoms at the 
corners of the hexagon were replaced by chlorine, 
the ortho-compound, with the two Cl at corners 
1-2, was found to be more asymmetrical than the 
meta 1-3 compound, while the para compound 1-4 
was symmetrical again, as anticipated. The water 
molecule was likewise found to be asymmetrical, 
showing that the three atoms were not in the 
alignment H-O-H, but that the O atom was held 
outside the hydrogen atom axis. 


A New Mass SPECTROGRAPH AND THE WHOLE 
NoumBer RULE. 
Dr. F. W. Aston reviewed his work since 1925 
in a paper with this title. Describing the new 
apparatus,* which had a resolving power of 





* Compare Dr. Aston’s May lecture before the Institute 
of Metals, ENGINEERING, 1924, vol. cxvii, page 770, and 


1 in 600 and enabled him to measure to an 
accuracy of 1 in 10,000 by new methods of 
comparison, he said that his discharge device, 
giving 1 milliampere at 40,000 volts for indefinite 
periods, was spherical as before, though the 
cylindrical shape used by Wien and others had 
advantages for some purposes. He had also 
returned to the convex (not concave) type of 
cathode of his earliest experiments. The brass 
plate electrodes of the electric field were 1-25 mm. 
apart and slightly curved; the path of the rays 
in the magnetic field, the slit of which opened 
out in trumpet fashion, was curved to a radius 
of 22-5 cm. on a path length of 15 cm. The magnet 
core was rectangular, 15 cm. by 5 cm., the external 
diameter of the curved limbs being 46 cm., and 
the magnet, for fields of 20,400 gauss maximum, 
weighed 4°5 cwt. Gaede and other pumps kept 
the vacuum almost perfect. 

Measurements of the mass ratios were made 
with the aid of Poynting’s tilting micrometer by 
several methods. The lines being rarely sharp 
enough for direct measurements, either the 
series shift or the modified bracket method were 
used. For both these it was necessary to bring 
the lines to be compared (when far apart) close 
together on the plate, the one being first on the 
right, and then on the left of the other, for 
easy comparison. This was done by varying the 
potential applied to the field electrodes with 
the aid of a 500-volt accumulator battery ; 
but there had been the trouble that the rays 
charged the electrodes, until the field was occasion- 
ally reversed. Inthe third method of measurement 
the magnetic field was also varied. The hydrogen 
compounds (hydrides) were very convenient for this 
comparison, ¢.g., in the case of bromine isotopes 
(mass 79 and 81), because series, progressing in 
steps of 1 (79, 80, 81, 82) could be obtained. 
Mercury had the advantage that it could be 
stripped of several electrons, leaving nuclei of 
multiple charges. The new measurements assigned 
to sulphur at least three isotopes, to tin eleven 
isotopes (masses 124 to 112), xenon nine isotopes 
(two formerly doubtful), and mercury six isotopes 
(204 to 198). The mass of hydrogen was settled 
at 1-00778 (on the basis oxygen equal to 16), that 
of helium at 4-00216, whilst Baxter’s chemical 
determination of 1926 yielded 4-0000. That 
discrepancy was not explained yet. Helium did 
not appear to have an isotope. 

As regards the whole-number rule, Dr. Aston 
pointed out that the assumption was that all 
atoms were built up of protons, mass 1, and 
electrons. But the additive law might not be 
the same for neutral atoms (built up of 
a nucleus itself containing electrons plus elec- 
trons) and for molecules (built up of atoms 
plus atoms), and the integer rule was found not to 
hold generally. Inside the nucleus the protons 
and electrons were packed so closely that their 
electromagnetic fields interfered, and a certain 
fraction of combined mass was destroyed ; outside 
the nucleus the distances between the charges were 
too great for those effects. The mass destroyed 
corresponded to the energy released, analogous some- 
what to the heat of chemical combustion; that 
consideration made the determination of the loss 
of mass fundamentally important. The actual 
divergence from the whole-number rule, divided 
by the mass number, that is, the gain or loss of 
mass per proton, when the molecular packing 
was changed from that of oxygen to that of the 
respective atom, was called the packing fraction ; 
it was expressed in parts per 10,000. Thus 
hydrogen, mass number 1, had an atomic weight 
1-00778, and its packing fraction (zero for oxygen) 
was + 77-8. Other packing fractions were: 
helium + 9:4, carbon 3, nitrogen 5-7, oxygen 0, 
phosphorus — 5-6, bromine — 9, nickel (lowest 
number observed) — 10, mercury + 0-8. When 
the packing fractions were plotted against the mass 
numbers, a hyperbola was obtained; the curve 
dropped rapidly from hydrogen, crossed the zero line 
near mass 20, became negative and crossed the zero 
again near 200 (mercury). The curve showed no 
periodicity, but it did show a difference between 
elements of odd and of even atomic (or mass) 


‘the former had less stable nuclei, and Dr. Aston 
said, in conclusion, that he agreed with Rutherford’s 
view that the atoms consisted of an inner part, 
of tightly-bound crystalline structure, and an 
outer, looser system of neutrons and electrons, 
which became more complex in the higher atoms. 
Helium, carbon and oxygen did not fall on this 
hyperbola, but outside (below) it. 


(To be continued). 
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Lubrication in Colliery Practice. By N. Stmpxin, M.Sc., 
and A, Dawe. London: The Colliery Guardian 
Company, Limited. [Price 10s. net. ] 
Apart from the technical pamphlets on lubrication, 
issued by oil merchants, there is a dearth of literature 
dealing with the subject in a connected and practical 
form. This is probably due to the fact that the 
practice of correct lubrication is still to such an 
extent a matter of experience and rule-of-thumb, 
that it is a difficult matter to produce a satisfactory 
handbook containing the cut-and-dried formule 
beloved of the engineer. As soon as he leaves 
generalities behind, the seeker after knowledge in 
this field generally finds himself led on, through a 
consideration of the pressures in oil films so minute 
that laboratory methods are required to measure 
their thickness, to the romantic region of molecular 
dimensions and a consideration of the behaviour of 
complex molecules under their mutual attractions. 
As a study in pure science, this is of great interest, 
and such work should not be scorned ; but up to the 
present it has not succeeded in producing a workshop 
instrument, by the use of which the plant engineer 
can measure various grades of oil submitted to him 
and evaluate them for his purpose. At the best 
he has only received suggestions why preference 
should be given to certain general types of oil for 
any given purpose ; but with the increasing employ- 
ment of works’ chemists it is becoming ever more 
possible to ensure on broad lines that the payment 
of a high price will procure properties desirable for 
his service and unobtainable in cheaper oils. The 
matter is complicated by two factors : the variation 
in the individual requirements of plants, which at 
first sight appear classifiable under a common 
head; and the advances in the refining of oils 
mineral oils in particular. Over the last few 
years this industry has developed rapidly, resulting 
in the creation of new grades from fresh sources, so 
that it sometimes happens that there is now a 
plentiful and low-priced oil, with all the properties 
requisite for a certain plant, where hitherto precedent 
has dictated the use of an expensive oil. It is poor 
economy to purchase an oil that is high-priced 
because it possesses certain special characteristics, 
which are not being utilised. 
As a serious attempt to produce a useful and 
unprejudiced handbook, free from abstruse tech- 
nicalities, the work under review can be recom- 
mended ; and although the preface informs us that 
the book was compiled for the benefit primarily 
of the members of the Lancashire and Cheshire 
Coal Research Association, it will have a wide 
appeal, not only to others engaged in the mining 
industry, but to many other engineers who have at 
least some of the plant considered under their 
charge. 
The author reviews the source and properties 
of lubricating oils and greases, and the methods of 
testing them, with an eye all the time to the practical 
application of his remarks. He impresses upon the 
reader the fact that quality in oil is essentially a 
question of suitability for the job, before any other 
characteristic, especially price, is considered. 
It is perhaps fair criticism, even bearing in mind 
the desire for simplicity and clearness, which 
characterises the work, to regret that recommenda- 
tions of typical oils are not accompanied by brief 
guiding specifications, showing the more important 
values to be looked for. This would be more 
helpful than terms such as “light,” “ medium” 
and “heavy.” No reference is observed to the 
British Engineering Standards Association Speci- 
fication No. 210, which lays down such guiding 
specifications. On the other hand, acknowledg- 
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units of absolute viscosity, and to the efforts of 
the Institute of Petroleum Technologists to stan- 
dardise methods of testing, these methods being for 
the most part adopted by the author. 

There is an appendix containing representative 
tests of lubricants for a variety of purposes, but 
these are drawn from grades actually on the market 
and illustrate bad as well as good practice, and they 
consequently hardly answer the same purpose as 
would the guiding specification values advocated 
above. 

A good portion of the book is devoted to a detailed 
study of the lubricating requirements of all plant 
met with about a colliery, above and below ground, 
classified by the nature of machine or other plant. 
This section, therefore, acts as a convenient 
index to the preceding parts of the work, considera- 
tions relevant to any particular case thus being 
brought to notice. 

The author closes with a chapter on the storage, 
care and recovery of oil, which contains useful 
hints. He, however, ignores the centrifugal method 
of oil purifying, to which reference might be made, 
as it is coming to be regarded as a valuable adjunct 
in the continuous treatment of turbine oils in large 
power installations. 


Plastering, Plain and Decorative. By Witt1AM MIL1iaR, 
Plasterer and Modeller. Edited and remodelled by 
GeorcE P. BAnxkaRtT. Fourth Edition, revised and 
enlarged. London: B. T. Batsford, Limited. [Price 
308. net. ] 

Tue plastic arts may seem to be a little removed 
from the interests of the engineer. None the less, 
this very handsome book on plastering should not 
be dismissed without an appreciative notice of the 
spirit actuating its authors, in making their know- 
ledge of this art available to all who love good 
craftsmanship. Mr. G. T. Robinson, who collabo- 
rated with the author on the production of the first 
edition, pays a very generous tribute to the originator 
of this work—a tribute to his capacity, his industry, 
and to his courage. It is recorded that when the 
manuscript for his book, with drawings, was well 
advanced, a fire occurred, destroying all his home 
possessions and the result of his labours ; he began 
again. Much new matter has been added by the 
editor to the original work. 

The book opens with an historical account of the 
plasterers’ art, which it appears dates back a good 
four thousand years. Then follow much of artistic 
interest, with fine plates by way of illustration, 
practical information relating to materials, methods 
of procedure, moulding, compositions, and useful 
memoranda. Plaster work is executed by two 
distinct methods, one in which the actual plaster is 
modelled to form, the craftsman working directly 
upon the material, the other in which the design, 
having first been modelled in clay is then reproduced 
by casting in a mould made from the original. The 
first-named method probably best favours a vital 
expression of the artist’s purpose; it must be 
quickly wrought with unerring touch. The latter 
procedure perhaps gives a more precise, but a more 
laboured, finish and favours a somewhat wearisome 
repetition of form, as is seen in examples by the Adams 
Brothers, who did much fine plaster work, particu- 
larly in London, and perfected compositions, no 
doubt after much test and trouble, for both indoor 
and outdoor work, compositions which hold their 
own for durability to this day. For interior work, 
much plastering of 50 years ago—particularly in 
theatres—was of a comparatively soft and sound 
absorbent nature, and it would be well to know 
whether the harder plaster; and cements now used 
are not perhaps less desirable with respect to the 
acoustics of a building, which may suffer from 
excessive reverberations. Though hardly an 
engineer’s book, there is yet matter directly interest- 
ing to him on the application of plaster and concrete 
coverings to structural steelwork, and the subject 
matter invites some general consideration of esthetic 
principles as applied to design. There is perhaps as 
great a difference as there well can be between 
expression of the artist’s feeling, when working on so 
amenable a material as fresh-made plaster, and the 
evidence of fitness and propriety in the mind of the 
engineer, when designing for such an intractable 
a material as steel. Yet the same fundamental 
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principles may apply. In either case the form 
approved should be consonant with the nature of 
the material and methods of working it, so that we 
find—say in structural steelwork—that simple 
straight-lined forms are commonly most satisfying. 
There should be no straining after effects foreign to 
the material, reliance being placed rather upon good 
proportions and suitable spacing of members. It 
would perhaps be well if the care, bestowed by the 
authors on the detailed processes of plaster work, 
were to be applied by competent authors to the 
minute of common engineering operations. There 
is hardly enough information of this kind available 
in book form. 

To revert to the subject of this review, it should 
be noted that the plates and diagrams are very well 
done, and the index comprehensive. 





HANDBOOK FOR FoUNDRYMEN.—We have received 
from Messrs. Beecroft and Partners, Limited, consulting 
metallurgists and foundry chemists, St. Peter’s-close, 
Sheffield, a copy of their ‘‘ Handbook of Practical 
Information ” for foundrymen, engineers and iron and 
steel workers. The booklet, which is in its third edition, 
contains full information regarding the services and 
specialities of the firm, and, in addition, some concise 
tables, data and notes intended for the use of foundry- 
men and engineers. 


THE IRON AND STEEL TRADE.—According to a report, 
which we have received from the London Iron and Steel 
Exchange, Limited, 123, Cannon-street, E.C.4, there has 
been rather more activity recently in the iron and steel 
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THE SOUTH-EAST ENGLAND 
ELECTRICITY SCHEME. 


In accordance with Section 4 of the Electricity 
(Supply) Act of 1926 the Central Electricity Board 
have this week published a scheme* for South-East 
England, which they have received from the Electricity 
Commissioners. This scheme is accompanied by a 
pamphlet, entitled “ Supplementary Particulars,” which 
gives in considerable detail the technical and financial 
data, on which the scheme itself is based. It is 
important to note, however, that the suggestions 
made in this second document are tentative, since the 
practical working of the scheme, including the fixing 
of tariffs, is the responsibility of the Board. The 
scheme itself is a formal document. It specifies the 
stations, which are to be “selected,” and the main 
and secondary transmission lines, which are to be 
erected, by the Central Electricity Board. It imposes 
on certain other stations the obligation to work in 
accordance with the instructions of the Board as a 
temporary measure, and authorises the Board to make 
arrangements for additional interconnecting lines, when 
these are necessary for carrying out the work. It is 
accompanied byfourappendices : The first of these gives 
a description of the area, the second details the existing 
and projected “‘ selected ” stations and the extensions 
which it is proposed should be made to them between 
now and 1940; the third schedules the proposed main 
and secondary transmission lines and the sub-stations 
connected to them, while the fourth gives a list of the 
generating stations, which will be affected by the 
temporary arrangements mentioned above. The 
scheme is also accompanied by two maps, showing the 
area as a whole and the London district respectively, with 





markets, and export business at length shows some 
promise of developing. In the pig iron market trading 
continues on steady lines, and some business is reported 
to have taken place with the Continent. Home con- 
sumers also have shown a greater disposition to place 
forward contracts, as it is generally believed that prices 
of British pig iron are not likely to be further reduced for 
some time. The conditions in the market for semi- 
finished steel however, remain poor and the demand 
both for British and Continental material is slow. Good 
orders have been placed for shipbuilding and structural 
material, and these should help to keep British works 
going for some weeks. 


some of the principal stations and the routes of the main 
transmission lines marked thereon. These maps are 
reproduced in Figs. 1 and 2 above and on page 465. 
The policy underlying the scheme and the financial 
data, upon which it is based, are dealt with in detail 
in the “Supplementary Particulars,” from which we 
extract the following information: The extent of the 





* South-East England Electricity Scheme, 1927. [Price 








2s.] Supplementary Particulars. [Price 4s. net.] London: 
H.M. Stationery Office. 














OcT. 7, 1927.] 


ENGINEERING. 


465 








THE 


SOUTH-EAST ENGLAND ELECTRICITY SCHEME. 





exes (32,000 Volt Transmission Lines Fi ug. z. 
awaaeLower Voltage Lines 

Generating Stations(selected) 

Generating Stations (temporary arrangements) 
132,000 Volt Transforming Stations 

Lower Voltage Transforming and/or 

Switching Stations. 


ee00 


EDGWARE 





WEMBLEY 
S’PANCRAS ge 
a 
DINGTON 
BAYSWA, 


WILLESDEN 


STJOHNS 1D 


HOL 


ACTON 2B 


HISWICK , WALHAM 


% GREEN 


RT LAKE 


RICHMOND 


A 


Pi 
WIMBLEDON 


a 


? 


eo 


KIN 


2" 
ol 


SURBITON 





WOOD GREEN 


¢ 
CLERKENWELEA, | 4 
ciry 


WALWORTI 


{ qanmmnene 
ENFIELD 


LOUGHTON 


/ CHINGFORD aller 


TOTTENHAM 
WANSTEAD 


9 
WALTHAMSTOW 
LEYTON 


oane*™ 


/LFORD 


EAST 
HAM 


ot 
eae ‘ BARKING 


DALSTON 
Bow, 


1 


4y* POPLAR 


Pod 
Px 
=, = 
rr 


ema 


tg 


lee ‘ 
om, 2 


\ case, 
y 4 
woo,wicH 
ane 


OTHERHITHE 


EPTFORD prereset 


LEWISHAM 


= BROMLEY 
BECKENHAM 








(334.8) 


area is about 8,828 sq. miles and its population at the 
last census was 11,392,561. It includes the counties 
of London, Middlesex, Hertford, Essex, Kent, Surrey, 
Berkshire, Buckinghamshire, Bedfordshire, Cambridge, 
Huntingdonshire and parts of the counties of Sussex, 
Hampshire and Suffolk. Portions, as in the London 
area and the seaside resorts, are densely populated, 
but a good deal is still rural. It is now served by 165 
authorised undertakers, of which 93 operate within the 
area of the London and Home Counties Joint Electricity 
Authority, while there are eight power companies, viz., 
the Bedfordshire, Cambridgeshire and Huntingdonshire 
Electricity Company, the County of London Electric 
Supply Company, the Kent Electric Power Company, 
the London Power Company, the Metropolitan Electric 
Supply Company, the North Metropolitan Electric 
Power Supply Company, the South-East Kent Electric 
Power Company and the West Kent Electric Company. 

An analysis of the growth of electrical output for the 
four years up to and including 1924-25 showed that 
the rate of increase in the electricity sold during that 
period was about 11-5 per cent. per annum. An 
examination of the statistics for South-East England 
have, however, led the Commissioners to adopt an 
average rate of increase of 16-9 per cent. per annum 
on the output for 1925-26 for the first eight years, 
and to increase this rate to 20-4 per cent. for 
the years between 1933-34 and 1940-41, owing to the 
probable access of the railway load and the closing of 
private generating stations, in addition to the 
accelerated growth of the demand generally. In 
1925-26 the electricity sold in the area amounted to 
1,282 million kw.-h. It is estimated, therefore, that 
this figure will increase to 3,019 million kw.-h.in 1933-34 
and to 4,855 million kw.-h. in 1940-41. The estimated 
simultaneous maximum demands in these two years 
will be 1,424,000 kw. and 2,191,000 kw. and the 
electricity sold per head of population 265 kw.-h. and 
426 kw.-h. respectively, using the figures of the last 
census as a basis. 

At the present time there are 135 public generating 
stations in the area, as well as 17 traction stations. 
Of these the following thirteen existing stations have 
been “‘ selected’ : Barking (County of London Electric 
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tion), Brighton (Brighton Corporation) and Peter- 
borough (Peterborough Corporation). It is also proposed 
to erect three new stations at Battersea (London 
Power Company), at Chiswick (London and Home 
Counties Joint Electricity Authority), and at Little Bar- 
ford, near St. Neots. Two other stations, one possibly 
on the Barking site, are contemplated before 1940. In 
addition, the following fifteen stations will be tempor- 
arily required for the purposes of the scheme to supple- 
ment the operations of the “selected” stations : 
Battersea (Battersea Borough Council), Woolwich 
(Woolwich Borough Council), St. Marylebone (St. 
Marylebone Borough Council), Blackwall Point (South 
Metropolitan Electric Light and Power Company), 
St. Pancras (St. Pancras Borough Council), Poplar 
(Poplar Borough Council), Walthamstow (Waltham- 
stow Urban District Council), Wandsworth (County of 
London Electric Supply Company), Shoreditch (Shore- 
ditch Borough Council),Croydon (Croydon Corporation), 
Willesden and Brimsdown (North Metropolitan Electric 
Power Company), Ipswich (Ipswich Corporation), 
Luton (Luton Corporation), and Gravesend (Gravesend 
Corporation). 

The plant at present installed or sanctioned in these 
stations is 1,491,325 kw. and no extensions are contem- 
plated to them before 1931, when further plant will be 
erected at Battersea (10,000 kw.), St. Pancras (10,000 
kw.), and Poplar (15,000 kw.). In 1932 the first 
section (120,000 kw.) of the London Power Company’s 
new station at Battersea will be put on load, while in 
1933 this station will receive a further 60,000 kw. and 
the stations at Hackney (20,000 kw.) and Stepney 
(20,000 kw.) will also be extended. In 1934 the first 
section (120,000 kw.) of the London and Home Counties 
Joint Electricity Authority at Chiswick will be started 
and Hackney (20,000 kw.) and St. Marylebone 
(20,000 kw.) will also be extended. In 1935 the two 
new stations at Battersea and Chiswick will receive a 
further 60,000 kw. each, and the same will apply in 1936. 
In 1937 Chiswick will be extended by 60,000 kw. and 
Stepney and Brighton by 20,000 kw. each. In 1939 
an additional 60,000 kw. set will be installed in each 
of the new stations at Battersea and Chiswick. No ex- 
tensions are contemplated at Barking, Brimsdown (Old), 











Supply Company), Brimsdown (North Metropolitan 
Power Company), Deptford East and West, Grove 
Road, Willesden and Bow (London Power Company), 
Hackney (Hackney Borough Council), Stepney (Stepney 
Borough Council), Bankside (City of London Electric 
Lighting Company), West Ham (West Ham Corpora- 





Deptford, Grove Road, Woolwich, Blackwall Point, 
Willesden, Walthamstow, Bow, Wandsworth, Shore- 
ditch, Croydon, Bankside, West Ham, Ipswich, Luton, 
Gravesend and Peterborough, though the situation, 
in so far as Barking and Brimsdown (New) are con- 


estimates. It is expected that the new Station A 
(200,000 kw.) will be running in 1938 and the new 
Station B (200,000 kw.) in 1940. The sites for these 
have not yet been selected. In addition, at some 
date at present uncertain, the Little Barford station 
25,000 kw.) will be put in operation. 

In the period between now and 1940, 339,750 kw. 
of plant will be withdrawn, and the position at the end 
of that time will be that 2,461,575 kw. of plant will be 
in operation, compared with 1,491,525 at the present 
time. It is stated that in this way the aggregate 
percentage of spare plant will be reduced to 12 per cent. 
as compared with 51 per cent. now. The probability 
is that the high load factor base load for the area will 
be dealt with by the stations at Battersea, Barking, 
Chiswick, Deptford, and Brimsdown. Fourteen of the 
other stations will be operated as two-shift stations, 
and the remainder as one-shift stations. Further 
details on this point are not, however, given in the 
scheme. Ultimately, therefore, the area will be 
supplied from eighteen capital stations, i.e., the thirteen 
existing, the two already projected and three new. 
The transmission system contemplated under the 
scheme is clearly indicated on the accompanying maps, 
and we do not propose to give the various lines in detail, 
as is done in the Supplementary Particulars. The 
general principle adopted is the connection of the 
* selected ” stations by a network of high-pressure main 
transmission lines, the latter being in turn connected and 
supplemented by a network of secondary transmission 
lines, from which the various distribution undertakings 
will be supplied. Both systems are designed in a 
series of ring mains, so that alternative points of supply 
will be provided. This will enable about 245,175 kw. 
of plant, representing some 3,700,000/. of capital, 
now kept as spare, to be released for revenue-earning 
purposes, 

A pressure of 132,000 volts between phases has been 
adopted in the extra-metropolitan area, but the 
estimates have been based on the use of cables opera- 
ting at 22,000 volts in the London district. If in the 
future experience shows that a higher voltage cable 
system can be operated without undue risk, a con- 
siderable reduction in the cost of the transmission 
system will be possible. The scheme contemplates the 
construction of an overhead transmission line round 
London, interconnecting Barking, Croydon, and 
Willesden. This will be in turn connected with 
the base load stations at Deptford, Battersea, and 
Chiswick, and will form the main artery for the 
transmission of energy from east to west and vice 
versa. The base-load stations will be interconnected 
with the principal secondary stations, which will 
generally be worked as two-shift stations, and also 
with the other stations, which will be operated as one- 
shift stations. The transmission system, inter- 
connecting these stations, will be connected directly 
to the 132,000-volt transmission lines outside the 
metropolitan district. 

The transmission system comprises 768 circuit miles 
(511 route miles) of overhead primary, 132,000-volt 
transmission lines, and 25 transforming stations, The 
latter will be located where possible in proximity to 
the existing generating stations, and will vary in 
size from 225,000 kv.-a. (Barking and Kidbrooke) to 
20,000 kw. (Watford, Ipswich, Colchester, Merstham, 
Folkestone, Hastings, and Tunbridge Wells). The 
total capacity of the 132,000-volt transformers installed 
will be 1,680,000 kv.-a. Forty-nine transforming 
stations working at lower voltages are scheduled. 
These vary in size from 120,000 kv.-a. (Bankside) to 
600 kv.-a.‘at Crowborough and Hindhead, and have an 
aggregate installed capacity of 1,114,200 kv.-a, 

The cost of the primary transmission system and its 
associated transforming stations, allowing for the 
capitalisation of interest during the first five years, is 
estimated to amount to 6,994,151/. This figure will, 
however, be substantially reduced if cables working at 
66,000 volts or some higher pressure are adopted. The 
scheme proposes that certain secondary transmission 
lines shall be provided by the London and Home 
Counties Joint Electricity Authority, but these will be 
partly used and rented by the Board. These lines will 
serve to interconnect the system of the Board with 
those of certain undertakers, and will enable the Joint 
Authority to supply energy purchased from the former 
to their constituent authorised distributors. The cost 
of these lines is estimated to be 2,063,972/. when 
allowance is made for the capitalisation of interest. If 
this work is undertaken at once, by 1928 the Joint 
Authority should be in a position to receive supplies 
of energy from the Board and enable the distributors 
to meet the growing demand. 

The area under review is fortunate in that there is 
only a small amount of distribution at a non-standard 
frequency. As the alteration of such non-standard 
frequency as exists, is not essential to the carrying out 
of the proposed transmission system of the Board, no 
provision for the change-over is made in the scheme, 





cerned, may be modified, if the demand exceeds the 


Turning to the financial aspects of the scheme, it is 
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estimated that by the end of 1933-34 the capital 
expended on transmission lines and transforming 
stations will be 6,690,840/., and that 5,654,100/. will 
be required for the 380,000 kw. of new plant in the 
‘* selected ’’ stations. Assuming individual develop- 
ment, it is estimated that 714,450 kw. of additional 
plant would be required to meet the load in 1933-34, 
and that this would cost 9,025,230/. At progressive 
stages of the scheme, however, 245,175 kw. of existing 
spare plant, representing an expenditure of 3,700,000/., 
will be released for revenue-earning purposes. The 
primary system of inter-connection can, therefore, be 
constructed for 6,690,8401., as compared with an 
investment of 7,071,130/. under the existing scheme 
while at the same time greatly improved facilities will 
be provided. This comparison, if carried beyond 
1933-34, would, it is stated, show a progressive saving 
in capital expenditure under the scheme, as contrasted 
with that likely to occur under present-day individual 
development. 

A series of tables are given, showing the sales of 
electricity by the Central Board to the various autho- 
rities in each year up to 1933-34, as well as the average 
maximum demand, the receipts, the approximate 
costs to undertakers under individual development 
and the estimated gross annual savings under the 
scheme. 

These are too long to set out in detail, but it 
may be stated that the savings show a progressive 
increase from 505,876l. in 1929-30 to 1,554,7581. in 
1932-33, falling to 1,496,944/. in 1933-34, owing to the 
incidence of expenditure on new plant. There is, how- 
ever, an estimated aggregate saving of 5,193,751. to 
undertakers during this period, but against this must 
be set an expenditure by the London and Home 
Counties Joint Electricity Authority of 249,777/. on 
secondary transmission on lines, so that the total 
net saving will be 4,943,9741. to which must be added a 
sum, put at 480,000/., due to the cessation of capital 
charges on existing plant, which would otherwise have 


had to be renewed. This comparison, except in the case. 


of undertakings owning “ selected ’’ stations, is made 
between the total costs of the undertaking under the 
scheme, and the working costs only under independent 
operation. 

A second table deals with the estimated expenses 
of the Central Board, other than the cost of generation, 
between now and 1941-42. After 1933-34 these include 
an annual sum varying between 564,003/. and 590,8321., 
for capital charges. The total expenditure increases 
gradually from 118,590/. in 1928-29 to 1,133,315. in 
1941-42. It is estimated, that the electricity sold will 
increase from 888-3 million kw.-hours in 1928-29 to 
5,865 million kw.-hours in 1941-42, and a charge of 
0-0475d. per kw. is allocated for covering expenses. 
This should produce a surplus on the working until 
1932-34, after which there will be a deficit, owing to 
the incidence of the capital charges, until 1941-42, 
when a surplus will again be obtained. It is pointed 
out, however, that the Board may determine to fix 
their charges, so as to avoid recording even these 
temporary deficits. 

The amount and cost of the electricity generated 
on account of the Board, and the other expenses of the 
Board, are shown in a third series of tables, together 
with the revenue derived from the sale of electricity to 
undertakers, These show that the proportion of elec- 
tricity sold to owners of generating stations varies 
from year to year, but that the average charge per 
kilowatt hour sold is reduced from 0-62d. in 1929-30 
to 0-5028d. in 1933-34. Similarly the average 
charge to other undertakers is reduced from 0-689d. 
in 1929-30 to 0-5698d. in 1933-34. The estimated 
average charge to all undertakers is reduced from 
0-6328d. in 1929-30 to 0-511d. in 1933-34. 

The position generally is a little complicated by the 
existence within the area of the London and Home 
Counties Joint Electricity Authority. By the pro- 
visions of the Electricity (Supply) Act 1926 the Board 
may not supply direct to undertakings within the area 
of the Authority without the latter’s consent, though 
this does not apply to the owners of the “‘ selected ” 
stations, 

Tables have therefore been prepared on the assump- 
tion that the remaining undertakings will be supplied 
through the Authority. These show the annual 
expenses of providing the sub-stations and transmission 
lines necessary for this purpose which vary from 
6,7501. in 1928-29 to 94,4551., in 1941-42. During the 
same period it is estimated that the electricity sold 
by the Joint Authority will increase from 191-74 
million kw.-hours to 1,267 million kw.-hours and a 
charge of 0-018d. has been allocated to cover their 
expenses. Figures are also given which show that the 
total cost to the undertakers of the indirect supply 
through the Joint Electricity Authority will be less 
than the cost of individual development by about 
212,000. per annum, in addition to a saving of about 
156,000/. per annum on charges on stations which are 
expected to be shut down by 1933-34. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Note.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and ‘‘standard”’ metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


Middlesbrough prices are plotted 
The prices given, in the case of steel 
The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case. The South African Railways and Harbours Board 
is inviting tenders for the supply and delivery only, of 





structural bridgework for the Worcester, Fore Bay Line. 
Tenders must reach Johannesburg not later than noon 
on November 3, 1927. Local representation is practically 
essential. (Ref. No. AX. 5299.)—The same administra- 
tion is calling for tenders for the supply, and delivery 
only, of structural bridgework for the Vet River and 
Schoon Spruit bridges. Tenders must reach Johannes- 
burg not later that noon on November 24, 1927. Local 
representation is essential. (Ref. No. AX. 5298.) 
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SWITCHGEAR FOR ALTERNATING 
CURRENT.* 
By H. W. Crorater, M.I.E.E. 

ALTERNATING-CURRENT switchgear as known to-day 
is the outcome of the work of a few pioneers, the earliest 
stages being associated with such names as Crompton, 
Mordey, Raworth, Lawrie, Hall, Ferranti, and Partridge. 
Dr. Ferranti, in particular, conceived and put into 
practice ideas for large plant, high voltage, and long 
transmission distance, comparing not unfavourably 
in magnitude with those commonly in use in this 
country to-day. The whole of the science and industry 
of switchgear has grown up within the lives of engineers 
who are still active. It is barely half a century old ; 





indeed, it is less than thirty years since it began to have 
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that in systems for the protection of plant and the 
maintenance of a continuous supply their differential 
timing devices for “selective isolation of faults have 
not proved sufficiently flexible to maintain the 
maximum integrity of such systems.” This leads to a 
strong trend towards the use of balanced relay systems 
of the Merz-Price and other kinds, which are of long 
standing in British practice. It is possible that they 
have set too much store upon the periodical testing of 
cables and the like by high pressures as a means of 
discovering weakness before the occurrence of faults, 
while we have on the whole left the testing alone and 
have endeavoured to equip our gear so that it will 
isolate faults instantaneously without interruption of 
supply. Both methods have their bad features. In 
one case too much testing tends to stress the plant and 




















Fie. 1. 


Fie. 2. 





te 


x wR 
cae 


ae PE 
ef 


i. 


ig 
bt 





ib Sem 


™~_ 


pe ee ae : 


~ 
= » 
™~ 





Fie. 3. 


a place to itself as a branch of electrical engineering. 
During this period, British designs have progressed, 
unhampered by any trade monopoly, and for the most 
part free from standardisation, which might have been 
premature. It has been the general experience that 
no two specifications are ever alike. The vagaries and 
variables in users’ demands, as well as intense compe- 
tition from Continental and American manufacturers, 
have required great ingenuity and resource in switchgear 
engineering to cope with them. 

A broad view of the relative positions of British and 
American designs to-day shows that while we are ex- 
tending the use of labour-saving automatic and central 
control of plant, which has had a very large field of 
application in America, the Americans are now paying 
more attention to the saving in space and avoidance of 
life risks which we have secured by our metal-clad 
construction. In respect of dimensions of plant we are 
following in their trail, but they have frankly admitted 





* Paper read before Section G of the British Association 
at Leeds, September 5, 1927. 
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lead to failures, and in the other the attempt at instan- 
taneous and ultra-sensitive operation under fault 
conditions has not always anticipated unbalancing 
phenomena such as those occasioned by high-frequency 
surges, which have not infrequently tripped out sound 
sections of supply systems inadvertently. 

In the design of actual circuit-breakers, the inter- 
esting characteristic is found that in many cases the 
British breakers have been larger and stronger for 
similar ratings than the American. But now it would 
appear to be almost universal in Britain and America 
to stiffen up the construction, either by very strong 
exterior tanks, or by the use of so-called explosion 
pots immediately surrounding the arcing contacts. 
The future development of design is, of course, likely to 
level out some of the differences in practice. It will be 
controlled by the results of research on outstanding 
problems as well as by deductions drawn from practical 
experience under service conditions; and it will, 
therefore, be appropriate now, after the foregoing short 


or may be, solved, as an avenue to a forecast of the 
future. 

Insulation.—Collective research has advanced, and 
makers and users of insulating materials have been 
brought together with some measure of success in an 
endeavour to obtain a better understanding of pur- 
chasing specifications. These studies have, of necessity, 
been directed at first to the low-tension qualities, 
which include basic fibrous and mineral materials and 
insulating preparations, and they are helpful in 
strengthening the trend towards unification of design, 
methods of testing, and purchasing. It is now oppor- 
tune that more attention should be given to the 
improvement of the physical properties of the higher 
grades of insulators, and to the bringing about of 
economies in their manufacture. 

The requirements may be briefly stated as follows :— 

(i) Ascertainment of the limits of the uses to which 

materials at present available may be put, 
including the safe margin of strength to be 
allowed under given conditions for different 
materials designed to withstand a given test 
pressure and service voltage ; and 

(ii) Standardisation of the degree of dielectric 

strength required in insulators to provide ade- 

quate security for given service conditions and 

supply pressures. 
Fulfilment of these requirements would perhaps bring 
us nearer to the discovery of the ideal material, which 
would have to be tough, inert, and homogeneous, and 
capable of being made with electric stress control 
characteristics and of retaining its dielectric and 
physical properties unimpaired under all the widely 
varying conditions of service. 

The importance to switchgear of oil and insulating 
materials is such that continual vigilance is necessary 
to ensure that the quality of supplies is maintained at 
a high level. The tests required to ensure this fall 
under the two main headings of routine acceptance 
tests and type tests. Routine tests do not call for 
special comment here, but about type tests it may be 
said that microphotographs are of considerable assist- 
ance in determining the quality of such products as 
bakelised paper and porcelain, which are two of the 
most important solid insulating materials used in the 
manufacture of switchgear. Typical microphotographs, 
at a magnification of 40 diameters, are reproduced in 
Figs. 1 and 2. Fig. 1 shows the structure of a good 
sample of bakelised paper, in which the layers of paper 
and varnish can be discerned, but there is no strict line 
of demarcation between them, that is to say, the paper 
and the synthetic resin are well knit into a homogeneous 
mass; and Fig. 2 shows the condition of another sample 
of bakelised paper after it had been subjected to the 
temperature and mechanical stress conditions en- 
countered in service, under which, it will be seen, a 
crack developed, showing that the material was 
imperfect. 

Switchgear of all kinds, particularly when it is used 
out of doors, but not necessarily only then, is likely 
to be subjected at times to great variations of atmo- 
spheric temperature, and it should therefore be capable 
of operating correctly and without risk of breakdown 
under extreme conditions both of cold and of heat. 
For cold situations, the two materials that have needed 
most consideration during the last few years are oil 
and compound. The need for oil with a very low 
freezing-point is noticeably increasing, and the latest 
British Standard Specification provides for both “ A” 
grade and “ B” grade oils with solidifying points as 
low as —30 deg. C. To obtain freezing-points of this 
low value, some of the other characteristics of the oil 
must be slightly sacrificed, but the sacrifice is so small 
that it is practically negligible. The importance of 
low freezing-point will be apparent when it is remem- 
bered that the viscosity of oil increases very rapidly 
as the temperature is lowered, so that if it becomes 
unduly viscous there is a tendency to retard the action 
of the circuit-breaker when opening under short- 
circuit conditions. To meet the demand for compound- 
filled metal-clad draw-out switchgear for use in very 
cold situations, a low-freezing-point compound has 
also been developed, having characteristics generally 
similar to those of the material already used in normal 
circumstances, but still comparatively ductile and 
without any tendency to crack at a temperature of 
—30 deg. C. The difficulties arising in hot situations 
have to be provided against equally carefully. No 
special trouble is encountered with oil unless oil-tight 
joints are required; but this involves problems of 
design rather than of materials. Compound for hot 
situations must have a high melting-point so that 
there is no danger of its becoming fluid enough to run 
out at the joints; and it is now possible, as the result 
of much research, to obtain several grades with suitable 
characteristics. In some situations, such as are to be 
found on the Congo or in the Far East, the atmospheric 
conditions are productive of rapid variations of 





review of the existing state of design, to indicate some 
of the problems, and the lines on which they are being, 





temperature and humidity, and moisture may be 
deposited on any metal or insulating materia! that 
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happens to be exposed. To ensure satisfactory working 
in these circumstances; at least one manufacturer 
purchases insulators on the condition that they shall 
withstand their acceptance pressure test after exposure 
to an atmosphere of specified humidity for a definite 
time. Under the atmospheric conditions just referred 
+o, insulating oil may absorb moisture, and may thus 
have its electric strength lowered. As a matter of 
ordinary routine, oil from switch and transformer tanks 
has to be dehydrated and purified periodically, and an 
interesting piece of special apparatus has recently been 
devised, to subject oil undergoing this process to a 
continuous pressure test while it is flowing from the 
drying machine to the storage tank. As long as the 
dielectric quality of the oil remains good, it is allowed | 
to pass unhindered ; but if there is any breakown a | 
warning bell rings and the oil is automatically diverted | 
and prevented from entering the tank. 

The limitation in the use of the principle of complete 
enclosure is found in the cable. If the conductors 
leading to the switchgear are not metal-clad, as happens 
in a cable, the system is incomplete. The highest 
voltages for which metal-clad switchgear has been made 
are 50,000 and 66,000, but with progress in cable 
construction, such as may be seen, for example, in 
the 132,000-volt grade now in hand and required for 
the grid, the complete enclosure of the entire system 
will be attainable. 

Relief to Operators.—The human factor must always 
have a strong bearing upon design; most kinds of 
accidents that have occurred are avoidable by careful 
design and effective maintenance. Further, the possi- 
bility of considerable mental stress is not to be over- 
looked. In any case, the growth of plant and inter- 
connections calls for the greater development of means 
of relieving the operator of the necessity of making 
vital decisions at critical moments. Amongst these 
may be included :— 

(a) Mechanical interlocking to ensure none but a 
correct or harmless sequence of operations. 

(6) Centralised control of all plant in a quiet room 
remote from plant actually running, and the extension 
of the principles of the control-room in generating 
stations to the control of outlying sub-stations also. 

(c) Automatic synchronising of generating plant, 
following the precedent of starting up rotaries and 
motor-generators in remote sub-stations. The pro- 
posed methods are either to provide that if the operator 
makes a bad shot the final circuit will not close, and 
so the machine and the system are safeguarded against 
his misjudgment; or, alternately, to leave to the 
synchronising apparatus the functions of regulating 
the frequency of the incoming machine, of selecting the 
correct instant of synchronism, and of closing the 
circuit accordingly. 

(d) The perfecting of the known balanced systems of 
protection in order to ensure absolute consistency and 
discrimination in operation, and the elimination of 
interference by high-frequency capacity currents ” 
primary cables, which has been found to be a deciding | 
factor in determining stability, and has been accom- 
plished by the use of surge-proof relays designed to | 
operate only at normal frequency. The automatic | 
isolation of a faulty section or plant without ag 
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ference with the working of all the sound sections is 
the first essential for continuity of supply, which must 
always be the predominating aim in the operation of a 
large system. 

(e) The safeguarding of plant from failure due sod | 
overload, by means of temperature indication by alarm 
devices so arranged as to ring when certain pre- 
determined limits are reached; to cut in stand-by 
plant to give relief in the load ; or actually to cut out | 
the plant as an extreme measure if the excess tempera- 
ture is such as to lead to danger of breakdown. 

(f) The removal of danger of shock. Many fatal | 
accidents have occurred in homes, factories, power | 
stations, and sub-stations, owing to ignorance of danger | 
or to momentary forgetfulness. The great essential | 
for safety to human beings under all conditions is that | 
there shall be no accessible metal which is not properly | 
earthed. The maintenance of a reliable earth-connec- | 
tion to all the enclosing framework of electrical plant | 
and apparatus continuousl:* is an ideal requiring | 
considerable investigation and education for its realisa- | 
tion ; and its attainment at all times, everywhere, and | 
at all voltages, is no mean problem. 

The Breaking Capacity of Circuit-Breakers.—This | 
question provides the most unlimited scope for re- | 
search, the problem being to determine, in the first | 
place, the dimensions of circuit-breakers to fulfil the | 
required performance. It should always be borne in | 
mind that the ability of a circuit-breaker to make on | 
a short-circuit is at least as important as its ability | 
to break on a short circuit; the making capacity | 
should never be less than the breaking capacity. A | 
standard method of rating both breaking and making | 
capacity is now being considered by the British | 
Enginering Standards Association, and it is expected | 
that a revised specification for oil-immersed circuit- 


breakers will beissued shortly. The research which 
has been carried out by the British Electrical and Allied 
Industries Research Association on the breaking capa- 
cities of oil-break circuit-breakers is useful, because it 
included fundamental studies of the multitudinous 
variables, but the information so far published* only 
goes to prove how difficult it is to obtain precise limits 
to the stresses set up within circuit-breaker enclosures 





and record the short circuits experienced in actual 


service, which are, at present, in the absence of testing 
plant, the main criterion of satisfactory breaking 
capacity. 

Metal-Clad Auxiliary Apparatus.—The. enclosure of 
auxiliary fuses and contacts in metal-clad construction 
introduces the problem of satisfactorily disposing of 
the arc gases generated on the rupturing of the fuse 
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even when repeated openings take place under the same 
conditions of overload. The existing plant available 
for tests is large enough for small industrial circuit- 
breakers, but for tests of switchgear on transmission 
and generating-station service it is becoming a matter 
of great national urgency that the research shall be 
continued on plant of at least ten times the output. 
Another requirement is a simple apparatus to measure 





* See the paper recently read before The Institution of 





Electrical Engineers by Wedmore, Whitney and Bruce. 
ENGINEERING, 1927, vol. cxxiii, page 623. 


or the separation of the contacts. If allowed to remain 
within the enclosure, they are conducive to further 
arcing because of the lowered resistance of the clear- 
ances and insulating surfaces. For fuses, the problem 
has been met by completely sealing them up in cart- 
ridges which will not yield to the mechanical stresses 
set up inside them. In a contactor switch for con- 
trolling solenoid currents, an air blast has been applied 
to the arc, forcing the gases harmlessly through @ 
chimney and out of the enclosure. This makes the 
customary magnetic blow-out coil unnecessary, and 
simplifies the construction. 
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Measurement of Currents —One of the problems 
incidental to the introduction of high supply pressures 
such as those of 66,000 volts and upwards, with conse- 
quent low values of primary currents for the largest 
amounts of energy, is the need for very sensitive 
metering. The requirement of simplicity in the con- 
struction of current transformers permits the use of 
only one primary turn, and the iron core must be of 
large circumference to clear the bushing insulators. 
New metal alloys for the core help in obtaining a 
maximum amount of energy in the secondary circuit 
from the restricted number of primary ampere-turns ; 
and I°R losses are kept small by using small secondary 
currents. A system of instruments has been developed 
to use a secondary current of half an ampere, and these 
are equal in accuracy to those used on lower voltages, 
in which, hitherto, a secondary current of 5 amperes 
has been the standard. The same principle is also 





outdoor sub-station of this description, in which 
protection against overload is given by the use of an 
oil-immersed switch-fuse, a device containing a spring- 
loaded fuse in a steel box. The fuse is mounted on 
the hinged steel lid of the box, which can be opened 
for purposes of inspection and isolation. From the 
manufacturers’ point of view, bulk production is an 
essential for economy, but the demands have been so 
variable that one rarely meets a manufacturer fortunate 
enough to have had experience of it. Users must settle 
down to standard methods of control before long, and 
when that time comes a higher quality may be achieved 
with economy of cost as a result of bulk production. 
The Draw-Out Feature—A salient point in the 
design of metal-clad switchgear is the draw-out feature, 
that is, the plug principle of construction. Parts like 
cable-sealing boxes and ’bus-bars, which, in ordinary 
maintenance, need no attention, are fixed to the main 
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First, consider the consumer’s end of the supply 
system. In the home, as in the factory, the control 
apparatus will provide means for earthing the cases of 
radiators, lamp standards, and all portable power- 
using appliances. While the usual domestic switch is 
required for the remote control of lights from the 
neighbourhood of a door, a more complete means of 
earthing and isolating is available in the plug and socket 
for the control of portable appliances. Fig. 4 illustrates 
a standard plug fitting made to a recent specification 
of the British Engineering Standards Association. 
In this the circuit is broken within an earthed metal 
enclosure, and one of the three flexible wires shown on 
the right is used for earthing the metal case of the 
apparatus controlled by the plug. Asa circuit-breaker 
for moderate currents, this is more effective than the 
usual tumbler switch, and, since it provides a good 
earthing system as well, it may turn out to be the 
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applied to the operation of relays for overload pro- | framework, whereas the circuit-breaker, and sometimes | simplest form of control in future installations where 


tection. 


current and potential transformers, are made to plug} economy, consistent with safety, is the primary con- 


Economy.—The present-day call for economy stimu- | in. The orifice chambers at the points of juncture 





lates a large amount of initiative in design. Every- 
where endeavours are made to produce cheaper control 
switchgear, and so long as these are directed towards 
eliminating dispensable switches and other control 





between the fixed portion and the removable portion 
contain the only conductors capable of being made 
accessible ; and that happens only when the two portions 
are separated. It is only the fixed portion that can be 





sideration. 

Switchgear of an intermediate size, suitable for many 
applications in power stations, in industry, and else- 
where, is illustrated in Fig. 5. It is typical of many 


| varieties, some of which are adapted by their flame- 


apparatus, they are healthy; if, however, they also | alive, and the conductors on that side are, therefore, | proof construction for service underground in mines 


lead to a lowering of quality in the units that remain, 
they are retrograde. For instance, a fashion is growing 
in the use of kiosks containing high-tension connections 
and transformers for sub-stations, in which there will 


be found bare terminals and isolating switches, and | 
If it can| problem of making these conductors and insulators 


| 


it is alive, a metal kiosk used as a covering possesses, | 


other dangerously exposed conductors. 
be ensured that the interior will not be accessible while 


to some extent, the recommended metal-clad features ; 


but the practice seems to be developing so as to lead to | 
the inclusion of a complicated mesh of change-over | 
|standing problems, we may suitably ask ourselves 


devices for alternative connections. In the long 

run, there are bound to be accidents, as is shown by | 
experience derived from the use of such bare conductors | 
in buildings and in outside switchgear. Instead of.a | 
multitude of bare conductors crammed into a small | 
steel building, it is preferable to use the absolute | 
minimum of entirely metal-clad components, erected | 
in the open air, and surrounded only by a fence suffi- | 
sient to prevent interference. Fig. 3 illustrates an 








deeply recessed so as to render accidental access 
practically impossible. Notwithstanding the embed- 
ding of the conductors in this way, there have been 
a few accidents due to arcing over and also because 
men have pushed their arms into the orifices. The 


safer has been solved in gear for some of the largest 
power stations by a vertical draw-out of the removable 
portion, which leaves the fixed contacts and insulators 
in a container of oil. 

Having thus indicated some of the principal out- 


the question, What of the future? Let us consider 
some examples, bearing in mind the fact that the 
fundamentals for safety in all electrical plant and 
devices are: complete enclosure of all conductors 
when alive; effective earthing of all accessible metal 
which may otherwise be alive by accident ; and easy 
and safe means of isolation of moving parts for inspec- 
tion and maintenance. 








and in other places where there is risk of fire or explo- 
sion, while all of them have in common the essential 
features, already mentioned, of enclosure, earthing, 
and ease of inspection and maintenance. The circuit- 
breakers in the gear illustrated are arranged to draw 
out from the fixed portion in a horizontal direction, 
and the spaces between the conductors and the earthed 
metal enclosures are completely filled with solid 
insulating compound. The extending use of switchgear 
of this type is one of the surest tokens of increasing 
safety and effectiveness in the future employment of 
electricity for all purposes. 

At the other extreme from the domestic plug, let 
us consider the construction of the largest power- 
station control gear. Following the present tendency, 
it will consist of large and strong steel enclosures with 
conductors and insulators immersed in liquid in 
preference to compound, on account of the heavy 
currents to be carried and the need for cooling by 
convection. If oil is used, the risk of fire on a large 
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scale will be reduced di placing t the gear out of doors, 
and allowing some drainage, through or off the ground, 
which will quickly convey away any escaping liquid. 
It would be an advantage if a liquid could be produced 
having the insulating and preservative qualities of 
oil, but less explosive than the mineral oils used at 
present. Fig..6 is an illustration of a construction of 
this kind now in experimental service in Bradford, 
and Figs. 7 and 8 show a possible development of the 
type as it might be applied in the future to a large 
super-power station. The entire circuit-breaker is the 
removable portion. It will be raised as a whole by 
erane or a truck for inspection and adjustment, when 
these become necessary after it has opened on a short- 
circuit. If two alternative sets of *bus-bars are used, 
the change-over from one to the other will be effected 
by lifting the removable portion clear of the isolating 
contacts, giving it a turn through a suitable angle, 
and then lowering it into its new position. The design 
must comply with the fundamental requirement that 
all the conductors shall be metal-clad and immersed 
when alive. Further, in switchgear of this type each 
phase must be separately housed by the metal frame- 
work; the large metal-clad gear already working at 
Dalmarnock, Barking, and other similar power stations, 
is actually constructed on these lines. In addition, 
the arrangement now illustrated is such that there is 
no place where conductors at the potential of one set 
of *bus-bars are contained in the same chamber as 
conductors connected to the other set of ’bus-bars; 
in other words, the *bus-bars and the individual phases 
are completely surrounded by enclosures of the earthed 
metal type. 

Although the call of economy is unrelenting, it is 
not only required in the initial cost ; it must equally 
be secured in maintenance and running costs, and in 
the elimination of housing, of expensive protection 
against fire and other hazards, and of risks to life. 
The mechanical construction of the moving parts, the 
tripping mechanism, and the weatherproof qualities 
of switchgear are becoming more and more perfect as 
a result of lengthening experience in the design and 
manufacture or both indoor and outdoor types, so that 
the future should see a stage of development in these 
directions that will give practically entire immunity 
from mechanical failure. Complete immersion in oil 
protects the insulation, and research will lead to a per- 
fect understanding of the exact clearances and other 
features required under the practically stable con- 
ditions of oil immersion. The case is entirely different 
for conductors and insulators exposed in air, because 
the dielectric properties of air are changeable, and this 
variability in the insulating value of the air clearances, 
together with the access of dirt and other extraneous 
interference, is always apt to weaken the insulation, 
and thus to lead to breakdown. There must, however, 
be no breakdown of gear which is itself to be a protec- 
tion against breakdown and interruption of supply, 
and the ’bus-bars, the current transformers, and all the 
component parts of the gear, including the insulators 
and the conductors of the circuit-breaker itself, must 
be enclosed for protection against the elements. It is 
by working along the lines that have been indicated 
throughout this paper that security of life and property, 
as well as safety, simplicity, and continuity of opera- 
tion, will most certainly be ensured. 

I wish to acknowledge co-operation on this subject 
by my company, Messrs. A. Reyrolle and Company, 
Limited, and assistance in compiling this brief paper 
from members of its staff. 





















































THE PROFESSIONAL CLASsES AID CouncIL.—Originally 
established in October, 1914, as the Professional Classes 
War Relief Council, the Professional Classes Aid Council 
is now a permanent institution for the relief of distress 
among the professional and other highly-educated 
classes. According to the sixth annual report, which 
was issued recently, the number of applications received 
during the past year totalled 758. Financial help was 
given to 163 families and 369 inquirers were advised 
where to apply for help, as were also many of the 
155 whose needs were found not to be within the scope 
of the Council. The subscriptions and donations received 















during 1926-27 amounted to 8,336/. The office of 
the Council is at 251, Brompton-road, London, 8.W.3, 





to which address all inquiries and subscriptions should 
be sent. 























SurpwReck Sratistics.—Lloyd’s Register wreck 
returns, for the quarter ending March 31, 1927, show 
that, during that period, the number and gross tonnage 
of ships of 100 tons gross and above totally lost or 
condemned in consequence of casualty or stress of 


weather were, respectively, 104 and 153,913. Out 
of this total 75 vessels aggregating 128,512 tons were 


steamers and motorships, and 17 of them totalling 
19,865 tons were British owned. Of the 29 sailing 
ships wrecked, 3 were British. Vessels to the number 


of 56, totallirig 123,988 gross tons, were otherwise 
broken up. Out of this total 42 were steamers and 
motorships having an aggregate gross tonnage of 


108,505, and 16 of these, of 53,147 gross tons, flew 
the British flag. Of the 14 sailing ships broken up 


THE WORK-HARDENING OF STEEL 
BY ABRASION.* 


HERBERT, B.Sc., M.I.Mech.E. 


THE present work describes an investigation into 
the hardness induced by severe abrasion in locomotive 
tyres and rails, and in hardened steel gears and cams 
from motor-cars. The hardness induced by wear is 
compared with the ‘“‘ maximum induced hardness ” 
measured by a recently developed test made with the 
pendulum hardness tester. A somewhat similar 
comparison between the hardness induced by lathe 
tools in the process of cutting certain steels, and the 
hardness induced by the pendulum in the same steels, 
has been previously described by the author. 


By Epwarp G,. 


I.—THe MEASUREMENT OF WoRK-HARDENING 
Capacirty. 

The Time Test.—For the purpose of measuring the 
original hardness of the subjects investigated and for 
measuring the hardness of the worn surfaces, the time 
test of the pendulum hardness tester was used. The 
pendulum and the time test have been described by 
Benedicks and Christiansen. f Briefly, the pendulum, 
weighing 4 kg., is placed on the specimen, a hard sphere 
1 mm. in diameter, acting as pivot, and is caused to 
oscillate through a small arc. The time period of 
oscillation, taken with a stop-watch, is a measure of 
the size of the indentation, and thus of the hardness 
of the specimen. 
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Passes of Ball ; 0. 2: 4. 
Time Hardness 25-8 35:5 35-4 


The Time-Work-Hardening Test. —The work-harden- 
ing capacity of the metal is measured by a succession of 
time tests on the same spot, each test being followed 
by a process of rolling effected by tilting the pendulum 
to the right, to the left, and back to the vertical position. 
This process rolls out the original circular impression 
into an elongated form (Fig. 8), and work-hardens the 
metal, the succeeding time test, made in the centre of 
the rolled surface, serving to measure the hardness 
thus induced. There is thus obtained a series of time- 
hardness numbers, of which the first gives the original 
hardness, the second the hardness induced by two 
passes of the ball, the third the hardness due to four 
passes, and so forth. The hardness always rises to a 
maximum—‘ the maximum induced hardness ’’—and 
then declines with further rolling. Thus the time- 
work-hardening test measures two distinct properties 
of the metal, its ‘‘ original hardness ”’ and its ‘* maxi- 
mum induced hardness.’’ The former corresponds with 
the hardness measured by the Brinell and other hard- 
ness tests. The latter depends on and measures the 
capacity of the metal for hardening by cold-work. 

Time-hardness numbers are convertible into approxi- 
mate Brinell numbers, and for the convenience of those 
more familiar with the Brinell scale, the equivalent 
Brinell numbers are given throughout the paper. The 
conversion is effected by the following formule which 
apply to steel :— 

B = 0-36T?, when T is 28 or less ; 
10T, when T is above 28 ; 
13-5D on hard steel ; 


B 
B 





* Paper read before the Iron and Steel Institute, 
Glasgow, on September 22, 1927. Abridged. 
¢ Journal of the Iron and Steel Institute, 1924, No. II, 


where B is the Brinell number, T the time-hardness 
number obtained with the 1-mm. steel ball in the 
pendulum, and D the time-hardness number given by 
the pendulum and 1-mm. diamond sphere. In Table II, 
a number of typical steels have been placed in the order 
of their original hardness, the maximum induced hard- 
ness being given together with the approximate Brinell 
hardness corresponding to each. Among the un- 
hardened steels, the highest induced hardness was 
given by manganese steel which was originally very 
soft, whereas the mild steel which was originally harder 
had a much lower induced hardness. The hardest 
stainless steel (C) showed only a moderate increase of 
hardness, stainless steels A and B, which were originally 
much softer than C, becoming considerably harder as 
the result of rolling. 


TABLE IT.—Hardness and ‘‘ Maximum Induced Hard ness ”’ 
of Various Steels. 














tot : Maximum Induced 
Original Hardness. aadiinan. 

Time. Brinell. Time. Brinell. 
Stainless steel A 18-0 116 44-0 440 
Stainless iron 19-6 138 2°56 325 
Stainless steel B 19-7 140 ) §29 
Manganese steel 21-0 158 2 572 
Mild steel Ae 21-2 162 5 315 
Stainless steel C se 27°5 270 5 365 
Hard nickel steel 54-5 735 ‘7 1,197 
Hard carbon steel 55-4 749 “4 964 

















The two hardened steels were tested with the diamond 
in order to eliminate any effects due to superhardening 
of the ball, and the Brinell conversion factor 13-5 was 
used. The hard nickel steel, though originally less 
hard than the hard carbon steel, showed a much 
greater increase of hardness. Its maximum induced 
hardness was equivalent to nearly 1,200 Brinell, a 
degree of hardness which has rarely been exceeded in 
steel. The fact that articles of very hard steel can be 
superhardened by working was discovered by means 
of the pendulum work-hardening tests, and indepen- 
dently by Hultgren, who turned it to practical account 
in the superhardening of steel balls. It is perhaps not 
sufficiently recognised that this effect normally occurs 
when hard steel articles are subjected to severe abrasion. 
This subject is dealt with in the next section. 

The process of work-hardening in unhardened metals 
has been studied in some detail, and is known to be 
accompanied by slipping of the metal along definite 
crystallographic planes. Whether the superhardening 
which takes place in hardened steels is strictly analogous 
is not known. Recent experiments suggest that it 
may be accompanied by a consolidation of the metal— 
an actual decrease of volume—but this is not yet 
certain. As it is proposed to consider the process only 
in relation to its practical effects, it will suffice to say 
here that the superhardening of hard steel is as con- 
siderable in amount, as important in its practical 
results, and as easily measured as the work-hardening 
of the softer metals. 


II.—WorkK-HARDENING OF METALS IN SERVICE. 


A. Work-Hardening of Railway Tyres and Rails.— 
An investigation was made into the degree of work- 
hardening that had occurred in actual service in a 
series of locomotive tyres and rails which had been in 
long use, and had been discarded as worn out. Fig. 1 
shows a section through a worn locomotive tyre which 
was tested for hardness with the pendulum time test 
in the positions shown. The hardness of the body of 
the tyre was 26-4 (264 Brinell), and 1-6 mm. from the 
surface 31-6 (316 Brinell). The highest hardness on 
the actual worn surface was 34-2 (342 Brinell). A time- 
work-hardening test was made on a part of the section 
which had not been hardened by service conditions in 
the position indicated by the elliptical impression 
(Fig. 1) with the following results :— 


Passes of Ball : 0. 2. 4. 6. 
Time hardness 26-2 31-7 32-0 32-0 


The original hardness 26-2 increased to a maximum 
32 as a result of rolling four times. It appears from 
Fig. 1 that the hardness induced by wear was rather 
higher than the maximum that could be induced by 
rolling. 

Two series of time tests were made on another worn 
tyre. In each case there was evidence of work- 
hardening, extending 3 mm. below the surface, but the 
hardness on the actual surface was much higher, rising 
at one point to 64-8 (648 Brinell). Time-work- 
hardening tests in the two regions gave the following 
results :— 


Passes of Ball : 0. 2. 4. 6. 8. 
Tfme hardness ... 25-8 . 33-6 34-0 34:4 33°6 
38-6 35:6 36:2 36:0 —_ 


In this case the maximum hardness on the surface 
(64-8) was very much higher than the maximum 











3, of 4,042 tons, were British owned. 
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hardness induced by the pendulum. To account for 
this, it must be remembered that a locomotive tyre in 
service is subjected not only to work-hardening by 
abrasion and shock, but also to the action of sand 
used in braking, and to very high temperatures gene- 
rated by friction. It seems safe to infer that the 
hardness induced by wear in the surface of a locomotive 
tyre is not less, but generally greater, and occasionally 
much greater, than the maximum hardness that can 
be induced by the pendulum. The original hardness 
of the tyre has no importance in relation to resistance 
to abrasion, since steel possessing this hardness is not 
in contact with the rails after the tyre has been in use. 





Fig. 5. TootH oF Worn Gear B TEstTED 
FOR HARDNESS. X 10 (REDUCED To 3). 








Fia. 8. Time-Work HarpEnina TEST 
IMPRESSION IN MiLD STEEL. X 100. 


A similar investigation was made on a 
series of worn-out rails, and typical results 
are given in Fig. 3. The result of the 
pendulum time-work-hardening test is given 
below the figure. The rail, Fig. 3, gave the 
highest maximum induced hardness, 35-5 
(355 Brinell). A considerable degree of hard- 
ness was induced by abrasion in service, 


Be 


this induced hardness being greatest on the Fic. 9 
surface and extending some depth into the ici 
body of the rail, but in no case was 

the hardness induced by service equal to 

the maximum induced by the pendulum. It 
evident, however, that the original hardness of 
the rail can have no importance in relation to | 
resistance to wear, since steel possessing this 


hardness is not in contact with the wheels of the 
rolling-stock. Although the hardness induced in the 
rails investigated was not equal to the maximum of 
which the steel was capable, it is probable that a 
different result would be obtained from the end of a 
rail, as this portion is subjected to severe shock. It is 
common practice to employ manganese steel for points 
and crossings, this steel being soft, but possessing an 
abnormally high work-hardening capacity (see Table II). 

B. Superhardening of Hard Steel Gears and Cams.— 
Investigation was made of a number of worn gears and 
cams which had been discarded from automobiles. 


The procedure was to make diamond time-hardness | 
tests with the pendulum on the worn and unworn | 


surfaces. In the case of gears, a particular tooth was 
selected, and the adjacent teeth on either side were 
ground away so as to expose the selected tooth and 
allow the pendulum to be balanced on any part of the 
worn surface. The selected tooth was then cut out 
by grinding with a thin emery wheel flooded with 
water. The tooth was mounted in pitch, a section 


was made by hand-grinding, and this was polished, | 


etched, and tested for hardness at many points with 
the pendulum and a l-mm. diamond. The cams were 
dealt with in a similar manner, worn and unworn 
surfaces being first tested for hardness, and sections 
being made through the worn portion. A tooth of a 
worn gear is shown in Fig. 5, and a chart giving the 





results of the hardness tests in Fig. 54. The diamond 
time-hardness corresponding to each of the test impres- 
sions can be readily seen from the chart, and the results 
of hardness tests made on the surface are also given, 
with arrows to indicate the approximate position of 
the test. Diamond time-work-hardening tests were 
made on the unworn ends of the teeth of each gear, 
and the following results are typical :— 


Passes of Diamond : 0. 2. 4, 6. 
Gear B (Fig. 5) diamond 
time-hardness -- 86°2 54°4 57:1 57-0 


It was found that all the teeth investigated were 
very much superhardened by use, the hardness being 
greatest on the surface, but extending an appreciable 
distance below the surface. In each case there was 
clear evidence that the hard steel had been caused to 
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is | flow by the shock of engaging the gears (all the teeth | production ? 
were from change gears, and had been rounded to | the steel affect its work-herdening properties ? 











closely. (d) The original hardness gave no indication 
of the hardness that would be induced by wear. (e) 
The original hardness of the gear could have no import- 
ance in relation to its resistance to wear, since steel 
possessing the original hardness did not exist in the 
worn surfaces. 

A similar investigation was made with two worn 
cams from automobiles. Diamond time-hardness 
tests were made with the pendulum on the worn 
surfaces of the cams. 


TaBLeE IV.—Diamond Time and Brinell Hardness of 
Two Cams. 














Original Induced by | Induced by 
am Hardness. Wear. Pendulum. 
PRE at Pe ; acs. Dial 
Time. Brinell.| Time. | Brinell.) Time. | Brinell 
Cam F -| 60-2 815 86-0 1,160 85-2 1,150 
Cam G 54°5 735 | 75:3 1,020 88-7 1,195 








The results of the hardness and work-hardening 
tests cn cams are summarised in Table IV. In cam F 
the hardness induced on the surface by wear corre- 
sponded closely with the maximum hardness induced 
by the pendulum. Cam G, though originally less 
hard, had a much higher work-hardening capacity. 
The worn surface was intensely hard, but had not 
reached its maximum. Cam G was much less worn 
than cam F. In this, as in previous cases, it is evident 
that the original hardness had no importance in rela- 
tion to wear resistance, since original hardness did not 
exist in the worn surfaces. 

In view of these results, several questions present 
themselves. Does wear always produce work-harden- 
ing ? What conditions are most favourable for its 


aad Se er eee 4 


Fie. 10. FLowrp Street at Pircw LIne oF Harp 


GeaR Tootu C. x 50. 


How does the chemical compositicn of 


It 


facilitate engagement), and this flow is even more |seems probable that work-hardening does not occur 


clearly seen in Fig. 9, which shows the flowed steel at 


the point of gear tooth shown in Fig. 5, and in Fig. 10, | 
| which shows the pitch point on another gear tooth 


where the principal shock occurred. The results of 
this investigation are summarised in Table IIT :— 


Gear 





TaBLeE III.—Diamond Time-Hardness of Three 
Teeth. 

ah Original Induced by Induced by 
Hardness. Service. Pendulum. 

‘to Oe GL AGRE 3 | 

Time Brinell.| Time. | Brinell.) Time. | Brinell. | 

Gear B ..| 36°3 490 | 58-5 790 57 t eZ 
jear C --| 35°9 485 | 48-6 657 51-2 690 
Gear D 36:2 | 489 | 53:6 | 723 53-9 729 





The average original hardness of each tooth is given, 
together with the highest hardness reading obtained 
on the surface, and the maximum induced hardness 
given by the diamond timework-hardening test. In 
each case the diamond time-hardness number has been 
multiplied by 13-5 to give the approximate Brinell 
hardness. From these figures it appears that :— 
(a) The original hardness of the three gears was nearly 
equal. (b) Their capacity for work-hardening was 
| very different. (c) The maximum hardness induced 
| by wear and the maximum hardness induced by the 
| pendulum were in the same order and corresponded 


| frictional wear. 





in hard or soft metals unless abrasion is sufficiently 
severe to produce permanent deformation or plastic 
flow of the surface layer. It is known that manganese 


|steel has an exceptional ability to resist abrasion in 


railway points and crossings, rock-crushing machinery, . 


| &c., in which cases abrasion is so severe as to deform the 
soft 


steel and work-harden the surface. But man- 
ganese steel gives poor results when used for grinding 
or crushing soft substances such eas cement. It is 
worn away without deformation of the remaining sur- 
face, and therefore without work-hardening. 

All the gears and cams in the foregoing investigation 
had certainly been subjected to shock in addition to 
Investigation of a worn screw gear 
A, as used for driving automobile camshafts, showed 


| that none of the worn surfaces were harder than the 


unworn. A time-work-hardening test was made on 
this gear with the following result :— 


Passes of Ball : 0. 2. 4 6. 
Diamond time-hardness 49-4 72-4 76-2 76-6 

Passes of Ball: 8. 10. 12. 14, 
Diamond time-hardness 77-8 82:0 82-2 81-4 


Thus, screw gear A had a high work-hardening capa- 
city; it was considerably worn, but had not been 
hardened by wear, which in this case consisted of fric- 
tional abrasion between relatively large surfaces of 
contact. The composition of the various gears and 
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cams are given in Table IVa. It will be observed 
that gears B, C, and D were supposed to be made of 
the same steel similarly hardened, but the gears were 
made at very different periods and must have been 
differently treated, as shown by the work-hardening 
test and the microstructure. Their original hard- 
nesses were nearly equal, 


cooling to room temperature was sufficiently rapid. 
This was found to be an essential condition; when 
the rate was such that the specimen reached approxi- 
mately 100 deg. C. in less than one minute, these 
cementite particles were to be observed between the 
grains, but not when the time was increased to two 
minutes. Further, the effect was produced equally 


TABLE IVa. 





| 


| Carbon. |Manganese. 


Nickel. | Chromium, 


Silicon. | Sulphur. 


Phos- | 
| 








per cent. 
0-15 
0°35 0 


per cent. 
Screw gearA .. 0-35 
Gears B, C, and D -50 
0-11 
0-18 


0-70 


Cam F 
0-75 | 


Cam G 


; 


per cent. | per cent. 
0-30 0-30 


phorus. 
| 


Case hardened. 
Hardened trom 

deg. C. in oil. 
Case hardened. 
Case hardened. 


per cent. | per cent. 
0-05 0-05 
0-04 0-04 83 

0-06 

0-04 


0-20 


0-02 
0-04 


0-21 
0-10 
{ 





TaBLeE V.—Comparison of Superhardening Properties 0 
Alloy Steel and Carbon Steel. 





| Alloy Steel. | Carbon Steel. 


Original. | Maximum.| Original. | Maximum. 
49- 82-2 49-6 64-6 





GearA .. 
GearC .. xe 35°5 
CamF .. ee 60-2 
CamG .. on 54°5 


35°5 
60 «6 
4 


55> 


51-0 
85-2 
88-7 





In order to ascertain the effect of the composition 
of steel on its superhardening properties, a specimen 
of plain carbon steel (1-25 per cent. carbon) was 
hardened unevenly and spots were selected, the hard- 
ness of which corresponded with the original hardness 
of each of the gears and cams. On the selected spots 
time-work-hardening tests were made. The original 
and maximum induced hardness of each spot is given 
in Table V., together with the original and maximum 
induced hardness of the corresponding gears and 
cams. 

From this it appears that in every case the hard 
alloy steel was capable of attaining a higher induced 
hardness than plain carbon steel of equal or slightly 
greater hardness. The superhardening of hard steel 
demands much more extended study than it has yet 
received, but it is hoped that the present research 
may serve as a useful introduction to a subject of great 
practical importance. 





THE SOLUTION OF CEMENTITE IN 
a-IRON AND ITS PRECIPITATION.* 
By J. H. Wurretey, F.I.C. 


Tue extent to which carbon is soluble in «-iron 
is a question which has, so far, not been satisfactorily 
settled. Whilst admittedly it cannot in any case be 
large, metallurgists are by no means agreed on the 
exact amount. Recently Sauveur stated that in 
ordinary steels ferrite contains 0-06 per cent., and 
Hatfield said that between 0-04 and 0-05 per cent. is 
present. Both these statements were based on the 
non-observance of cementite in steels of these carbon 
contents. In the present paper a number of observa- 
tions are recorded, which indicate very definitely that, 
at any rate above 630 deg. C., a-iron does dissolve 
an appreciable quantity of cementite. It is somewhat 
surprising that the effect produced by the precipitation 
of this dissolved carbide at lower temperatures appears 
hitherto to have been overlooked. 

The observation, which first directed the author’s 
attention to the subject, was made while examining a 
specimen of mild steel which had, for a certain purpose, 
been twice heated to 680 deg. C. and quenched in 
water. Minute particles of cementite, readily stained 
with hot sodium picrate, were seen under a high magnifi- 
cation at the grain boundaries. This effect was quite 
unexpected because it was completely absent after the 
first quench, and a considerable amount of work was 
done before it became clear that solution of cementite 
in «-iron at 680 deg. C. was the real cause. During the 
investigation a dozen or more different steels were 
experimented with, but, as similar results were obtained 
with all, attention need only be directed to those most 
frequently used. A description of these is given in 
Table I. 

Fig. 1 shows the structure of an etched specimen 
of sample B after it had been heated for one hour at 
680 deg. C. and quenched in water. On repeating this 
treatment, the effect shown in Fig. 2 was obtained. 
It will be seen that the ferrite grain boundaries were 
clearly outlined by the presence of minute cementite 
particles, The same area, after staining with sodium 
picrate, is shown in Fig. 3. Cooling the piece down 
in the furnace to 680 deg. C. from above Ag, before the 
first quench, made no difference, provided the subsequent 
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well, when the specimens were quenched the first time 
from temperatures somewhat above Ac,, but for the 
second treatment it was found necessary to keep below 
that point. Only very short heatings were then 
required, a pause of one minute at between 660 deg. C. 
and 680 deg. C. being sufficient. After a prolonged 
second heating no increase in the quantity of this 
cementite could be detected; the particles were larger, 
but less numerous. 

These facts having been established, the problem was 
to discover the nature of the change during the second 
heating, which caused the rapid appearance of cementite 
at the grain boundaries. The solution of carbon in the 
a-iron seemed the most probable explanation, but no 
clear picture of what took place could at first be formed. 
Eventually, an insight into the processes at work was 
obtained by heating the quenched specimens the second 
time at progressively lower temperatures, as indicated 
below, and then making a very careful examination 
of the ferrite grains. 

Between 650 deg. C. and 550 deg. C., it was found 
that the effect could still be produced in one minute, 
and, moreover, a distinct increase in the amount of 
‘* boundary cementite ’’* was noticeable at the lower 
temperatures. When a specimen of sample B was 
heated for 20 minutes at 450 deg. C., boundary cemen- 
tite was again found to be present, but to a lesser 
extent. At this stage it was noticed that a large 
number of particles too small to be identified were 
present in the ferrite grains. It was further seen that, 
at places adjacent to the pearlite areas, these particles 
were much less numerous, for the ferrite there was 
almost clear. On heating specimens of steel C at 350 
deg. C., a still greater quantity of these fine particles 
was seen, while boundary cementite was now almost 
entirely absent. This discovery at once suggested 
that a cloud precipitation of cementite, dissolved by 
the a-iron in the first heating at 680 deg. C., had 
occurred ; and that it was the movement of this pre- 
cipitated cementite out of the grains at higher tem- 
peratures, which caused the formation of the boundary 
cementite. Evidence obtained by further experiments 
with different steels fully confirmed this conclusion. 

Precipitated cementite could be seen in the ferrite of 
specimens, which had been heated for four hours at 
250 deg. C., but no indication of any outward move- 
ment at that low temperature could be detected. The 
minute particles appeared to be very uniformly dis- 


TABLE I, 





Com- | 
bined | Silicon. 
Cachan) 


Man- 
ganese 


| Phos- 
| phorus. 
| 


| 


Description. 





Per 
cent. 


Per Per 


cent. 


Per | 
cent. | 
A.—RBasic steel of the | 
“ Armco ” type 0-035 | Trace | 0-006 
B.—Acid steel plate | 
heated to 1000 deg. C. 
and air-cooled ; | 0-018 | 0-057 
C.—Acid steel plate | 
heated to about 
1400 deg. C. and | 


cooled very slowly | 0-19 
| 





| 0-018 
tributed, and boundary cementite was completely 
absent. A similar effect was obtained by heating for 
a short time at 350 deg. C., but after 20 minutes at 
this temperature, a little boundary cementite appeared. 
As the temperature was raised further, the time 
required for the whole of the precipitated cementite to 
move to the grain boundaries steadily diminished until, 
when 500 deg. C. was passed, the movement became 
extremely rapid. A few tests were made in order to 
determine whether initial precipitation at a low tem- 
perature seriously interfered with the rate of the 
subsequent movement at a higher temperature. Two 
pieces of the same steel were quenched from 720 deg. C. 








0-06 0-071 











* The term “ boundary cementite ” is used throughout 
to denote the minute cementite particles, which appear 
at the grain boundaries under the conditions of heating 
described. 





and one was heated for three minutes at 450 deg. C. 
They were then both heated for one minute at 550 deg. C. 
and compared, As far as could be judged, the initial 
precipitation at 450 deg. C. did not cause any appre- 
ciable retardation of the migration. In each case the 
ferrite grains were practically free from visible cemen- 
tite particles. 

The surprising rapidity of the cementite movement 
to the grain boundaries after precipitation recalled 
some observations recorded by the author in a paper 
on martensite.* It was there shown that, on reheating 
at 600 deg. C., small mild steel specimens, which had 
been rapidly cooled in hydrogen from 900 deg. C., the 
carbide particles in the sorbitic grains very quickly 
found their way to the margins. The author has 
recently come across a striking instance of the same 
effect in a quickly-cooled, acid-steel bath sample con- 
taining 0-20 per cent. of carbon. A spoonful of metal 
with a layer of slag on top was withdrawn from the 
furnace and cooled by immersion in water. When 
sectioned vertically, the sample was found to have a 
uniformly sorbitic structure for some distance below 
the upper surface ; then, for a short distance further in, 
the retardation of the rate of cooling had been sufficient 
to allow time for the carbide particles of the sorbite 
grains to move to the boundaries. Since the time 
taken in cooling the sample was not more than 30 
seconds, it is very evident that the carbide must have 
moved to the margins after precipitation with great 
rapidity. 

Another instance, from which the same remarkable 
speed of movement may be inferred, was noted during 
the present investigation. It was found that if the 
specimens after the first heating were air-cooled to 
about 100 deg. C. in one minute or less, boundary 
cementite was usually produced, and a second heating 
was not required. With this rate of cooling, the 
temperature range, in which rapid movement occurred, 
would be passed in a few seconds, yet this was evidently 
sufficient for its completion. 

In the experiments so far described the temperature 
of the first heating lay always between 680 deg. C. 
and 720 deg. C. The next step was to ascertain the 
lowest temperature at which cementite would dissolve 
in a-iron in sufficient quantity to produce a visible 
boundary deposit. Several specimens of different steels 
were heated for four hours at 600 deg. C., so as to allow 
ample time for solution and diffusion of the carbide. 
After quenching, the pieces were heated for two hours 
at 400 deg. C. In no instance could either boundary 
cementite or a cloud precipitation be detected. By 
gradually raising the temperature, distinct evidence 
of solubility was first observed in sample A after it 
had been heated at 630 deg. C., but with other steels, 
such as samples B and C, it was not until a temperature 
of 650 deg. C. was reached that any boundary cemen- 
tite appeared. These tests proved conclusively that the 
solubility range for a-iron extends considerably below 
the A, point and that its range varies somewhat for 
different steels. The purer the ferrite the greater this 
range appears to be. Further, it was clearly seen that 
the solubility increased with the temperature, for the 
amounts of cementite deposited at the boundaries in 
the above tests were much less than the quantities 
previously observed, when higher temperatures were 
employed. 

Carbide dissolved in a-iron diffuses very quickly; 
and it is for this reason that specimens must be rapidly 
cooled after the first heating. Otherwise, during cooling, 
as the solubility diminishes, precipitation will occur 
on the cementite enclosing the pearlite areas, and few, 
if any, new crystals will form. The rate of cooling 
and grain-size are the two factors, which apparently 
determine the position finally occupied by the precipi- 
tated cementite, for, obviously, the greater the distance 
it must travel to reach a pearlite grain, the more likeli- 
hood there is of new centres of growth appearing, 
especially if the cooling is rapid. 

As previously stated, boundary cementite was first 
seen in specimens, which had been quenched twice from 
680 deg. C. The explanation of this can now be given. 
In the first heating cementite was dissolved in the 
a-iron, and was retained in solid solution by quenching. 
During the second heating it was precipitated in the 
early stages, and then rapidly migrated to the grain 
boundaries, as the temperature increased towards 
600 deg. C. The speed of this movement is such that 
there would be ample time for the process to be com- 
pleted within two minutes, the time occupied in 
reaching 680 deg. C. It might be expected that the 
minute boundary particles would dissolve more readily 
in the a-iron on passing 650 deg. C. than the much larger 
masses of cementite enclosing the pearlite grains. In 
the present case this effect appeared to be outweighed 
by the extremely rapid rate, at which the dissolved 
carbide diffused in the a-iron. Even after a prolonged 
heating at a temperature just below the Ac, point, 
the boundary cementite showed no tendency to 





* See Journal of the Iron and Steel Institute, 1925, 
No. I, page 329. 
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disappear; the particles merely became less numerous 
and greater in size, thus indicating that among them- 
selves, the smaller ones were, in fact, absorbed by the 
larger. 

That the pearlite cementite was the main source 
of supply was demonstrated by repeated heating 
and quenching. Fig. 4 shows the manner, in which 
cementite particles were distributed in a small section 
of sample B after it had been quenched 30 times 
from 680 deg. C. Not only has the amount of 
boundary cementite been greatly increased by this 
treatment, but also globules now appear within the 
ferrite grains. Evidently, during the first few 


ferrite is extremely small. Moreover, the evidence 
which has been advanced indicates that up to about 
630 deg. C. little, if any, change in the degree of 
solubility takes place. It then begins to increase, 
and at 720 deg. C. its amount is approximately 0-03 
per cent. In an interesting paper on the subject 
Tamura* has lately pointed out that since a-iron and 
5-iron have the same space lattice, it is reasonable 
to consider that “the solubility of carbon in $-iron 
at 1,486 deg. C. can be regarded as being equal to 
that of carbon in a-iron, if the latter could be raised 
to the same temperature.” On this assumption, and 
by making use of a recently determined figure for 
é-iron, he arrived, by extrapolation, at 0-034 per 
cent. for the solubility of carbon in a-iron at the 
A; point, an estimate in close agreement with that 
given above. 











1. 


Fia. SampLteE B QUENCHED ONCE FROM 

680 pea. C. x 850. 
quenchings some nuclei were formed, and_ these 
subsequently grew by continued deposition during 
each reheating. After ten quenchings they were 
distinctly visible, but much smaller. The persistence 
of these nuclei emphasised the fact that the pearlite 
cementite was, at first, preferentially dissolved. An 
attempt was made to convert the whole of the pearlite 
into these globules by further repeated heatings and 
quenchings, but without success. The result seemed 
to show that the formation of globules at the expense 
of pearlite, in this way, ceases long before the latter 
is used up. Apparently, a state of equilibrium is 
reached when the amount dissolved off the pearlite 
is not greater than that deposited thereon during 
the next heating. 

The determination of the exact amount of carbon, 
which a-iron can dissolve at different temperatures, 
presents considerable difficulty, and has not been 
included in the present investigation. As previously 
shown, the temperature of maximum solubility in 
ordinary steels appears to be in the neighbourhood 
of 720 deg. C.; also, the indications are that the 





solubility increases with the purity of the ferrite. 
But even with the purest iron, it is doubtful whether 
the amount dissolved ever exceeds 0-03 per cent. | 
This figure has been arrived at by means of sample A, | 
which contained over 99-7 per cent. of iron. Its| 
carbon content was very carefully determined by the | 
combustion method described by the author in a} 
memoir on the Eggertz test.* This method is particu- 
larly suitable for the estimation of small amounts of 
carbon, and gave closely agreeing figures. Notwith- | 
standing the low carbon content (0-035 per cent.), | 
small crystals of cementite could be readily observed | 
in the sample under high magnification. 

Taking 0-03 per cent. as the limit of solubility at | 
720 deg. C. it is obvious that the amount left dissolved | 
in ferrite after the precipitation has occurred at a| 
lower temperature must be considerably less. The | 
very low solubility of carbon in ferrite at ordinary | 
temperatures was also indicated by an experiment, | 
which the author has described in the memoir referred | 
to above. A weighed quantity of drillings of a well- 
annealed steel, containing 0-37 per cent. of carbon, | 
was dissolved in cold dilute nitric acid. The black 
residue, consisting of partially decomposed cementite, 
was at once collected in a Gooch crucible on an ignited | 
asbestos filter, dried, and its carbon content deter- | 
mined by combustion. It was found to be equal to | 
at least 0-36 per cent. in the steel. Now, since carbon 
in solid solution in the iron would not be included in | 
this precipitate, but would pass at once into the | 
nitric acid solution, its amount must either equal or | 
be less than 0-01 per cent., the difference between | 
the above figure and the total percentage in the | 
steel. 

Thus, by two diverse methods the same conclusion | 
is reached that the solubility of carbon in slowly-cooled | 


| 


Although the amount of carbon, which can be 





Fic. 2. SampLeE B QUENCHED TWICE FROM 
680 pra. C. 


x 850. 


Sete’ sted 





Fig. 4. SamMpLE B QUENCHED Tuirty TIMES 
FROM 680 prea. C. x 850. 


dissolved by a-iron, is small compared with the 
quantity that y-iron can hold, it was of interest, 
in view of the great hardness of martensite, to ascertain 
whether the hardness of a-iron was increased to any 
extent by retaining the carbide in solid solution. 
Several low-carbon steels were examined, repeated 
tests being made on each. Pieces were heated to 
680 deg. C.—that is, just below A,—quenched and 
tested by the Brinell method. They were then re-heated 
to 550 deg. C. and re-tested. In some cases this 
procedure was reversed, the sample being first heated 
to 550 deg. C. and then to 680 deg. C. Each piece 
was finally sectioned across the Brinell impression 
and examined to make certain that the A, point 
had not been reached. In all instances similar 
results were obtained, of which the following 
are typical :— 


TABLE II.—Brinell Hardness. 

















Quenched from— 
Sample. Untreated. 
| 550 deg. C. | 680 deg. C. | 980 deg. C. 
A 89 | 91 105 116 
C 121 | 121 134 _— 








These figures show that the presence of dissolved 
carbide in a-iron has a distinct hardening effect. 
Sample C was selected because of its large grain-size, 





* See Iron and Steel Institute : Carnegie Scholarship 
Memoirs, 1917, vol. viii. 








* See Journal of the Iron and Steel Institute, 1927, 





its freedom from segregation and banded structure, 
and its widely separated pearlite grains. The hardness 
of sample A after quenching from 980 deg. C. is 


included for comparison. When quenched from 
680 deg. C. a little undissolved cementite remained, 
but at 980 deg. C. solution was, of course, complete. 
There can be little doubt that if the whole of the 
cementite could have been dissolved in the a-iron, 
the hardness would have equalled that of the piece 
quenched from 980 deg. C. It may also be remarked 
that a careful comparison by the colour test of the 
carbon in drillings of sample C showed a distinct 
difference between the 550 deg. C. and 680 deg. C. 
specimens. Using the former as a standard, the latter 
gave a perceptibly lighter colour, the difference being 
equal to 0-01 per cent. of carbon. The same result 
was obtained when this sample was compared with 





the untreated steel. This “missing carbon” and 
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Fie. 3. SampteE B QUENCHED TWICE 
From 680 pea. C. SaME AREA AS 
SHOWN IN Fia. 2, STAINED WITH 
Sopium Picrate. x 850. 


the increase in hardness both indicate that carbon 
dissolved in a-iron behaves similarly to that in the 
martensite of a fully-quenched steel. 








THE PRopvUCTION OF Pic IRON AND STEEL.—According 
to the monthly note issued by the National Federation 
of Iron and Steel Manufacturers, Caxton House (East), 
Tothill-street, London, S.W.1, the number of blast- 
furnaces in operation at the end of August was 165, 
a net decrease of nine since the beginning of the month. 
The production of pig iron during August amounted to 
596,100 tons, compared with 645,800 tons during 
July and 651,300 tons during June. The output of 
steel ingots and castings totalled 644,500 tons during 
August, compared with 687,100 tons during July, 
and 747,300 tons during June. 


Woopren Mitt Bearines.—In report No. 53 of the 
Rolling Mill Committee of German Ironmasters (Stahl 
und Eisen, September 8, pp. 1483 to 1485), A. Hiilsewig 
recommends the insertion of wooden blocks or dises in the 
bronze bearings on mills. Experiments were made at 
the Hamm works of the Vereinigte Stahlwerke, West- 
falische Union, some bronze bearings on the wire mills 
having been worn out in a week. Discs of African iron- 
wood were mounted flush in the surface and collars of the 
bearings. The way in which this was done is not explained, 
but it is stated that the composite bearings are cheaper 


than the metal bearings, and that their life is 
much longer. Solid wood bearings were also tried 
with good results, the wear on the end_ blocks 


being very slight. One case is mentioned in which a 
bearing was kept in service for a year, without the wood 
being renewed. An additional advantage of the wood is 
the reduced consumption of cooling water. The cost of 
the maintenance of the bearings at Hamm is said to 
have been reduced to one-tenth its former amount. 
Launch or THE §.S. “Samata.”-—On Saturday, 
September 10, Messrs. Cammell Laird and Company, 
Limited, launched from their Birkenhead yard the 
single-screw steamer Samala, which they are building 
for Messrs. Elders and Fyffes, Limited. The Samala, 
which is designed for a sea speed of 134 knots when 
loaded to a mean draft of 23 ft., and is intended for 
trade between the West Indies and the United Kingdom 
is a similar ship to the Tetela, Sulaco and Cristales. It 
has the following dimensions :—Length, 400 ft. ; breadth, 
51 ft.; and depth, 32 ft. 1l in. Insulated holds for the 
carriage of fruit are situated on the main, lower and orlop 
decks, and in the lower holds forward, the necessary 
refrigerating machinery, which is situated in a house on 
the upper deck, being supplied by Messrs. J. and E. Hall, 
Limited, Dartford. Further refrigerating chambers are 
provided on the upper deck for the ship’s stores, which 
are cooled by a separate plant. Four five-ton derricks 
are fitted to each mast for handling the cargo. Accom- 
modation for the officers and engineers is provided at 
the aft end of the bridge space, while at the forward end 
single-berth cabins are arranged for passengers. Triple- 
expansion engines are to be fitted with cylinders 
274 in., 46} in., and 78 in. in diameter, and a stroke of 
54 in. Steam will be supplied by four boilers working 
under Howden’s system of forced draught at a pressure 
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WHIRLING SPEEDS OF SHAFTS.* 
T. M. Naytor, M.Sc., A.M.Inst.C.E., A.M.I.Mech.E. 

So many papers have been written on this subject 
that it is with no little diffidence that another is 
presented. But in connection with the subject there 
is at least one point which has not been definitely 
decided. 

Some years ago, Professor W. Kerr, when running 
250-kw. impulse turbine, decided that there was 
vibration, or ‘“‘ new whirling speed ” (as he called it), at 
a speed much lower than the true whirling speed. His 
experimental results and mathematical conclusions were 
published in ENGINEERING, 1916, vol. ci, p. 150, et seq. 

Like many other experimenters, the writer was very 
doubtful, if there was a disturbance before the true 
whirling speed, but when experimenting with a loaded 
haft carrying axial loads, see Fig. 1, it was noticed 
that a decided disturbance occurred long before the 
whirling speed proper. This disturbance was found to 
take place at one-half the latter whirling speed, and 
disturbances could not be detected at other speeds. 

Various loaded shafts were tried, both with and 
without axial pulls, and, finally, an unloaded shaft, 
carefully ground, was tried, again with and without 
axial pulls. In every case the new whirling speed 
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occurred at nearly one-half the whirling speed proper. | 


(The results of these experiments were published in 
Selected Engineering Papers, Inst. C.E., 1926, No. 36, 
‘Whirling and Vibrating Speeds of Loaded and 
Unloaded Shafts.”’) 

In order to assist in detecting the new whirling speed, 
a long flat spring was allowed just to touch the shaft, 
and any vibration taking place was thus easily detected. 
The arrangements are shown in Fig. 2. 

Professor Kerr’s experiments and mathematical 
results seemed to indicate that the new whirling speed 
occurred at a speed equal to of the whirling speed 
proper, #.e., at about } of the whirling speed proper. In 
his experiments on a 250-kw. impulse turbine, he found 
the new whirling speed to be 2,450 r.p.m. The whirling 
speed proper, calculated by the accepted methods, 
he found to be 3,300 r.p.m. In this calculation he 
neglected the stiffening effects and any gyroscopic 
effect due to the turbine wheels, and assumed the shaft 
to be simply supported, It is rather unfortunate that 
Professor Kerr did not find the actual whirling speed 
by experiment and then obtain the ratio between the 
new whirling speed and the whirling speed proper. 
Further, Professor Kerr obtained mathematically the 
new whirling speed to be of the whirling speed 

/2 
proper, but Dr. H. H. Jeffeott points out that this 
mathematical solution based on the erroneous 
assumption that the turbine rotor was rotating 


is 


about its geometrical axis, i.e., about the straight line | 


joining the centres of the two bearings (see ENGINEER- 
ING, 1916, vol. ci, pp. 297, 482). 





* Paper read before Section G of the British Associa- 
tion, at Leeds, on Wednesday, September 7, 1927. 


Other experimental and mathematical conclusions 
with regard to this new whirling speed have been given 
from time to time and are now briefly stated. 

Dr. F. W. Carter has shown, mathematically, that 
the new whirling speed occurs at 4 the whirling speed 
proper. One objection to this solution, which is not 
universally accepted, is the fact that the shaft is not 
treated as an elastic solid (see ENGINEERING, 1916, 
vol. ci, p. 410). 

Messrs. J. Firth and F. Buckingham have stated 





that they have repeatedly run shafts at ns of the 

Vs 
whirling speed proper, and could not obtain vibrations 
(see Journal Inst, L.E., 1924, vol. xii). 

Mr. W. M. Wallace stated that the shafts used in his 
experiments gave no signs of vibrating before the actual 
whirling speed was obtained (see The Engineer, 1916, 
vol. exxi; 1916, vol. exxii ; and 1917, vol. exxiv). 

Professor A. Stodola has deduced mathematically 
a new whirling speed at half of the whirling speed 
proper, and also states that he has received com- 
plaints from turbine builders at both these speeds (see 
ENGINEERING, 1916, vol. ci, p. 386. 








Dr. C. Chree, also in ENGINEERING, 1916, vol. ci, 
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| pp. 296 and 420, states that the following equations may 
be obtained, according to the assumptions made : 
k2 + w? 

k+w =, : . . 





(1) 
(2) 


2 
w,* . . . 


where k 
angular velocity w. 
wz = angular velocity when whirling occurs. 


From (1)— 


If w a then & = wand therefore a whirling speed 
occurs, c 
From (2) 

If w = then k = » and therefore a whirling speed 
occurs, 7 


Both equations, it will be noticed, give the funda- 
mental whirling speed proper, but give no indication of 
any higher whirling speeds. 

Mathematical solutions, so far then, do not greatiy 
assist in arriving at definite conclusions with regard to 
the new whirling speed, and it was decided to carry out 
further experiments. 

An overhung shaft carrying a disc at the free end was 
used asin Fig. 3. On the disc, at its centre, was fixed 

|a@ small concave mirror, and on to this mirror was 
thrown a beam of light, the beam being reflected by 
the mirror and brought to a focus on the screen. An 
| overhung shaft was used in order to overcome any 
interference with the beam of light caused by the 
| bearings of a shaft supported at both ends, A small 
| series motor was used to drive the disc, and photo- 
graphs were taken at various speeds, 

In order to prevent the transmission of any torsional 
| oscillations from the motor shaft, a piece of stout rubber 
| tubing was used as a coupling between the motor spindle 
| and the experimental shaft. The shaft, measured from 
| the centre of the bearing to the outer side of the disc, 
| was 7-414 in. long, and the diameter of the shaft was 


frequency of the shaft when rotating with | 





0-374 in. The disc, which was really employed to 
keep the speed within the range of the speed counter, 
was 6-48 in. in diameter and 0-715 in. thick. Fig. 4 
shows the photographs obtained. 

It will be noticed that a decided disturbance occurred 
at a speed of 540 r.p.m., and no other disturbances 
could be detected until the whirling speed occurred at 
1,100 r.p.m. In this case the relation between the new 
whirling speed, or vibration speed, and the whirling 


0-491. 


) — 
1,100 - 

The experimental work was carried out in the 
Engineering Laboratory of the University of Leeds, 
and to the University authorities, and to Mr. G. 
Arrowsmith, M.Sc. (Tech.), the author wishes to express 
his indebtedness. 


speed proper was 








CATALOGUES. 


Steam Wagon.—Messrs. Atkinson Walker Wagons, 
Limited, Preston, have sent us a catalogue of their six-ton 
wagon with Uniflow steam engine and hydraulic tipping 
gear. 

Electric Cables, &c.—The British Insulated Cables, 
Limited, Prescot, Lancs., have issued catalogues dealing 
with their wiring system, armoured cables, aluminium 
sheets, sections, and copper sheets. 


Manganese Steel.—Messrs. Hadfields, Limited, Sheffield, 
have published a catalogue illustrating a considerable 
number of the wearing parts of stone and ore breaking 
and crushing machinery made in manganese steel. 


Lifting Blocks.—The Aabacas Engineering Company, 
Limited, 10, Canning-place, Liverpool, have issued a wall 
sheet illustrating ‘‘ Demag ”’ electric lifting blocks and 
travelling gear for loads from one ton upwards. 


Aluminium.—The Apex Smelting Company, 2554, 
Fillmore-street, Chicago, U.S.A., have sent us a circular 
relating to an aluminium flux invented by Dr. R. J. 
Anderson for casting, and also a list of aluminium 
alloys. 

Drills—A pamphlet fully describing the action and 
effects of the Barnes patent twist drills, with straight 
| shanks and floating chuck grip, is to hand from Messrs. 
| Edgar Allen and Company, Limited, Sheffield, who have 
| acquired the manufacturing rights. 
| Electric Motors.—Messrs. Bruce Peebles, Limited, 
[synchronon have issued a catalogue describing their 











synchronous induction motors and illustrating examples 
| from 120 brake horse-power to 400 brake horse-power for 
service in coal mines, jute mills, &¢. 

Testing Machine.—Sir W. H. Bailey and Company, 
Limited, Salford, Manchester, have published a special 
catalogue dealing with their single-lever deadweight 
testing machine for tensile transverse or crushing tests 
to ten tons. It is suitable for hand, electric or hydraulic 
operation. 

Switchgear.—A catalogue of ironclad distribution 
panels for power service and another of oil-immersed 
starters for industrial and mining service are to hand 
from Messrs. Mavor and Coulson, Limited, 47, Broad- 
street, Mile End, Glasgow. In both cases full technical 
particulars are given, and prices are stated. 

Sewage Works.—We have received a sheet containing 
drawings of twelve types of sewage lifting plant for 
localities where there is no natural fall. Air pressure is 
used to force the sewage through pipes of comparatively 
small diameter. The sheet is issued by Messrs. Daniel 
Adamson and Company, Limited, Dukinfield, Manchester, 
who specialise in this class of work. 

Turbo-Generators.—The Brush Electrical Engineering 
Company, Limited, Loughborough, have sent us a new 
edition of their catalogue of Brush-Ljungstrém steam 
turbines, alternators and condensing plant, describing 
and illustrating the principal parts and including informa- 
tion on erection, starting up and dismantling. LIllustra- 
tions of a number of plants installed by the company at 
home and abroad are also given. 

X-Ray Equipment.—We have received from Messrs. 
Watsons and Sons (Electro-Medical), Limited, 43, Parker- 
street, Kingsway, London, W.C.2, the second edition of 
their catalogue of X-ray equipment for dentists, con- 
taining full descriptive matter and general instructions 
for use, as well as particulars of supplies. A pamphlet 
describing the complete installation supplied by the firm 
to the Royal Infirmary, Edinburgh, has also come to 
hand. 


Rotary Converters.—A catalogue of automatic rotary 
converter equipment for sub-stations has been issued in 
the joint names of Messrs. Mather and Platt, Limited, 
Manchester, and Messrs. A. Reyrolle and Company, 
Limited, Hebburn-on-Tyne. It contains notes of general 
technical interest dealing with various types of equip- 
ment, controls and operating details, in addition to 
particulars of the circuit-breakers and converters 
produced by these firms. 

Oil Engines.—The new catalogue of horizontal heavy - 
oil engines, of the cold-starting type, issued by Messrs. 
Tangyes, Limited, Birmingham, contains a list of eleven 
standard sizes of single-cylinder engines with brake 
horse-power ratings of 28 to 135 and seven standard units 
of two engines, cross coupled, developing 104 brake horse- 
power to 270 brake horse-power. In both series electric 
lighting sets are made. The engines are of the four- 
stroke type, with a very low fuel consumption. A sepa- 
rate catalogue of oil engines covers units developing 
from 10 brake horse-power to 25 brake horse-power. 
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THE DETERIORATION OF STRUC- 
TURES IN SEA WATER. 


IN our issue of July 8 last, on page 49, we drew 
attention to the prolonged investigation into the 
causes of deterioration of structures in sea water which 
is being carried out by a Committee of the Institu- 
tion of Civil Engineers, with the help of grants from 
the Department of Scientific and Industrial Research, 
and to some extent of Dock and Harbour Authori- 
ties at home and in the Dominions and Colonies. 
This Committee has now published its Seventh 
(Interim) Report.* To the regret of the Committee, 
their Secretary and Joint Editor, Mr. P. M. Crosth- 
waite, has been compelled by another engagement 
to retire, together with Mr. G. R. Redgrave, the 
other Joint Editor. 

The work of the Committee consists essentially 
in, observing phenomena which may take many 
years to become evident, and though its investiga- 
tions began in 1916, few of the curves which its 
results map out have been carried far enough to 
show their full shape. Of the fifth set of impreg- 
nated specimens of timber sent out to Auckland, 
Brisbane, Colombo, Singapore and Wellington, for 
instance, reports have been received in respect to 
the condition, after 12 months’ exposure, of those 
exposed at Auckland and Wellington, and though 
they show some attack on one of 14 specimens 





metals is not the same for all waters. Of the 16 
varieties exposed, the most resistant was a 36 per 
cent. nickel steel, which is the only one that the 
examiners at all ports place in the first class (very 
good or good) in all positions. The next most 
resistant seems, on the whole, to be a specimen of 
the only brand of proprietary steels included in the 
collection, but it was badly corroded in Plymouth 
air, where the only metals that are said to have 
resisted well were the 36 per cent. nickel steel and 
two cast irons. 

A curious example of’ differential corrosion is 
reported by Mr. E. J. McKaig and Dr. J. Newton 
Friend in some members of mild-steel lattice girders 
on Birnbeck Pier, Weston-super-Mare. They had 
been exposed to occasional spray for 20 years, 
though in a sheltered position, and were evidently 
more corroded than the landing stage itself, which 
was of similar mild steel. On being taken down 
and examined, some bars had lost up to 50 per cent. 
of their weight or more. The distribution of the 
corrosion was very irregular, and the only plausible 
explanation, suggested by Mr. McKaig, was that 
the failure must have been connected with the 
original circumstances of the painting, which was 
done while the girders were being riveted up and 
the material in their neighbourhood was warm. 
Actually, the surface had remained unattacked, 








exposed at Wellington, no attack had then occurred 
in any of the others, or in any of the Auckland | 
specimens. Of six timbers, again, exposed in Leith | 
Docks and re-examined after three years, four 
showed a slight increase of an attack which had | 
been noticed in a previous examination, but two | 
(greenheart and creosoted redwood) remained | 
immune. Still more remarkably, Mr. J. March- | 
banks, the Chief Engineer to the Wellington Harbour 
Board, reports negative results from the exposure 
of two reinforced-concrete piles. These piles were | 
10 ft. long, fixed so that 2 ft. were continually 
submerged, 4 ft. subject to the rise and fall of the 
tide, and 4 ft. above water level, and the reinforce- 
ment was so placed in a 1: 14:3 concrete that it 
gave depths of cover of 1 in., 14 in., 2 in., and 24 in., 
respectively. After seven years’ exposure, the piles 
were found perfectly sound, and, on stripping a 
length of cover off the reinforcement, the metal was 
seen to be everywhere free from rust. The speci- 
mens were repaired where stripped, and re-exposed, 
and it is hoped that ultimately the experiment will 
throw light on the protective value of increased 
depth of cover. These examples illustrate the sort 
of times that may have to elapse before observations 
such as the Committee is pursuing can be expected 
to give positive results. 
In addition to the slowness of the actions to be 
studied, the investigation is complicated further 
by the variety of conditions under which they take 
place. As was recognised, for instance, in the 
Wellington reinforced-concrete experiment, it is not 
to be assumed that exposure to sea water will have 
the same or equal effects on structures that are con- 
stantly submerged as on those that are constantly 
above water level, or again that are sometimes wet 
and sometimes dry. Equally, it could not be 
assumed, and indeed was highly improbable, that 
all sea waters would have the same effects. The 
results recorded in the present report, as in their 
predecessors, confirm these obvious doubts. The 
exposure, for example, of various iron and steel 
specimens in the harbours of Colombo, Halifax, 
Plymouth and Auckland, can give no final results 
until the specimens have been cleaned of marine 
growths at the end of the period of observation, 
which for the first period of five years is not till 12 
to 18 months after the date of the examination 
recorded in the present report, and five and ten 
years later for the 10 and 15-year periods. All 
that has been done at present is, therefore, to 
‘observe the condition of the specimens and classify 
them as very good, good, or badly corroded. The 
weakness of this classification is the greater because 
the examinations were not carried out by the same 
observer at all ports. The observations are, how- 
ever, sufficient to show that the water and condi- 
tions of exposure have different effects on different 
metals, and the order of resistance among the 








* H.M. Stationery Office. 2s, Od. net. 





round the rivet-heads and the closed parts of joints. 
The girders had been coated with boiled oil and 
painted with one coat of white lead before leaving 
the works, and periodically cleaned and painted 
afterwards. 

Dr. Friend also reports the results of the exposure 
of 330 variously-protected mild-steel plates at 
Southampton Docks for one year. In those that 
were exposed directly to sea air above water, 
corrosion had not gone far enough to make it 
desirable to dismantle them, and it is merely 
recorded that, on superficial examination, those 
that had been coated cold (about 60 deg. F.) with 
dehydrated coal tar warmed to about 100 deg. F. 
or with dockyard black (the same tar with 10 per 
cent. Portland cement and some heavy tar naphtha) 
at the same temperature seemed to be in good con- 
dition, while those coated with other bituminous 
solutions applied cold showed signs of corrosion. The 
two series of plates exposed directly to sea water, 
continuously and for half their time, respectively, 
were cleaned, weighed, and the depths of pitting 
determined. Little connection appeared between 
loss of weight and depth of pitting. The losses 
in weight in individual plates of the same series 
sometimes showed considerable differences, but 
from the mean results a number of definite indi- 
cations follow as to the directions in which the 
best practical results may be expected. 

The standard plates, the corrosion on which 
was taken to be 100, were cleaned carefully 
and painted with two coats of Turkey-red iron 
oxide ground up with about 30 per cent. more 
than its weight of raw linseed oil. Curiously 
enough, in the alternate wet and dry series, the two 
coats gave better protection than the same paint in 
three coats, though, on the continuously submerged 
series, the corrosion was worse than with three coats. 
The absolute amount of loss on the standard plates 
per 100 square yards was about 31 lb. for the 
alternate wet and dry series, and 52 lb. for the com- 
pletely submerged series, corresponding to an average 
loss in thickness of the order of 1 to 14 hundredths 
of an inch. The same paint applied in two coats 
to plates with the scale left on, showed losses of 
nearly half as much again as those of the corre- 
sponding standard plates. Sprayed on to plates 
at 230 deg. F., the standard paint showed a saving 
of nearly a third in the loss under the alternate 
exposure, but none at all under complete sub- 
mersion. Similarly, the substitution of litho for 
linseed oil in the standard paint saved two-fifths 
of the loss under alternate exposure, but showed 
nearly 10 per cent. increase under complete 
submersion. In both these series the plates are 
said to have shown specially irregular results 
under complete submersion. 

The results with lead paint, each applied in two 
coats, show marked savings, as compared with the 
standard iron-oxide coating, under alternate 


standard coating, being for white lead 56, red lead 
used on the same day as mixed 42, and used 
several weeks afterwards 27, and mixed red and 
white lead 47. A coat of lead chrome followed 
by one of mixed red and white lead showed a loss 
of 45, and a coat of red and white lead followed 
by one of standard iron oxide 61. With complete 
submersion the relative results were altogether 
different, the corresponding losses, as compared 
with 100 for the standard coating, in the same 
series being 111, 127, 149, 133, 86 and 145, showing 
the lead paints as decidedly inferior to the iron 
oxide, except for the lead-chrome and mixed lead 
coating, of which, however, the individual results 
are noted as having been irregular. It is to be 
observed, however, that while with the standard 
coating the loss under complete submersion was 
1-66 times as large as under the alternate exposure, 
with each of the lead coatings it was twice as 
high or more, reaching nine times for the two 
coats of lead paint used some weeks after mixing. 

With the exception of a coal-tar varnish, which 
showed losses of 80 and 94 in the respective 
conditions, the bituminous and similar coatings 
applied in one coat showed almost invariably 
far better results than the lead or standard paints 
in both series. The figures in the alternate and 
the completely immersed exposures, respectively, 
were for refined dehydrated coal tar 11 and 19, 
for dockyard black 27 and 54, for refined Manjah 
bitumen and heavy coal-tar naphtha 6 and 27, 
and for asphaltum paint (North American asphaltum, 
raw Calcutta oil, and heavy coal-tar naphtha) 
49 and 49, though the individual figures for the 
last substance are said to have been irregular. 

In every instance, except the coating of coal-tar 
varnish, the maximum depth of pits, when it was 
measured for both exposures, was greater with 
alternate than with continuous exposure, con- 
trasting with the invariably greater effect on the loss 
of weight produced on all coatings by continuous 
over intermittent exposure. Galvanising, done hot, 
gave plates which, though seeming to be coated 
uniformly, showed by analysis considerable diver- 
gence on the weights of zinc in the coat—whether 
over individual plates or from plate to plate is not 
clear—and it appeared that protection increased 
with the thickness of the coating. The average 
coating weighed 132 lb. per 100 square yards. 
The condition of the plates was generally good, 
pitting being shallow (< 0-25 mm.) or negligible 
(< 0-1 mm.). The loss relative to that permitted 
by the standard coating, however, was much worse 
than with some of the non-metallic coatings; 116 
for intermittent and 66 for continuous exposure. 
The plates were the only specimens free from 
organic growths, and also the only ones in which 
continuous exposure produced a less loss than inter- 
mittent (0-94 of that produced by intermittent 
exposure). 

Professor George Barger contributes a report on 
the organic arsenical poisons intended to be used 
in the blocks which will be sent for exposure in 
Colombo Harbour, and the extent to which they, 
respectively, impregnate timber when applied by 
various processes. He also gives the results of 
examining specimens returned from Lowestoft 
after exposure for three years, which justify the 
statement that a 0-1 per cent. solution of certain 
arsenical preparations gives protection against 
teredo in those waters for at least that time, a 
result not previously attained with any other sub- 
stance. Some test pieces impregnated with creosote 
alone and with the arsenical preparation showed 
less satisfactory results after exposure at Colombo. 
Professor 8. M. Dixon, in addition to giving details 
of the impregnation of timber blocks prepared for 
exposure at Singapore, describes a series of 
mechanical tests to determine the effect of creosoting 
on the strength and elasticity of a number of tim- 
bers from Australia, New Zealand, and Colombo. 
The timbers used were about 8 in. x 8 in. by 4 ft. 
to 6 ft. long, and while not specially selected for the 
purpose of testing, were free from shakes and knots. 
Each timber was sawn into four pieces 4 in. by 
4 in. in cross-section, and three sticks from each 
timber were creosoted by different processes. The 


bmoisture content at the time of creosoting was 





exposure, the relative losses, against 100 for the 


about the same as that of the timber at the time of 
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testing, and lay between about 8 and 14 per cent. 
The{methods used were the Griffith, at 110 deg. c., 
and also at 150 deg. C., and the Bethell. In the 
Griffith process, the creosote is pumped into a boiler 
containing the sticks—pressure, if any, above 
atmosphere is not stated—and there the creosote is 
raised to the desired temperature and kept at it 
for an hour, the sticks being left in it for 
18 hours to cool, and then removed to drain. In 
the Bethell process, the sticks in the boiler are 
submitted to a vacuum (10 in. mercury) for half 
an hour, under which creosote is then admitted. 
The temperature is then raised to 48 deg. C., and 
maintained for an hour, during which a pressure of 
190 Ib. per square inch is applied. The creosote 
being then run off, the pressure is released and a 
vacuum (15 in. mercury) applied for half an hour. 
The extent of penetration varied considerably 
between different timbers, and in some timbers 
with the process. The tests applied were bending, 
crushing and shearing. Only a few of the resulting 
figures are given in the abstract, but they are said 
to show that, so far as the limited range of the 
experiments justifies a general conclusion, creosoting 
by the Bethell process at a low temperature and with 
extraction of excess creosote has little or no effect 
on the mechanical properties of the timber. By 
its high temperature, and probably also by the 
excess of creosote left behind, the Griffith process 
has a deleterious effect. 








THE MOTOR EXHIBITION AT 
OLYMPIA. 

Tuts year’s Olympia motor-car show is the twenty- 
first of the series organised by the Society of Motor 
Manufacturers and Traders, and the Royal Auto- 
mobile Club. About one hundred makes of car, 
including, for the first time since the war, one or two 
from Germany are listed to be shown. :The show 
was open to the public yesterday, a day earlier than 
in recent years in consequence of the abolition of 
the reserved trade-view day which hitherto has 
preceded the formal opening. 

Whether, as a result of the method of taxation, 
or for other reasons, the position of British manu- 
facturers in the home market may be regarded as 
generally satisfactory, but it is now very generally 
felt that a greater effort should be made to expand 
our overseas trade in motor vehicles, particularly 
in the Empire. The recent visit of an official trade 
deputation, representative of the commercial and 
technical side of the British industry, to the overseas 
markets, may be expected to have important results 
in this respect, at least in regard to framing a policy 
of concerted action among manufacturers and for a 
better representation of the interests of all con- 
cerned in the chief distribution centres of the 
Dominions and Colonies. The reversion to the 
fuel tax seems generally favoured as a step likely 
to help overseas trade, and it is probably to some 
extent because of the hopes in that direction that 
makers continue to be generally committed to the 
small bore high-speed engine and the light car. 
There is also the influence of European competition 
in this class to be regarced. Some of these small 
cars are in demand overseas, and it would seem 
that a certain amount of education of users is 
being effected as a result of which the issue may 
tend to favour the European type of engine, as 
soon as the commercial handling of the business 
has been straightened and made comparable with 
the intensive American system. 

Already, despite many drawbacks, the overseas 
export of British cars has progressed so far that 
by the latest return, published in August, it has 
more than balanced the imporz of cars here. And 
it is encouraging that there is an increasing demand, 
and the means of satisfying it, for the larger British 
cars of 12 to 20 h.p. (rated), since these are the type 
by reason of size and capacity which are likely 
to retain the permanent interest of overseas buyers. 

As regards the actual exhibits at the show, 
what little information has been disclosed concerning 
high-priced models suggests a further reversion 
to semi-elliptical suspension and lower frames. It is 
also probable that higher crankshaft speeds, and 
all that this feature denotes in respect of the associ- 
ated details, ignition, carburation and balance, are 








being obtained from sleeve, as well as from normal 
types of high-class engines. In the cheaper models, 
probably much, if not the chief, interest centres in 
the valve layouts. The over-head valve engine is 
unquestionably more efficient than the side-valve 
type, but it is a form of construction with mechanical 
details calling for careful manufacture and mainten- 
ance. In its more expensive forms the overhead valve 
engine justifies the cost by the result, but it is not so 
satisfactory in its cheaper forms ; besides being in 
all cases more difficult to deal with for repair 
purposes. Recent improvements, mostly embody- 
ing the Ricardo cylinder head, have revived interest 
in side-valves, and in the comparative value of a 
four-cylinder, side-valve engine with a really 
efficient combustion space against an overhead 
valve six-cylinder engine of normal type. The 
question is of developing importance from the 
point of view of economical manufacture, and also 
because of the increasing speeds and higher outputs 
demanded from engines for small vehicles. Cheap 
push-rod and rocker assemblies are not likely to 
stand up to the increased duty imposed by these 
higher speeds and increased cylinder pressures. 

As regards minor details, the revived interest in 
the self-timing magneto by means of an enclosed 
centrifugal governor may be traced to the trend 
towards higher crankshaft speeds and _ greater 
power output. Few British cars have this feature 
of automatic magneto control, but it is making 
headway all round. It is being used on British 
industrial vehicles, and motor coaches with rigid 
six-wheel chassis for rough service abroad. The 





engines of these vehicles are being speeded up, 
and a semi-automatic advance and retard magneto 
is being fitted for these requirements. Hand-timing 
is used for speeds up to about 1,800 r.p.m., and 
automatic timing, by a governor on the magneto, 
controls the higher speeds. 

Large water-circulation pipes have always been 
a feature of engines without a circulating pump, 
but some of the new season’s models have even 
larger pipes to suit overseas requirements. The 
trend towards positive fan drive seems to have 
ceased, several of the new models being driven by 
non-stretching belts. The combination of a fan 
with a water circulator driven by belt is now used 
by many of the leading car makers. Economy of 
manufacture possibly explains this feature, but 
it will be welcomed by those with experience of the 
many awkwardly-placed and poor-wearing pumps 
which are still too often seen. Inadequate drain 
cocks and inaccessible drain plugs, however, are 
still to be found even on redesigned cars. These 
and filters might well be of standard sizes, and 
situated in some position where access would be easy. 

Air cleaners do not find favour among European 
car makers, though they are often standard fittings 
for American engines. No doubt the difference in 
operating conditions here as compared with some 
areas in the States may explain why these devices 
are in favour in America, but the fact should not 
be lost sight of that there are overseas tracks where 
an air screen or dust interceptor is useful. 

Hitherto American cars, without exception, have 
had a three-speed and reverse gear-box, which has 
been cited as an explanation of the earlier trend 
there towards multi-cylinder engines even for cheap 
models. For next season there is at least one, if 
not two, American straight eights with a four-speed 
gear set. A rearrangement of gear ratios has been 
necessary to avoid sacrificing any of the driving 
comfort associated with an all top-gear performance. 
The re-introduction of a fourth indirect gear is 
a feature of a few makes, mostly European. Un- 
mistakeably useful as were its advantages to pre- 
war four-cylinder cars weighing 30 per cent. and 
more than present similar models, it is doubtful 
whether the arrangement is really justifiable at the 
present time. 

Super-charging appears to be in about the same 
position as it occupied twelve months ago. Different 
types of supercharger can be obtained as accessories 
for attaching to engines, and at least one British 
make of car is again available with this apparatus 
as a standard fitting. It may be a coincidence, but 
the supercharger does not appeal to the Americans, 
who are seldom slow to popularise fittings with 
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Though one form, if not two, of alternative 
variable transmission is now available on a 
commercial scale, the sliding gear form still seems 
unlikely to be superseded. It has been said that 
cycles of invention are repeated in re-invention. An 
instance is suggested by the appearance of free- 
wheel devices to facilitate automatic or semi-auto- 
matic gear changing. In the last forty years, 
during which the bicycle, and later the motor- 
vehicle and the pneumatic tyre, became commercial 
products, several varieties of automatic-mesh gears, 
free-wheel clutches, and over-running pawl and 
ratchet devices were evolved so that at first sight 
there would seem to be little scope for their reintro- 
duction. Some of the latest types of device evolved, 
however, have given excellent experimental results, 
and it is by no means certain that they will not be 
commercially successful. : 

Some interesting results have been obtained 
in tests for resonance and vibration at the 
point of attachment of the engine to the chassis, 
which suggest that gear silence is not wholly con- 
cerned with grinding and treatment after hardening. 
On this point it may be recollected that makers 
in the pre-war period experimented with circular 
gear boxes and boxes of cast-iron instead of alumi- 
nium. Since then oil has been substituted for the 
grease and less plastic lubricants of that period. 
Leaf-springs and shackle bolt squeak and wear have 
been suppressed by improved means of oiling and 
by substituting oil for grease, but there is still room 
for improvement, both by lessening the number 
of pivots throughout the car, and by some means 
of dealing with the bearings from a central point. 
There are cars with not more than five oil points, 
while others have as many as fifty, and the average 
seems to be about thirty. Single-point automatic 
oiling for chassis has been attempted with varying 
results by several designers since the war. Various 
defects were disclosed in use, some of which sug- 
gested that success would be greater by cutting out 
the automatic or power means of circulating the 
lubricant. The Packard is an instance of a simple 
hand-operated central point lubricating control, 
but it has the important feature of a specially- 
adjusted spring-valve at each distribution point 
or pivot, the valve and opening being graded to 
pass the required quantity of lubricant for the special 
function of the part concerned. As this system has 
been proved to be dependable over long periods, it 
should appeal to makers of more expensive cars 
whose customers may be expected to be reasonably 
exacting about silent running. The high-pressure 
injection system of oiling chassis points by solidified 
oil is becoming mainly a service garage job, thus 
relieving owners of a usually neglected, because 
an irksome, duty. Excessive wear with increased 
repair costs is the result of this neglect, which 
seems preventable at the source if makers will 
suppress unnecessary oil points, or make them 
convenient of access without soiling the hands or 
clothes. 

Four-wheel brakes, are now universal, and by a 
recent decision in the Appeal Court, a common form 
of rear axle brake layout has legal approval. The 
Dewandre form of vacuum-servo brake has become 
popular for four-wheel brakes, probably because 
of the ease with which it can be attached to any 
normal chassis, and because it combines the labour- 
saving effect of a power control with an independent 
hand or foot control of the brakes when the servo is 
inoperative, which is mostly limited to when the 
engine is not running. An improvement in the 
brakes of small cars is that drums are being made 
of larger diameter, replacing small-sized drums which 
were prone to heat quickly and required too frequent 
adjustment. Complaints were also frequent of 
the rapid wear of the drums, suggesting that 
toughened steel might be more extensively em- 
ployed. This is one of the points which will 
effect the overseas prospects of thé cars concerned. 
There should be no paring of cost in what concerns 
steering and brake gear of any motor vehicle, and 
for the same reason of safety, the problem of brake 
adjustment and self compensation of four-wheel 
brakes should be tackled after the standard set by 
more expensive models, some of which have a true 
differential gear for that purpose. 





Turning to a consideration of some of the exhibits, 
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MOTOR CAR AT OLYMPIA. 
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Fig. 1. 
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‘we may first refer to the “Super Seven ” four- 
cylinder light car made by the Triumph Motor 
Company, Limited, of Coventry. This is one of the 
most interesting new cars at the Exhibition. We 
illustrate details of it in Figs. 1 to 10 above and on 
pages 478 and 479. It has a very complete layout 
on orthodox lines, excepting the four-wheel brakes, 
which are of the Lockheed hydraulic-operated, 
-expanding-shoe type. The four cylinders and the 
crankcase are cast en bloc, a system which appears 
likely to be universally adopted for light and 
medium-size engines. The advantages of this 
method in bulk production are obvious, and it 
ensures the rigidity necessary to withstand high 
engine speeds. Turning now to the engine, it 
will be seen from Figs. 3 and 4 that the cylinders 
-are cast in one with the crankcase, which is split 
horizontally below the crankshaft’s centre. This 
arrangement makes the big-end bearings and 








connecting rods readily accessible, as well as 
increasing the rigidity of the lower part of the casing. 
The cylinder head is detachable and the valves are 
on the near side. The bore and stroke measure, 
56-5 mm. by 83 mm. (2-22 in. by 3-26 in.) and the 
compression ratio is 5-1 to 1. The formula rating 
is 7-9 h.p., and the tax is 8l. Referring to Fig. 3, 
it will be seen that the crankshaft and the camshaft 
are each carried in three bearings ; the crankshaft 
being drilled for lubrication purposes. The pistons 
are die cast of a light alloy, and are fitted with two 
upper rings and a scraper ring. The connecting rods 
are light steel-stampings of the usual H section, but 
their gudgeon-end is split and carries the gudgeon 
pin fixed by a cross-bolt. The valve tappets are 
enclosed by removable covers, and are adjustable. 
The tappet guides provide a large bearing support, 
and the tappet heads are mushroom form and have 
direct contact with the cams. The camshaft and 


high-tension magneto are driven by a duplex chain 
at the front end of the crankcase. The chain is auto- 
matically tensioned by a jockey sprocket mounted 
on aroller bearing. The details are shown in Fig. 5. 
There is a separate chain drive for the dynamo. 
A gear-type oil pump’ in the sump, driven by skew- 
gear train and vertical spindle off the camshaft, 
circulates the oil at 30 lb. to 40 lb. pressure per square 
inch through a main fore-and-aft duct in the crank- 
case, whence it is distributed transversely to the 
main and camshaft bearings and the chain drive, 
and through the drilled crankshaft to the connecting 
rod big-end bearings. <A large and accessible oil 
filter with strainer and a dip-stick are furnished, 
and a gauze tray covers the area above the sump. 
There is also a special filter on the suction side of 
the pump in the sump, and an automatic spring- 
loaded pressure release valve (Fig. 5) is inserted at 
the end of the circulating line, the surplus oil 
draining into the timing cases. The cooling water 
has a thermo-syphon circulation assisted by a two- 
blade fan, which is belt-driven off the crankshaft. 
Ignition is by a high-tension magneto with variable 
timing by hand. The magneto is flange-bolted to 
the off-side rear face of the timing case. Carburation 
is assisted by hot-spots in the induction manifold 
at the two points where the gas enters the cylinders. 
The fuel is gravity fed from a 4-gallon tank under 
the bonnet. 

The engine and gear-box are a unit with a four- 
point anchorage to the side frame members. The 
drive is transmitted by a single-plate clutch, 
provided with a cluster of small thrust springs and 
is operated by an adjustable pedal through long 
toggle levers. It is provided with a frictionless 
block, which damps out rattle or chatter in the with- 
drawal mechanism. There are three forward sliding 
gears and a reverse, having ratios of 17-06 (first), 
9-54 (second) and 5-25 to 1 (top direct) and 22-75 
to 1 (reverse). The gear change lever and the brake 
lever are attached to the unit, but the gear box 
is made independently detachable without removing 
the engine. The rear drive is by a hollow propeller 
shaft enclosed in a torque tube. The axle has an 
under-placed worm gear and bevel differential gear. 
The details are shown in the section views Figs. 6 and 
7, together with the axle and brake assembly, and 
in Fig. 2 which shows the chassis from the back. 
The worm shaft and propeller shaft housing can be 
removed (dropped) from the axle casing to which it 
is bolted, an arrangement that is probably the best 
for a small layout of this sort, as it enables the 
details to be dismantled and adjustments made on 
the bench. The axle shafts which have splined 
inner ends are independently withdrawable through 
the axle casing which is of the usual banjo pattern 
and of expanded steel tubing by the Scott method. 
A taper and key with nut form of fastening is used 
for securing the driving hubs, the wheels being as 
usual held by bolts through the nave plate. Ball 
and roller bearings are used for the main gear-shaft, 
and layshaft respectively, and ball bearings for the 
axle shafts and the worm shaft. A large oil-spout 
with threaded cap is provided for the axle gear 
lubrication, and a speedometer driving gear is pro- 
vided for at the front end of the propeller shaft. 
The Lockheed hydraulic brake layout offers a simple . 
solution to the problem of compensating a double 
set of brakes, compared with the elaborate details 
called for when the control is entirely mechani- 
cal. Fig. 9 shows the simple details of the system 
which consists of a master oil cylinder operated by 
a pedal plunger, which distributes the oil pressure 
through copper and flexible metallic pipes into the 
respective drums. In each drum is a small cylinder 
with two opposed pistons interposed between the 
floating ends of a pair of fabric faced shoes, which 
have independent fulcrum pins. A cross tensioning 
pull-off spring is coupled to the floating ends of the 
shoes. These brake drums are uniformly of 9} in. 
diameter. There is also an independent hand brake 
which is linked to a pair of expanding shoes in a 
drum behind the gear-box. The chassis frame is of 
the usual channel section in pressed steel and is 
tied by channel cross members and a tubular back- 
stay. The front suspension is semi-elliptical and 
the rear suspension is on short cantilever springs 
with their rear ends pivotted to lugs below the axle 





casing. A pair of short pivotal-mounted radius stays 
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Fig.4. 









































are placed below the side members and coupled 
at their back extremity to the axle casing. They 
serve as distance stays and relieve the springs 
of axle-thrust. Shock dampers are fitted at the rear, 
and a special form of friction plate damper is fitted 
to the front axle beam. Steering is by worm and 
wheel and can be adjusted for wear by an eccentric 
bush on the worm shaft. End play can be taken up 
by a hardened pin, and in the worm shaft can be 

















SECTION THRO’ 
OIL RELEASE VALVE 





corrected by a threaded bush. The road wheels are 
of the metal spoke type and hub-demountable, | 
and the tyres are 27 in. by 4 in. Dunlops. Wheel- | 
base and track measure 6 ft.9 in. by 3 ft. 6 in., and the | 
overall length and width of the frame are 9 ft. 10 in. | 
by 4 ft. 3 in. The least ground clearance is 8 in., | 
and the chassis weighs 6 cwt. (approximately). 

The 14-45 h.p. six-cylinder model is again being 
shown on the stand of Messrs. Clement Talbot, 
Limited, Barlby-road, London, W.10. It will be | 
recalled that this model was first introduced at | 
the last Show, and was notable for clean design | 
with a minimum of trimmings and an obviously | 
simple lay-out. Only minor improvements and | 
changes have been found necessary. Our _ illus- 
tration, Fig. 11 on page 480, shows the engine 
and gear-box unit with oil filler, and oil drain- 
ing plug and flywheel with fan vanes on the rim. 
A dynamotor is direct-coupled to the crankshaft, 
a feature which seems to be favoured by other 
makers of next season’s models. Formerly, the 
direct-coupled crankshaft dynamotor was bulky 
and weighty, having to generate at a comparatively 
slow speed ; the revival of the type is an indication 
of the higher speeds now normal, which makes 
a smaller generator possible. This Talbot model has 
a number of points of interest to owner-drivers and 
owners who act as their own mechanics. Such 
owners will be interested in the easy adjustment 
provided for the Perrot servo system of front brakes 
(Fig. 12), and the rear brakes, the overhead valve 
tappets and the electrical fittings junction-box, in 
which are grouped all the connections under the 
bonnet, and the adjustment provided for the pedal 
reach. The season’s improvements include the 
inserting of ventilating louvres about the engine for 
better ventilation, a point which might well find 
imitation, for so many cars become unbearably hot 
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SECTION OF ENGINE CHAIN 
TENSIONING DEVICE. 

















SECTION A.A. 
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The | oiling has been improved giving a better distri- 


about the feet of the front seat occupants. 
thermo-syphon water-circulating system and the 
fuel filtering system have been improved, the latter 
being made more accessible. The four-wheel braking 
power has been increased by a rearrangement of the 
operating levers. The overhead valve and rocker 
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bution of the oil to all parts. The cylinders and 
crankcase are in block, and the casting is well ribbed 
to carry the four bearings for the crankshaft. The 
bore and stroke are 61 mm. by 95 mm. (2-4 in. by 
3:7} in.); ignition is by battery and coil; and the. 
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carburettor is the Smith five-jet model placed at the 
off-side fore corner and fed by an autovac from a 
14-gallon tank at the rear. Transmission is by a dry 
plate clutch and four speeds and reverse gear, set 
with change lever at the end, but within the frame. 
The gear ratios are :—-23-2, 13-5, 9-7, and 5-8 to 1. 
The propeller shaft is enclosed in a tube which takes 
the torque, and the axle-gear is of the spiral-bevel 
form. Though the chassis is slung low, there is a 
road clearance of 9} in. The rear suspension is on 
short broad cantilever springs attached below the 
axle casing. The front suspension is on flat springs, 
which, reversing the normal layout, have their 
front ends shackled, and the rear ones fixed to the 
frame-brackets. The frame is stoutly tied about the 
middle by a structure made up of channel vee-shaped 
members, placed back to back. The wheel base and 
track are 10 ft. by 4 ft. 7} in., and the chassis weighs 
23 cwts. 

The new 18-50 h.p. six-cylinder chassis made 
by the Star Engineering Company, Limited, of 
Wolverhampton, has some interesting and unusual 
features. Like all Star products, it is characterised 
by a certain massiveness suggesting weight, and 
large wearing surfaces. The impression of weight 
is not borne out on examining the details, and the 
makers have been careful to secure lightness of 
parts where that quality is desirable, or, as in the 
case of the reciprocating parts of the engine, where 
it is necessary for the high engine speed attainable. 
The bore and stroke are 69 mm. by 110 mm. 
(2-71 in. by 4-33 in.). 

An engine of 2}-litre capacity, though larger 
than most modern engines of its type, was adopted 
purposely for this model as an alternative to using 
a high compression ratio, unduly high speeds on 
top, and a normal low axle-gear ratio. The upper 
portion of the crank-case, together with the water 
jacket for the cylinders, is made in one unit, and is 
stiffly webbed and ribbed. It will be seen from 
Fig. 16 on page 481 that the cylinder barrels are 











separate. They are chill-cast from centrifugally- 
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run iron, and polish finished without grinding. 
These working barrels or shells are pressed into the 
main block, and jointed by the cylinder head at the 
top and by a special leak-proof ring-joint at the 
bottom. This method of jointing and _ sealing 
these barrels is: illustrated in Fig. 13 on page 
480. The barrels are a light press-in fit in the 
cylinder block, and the lower ends are sealed by 
two rubber rings in annular grooves, which become 
vulcanised. The upper ends are flange-jointed in 
a recess about each cylinder wall, while the outer 
face of the flange is jointed by a gasket with the 
detachable cylinder head. Both the crank and 
camshaft are carried on seven rigid bearings, which 
by means of their transverse members also stiffen 
the casting laterally. The crankshaft, connecting- 
rod and piston assembly is shown in Fig. 17 
on page 481, The crankshaft is a nickel-chrome 
steel forging, machined all over and heat-treated, 
and statically and dynamically balanced. The 
camshaft is of nickel steel and heat-treated. The 
pistons are of a special aluminium alloy, and have a 
split skirt with three rings; the lower one serving 
as ascraper. The connecting-rods are stampings of 
Duralumin. The whole assembly is balanced both 
as to its units and together, with and without the 
flywheel. The main and connecting-rod big-end 
bearings are bronze shells, lined with aero grade 
white-metal. The valves are overhead in the 
demountable cylinder head. They are stampings 
in cobalt-steel and finish ground. They are worked 
by push-rods and short rockers which pivot about 
a hollow shaft through which oil is forced. All the 
valve mechanism is enclosed, and is arranged for 
forced lubrication by a plunger pump, which is 
driven by rod and eccentric at the rear end of the 
camshaft. The pulsations of the pump are 
cushioned, a desirable provision when a recipro- 
cating pump is to be run at high speed. The pump 
forces the oil direct through an accessible filter to 
the main, camshaft, connecting-rod and dynamo- 
shaft bearings, and along the dynamo driving shaft, 
























“ENGINEERING” 


whence it exudes through holes in the gearwheel on 
the shaft and lubricates the three timing wheels. 
A pipe conveys oil to the overhead gear, the rocker 
bearings, valve tips and push-rod ends. The oil is 
returned to the sump, in which there is a filter which 
is removable, without having to empty the sump. 
It will be seen from Fig. 14 that the water pump, 
dynamo and magneto are in tandem along the 
near side, and are separately removable by un- 
coupling a couple of Simms patent rubber-metal 
disc buffer couplings. The main supply of water 
is pumped round the combustion chambers, but a 
smaller supply is circulated about the cylinder 
barrels and valves and plugs; the aim being to 
conserve rather than dissipate the heat of com- 
bustion. ‘The exhaust manifold shown in Fig. 15 
is in halves, each half serving three cylinders, 
and discharging into a common throat piece of the 
exhaust pipe. The carburettor has the usual 
autovac feed from a 10-gallon tank at the rear. 
Engine and gear-box form a single unit, mounted 
on four-point suspension with the gear-box attached, 
by a circular flange and a ring of bolts, to the face 
of the crank-case. The clutch is of the dry-plate 
type. It is carried on the first-motion gear shaft, 
and is provided with a stop to facilitate gear chang- 
ing. There are four gear speeds forward and a 
reverse, with central lever and a brake lever on the 
near side of the box, but a right-hand gear control 
lever is available if desired. The gear ratios 
are 18-2 (first), 10°15 (second), 6-78 (third), and 
4-4 (fourth) and 14-1 (reverse), and each is furnished 
with a special lock for neutral position. It will be 
seen from Fig. 14 that the selector and interlocking 
control is in a special housing above the gear-box 
lid, but forms part of it. The rear drive is by a 
hollow unenclosed propeller shaft, with fabric 
couplings, and the axle-gear is of the spiral-bevel 
type. The suspension is semi-elliptical; the rear 
springs being below the axle. They serve to take 
the torque and thrust on the Hotchkiss principle. 
The steering gear is of the worm-and-wheel type, 
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14/45-H.P. Srx-CytinpeR Unit; Messrs. CLEMENT TALBOT, 
and is adjustable for wear. Lanchester patent 
internal shoe brakes in 12-in. drums, pedal-operated, 
are applied to all wheels, and there is a lever brake, 
which operates only a pair of expanding brakes in 
the rear-wheel drums. Dunlop steel spoke-type 
wheels with 43-in. tyres for 21-in. rims are standard, 
but Rudge-Whitworth wire wheels are supplied at 
extra cost. The usual full electric (12-volt) and 
accessory equipment is furnished, including shock 
absorbers to both axles and pressure-fed oil-points 
on the Enots injection system by gun to the 
chassis. Wheelbase and track measure 10 ft. 
by 4 ft. 8 in., and there is a minimum ground 
clearance of 9 in. 

Messrs. Bean Cars, Limited, of Tipton, are intro- 
ducing a new four-cylinder 14-h.p. model, which we 
illustrate in Figs. 18 to 20, on page 482. The claims 
for the new model are: a lively and economical 
engine with good acceleration ; high speed without 
noise and vibration; good accessibility and a 
simple layout and low maintenance cost. The four 
cylinders and upper-part of the crankcase are of | 
iron cast en bloc, the base being an aluminium | 
casting.” The head is removable, and the valve | 
guides are renewable. The valves are at the near | 
side, and enclosed by a pair of large covers which | | BarRELs ; 
are free from fittings likely to impede access. The | 
bane and stroke are 75 by 130 mm. (2°95 in. by | 

5:1lin.). The output is stated to be 16 brake horse- | bers can be removed without opening the timing 
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Fig. 13. 


power at 1,000 revolutions, which with the standard 
axle-gear ratio (4-4 to 1) and tyres is equivalent | 
to 19 m.p.h. on the road. 
induction manifold are used. The crankshaft and 
camshaft are carried by three large die-cast white- 
metal bearings, and the connecting-rods have white- 
metal lined bronze-shells for the big ends. These 
rods are Duralumin forgings, and the pistons are 


The Ricardo head and | 


| case. The starter has the usual flywheel engagement 


with Bendix drive, and is flange-bolted, outboard 
fashion behind the flywheel. A good feature is the 
| large bore of the water connections and tank space 

of the radiator. No pump is fitted, but a fan with an 
| adjustable link-belt drive is provided. The radiator 
| is of the vertical small-bore gilled-tube pattern, and 


| is insulated from the frame within a white-metal 


aluminium with a split-skirt and four rings and| housing. A neat stone-guard of wire netting is 
floating gudgeon pins. The oil is circulated at the | fitted to the front of the radiator. The oil spout 
high pressure of 40 lb. per square inch by a sub-| from the sump is placed high up on the near side 
merged gear-pump driven by a spiral-gear off the | together with a level indicator. The sump filter is 
camshaft. This member serves also to drive the fan | extra large and is on the same side. 

and the coil ignition distributor. The crankshaft| Transmission is by an enclosed, dry running, 
provides a drive by spiral gear for the dynamo. | single-plate, fabric-faced steel clutch, with provision 
The oil is circulated through the main and camshaft | for external adjustment of the thrust springs. 
bearings and the timing and cistribution gearing, | A short shaft with a pair of flexible disc couplings 
while splash is used for the pistons and gudgeon | is interposed between the clutch and gear-box, and 
bearings. The inlet valves have a high lift by special | provides space for removal of the clutch and gear- 
cams designed for silent working. A Solex car- | box independently. There are four-speed gears and 
burettor, with autovac feed from a 12-gallon tank | a reverse, with ratios of 18°15 (first), 10 (second), 
at the back of the chassis, is bolted to the cylinder | 7-3 (third), and 4°4 (fourth) tol. The gear-change 
face on the off-side, and the mixture is conveyed mechanism and cross-shaft with lever, are a unit 
to the induction chamber by a duct across the water | and arranged for quick and independent removal. 
space between the cylinders. Access without diffi-| The gear-lever is within the chassis but close to 
culty, or having to dismantle fittings for valves or| the side, while the brake lever is outside the 
carburettor, is obtained by placing the coil-ignition | frame. The gear box has provision for attaching 
timer-distributor vertically at the near front|a gear-type tyre inflator, as well as for the usual 
corner, and the dynamo in ‘the diagonal position at | speedometer gear-drive and for a gear-driven screen | 
the front off corner of the casing. Both these mem- | wiper. Engine and gear-box have a rigid anchorage, 

















Fic. 12. Front WHEEL BRAKE GEAR; 
Messrs. CLEMENT TALBOT, LIMITED. 


the engine being mounted on four points, while 
the gear-box is centred at the front to a plate 
cross-member held by lugs bolted to the side- 
members. At some distance behind the gear-box 
is a channel cross-member fashioned as a spec- 
tacle plate which forms the mid-frame truss, and is 
used also to carry the brake compensator cross- 
shaft and supports the back of the gearbox through 
the housing of the ball-joint of the torque tube. 
There is also a double cross-member made up of 
two back-to-back channels placed immediately 
athwart the rear springs anchoring brackets. There 
is besides the usual back cross-member, and behind 
it is strapped a ten-gallon fuel tank with large filler 
and filler cap and contents gauge at the side. The 
extremity of the side members is tied by a hollow 
stay which forms the other support for the fuel tank. 
The rear suspension is by short cantilever springs of 
graded thickness to suit the reactions of the front- 
springs, which are of the usual semi-elliptical form. 
The back ends of the rear springs have a pin anchor- 
age to the under side of the axle-casing, and their front 
ends are bridled in a special form of skeleton bracket 
suspended from its side-members. The springs are 
gaitered, and it is claimed that this combination 
of semi-elliptical and cantilever suspension as 
carried out and tested, render shock absorbers un- 
necessary. The back springs are free to function, 
there being a separate provision for axle torque 
by the tube before noted round the propeller shaft, 
and a triangular stay between the axle-casing and 
the neck of the torque tube. The propeller shaft has 
a ball-bearing universal coupling at the front end, 
which is splash oiled from the gear box. The axle 
is driven by an overhead worm gear through a bevel 
differential, and this unit can be removed with the 
cover, which houses the worm-shaft and thrust 
bearings. The banjo-like axle-casing is of malleable 
steel. The axle shafts are three-quarter floating and 
are carried on adjustable taper roller bearings. The 
road wheels are of the pressed and welded steel 
spoke type and are fitted with 29 in. by 4-95 in. 
balloon tyres. Among reasons for using an over- 
head worm drive is the large ground clearance 
effected, which is a point of some importance abroad. 
Incidentally, it may be noted that the track width 
is 4 ft. 8 in. and the wheel base 10 it. Large four- 
wheel brakes in steel drums, with fabric-faced shoes, 
applied by pedal and lever are fitted. The front 
brake has the Perrot servo layout. The steering 
gear is a worm and sector with spring-loaded ball 
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14/40 FOUR-CYLINDER MOTOR CAR CHASSIS AT OLYMPIA 


CONSTRUCTED BY MESSRS. BEAN CARS, LIMITED, ENGINEERS, TIPTON. 














Fig. 18. GENERAL VIEW oF CHAssIS. 























Fie. 19. Enatne UNIt. Fie. 20. CLUTCH AND CONTROL. 


joints to the coupling rods. The chassis is designed | THE BRITISH ASSOCIATION AT |sense. Professor Barkla opened his communica- 
for a minimum of lubrication a‘tention, and spot | LEEDS tions by stating his conclusions :—(1) By coherence 
oiling by Tecalemit fittings is used where necessary. ‘ he meant that the whole beam of heterogeneous 
The oil consumption of the engine averages a gallon (Continued from page 463.) radiations from an X-ray bulb was a coherent entity, 


per 1,000 miles, and the fuel consumption 25 m.p.g. |and that the beam did not, as had been assumed, 
We propose, in our next issue, to continue our 


SECTION A.—MATHEMATICAL AND | consist of radiations independent as to quanta and 
illustration and description of selected cars from | PHYSICAL SCIENCES. | wave-lengths ; (2) there were different levels of 
among the very large amount of material on view. | 


| 
| 
| 
| 


coe +X 1! sate ___ | activity to which the changes in the emission and 
(To be continued.) | COHERENCE OF X-RAYS AND THE J-PHENOMENON. | absorption of electrons corresponded; (3) the 
| Proressor C.G. Barkla, of Edinburgh, gave in this | J-discontinuity indicated such a change from level 

THROUGH TELEPHONE SERVICES BETWEEN Mancuvria | Paper a summary of his recent experiments on what | to level; (4) these jumps occurred at definite 
AND SrBERta.—We learn from a recent issue of The | have sometimes erroneously been called J-rays. His | critical ‘“‘ temperatures,” and took place when the 
Chinese Economic Bulletin that the Mukden and Soviet | J stands for jumps in the radiations, of which there | average radiation reached a certain magnitude, just 
authorities have concluded agreements for installing long-/ may be several in the same experiment, and the | as the average temperature of a gas depended upon 


distance telephone services between Harbin and Chita, ‘ : a 
and Harbin and Vladivostock. ' term coherence is not to be understood in the usual! the average activity of the molecules; (5) these 





> RECEP ANA PRENTICE 




















Oct. 14, 1927.] 





temperatures might correspond to absorption edges 
or lines. 

Coming to details, Professor Barkla said that, 
some years ago, he had observed a sudden rise in 
the ionisation caused by K and L electrons. In 
further experiments, a heterogeneous beam of 
X-rays was passed through scattering material of 
low atomic weight; both the direct beam (p) 
issuing on the other side, and the rays scattered 
at right angles (s), after passing through the 
material, were sent into ionisation chambers, and 
the ratio of the two ionisations produced, s/p, was 
measured. This ratio was found to be about 1 for 
soft rays and to remain constant as the rays became 
harder. The experiment was then repeated after 
interposing absorbing screens of aluminium, &c., 
into the primary and secondary beams; the new 
ionisation ratio s’/p’ was the same only for soft 
radiations, but decreased suddenly as the rays 
hardened. Several such jumps were observed when 
the thickness of the screen was increased, the 
secondary ray being more coherent than the primary. 
If the effect were a Compton effect, and due to a 
change in wave-length, the ratio should diminish 
more and more as the angle of reflection increased ; 
but no such change (except by jumps) was observed. 
There were, however, some substances, like alumin- 
ium and tin, which modified the ratio, and others, 
like silver and air, which did not, and under 
the simplest condition there was no modification. 
Professor Barkla explained the complex effects 
observed by himself and Dr. W. H. Watson and 
his assistants under widely varied experimental 
conditions. 

Dr. B. L. Worsnop, of King’s College, London, 
opening the discussion, explained, with the aid of 
slides, that he had repeated Professor Barkla’s 
experiments, as far as possible under the same condi- 
tions, using both a Coolidge tube and a gas tube for 
the excitation of the rays. He had, however, only 
observed gradual changes in absorbability, never 
any sudden J-jumps. Dr. R. T. Dunbar, of Cardiff, 
spoke to the same effect, but admitted that theoreti- 
cally a heterogeneous beam and a homogeneous 
beam should give different results. Dr. W. H. 
Watson pointed out that the considerations of Dr. 
Dunbar might account for small fluctuations, but 
not for the larger J-phenomena, and Professor 
Whiddington suggested that the coherence would 
depend upon the manner of producing the X-rays 
rather than upon the subsequent conditions. Pro- 
fessor Barkla, in his reply, stated that he had 
started with two sets of rays. His effects were 
not always steady; probably some stage in the 
excitation was responsible for the J-phenomenon. 


Luminous DISCHARGES IN RARE GASES. 


In an afternoon lecture, delivered by Pro- 
fessor R. Whiddington, F.R.S., in his own lecture 
room, he showed and discussed continued experi- 
ments referred to on two previous occasions, 
in our issues of July 3, 1925 (page 20), and of 
April 30, 1926 (page 568). When the electric dis- 
charge was passed through gases, the lecturer 
demonstrated, striations might be seen, and exami- 
nation by a rotating mirror indicated that light 
flashes passed down the tube from anode to cathode 
at various speeds, which were high, although not 
high for electrons. The inclination to the vertical 
of the wavy flashes became less marked (that is 
to say, their speed decreased) as the gas pressure 
in the tube increased. In argon containing a 
little hydrogen, hydrogen waves were faster than 
the argon waves, and in pure hydrogen, striations 
were visible only near the ends of the luminous 
column, where the gas probably contained both 
molecular and atomic hydrogen. 

In recent experiments, the mirror was rotated 
about a horizontal, instead of a vertical axis, and the 
tube was also placed horizontally ; the flashes were 
then replaced by a line of what may be likened to 
pear-shaped rain drops travelling with their blunt 
ends forward, and moving more rapidly the stronger 
the current. When two proof electrodes were 
inserted into the tube, the potential between 
them was found to oscillate up and down regu- 
larly as long as the current was steady ; unsteady 
currents gave irregular waves. The appearance 
of the pulses suggested the analogy of a string 
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of balls interconnected by spiral springs and set 
oscillating. Professor Whiddington, so far, had 
no theory to offer, but believed, as before, that 
pulses of positive electricity travelled down the 
tube. Only 3 per cent. of the charge seemed to be 
concerned in the light emission. The reason for the 
fact that only impure gases showed the phenomenon 
might be that, in gas mixtures, two sets of pulses, 
moving at different velocities, overlapped, and 
because of their overlapping gave rise to the appear- 
ance of travelling flashes, just as two systems of 
parallel fine threads showed a third, strongly- 
marked system of dark streaks when the two 
systems were crossed at an angle. In reply to 
Professor A. Fowler, who suggested a spectroscopic 
study of the phenomenon, Professor Whiddington 
added that he had not observed any Déppler effect, 
and stated that the luminous centres themselves did 
not appear to move. 


ELEctTRON Impacts. 


Mr. H. Jones read the first of three cognate papers 
on recent researches conducted in the University 
of Leeds. In order to investigate the critical poten- 
tials of gases, he stated, he analysed a beam of 
primary electrons after passing through the gas in 
question. The primary electrons were produced 
by heating a tungsten wire; they were accelerated 
in an electric field towards a grid, at 1 mm. from the 
wire, passed through the gas and into a camera 
in which they were spread out by a magnetic field 
so as to form a spectrum on a vertical photographic 
plate. The gas pressure was kept at 10-5 cm. In 
the absence of any gas, the electrons gave a dark 
line at the bottom of the plate corresponding to the 
applied potential (50 to 200 volts). In the presence 
of hydrogen, however, a further line was seen, 
indicating a loss of 12-2 volts by collision of the 
electrons with the gas molecules. On the far side, 
this line was diffused, suggesting several electron 
levels. The electron colliding with hydrogen would 
free an electron, the energy of the impinging 
electron dividing between the two electrons. There 
was also a faint line corresponding to a loss of 
8 volts, probably due to a collision with a hydrogen 
molecule that was already in the excited condition, 
and further fainter lines suggesting multiple colli- 
sions. There was, however, no line indicating that 
dissociation of hydrogen had occurred. 


ELECTRON REFLECTIONS IN VACUO. 


The second of these papers, read by Mr. D. Brown 
on the last day of the meeting, described experi- 
ments in which the electrons from the hot tungsten 
were accelerated, passed through a slit and then 
magnetically deflected so as to hit a target; the 
electrons reflected by the target (all in a vacuum) 
were once more deflected and sent through a slit so 
as to form a spectrum on a horizontal plate. The 
first deflection mentioned prevented the tungsten 
particles from reaching the target, which consisted 
of platinum coated with barium oxide; the metal 
could be heated independently. When the oxide 
became hot, three lines could be distinguished in 
the diffused dark band, corresponding to energy 
losses of 8, 13°3 and 23 volts; these were critical 
potentials for oxygen. In agreement with Schottky’s 
similar experiments, however, Mr. Brown assumed 
that the barium oxide was not actually broken up, 
but that the oxygen in the surface was merely 
agitated without forming an atmosphere of liberated 
oxygen molecules. About ten per cent. of the 
electrons from the tungsten seemed to undergo 
inelastic collisions. 


PASSAGE OF ELECTRONS THROUGH FINE APERTURES. 


Dr. E. F. Brett, in the third paper, referred to a 
similar arrangement, but without second deflection 
by a magnetic field, for the direct photography of the 
target spectrum. His target, of copper, was very 
small and close to the hot wire; it became very hot, 
and some tungsten was probably deposited on it. 
Some of his photographic films showed five lines, 
but the interpretation of the various phenomena 
was difficult. 

Cosmic Rays. 


We give here an abstract of the lecture by Pro- 
fessor R. A. Millikan on cosmic rays, although 





it was one of the two evening discourses, because 





the subject really concerned Section A, and was 
subsequently raised by Dr. Kolhérster in the 
Section. We referred to the nature and history 
of the problem, and particularly to Dr. Millikan’s 
researches, on page 229 of our issue of February 19, 
1926. It will be remembered that the self-discharge 
of electroscopes, even when perfectly insulated 
and provided with thick lead shells, suggested that 
some highly-penetrating rays, to which Kolhérster 
assigned a cosmic origin, found their way into the 
electroscopes in spite of all precautions. Acknow- 
ledging the previous work, Professor Millikan said 
that he took up the problem in 1922, first in balloons 
sent up to 15-5 km., then in the lakes and frozen 
water of the Rocky Mountains. Those experiments 
indicated radiations, weaker but more penetrating 
even than had been supposed, capable of producing 
1-4 ion per cub. cm. at sea level and with an absorp- 
tion coefficient of 0-18 per metre of water ; the wave- 
length of such rays would range from 0-00038 to 
0-00063 A, and would thus be only ,', of the 
hardest y-rays. Last summer, together with Dr. 
C. H. Cameron, he had ‘taken new observations 
on the Andes of Bolivia at an altitude of 15,400 ft., 
and in Arrow Lake, California, using an electro- 
meter eight times more sensitive than his former 
one and capable of withstanding gas charges at ten 
atmospheres pressure. With the improved apparatus 
they had confirmed their previous measurements and 
had observed absorption coefficients ranging from 
0-30 down to 0-10, which would make the hardest 
rays even harder than G. Hoffmann’s latest esti- 
mates ; the rays required 120 ft. of water—equiva- 
lent to 11 ft. of lead—for complete absorption. 
He had, however, failed to find any preferential 
direction in the heavens from which the rays reached 
us, though his measurements should have detected 
intensity variations of 5 per cent., and he did not 
observe any systematic variations. On Pike’s 
Peak, the rays would be three times as strong as 
at sea level; they should produce 1,500 ions per 
cub. em. per second in the human body, and might 
have physiological effects. With regard to the 
possible origin of the rays, Professor Millikan only 
remarked that the energy relations would be of 
the right order for a hydrogen condensation into 
helium, and the rays might possibly be due to the 
capture of electrons by nuclei. 


Some EXPERIMENTS ON PENETRATING Rays. 


Dr. Werner Kolhorster, of Berlin, briefly reviewed 
his own investigations in a paper bearing the above 
title. Speaking in German, he described the early 
work in balloons which carried various recording 
meteorological instruments of novel construction, 
and the later work conducted on the Jungfrau- 
joch, and also in crevices and tunnels of Alpine 
glaciers, in which many observations were taken for 
hours at a time at different azimuths. These obser- 
vations certainly indicated a preferential direction of 
radiations coming from certain portions of the Milky 
Way. In his improved electrometer, a quartz 
filament of horse-shoe shape was fixed at the ends 
to a metal strip, cemented into an insulator, so as 
to be bent by the electric force to be measured. One 
or two of these filaments were mounted in the 
instrument and their deflections were read off by 
a microscope with the aid of a small lamp. These - 
electrometers did not require any compensation for 
pressure or for temperature, which had been the great 
difficulty with earlier instruments. Discussing the 
paper, Professor Millikan said that he agreed with 
Dr. Kolhérster as to the general conclusions, except as 
to the preferential cosmic direction, which Hoffmann 
had also failed to observe -in low-level stations. 
Dr. G. C. Simpson, Director of the Meteorological 
Office, said that radiations were certainly of great 
climatic importance. The penetrating rays might 
be connected with atmospheric electricity, and might 
be of a pulse and not of a wave, character. Swann 
had suggested that electrons might penetrate the 
atmosphere without ionising it, but so far such 
electrons had not been traced. 


IONISATION IN THE LOWER ATMOSPHERE. 


Dr. J. J. Nolan, of Dublin, dealing in his paper 
with observational work begun before the war, 
said that the ionisation of the lower atmos- 
phere was a very complex problem. The rate of 
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ionisation, or ion production, depended upon the 
state of the atmosphere, its temperature, humidity, 
and purity. To what extent radioactivity, radia- 
tions, electric discharges, water spraying, etc., 
contributed to the ionisation was very difficult to 
estimate. The numbers of ions underwent rapid 
changes, owing to decay and combination, and their 
nature was very complex. It had been believed 
that, broadly, one might distinguish between small, 
rapidly-moving ions and large slow ions, but inter- 
mediate ions also existed. Large ions could be 
produced in the laboratory by introducing ammonia 
or sulphur dioxide into gas flames; salt vapours 
increased the numbers of ions, and intermediate 
sizes were produced by combinations of ions with 
molecules. By spraying water, or by bubbling air 
through it, and by the oxidation of phosphorus they 
had obtained, at Dublin, small ions with mobilities of 
0-00034, 0-0012, 0-0043 and 0-063 cm. per second 
per volt gradient. Langevin had produced large ions 
moving at only 3545 cm. per sec., whilst ions with a 
speed of 2 cm. per sec. had been observed in the 
atmosphere. The numbers of positive and negative 
ions were nearly equal, at least in Dublin and 
Paris, when observed in an enclosed space. In the 
free atmosphere, however, matters might be very 
different, and satisfactory methods for these deter- 
minations were still wanted. In dry air, the number 
of very mobile, small ions was always small, but 
the conductivity of the air seemed to depend 
essentially on the presence of these ions, whilst the 
potential gradient in the atmosphere was appa- 
rently connected with the large ions, which carried 
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LETTERS TO THE EDITOR. 


THE SEVENOAKS ACCIDENT. 
To THE Eprror OF ENGINEERING. 


Sir,—Studies in abstract dynamics of locomotive 
running incline one to value analytical examination, 
if only as a check to the empiricisms of engineering 
instinct, the freedom of which may also be curbed by 
economic considerations. 

Running experience indicates a critical condition at 
high speed at which the platform floats—this confirms 
the existence of portative force, derivable from abstract 
principles of dynamics. 

Such a return of particulars suggested by Dr. F. W. 
Carter should also contain :—the speed at time of acci- 
dent ; if possible, phase of accident at which brakes 
were applied; angular position of brake shoes to 
centre of wheels; weight of each axle with wheels ; 
the statistical distribution of weights (for time of 
accident) borne by each axle; weights of connecting 
rods, and dimensions, phase and angles of cranks and 
eccentrics; weights of coupling rods; any other 
weights revolving on axles not given in preceding 
data ; and diameters of wheels over tyres, to include 
all wheels, driving or otherwise. 

Analysis would probably enable the interference of 
economics to be assessed from co-ordinate evidence, 
and should commend itself alike to managers and direc- 
tors, as to the travelling public. 

Yours faithfully, 
ALFRED Wm. COTHER. 

“* Alverston,’’ 96, Chichester-road, 

North End, Portsmouth. 

October 10, 1927. 





single electronic charges. 


INVESTIGATION OF THE UPPER ATMOSPHERE. 


The Committee for the Investigation of the 
Upper Atmosphere, of which Sir Napier. Shaw 
is Chairman, and Mr. C. J. P. Cave, Secretary, 
reported that they had co-operated with the British 
National Committee and the Royal Meteorological 
Society, in enlisting the support and co-operation 
of institutions interested in the exploration of the 
upper atmosphere. Their studies comprised the 
use of ballons sondes at sea and of pilot balloons, 
as well as the relation of solar to terrestrial radia- 
tion. For the latter, Mr. W. H. Dines had designed 
apparatus which would be constructed if a sufficient 
number of orders could be secured. Attention was 
drawn to the work of Professor Lindemann and 
Dr. Dobson, of Oxford, on meteors and to their 
study of ozone, to the presence of which the relative 
warmth of the upper atmosphere was credited ; they 
estimated that temperature at about 300 deg. K. 
The relation between the Aitken and the Owens 
dust counters, to which Dr. Nolan referred, is: also 
being investigated by the Committee. Advice was 
given on the cheapest way of filling small balloons 
with hydrogen for inflation to a diameter of about 
30 cm. Many balloons are to be sent up for the 
study of wind direction, and the finder of a balloon 
is requested to mark the time and place on a 
post-card attached to it. The hydrogen is to be 
generated from calcium hydride and water, and not 
from powdered aluminium and caustic soda, the 
spray from which might irjure the eyes of inexperi- 
enced workers. Compressed hydrogen is supplied 
in cylinders containing 10 cub. ft. by the British 
Oxygen Company, but transport would be rather 
expensive. 

(To be continued.) 





STANDARD SPECIFICATION FOR TUNGSTEN-FILAMENT 
Lamps.—A modified edition of this specification, which 
was originally published as No. 161, 1924, and was 
revised in 1925, has just been issued by the British 
Engineering Standards Association as No. 161, 1925 
(with additional schedules included in 1927), Four 
schedules for traction, vacuum train lighting, gas-filled 
train lighting, and gas-filled "bus lamps have been added ; 
otherwise the modifications made are not numerous. The 
chief one in the general clauses of the specification is 
the addition of a switching on and off test. The figures 
in Table II of the schedules for vacuum lamps, and in 
Tables II and III for gas-filled lamps, have been slightly 
modified. The dimensions of the bayonet cap, given in 
Appendix IT, have also been modified to bring them into 
line with the dimensions recently adopted by the Inter- 
national Electro-technical Commission. Copies of this 


new edition can be obtained from the B.E.S.A. Publi- 
cations Department, 28, Victoria-street, Westminster, 
London, 8. 


’.1, price 2s, 3d., post free. 





WHIRLING SPEEDS OF SHAFTS. 


To THE EprToR OF ENGINEERING. 


Srr,—In your issue of October 7 is reproduced a 
paper, read before the British Association by T. M. 
Naylor, and bearing the above title. In it he describes 
experiments made with the object of detecting sub- 
sidiary whirling speeds in horizontal shafts, and the 
conclusion reached, apparently with some reluctance, 
is thus precisely stated: ‘This disturbance was 
found to take place at one-half the latter whirling speed 
(i.e., the true whirling speed), and disturbances could 
not be detected at other speeds.” Nevertheless, re- 
ferring to a letter which appeared in your issue of 
April 28, 1916, the author says: “* Dr. F. W. Carter 
has shown, mathematically, that the new whirling 
speed occurs at one-half the whirling speed proper. 
One objection to this solution, which is not universally 
accepted, is the fact that the shaft is not treated as an 
elastic solid.” 

This letter is to record the writer’s submission that 
the objection is unwarranted. The problem proposed 
was a general one, on the existence of a certain pheno- 
menon. For its solution, the writer assumed a light 
elastic shaft, necessarily solid, carrying a heavy and 
slightly eccentric mass. No other conceptual appa- 
ratus is needed for demonstrating this, any more 
than for demonstrating the ordinary phenomenon of 
whirling. 
Mr. Naylor’s tests and conclusion may, indeed, 
be regarded as justifying the writer’s intuition, that the 
phenomenon depends on the shaft being elastic and 
solid, but not on its being an elastic solid. 

Yours faithfully, 

F. W. Carter. 

Rugby, Oct. 10, 1927. 





COKE v. OIL FOR DOMESTIC 
HEATING. 
To THE EprTor OF ENGINEERING. 


Str,—I regret to have to ask you to be good enough 
to devote more of your valuable space to another letter 





on the subject of the cost of oil burning for domestic 
heating, but the letter in your issue of October 7 
forces me to do so. 

Your correspondent again compares gross heating 
values of coke with net heating values of oil. The 
substance of my last letter was to enquire how he came 
to disregard boiler efficiency in his estimate of 
useful heat produced. I pointed out that my figures 
included not only gross calorific values but also furnace 
or boiler efficiencies; your correspondent, however, 
does not mention these qualifying factors which are 
vital to the issue. 

He compares calorific values of coke with values of 
oil on which 37} per cent. has been allowed for the fact 
that no boiler converts into useful heat 100 per cent. 
of the gross calorific value of the fuel consumed in 
the furnace. 

If your correspondent will refer to the manual of any 








he will see that they do not claim a greater boiler 
efficiency than 59} per cent. With inexpert domestic 
stoking it is more than probable that this efficiency 
will be reduced to the figure of 50 per cent. which I 
quoted in the first letter as being the average boiler 
efficiency for coke-fired boilers. 

My main point is that, by burning oil, the boiler 
efficiency is increased by 10 to 15 per cent. One of the 
most important factors, therefore, is this increased 
boiler efficiency. 

If a comparison is made on gross calorific values 
alone, the figure that must be compared with 82 per 
cent. for coke is 98 per cent. for oil. Since my last 
letter, however, the suppliers of oil have written to 
say that 19,350 B.Th.U.’s to the pound represents the 
gross calorific value of the oil. We get, therefore, 
the following deduction :—Oil, 4l. 10s. per ton, costs 
0-482d. per lb., so that 19,350 B.Th.U.’s are produced 
for 0-482d, which means that 1,000,000 B.Th.U.’s 
are produced for 24-86d. This is the figure that 
should be compared with the estimate of 18-34d. 
for coke and allowance should then be made for 
boiler efficiency. This will considerably modify the 
figure of 18-34d. for coke. In fact, if my figure of 50 
per cent. is taken as being the basis of a compara- 
tive calculation, it will double it. The true cost of 
1,000,000 B.Th.U.’s of useful heat produced by the 
boiler is therefore not 18-34d., which takes no notice 
of boiler efficiency, but 36-68d. The cost of oil, taking 
into consideration not only the gross calorific valie 
but also the boiler efficiency, on the assumption 
that oil gets 123 per cent. greater efficiency out of the 
same boiler than coke, will be 39° 83d. 

The figures, in this case, are extremely near, and then 
comes the question of ability to secure coke at remark- 
ably low prices. I do not know where coke is obtain- 
able at such a low price as 34s. 2d. @ ton, and with such 
a gross calorific value, but I can only say that coke in 
Birmingham costs at least 36s. per ton. The cost of 
best Durham foundry coke, including wagon hire to 
Birmingham, is 42s. 3d. per ton. If gas coke is being 
considered, then it is quite certain that, inthe majority 
of cases, the B.Th.U. content is 12,000 as a maximum, 
and it is more probably as low as 11,000. 

Your correspondent’s remarks about the unreliability 
of automatic controls in up-to-date oil burners would 
seem to indicate that he has little knowledge of their 
operation in practice, and this is by no means surprising 
as they have only just been introduced into this 
country. 

When our engineer visited the States, however, he 
was given a list of over 200 users of Parwinac installa- 
tions, and invited to call on any of them to get first- 
hand testimony on this question of reliability. In no 
case out of the 50 taken at random did he obtain any- 
thing but assurances of the absolute reliability of the 
plants in operation. 

Yours faithfully, 
p-p. PARKER, WINDER AND AcHURCH, LIMITED, 
J. GREIG. 


Broad-street, Birmingham, 
October 10, 1927. 





CO-PARTNERSHIP. 
To THE EpITOR OF ENGINEERING. 


Str,—In your leading article of September 23 on 
Co-Partnership, you very kindly refer to my booklet 
Profit-Sharing and Co-Partnership—An Introduction. 
May I, however, make one correction. You state that 
I admit “the system is not applicable to private 
businesses or partnership.” I certainly did not intend 
to say this, for I am of the opposite opinion. 
It seems to me that co-partnership can be applied 
to any business for which annual accounts and a balance 
sheet are made; that is to say, wherever there is a 
definition of profits and an assurance that the same 
definition will be used in following years. The employees 
likewise can be encouraged to take up capital, or can 
have their share of profits in some form of capital 
automatically wherever a simple trust deed to regulate 
loans can be drawn up. 
I do state that employee directors cannot be ap- 
pointed in a private business or partnership—which is 
obvious—and add ‘nor, probably, in most small 
businesses.” There are employee directors in one 
business having only about 100 employees. But 
there can be joint committees of management and 
workers for consultation, and methods for disseminating 
information. 
If an employer makes up his mind that the principle 
of co-partnership is right, he will soon find a method 
for putting his conviction into practice. 
Yours faithfully, 
E. W. Munpy, 
Secretary of the Industrial Co-Partnership 
Association. 
6, Bloomsbury-square, London, W.C.1. 
October 4, 1927. 
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LABOUR NOTES. 
In a letter published in the October Monthly Journal 
of the Amalgamated Engineering Union, Mr. Ernest 
Bevin, the general secretary of the Transport and 
General Workers’ Union, says that his organisation’s 
Biennial Delegate Conference instruct him to state that 
* the keystone of the proposed Industrial Alliance being 
the principle of discipline in any great movement, 
involving either negotiations, financial assistance, or 
actually determining a settlement, and having regard 
to the experience of the recent miners’ dispute, when 
this cardinal principle was not generally 
accepted,” the Transport and General Workers’ Union 
‘**cannot in the future hand over its powers to any 
outside body.” ‘I am further to state,’ Mr. Bevin 
adds, ‘‘ that, in pursuance of the policy determined by 
our governing body, this union can no longer continue 
the negotiations for the formation of an Industrial 
Alliance or accept the obligations that such an alliance 
would involve.” 





In September the home branch membership of the 
Amalgamated Engineering Union decreased from 
192,869 to 192,156, and the colonial branch member- 
ship increased from 27,852 to 28,050. The number of 
members in receipt of sick benefit increased from 5,125 
to 5,333, the number in receipt of superannuation 
decreased from 9,718 to 9,690, and the number in 
receipt of donation benefit increased from 6,158 to 
6,938. The total number of unemployed members 
increased from 14,039 to 14,937, making the percentage, 
calculated in the usual way, 7-19. 





Ten trade union organisations are parties to the 
Railway Membership Agreement, which ends the long 
controversy between the National Union of Railway- 
men and the craft unions with members employed in 
railway shops, as to which union should cater for 
railway shopmen. They are: the National Union of 
Railwaymen, the Amalgamated Engineering Union, 
the Federation of Engineering and Shipbuilding Trades, 
the United Patternmakers’ Association, the National 
Union of Foundry Workers, the Electrical Trades 
Union, the Workers’ Union, the United Operative 
Plumbers’ and Domestic Engineers’ Association of 
Great Britain and Ireland, the Amalgamated Machine 
Engine and Iron Grinders and Glaziers’ Society, and 
the National Society of Coppersmiths, Braziers, and 
Metal Workers. 





The most notable speech, from the trade-union 
point of view, delivered during the discussion on the 
surtax proposal at the Blackpool Conference of the 
Labour Party, came from Mr. Bevin. The resolution, 
submitted by Mr. Lees Smith, M.P., on behalf of the 
executive, was as follows :—‘‘ This Conference, being 
of the opinion that the existing Sinking Fund for the 
redemption of the National Debt is being used to hamper 
the growth of the social services and to continue the 
burden of the food taxes upon the poor, calls for 
the imposition of a special surtax on incomes over 
500/. a year derived from property and investment, 
as proposed in the Minority Report of the Colwyn 
Committee, with the object of liberating resources for 
the abolition of taxes on necessaries, for the develop- 
ment of the social services, and for the reduction of 
the debt.’’ Mr. Mosley, M.P., moved, as an amend- 
ment, that the Conference was only prepared to accept 
the proposed surtax in place of the capital levy, on the 
condition that the purpose of the capital levy, was 
fulfilled by the devotion of the whole proceeds of the 
surtax to social services, 





Mr. Bevin regretted the introduction of the amend- 
ment, as it confused the issue. The National Debt, 
before the war, used to require, he said, the value of 
12 minutes’ labour of each worker daily. Now it 
required 1} hours’, and the trade union problem was 
still mainly a struggle to secure individual wages. 
‘** We have got to have regard to the fact that a good 
deal of the apathy of trade-union leaders is due to the 
fact that there is such a millstone of taxation round the 
neck of industry that we cannot make a move to 
raise wages and get better conditions of labour. A 
thousand millions a year of production have been 
lost since 1922 as a result of deflation and the 
restoration of the gold standard. To try to meet the 
evils arising from those policies by a surtax is playing 
with the problem, and to suggest it, is only misleading 
the people. It is work and wages that you have to 
face your members with in the branch room. When 
works are closing down, when industry is going to 
another country, when a whole district is going derelict, 
the appeal that is made is not for high falutin’ schemes 
of national finance. It is ‘ For God’s sake, do some- 
thing to save industry and wages.’ I know it is not 
popular to say this, but this is where we are called 
upon to do.so.”’ 


The writer of an editorial note in Man and Metal, 
the journal of the Iron and Steel Trades Confederation, 
remarks that the “‘ usual wild, whirling campaign” is 
proceeding in the Press for ‘‘ reduced wages, increased 
hours and greater output.” The “‘ amazing thing” 
is, he says, that some of the captains of industry have 
joined in. “Is there,” he asks, ‘any wonder that 
trade is bad, when we have those who live by trade 
wanting to reduce the purchasing power of their 
customers, so as to enable them to sell more? These 
men are openly admitting that they cannot sell their 
present output, and have the insolence to say ‘ give us 
more output and then we will be able to sell it.’ .... 
On this occasion the iron and steel trades have been 
dragged into the fray by men who, in some way, 
imagine that if they write to the Press everything will 
be put right—which is a rather severe reflection on the 
ability of our captains of industry to manage their 
own affairs—a stricture which we ourselves would be 
very chary in passing upon men who have had an 
extremely difficult economic and industrial storm to 
weather.” 





The workers are “‘ further assured,” the writer of the 
note goes on to say, “that not only is it necessary to 
reduce wages, and increase hours and output,” but 
also to have ‘‘ peace in industry.” ‘‘ The writers of 
these letters to the Press,”’ he proceeds, “‘ these correc- 
tors of the captains of industry, appear to imagine that 
they can maintain peace in industry by threatening to 
reduce workmen’s wages. ... They want peace in 
industry, but only if they can get reduced wages. .. . 
There is something wrong with the education of men 
who believe that they can threaten workmen and still 
maintain peace. ‘ Work longer and harder and get 
less’ is not a slogan which will appeal to the British 
workman.” 





The New York correspondent of the Manchester 
Guardian states that at the Los Angeles meeting last 
week of the American Federation of Labour, Mr. John 
P. Frey, secretary of the Metal Trades Department of 
the Federation, declared that there were 1,000,000 un- 
employed in the United States, and 3,500,000 people 
working part time. The depression was particularly 
notableiin the coal, textile, garment, and glass industries. 
He quoted the Federal Department of Labour as saying 
that common labourers on the railways received only 
31. 8x. weekly, a low wage in view of the high cost of 
living in America. Mr. Frey said that during the past 
quarter of a century the productivity of industrial 
workers had increased 49 per cent., while real wages 
had only increased 5 per cent. Most of the academic 
economists, however, put the increase in real wages 
very much higher. 





The Labour programme of Imperial Chemical Indus- 
tries, Limited, described by Sir Alfred Mond, M.P., 
last week, appears to have several interesting features. 
For the purpose of establishing and maintaining touch 
between the heads of the company and its 400,000 
workers, three types of Works Councils are to be set 
up in all the works of the combine; the first to deal 
with all local matters affecting the workers, the second 
to deal with matters of general interest, and the third 
to be a Central Works Council appointed from and by 
the General Works Council. The Central Works 
Council is to meet regularly in London, and its chair- 
man is to be Sir Alfred Mond. All three councils are to 
represent equally management and men. The pro- 
gramme also includes a scheme to ensure the security 
of the worker in employment by the inauguration of a 
staff grade, to which men will be eligible after five years’ 
service, and a shareholding scheme, by which the 
workers can obtain a direct financial interest in the 
company. 





The programme of the National Minority Movement, 
as adopted by the organisation’s fourth annual con- 
ference, is described in the Worker as demonstrating 
** the falsity of the accusation made against the Minority 
Movement by the spokesmen of the General Council.” 
Inciuded in it are:—A campaign for 100 per cent. 
Trade Unionism and the formation, wherever possible, 
of workshop committees, the members of which are 
to be guaranteed from victimisation by their various 
trade unions; reorganisation of the Trades Councils 
in order to transform them into local unifying centres 
of the working-class movement; affiliation of the 
National Unemployed Workers’ Committee Movement 
and the local Trades Councils to the Trades Union 
Congress, and the acceptance of representatives from 
these organisations on the General Council of the 
Trades Union Congress, 





Other leading planks in the platform are :—Accept- 
ance of the principle of one union for each industry 
and the immediate amalgamation of unions in kindred 
industries as a step to the realisation of industrial 





unionism ; the appointment of a General Council of 
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the Trades Union Congress elected by and at the Con- 
gress from nominations made by the delegates present, 
such council to have full powers to direct the whole 
policy of the Trade Union Movement and to be under 
obligation to the Trades Union Congress to use that 
power to fight more effectively the battles of the 
workers ; a fight for one united Trade Union Inter- 
national, the General Council to take the initiative 
to make possible the calling of a World Trade Union 
Congress, out of which the United Trade Union Inter- 
national can be created ; popularisation and organisa- 
tion of Workers’ Defence Corps, which shall prevent 
the organisations of the workers being destroyed 
during periods of acute class struggle. 





The Ministry of Labour states that on October 3, 
1927, the number of persons on the registers of Employ- 
ment Exchanges in Great Britain was 1,075,900, of 
whom 853,700 were men, 32,800 boys, 157,000 women, 
and 32,400 girls. Of the total number, 726,400 were 
wholly unemployed, 285,900 temporarily stopped, and 
63,600 normally in casual employment. On September 
26, 1927, the number of unemployed persons was 
1,050,117, of whom 704,900 were wholly unemployed, 
281,676 temporary stopped, and 63,541 normally in 
casual employment. Of the total number, 835,786 
were men, 32,111 boys, 149,908 women, and 32,312 
girls. On October 4, 1926—when, of course, the figures 
were affected by the dispute in the coal-mining industry 
—the number of unemployed persons was 1,572,700, 
of whom 1,186,928 were men, 44,226 boys, 296,783 
women, and 44,763 girls. 





The annual conference of the Communist Party of 
Great Britain, held at Manchester during last week-end, 
adopted a resolution on the mining question, which 
called for the summoning of a special Trade Union 
Congress to deal with the “ crisis’ and, pending the 
return of a Labour Government, the re-organisation 
of the Miners’ Federation with fresh leadership. 
Another resolution passed denounced the Labour 
party conference, declaring that the decisions reached 
at Blackpool marked the highest point yet reached in 
the ‘ Liberalizing ” process of the Labour party. 


In the course of a recently issued statement, Mr. 
W. Green, the president of the American Federation of 
Labour, says that organised Labour’s struggle for higher 
wages is now entering its third phase. ‘ In the earliest 
period,” he points out, “ organised Labour struggled for 
higher money wages. Instead of 10 dols. a week, it 
tried to secure 11 dols. a week, and the next year 
perhaps 12 dols. A second period in the wage policy 
began, as organised Labour realised that the amount of 
money wss no adequate measure for deciding whether a 
wage is high or low, and that it is necessary to relate 
money wages to prices. Then organised Labour 
struggled for higher real wages—that is, wages that 
would buy more. Very obvious changes in prices 
induced organised Labour to realise the necessity for 
calculating in real wages. Very obvious changes in 
productivity of labour to-day induce organised Labour 
again to widen its wage policy. Higher money wages 
from an economic point of view do not improve the 
situation of the worker if prices increase more than 
money wages. Higher real wages from a social point 
of view do not improve the situation of the worker if 
productivity increases more than real wages.” 





* For higher productivity,” Mr. Green goes on to say, 
‘“‘ without corresponding increase of real wages means 
that the additional product has to be bought by others 
than the wage-earner. This means that the social 
position of the wage-earner in relation to other con- 
sumers becomes worse, because his standard of living 
will not advance proportionately with those of other 
groups. Deteriorating social position, that is, declining 
purchasing power of the mass of the wage-earners in 
relation to the national product, brings about industrial 
instability which will develop into industrial crisis. 
The American Federation of Labour is the first organi- 
sation of labour in the world to realise the importance 
of the factor productivity in economic society. It no 
longer strives merely for higher money wages; it no 
longer strives merely for higher real wages ; it strives for 
higher social wages, for wages which increase as 
measured by prices and productivity. This modern 
wage policy lifts the movement to an absolutely new 
level. For higher real wages meant only betterment 
of the economic position, while higher social wages mean 
betterment of the economic and social position of the 
worker. The modern wage policy guarantees an active 
but stable development of industrial society.” 





Tue Boarp or TRADE.—The standing committee 
(general merchandise) appointed by the Board of Trade 
have reported on their inquiry as to whether imported 
iron and steel wire, wire nails and wire staples, should be 
required to bear an indication of origin. The reports 
will shortly be obtainable from the Stationery Office, 
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200-TON POWER PRESSES. 


Or the two power presses illustrated above, which 
were shown by Mr. Henry Pels of 32-38, Osnaburgh- 
street, N.W.1, at the recent Shipping, Engineering, 
and Machinery Exhibition, Olympia, Fig. 1 is a 200-ton 
press, with five tools arranged in line for finishing the 
bars of laminated or leaf springs in the cold, in a single 
machine and with the least possible movement in 
handling. The maximum size of spring bar which can 
be dealt with is 4 in. wide by gin. thick, the steel having 
a tensile strength up to 55 tons per sq. in. A shearing 
attachment can be substituted for the five tools at any 
time if desired. This will cut mild-steel plates up to 
24 in. in width by ? in. thick. The horse-power required 
is about 74, and with a flywheel speed of 300 r.p.m., 
34 strokes per minute can be made. The output, in 
two authenticated cases, was 25 tons of 4-in. by }-in. 
spring plates per week, and 20 tons per week of 3 in. 
by 4-in. material, one operator and a helper only being 
employed. 

Referring to Fig. 1, the sequence of the tools for 
the several operations may be followed. At the 
extreme left is a small shears for cutting the bars to 
length, then a punch for centre holing, followed by 
another shears, set at right angles to the former. This 
is used for bevelling the corners, or spearing. 


the set. 
machines, is of high-tensile armour plate. 
up on a cast-steel distance piece which is utilised to 


The frame, as is usual in the Henry Pels 


form the table, the tools being attached to it by bolts | 
The shearing slide is also of cast steel | 
and runs in adjustable guide boxes having long surfaces. | 


in planed T-slots. 


The powerful balancing springs can b> seen between the 
flywheels. 


from any point. 


below the flywheel. It is a claw clutch of the three- 


point type, i.e., it may be put in or out of gear at one | 


of three periods during each stroke. It may be locked 
by the treadle for continuous work, when each stroke 


shearing slide automatically returns to the top of the 
stroke. 

As is well known, the bars of a laminated spring 
are of different lengths. The apparatus at the left- 


hand side of Fig. 1 is a device for measuring these | 


semi-automatically. It consists of a shaft along which 


A} 
slotting punch, and one for nibbing or pressing, complete | 


It is bolted | 


Control is obtained by a treadle across the | 
front of the machine, so that the clutcn may be operated | 
The clutch can be seen immediately | 














are mounted, at distances from the edge of the small 
shears equal to the lengths required, a number of levers 
corresponding to the number of bars in the spring. 
The levers terminate in a flat palm and are set at 
different angles round the shaft. A handwheel at the 
| front of the machine rotates the shaft, and any lever 
| can thus be put in line with the shears, so that as the 
| bar is fed up to it, the correct length is automatically 
|obtained. The gearing is of steel, machine cut. The 
| pinion is cut from the solid and is of heat-treated steel. 
| The shafts are forged steel and run in phosphor-bronze 
| bushes. Both shafts and bearings are ground. The 
| flywheel shaft has ring-oiler type bearings, and liberal 
| provision is made throughout the machine for lubrica- 
; tion. The figure shows a bracket on the right-hand side 
for a motor drive, but the machine can, of course, be 
driven from a countershaft. If this latter is adopted, fast 
and loose pulleys, 22 in. in diameter, are provided, and 
|the size of belt required is 43 in. by in. If a 
|motor is used driving directly on to the flywheel, 
| which is 374 in. diameter, the belt should be 3} in. 
| by 3 in. 

| The machine shown in Fig. 2 is designed for more 
| general use. The tools displayed at the base show its 
| application for punching links and clearing the fins from 
| draw-bar hooks. It is well adapted for the varied work 
of a railway shop, multiple punching of fishplates, sole 
bars, &c. Pipe flanges can be punched complete 
with bolt holes. The general construction is clear from 
the figure, the frame being, in accordance with Mr. Pels’ 
| practice, of armour plate with cast-steel distance pieces. 
It is driven by heavy single machine-cut gearing, and 
can be adapted for different types of drive. About 
10 h.p. is required and the flywheel, which serves as a 
| driving pulley, is 39} in. in diameter. When the fly- 
wheel is running at 425 r.p.m., 30 strokes per minute are 
made. The capacity of the machine may be judged 
by the opening in the table for the egress of punched 
| pieces. This is 11} in. by 9 in. The table surface is 
32 in. by 22 in. The depth of the gap from the 
{centre of the ram is 12 in. The ram has a surface 


|of 24 in. by 14 in., the maximum clearance between‘ 
is utilised, or may be thrown out of gear, when the | 


which and the table is 17? in. It has an adjustment 
of 4} in., and the stroke can be adjusted from } in. 
to 4 in. 

The ram is balanced by lever weights inside the frame 
at the top. A very solid claw clutch is fitted, which 
disengages after each stroke, but a locking arrangement 
| permits of continuous operation when desired. 





Fia. 


THE RAPIDOR HACK-SAWING 
MACHINE. 


THE photograph reproduced on the opposite page 
illustrates a new model of hack-sawing machine, which 
has just been introduced by Messrs. Edward G. Herbert, 
Limited, of Atlas Works, Levenshulme, Manchester. 
This firm is, of course, well known in connection with 
the manufacture of hack-sawing machines, and in 
this latest introduction has produced a tool specially 
designed to take proper advantage of the capabilities 
of modern high-speed steel saws. Within the last 
two years, Messrs. Herbert have developed their 
Rapidor 18 per cent. tungsten high-speed steel hack- 
saw blades, and the new machine, also known as the 
Rapidor, has been designed to take full advantage of 
the cutting possibilities of these blades. The blades 
are necessarily more expensive than ordinary carbon- 
steel blades in first cost, but, in conjunction with this 
new machine, they are claimed to show very striking 
overall economies. This follows not only from the 
very large output of the machine, but from the fact 
that the saws can be sharpened as many as 20 times. 
This procedure is rendered possible by the fact that 
the set of the teeth is carried partly across the blades, 
and so is maintained even after the 20 sharpenings. 
The firm supply inexpensive machines specially for 
sharpening the blades. 

The capabilities of the Rapidor sawing machine 
are best illustrated by saying that it can be run at 
200 strokes per minute, and that it will saw through 
a 3-in. diameter mild-steel bar in 34 minutes, and 
through a 3-in. brass bar in 45 seconds. From 600 
to 700 cuts of this kind can be made in mild-stee! 
with one saw blade, and from 1,500 to 2,000 in brass. 
Running at 200 strokes a minute, the tool has a 
cutting speed of 200 ft. per minute, which is nearly 
double the usual maximum speed of hack-sawing 
machines. As our illustration shows, the large out- 
put of this machine has not been attained by any 
striking departure from the general lines of Messrs. 
Herberts’ earlier machines. Its special features lie in 
its detail improvements. Particular attention has 
been paid to facility and convenience of working, and 
all operations and all working adjustments are made 
from one position in front of the machine. A further 
detail tending to assist high output is the arrangement 
for putting the strain on the saw by means of a handle 
instead of a spanner. This greatly speeds up the 
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THE RAPIDOR HACK-SAWING MACHINE. 


MESSRS. EDWARD G. HERBERT, LIMITED, ENGINEERS, MANCHESTER. 

















operation. The square for the handle can be seen at 
the left-hand end of the saw frame in the figure. The 
machine is built both in single and three-speed models, 
and, in the latter, the speeds are changed from the 
same position in front of the machine. 

No extensive description of the machine is necessary, 
as its main features will be clearly seen in the figure. 
All the castings are machine moulded, and all machined 
parts are made to accurate limits. The main shaft is 
ground, and runs in phosphor-bronze bushes, while 
the crank pin and frame pin are hardened and ground, 
and the connecting rod is bushed with phosphor bronze. 
The saw frame is guided by two square slides, placed 
diagonally for strength and to maintain alignment. 
They run in long bearings adjustable for wear. A 
tension indicator shows when the blades are under the 
correct tension. The pressure on the blade, when 
adjusted to suit the material, speed and type of blade, 
is not altered. When a blade is dulled, instead of 
adding pressure and forcing it to cut, it is taken out 
and resharpened, as is the ordinary practice with all 
other cutting tools. To start the cut, the frame is 
released and lowered gently on to the work by the 
dashpot. This arrangement also serves to prevent the 
frame from falling should a blade break. Cuts can be 
started on a sharp corner without damage to the blade. 
The vice, which is of the screw type, has a loose jaw, 
which swivels for holding taper work. The vice itself 
can be swivelled on the T-slotted table for making cuts 
at an angle, or it can be removed altogether and work 
bolted direct to the table. The machine is fitted with 
a plunger-type suds pump, and grease-gun lubrication 
is arranged for. The machine described is at present 
made with capacities of 6 in. by 6 in. and 8 in. by 8 in., 
but larger sizes will shortly be built. 








LiveRPooL Works Sports AND CLUB  HOovusE.—- 
Broad Green Hall, Liverpool, a fine old Elizabethan 
mansion, was recently opened as a club-house and social 
centre by the sports and social organisation of the 
Automatic Telephone Manufacturing Company, Limited, 
Strowger Works, Milton-road, Edge-lane, Liverpool. 
The club house and grounds adjoin the Company’s Victor 
Works, at Broad Green, and all employees of the firm are 
eligible for membership at a small subscription. ~ 





CONFERENCE ON ENGINEERING MATERIALS, BERLIN.— 
The arrangements for the Conference on Engineering 
Materials (Werkstofftagung), a full account of which 
was given in our issue of June 10 last, page 709, are now 
practically complete. As already stated, the conference 
will take place at the Technical University, Charlotten- 
burg, from October 22 to November 13 next. On 
Monday, October 31, several lectures and papers will 
be contributed by non-German engineers and scientists. 
The exhibition of engineering materials, held in connec- 
tion with the conference, is being arranged in the Neue 
Ausstellungshalle in the Kaiserdamm. Further parti- 
culars regarding the two functions may be obtained from 
the Geschaftsstelle der Werkstofftagung, Ingenieurhaus, 
Berlin, N.W.7, Germany. 


FLOAT-TYPE PETROL METER. 


THE appliance illustrated in Figs. 1 and 2 on this 
page, has been designed for measuring and recording 
the fuel consumption of internal-combustion engines ; 
its use, however, is not confined to this service, and it 
may be employed for the accurate measurement of 
liquids in very many applications. The appliance, 
which is known as the Rippingille Petrometer, is made 
by the B. and R. Manufacturing Company, of Win- 
chester House, Victoria-square, Birmingham. For 
various services the appliance is made in different 
sizes, but the standard model, intended primarily for 
use in connection with the fuel supply of petrol engines, 
will record up to a rate of fuel consumption of 4, of a 
gallon in 15 seconds. It will deal with either con- 
tinuous or intermittent flow and registers up to 10,000 


gallons, repeating after that figure is reached. Its 
guararfteed accuracy is within 2 per cent. The 
Petrometer, when used on a motor car, is fitted 


between the tank and carburettor and the unions 
may be sealed. This model is only 3 in. in diameter 
and 7} in. long overall, so that no difficulty in finding 
space for it on a car is likely to arise. In the case 
of a car so fitted, any increase in petrol consumption 
per mile is at once indicated, and the cause may be 
investigated, while a direct check is provided on the 
quantity which has been put into the tank; the 
meter forms a check on engine performance, and also 
serves to detect leakage or theft. The appliance is 
suitable for use only with vacuum or gravity feed. 

The construction and method of operation of the 
meter will be followed from Figs. 1 and 2. It consists 
of a closed brass cylinder containing a float. A 
connecting pipe at one side leads to the petrol tank ; 
another, at the bottom, leads to the carburettor. 
Close to the point of connection of the supply pipe, 
there is an inlet valve, which is quite clearly shown at 
the left of Fig. 1. The stem of this is pivoted to a 
rocker, the other end of which carries the outlet valve, 
as shown in the figure. The lower part of the cylinder 
is isolated from the upper part containing the float, 
by means of a diaphragm and the outlet valve seat 
is carried in this diaphragm. The measuring chamber is 
formed by the upper part above the diaphragm, and the 
lower part, or outlet chamber, is connected to the top 
of the appliance by an airshaft tube which prevents 
the formation of a vacuum in the outlet chamber. 
Sliding on the airshaft tube there is an outer sleeve 
tube which carries a horizontal arm at the side opposite 
from the valves. This arm forms a slide along which a. 
pin, which forms the pivot of two side links, can travel. 
| The other end of these links is pivoted to the fixed 
| bearing on which the valve rocker is also pivoted. 
These links carry, midway of their length, a pair of 
; externally projecting pins, which are clearly shown in 
| Fig. 2, and between these two pins and a similar pair 


| of pins, projecting from the left-hand end of the valve 


rocker, a pair of helical springs is fixed. The upper 
end of the sleeve tube carries a pair of adjustable nuts. 











The operation of the device will probably be clear 
from this description of the mechanism. Assume the 
parts in the position shown in Fig. 1, and petrol flowing 
through the open inlet valve into the measuring cham- 
ber. As the chamber fills, the float will rise and 
ultimately will come in contact with the nuts on the 
sleeve tube. Beyond this point, as it rises, the float will 
lift the sleeve tube and its slide with it. The result 
of this is that the links will gradually come into line 
with the valve rocker, the helical springs slightly 
extending during this movement. With the springs in 
the position shown in Fig. 1 their tendency is to keep the 
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inlet valve open and the outlet valve closed ; imme- 
diately, however, the links have moved in their 


upper position beyond the centre line of the rocker, the 
springs will have the opposite effect, and will close the 
inlet valve and open the outlet. This action takes 
place instantaneously, owing to the toggle action of 
the springs. As a result, the cylinder immediately 
discharges itself through the outlet valve, the float 
falls, and the mechanism returns to the position shown 
in Fig. 1, ready for the next measurement. The float _ 
operates a counting mechanism fixed at the top of 
the meter each time it reaches its top position, the 
amount registered each time corresponding, of course, 
to the capacity of the measuring chamber. 


LAUNCH OF A RECLAMATION VESSEL.—On Tuesday, 
September 27, Messrs. Lobnitz and Company, Limited, 
Renfrew, launched the twin-screw self-propelling reclama- 
tion vessel Lady Thomson, which has been built to the 
order of the Crown Agents for the Colonies for service 
in Lagos Harbour. The vessel is capable of discharging 
ashore to a distance of 6,000 ft., and has been constructed 
under the supervision of Messrs. Coode, Fitzmaurice, 
Wilson and Mitchell, 9 Victoria-street, London, 8.W.1. 

THE PRESERVATION OF AN ANCIENT BripGe.—The 
weight and speed of modern traffic is threatening to 
destroy the old Neckar bridge in Heidelberg, Germany’s 
famous University City. This bridge, which is of red 
sandstone, identical with that used in the construction 
of Heidelberg Castle, was built by Prince Karl Theodor 
in 1784, in the place of an older structure. The piers 
of the bridge rest on timber foundations which have 
become defective and need replacement. Instead of 
replacing the timber work, however, it has been decided 
to support the piers on mass concrete in order to render 
the bridge capable of withstanding the heavy demands 
made by modern traffic conditions. 
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THE LATE LIEUT.-COLONEL G. R. 
HARLAND BOWDEN. 

THe news of the sudden death of Lieut.-Colonel 
George Robert Harland Bowden at Rodney, St. Albans, 
on October 10 last, will be received with regret not 
only in engineering but also in parliamentary circles. 
Colonel Bowden, who was the founder and head of 
Messrs. G. Harland Bowden and Company, consulting 
electrical and mechanical engineers, of 17, Victoria- 
street, London, S.W.1, had been the Unionist Member 
of Parliament for North-East Derbyshire from 1914 
to 1918. 

He was born at Washington, Durham, on January 1, 
1873, and received his general education at St. 
Bedes School, Durham. At the age of 15, he 
entered upon an apprenticeship at Lord Durham’s 
Lambton Collieries (now the Lambton, Hetton and 
Joicey Collieries, Limited), and was engaged on work 
in connection with the erection and installation of 
boilers, engines, pumps and constructional ironwork. 
During his training period he attended technical 
lectures and classes at Durham College of Science. 
In 1890 he was appointed improver at the ironworks, 
at Tondu, Glamorgan, of Messrs. North’s Navigation 
Collieries (1889), Limited. 

A year later, in 1891, he became assistant 
engineer and chief draughtsman at the iron and 
steel works, at Merthyr Tydvil, of Messrs. Crawshay 
Brothers Cyfarthfa, Limited, and continued to occupy 
this position until 1895, He was there responsible for 
the design and erection of various important installa- 
tions, including rolling mills, mill engines, Bessemer and 
blast-furnace plant, together with blowing engines, 
condensing plant, bridge and railway construction, and 
a variety of auxiliary plant. In 1896, the young 
engineer was appointed manager for Messrs. D, Selby 
Bigge and Company, Newcastle-on-Tyne, and later 
became a partner in the firm. Colonel Bowden com- 
menced to practice on his own account in 1902, and 
founded the firm of Messrs. G. Harland Bowden and 
Company in that year. During the years which fol- 
lowed he was responsible for the design and installation 
of coal-conveying plant, boilers, engines, condensing 
and water-treatment plants, forced and induced draught 
installations, electric-power and other plant, at many 
important factories and works throughout the country. 

An enthusiastic territorial officer, Colonel Bowden 
was for some years commandant of the Ist Herts 
Battery, R.F.A.(T.). He retired with the rank of 
major, in February, 1914. At the outbreak of war, 
however, he returned to the colours, and was appointed 
Lieut.-Colonel commanding the 17th battalion of the 
Royal Fusiliers (City of London Regiment) towards 
the end of 1914; he relinquished the command in 
1915. 

Colonel Bowden was invited to stand as_ the 
Conservative candidate for North-East Derbyshire in 
1912, and succeeded in winning the seat at a by-election 
in May, 1914. 

He continued to represent the constituency until 
1918, when he was defeated. At the election in 
December, 1924, he again stood as the Unionist 
candidate but was unsuccessful. 

A previous member of the Institution of Engineers 
and Shipbuilders in Scotland, Colonel Bowden was 
elected to full membership of the Institution of 
Mechanical Engineers in 1908. He became a member 
of the Tron and Steel Institute in 1904. 








PERSONAL.-We have been informed by Messrs. 
Vickers, Limited, that Mr. Alfred Cartwright has resigned 
his seat on the board of directors, and that at a meeting 
of the board, held on the 6th ‘nstant, General Sir Noel 
Birch, K.C.B., and Mr. G. G. Sim, C.S.1., C.ILE., the 
secretary of the Company, were appointed directors, 


THE Domestic Users or Exvecrriciry.—The British 
Electrical Development Association’s latest campaign to 
stimulate the use of electricity for domestic purposes 
was opened on Monday, October 3, in London with a lun- 
cheon, at which Mr, A. F, Harrison presided. Similar 
gatherings were held at forty other centres in the country. 
Sir James Devonshire, in delivering a national electrical 
message, as president of the association, said that though, 
generaily speaking, the electricity undertakings of the 
country had reached a high pitch of technical excellence, 
commercially they were not so advanced as they might 
be. Under the new organisation many authorities 
would be relieved of the task of generation, but would 
be left with the far larger duty of retailing electric power 
on modern business lines, and educating people in its 
proper use. Mr. Frank Hodges remarked that if it 
were possible, by combined effort, to reduce the cost of 
electricity at the switchboard, it was for those engaged 
in its distribution to see that the media through which 
it was passed to the public was both cheap and efficient. 
Electrical development would not bring disaster to the 
coal and gas industries. Experiences in Italy had shown 
that the increased use of hydro-electric power led to an 
increased consumption of coal in ancillary industries. 
Equally there was room for gas if it and electricity pro- 
gressed on some co-operative principle, with fair lines of 
demarcation, 
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TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8. W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
ease: The Auckland City Council is inviting tenders, 
to be received by February 2, 1928, for the supply and 
installation of filtration plant, including the erection 
of the necessary building, for the Huia Water Supply, 
Auckland, New Zealand. (Ref. No. AX 5319).—The 
Argentine Ministry of Public Works is inviting tenders, 
to be presented by November 14, 1927, for the supply 
and erection, at Comodoro Rivadavia, of a complete 
rubble-grinding and screening installation, capable of 
an output of 10 metric tons of sand per hour. Local 
representation is essential. (Ref. No. AX. 5278.)—The 
Public Works Department, New Zealand, is_ calling 
for tenders, to be presented by January 10, 1928, for 
110,000-volt additional switchgear, steelwork, and control 
board for the Arapuni electric-power supply scheme, 
Section 238. (Ref. No. BX. 3837.)—The Department is 
also calling for tenders, to be presented by January 17, 
1928, for 110,000-volt switchgear, protective apparatus, 
steelwork, and storage batteries for Waikaremoana 
power scheme, Section 69. (Ref. No. BX, 3858.)—The 
Trangitikei County Council, Wellington Province, New 
Zealand, is calling for tenders, to be presented by 
December 14, 1927, for the supply and erection of a 
two-way traffic bridge at Turakina, Contract No. 637. 
(Ref. No. AX, 5315.) 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Steady sales of Cleveland 
pig iron—mostly to local consumers and to firms in 
Scotland—continue, and values are well maintained. 
Recent transactions include a few small parcels for the 
Continent, but while a fair number of export inquiries 
are circulating, anything like extensive foreign trade is 
not yet in sight. The restricted output of Cleveland pig 
is insufficient to meet current requirements, and stocks 
have been reduced to small dimensions. For home 
purposes No. 1 quality is 70s.; No. 3 g.m.b., 678. 6d. ; 
No. 4 foundry, 66s. 6d.; and No. 4 forge, 66s. ; and for 
despatch to Scotland, as well as to destinations abroad, 
half-a-crown below these figures is accepted. 


Hematite.—The situation as regards East Coast 
hematite iron is somewhat peculiar. Quotations are 
unsteady. Some makers have still considerable stocks 
they are anxious to liquidate, and readily accept orders 
on the basis of Nos. 1, 2 and 3 at 72s. 6d. both for home 
use and for export; other firms, however, report sales of 
mixed Nos. at 73s., and even a trifle more. 

Foreign Ore.—Nominally, best rubio remains at 21s. 
c.i.f. Tees. Merchants do not expect resumption of 
buying of foreign ore until much of the delayed delivery 
has been accepted. 

Blast-Furnace Coke.—Makers of Durham blast-furnace 
coke are unable to dispose of their output, though they 
are prepared to sell at unprofitable figures. Good 
average qualities are offered at 18s., delivered here. 

Manufactured Iron and Steel.—Business in manufac- 
tured iron and steel is slowly improving. A few more 
orders for shipbuilding requisites have been placed. 
Quotations are steady. Common iron bars are 101. 15s. ; 
best bars, 111. 5s. ; best best bars, 117. 15s. ; iron rivets, 
1ll. 15s.; steel rivets, 12/.; packing (parallel), 81. ; 
packing (tapered), 11/.; steel billets (soft), 71. 12s. 6d. ; 
steel billets (medium), 8/. 2s. 6d.; steel billets (hard), 
8l. 12s. 6d.; steel ship plates, 8/. 2s. 6d.; steel angles, 
7l. 12s. 6d.; steel joists, 7/. 12s, 6d.; heavy steel rails, 
8l. 10s. ; and galvanised corrugated sheets, 141. 

Blast-Furnacemen’s Wages Reduced.—Under sliding 
scale arrangements, blast-furnacemen’s wages on the 
North East coast are reduced by 7} per cent. for the 
last quarter of the year, the average net selling price 
of No. 3 Cleveland pig for the three months ending 
September 30 last having been certified at 67s. 2d. per 
ton as compared with 74s. 6d. per ton for the previous 
quarter. Wages are now only 13 per cent. above the 
standard. 

Ironstone Miners’ Wages.—At the quarterly conference 
of Cleveland Ironstone mine owners’ and miners’ repre- 
sentatives, this week, a claim by the owners for a reduc- 
tion in wages was considered. 'The matter was the sub- 
ject of discussion for nearly three hours, and the meet- 
ing adjourned for a fortnight, no definite decision having 
been arrived at. 





SwANSEA AND MumsBLes Ratway.—After having 
been operated for approximately a century and a quarter, 
first by horse and then by steam power, the line now 
known as the Swansea and Mumbles Railway is being 
converted to electric traction. The rolling stock will 
comprise 11 coaches of the bogie type and a train will 
consist of one or two coaches, as required. The electrical 
equipment of the coaches will be manufactured and 
supplied by Messrs, The British Thomson-Houston 
Company, Limited, Rugby. B.T.H. two-motor elec- 
trical driving equipment and air-braking equipment 
will be fitted in each coach. The control equipment will 
be of the electro-magnetically-operated contactor type, 
only small control currents being dealt with by the 
master controller, the heavy motor currents being broken 
on individual contactors. The safety device, known as 
the ‘‘dead man’s handle,’ will be incorporated. The 
compressed air for the brakes will be supplied by auto- 
matically-controlled, electrically-driven, air compressors. 

Contracts.—Messrs. Glenfield and Kennedy, Limited, 
Kilmarnock, have received the contract for the supply 
of sluice gates for the Panjnad barrage on the river 
Sutlej. The contract consists of 33 gates, 60 ft. span 
and 13 ft. 6 in. deep, of the free-roller type, complete with 
lifting gear and all accessories.—Messrs. The English 
Electric Company, Limited, Queen’s House, Kingsway, 
W.C.2, have recently received an order from Messrs. 
Newton Chambers, Limited, of Sheffield, for a standard 
turbo-blower, capable of delivering varying quantities 
of air up to a maximum of 30,000 cubic. ft. per minute ; 
this is to be coupled to an “ English Electric ’’ impulse 
turbine of 2,300 brake horse-power output. Messrs. 
The English Electric Company, Limited, have also 
recently installed a third 12,500 kw. turbo-alternator set 
at the Ribble power station of the Preston Corporation.— 
Messrs. Clarke, Chapman and Company, Limited, Victoria 
Works, Gateshead-on-Tyne, have supplied a considerable 
quantity of the windlasses, winches and other auxiliary 
machinery installed in recently constructed vessels. 
The contracts carried out include: winches for 
the M.S. British Valour, built by Messrs, Lithgows, 
Limited for The British Tanker Company ; winches and 
seamless steel lifeboats for the S.S. British Progress, 
built by Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited for the British Tanker Company ; 
windlass, warping winch and electrically-driven duplex 
pump and ballast pump for the M.S. Pacific Reliance, 
built by Messrs. Blythswood Shipbuilding Company, 
Limited ; and windlass and winches for the S.S. City of 
Worcester, built by Messrs, Earles Shipbuilding and 
Engineering Company, Limited, for the Ellerman Lines, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel_—In the heavy trades the position pre- 
sents striking contrasts. Generally the under-tone is 
hopeful, and there are to be found individual firms whose 
order books are better filled than for several months 
past. ‘In basic steel generally, however, there is con- 
siderable weakness. Despite the combined effort being 
made to attract forward business by offering special 
rates to inland users, a lot of foreign steel is going into 
consumption, in constructional branches, on orders 
placed by inland and export users. Consequently 
production at open-hearth furnaces tends to shrink. 
The proportion of plant standing idle is greater than was 
the case a fortnight ago, and unless the position improves, 
it will be necessary further to curtail current output. 
This in turn is reacting seriously on the heavy manipu- 
lating branches. Few rolling mills are able to plan for 
more than a week ahead, and most of them are working 
a week and standing a week, alternately. There are hopes 
that more active conditions will return when British 
railway companies place delayed contracts for renewals. 
This year’s specifications have been exceptionally light 
owing to general financial stringency. In contrast, ship 
steel shows steady revival ; and heavy demands are still 
being made on makers of structural parts and special 
steel fittings, by automobile and electrical engineers, 
Increased uses are being found in engineering practice 
for the latest stainless and rust-resisting products. A 
boom is expected in these materials, if success attends 
experiments that are now being made to reduce first cost, 
which prevents much wider adoption. 

South Yorkshire Coal Trade.—The position generally 
has undergone little change, the demand still falling short 
of supplies. The recent cold weather has had the effect 
of reviving the demand for various grades of house coal, 
and as Christmas draws near, the position is likely to 
improve further; London and country districts are also 
buying more freely. Industrial fuel gives little cause for 
satisfaction, the demand still being on a low level. The 
recent improvement in foundry and furnace coke has 
been maintained, while gas coke continues to show 
improvement. Quotations: Best hand-picked branch, 
28s. to 30s. 6d.; best house coal, 22s, 6d. to 23s. ; 
screened house coal, 19s. to 20s.; screened house nuts, 
16s. to 17s. 6d. ; Yorkshire hards, 14s. 6d. to 16s. 6d. ; 
Derbyshire hards, 15s. to 17s. ; rough slacks, 9s. to 10s. ; 
nutty slacks, 7s, to 8s. ; smalls, 3s. to 4s. 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Though the coal-mining industry of 
the country, in the first three months of this year, showed 
a profit of 3,497,463/., or 1s. 2-41d. per ton, the industry 
in South Wales, in the same period, suffered a loss of 
216,776l., or 4-88d. per ton. The average price of coal 
exported from the country in January was 20s. 114d. per 
ton f.o.b., which was reduced to 18s. 10d. in February 
and 18s, 6d. in March, the figures for South Wales 
being 23s. ld. in January, 20s. 9d. in February and 
20s. 14d. in March. The loss suffered in South Wales is 
due to the fact that only a very small proportion of the 
output is sent inland at considerably higher prices than 
is secured for shipment. Though the coal industry, as a 
whole, made a profit in the first quarter of the year, it is 
pretty safe to say that the second quarter will show a 
considerable reduction in the profits, and that the third 
quarter will most likely show a loss in view of the 
reduction which has taken place in prices since Easter. 
In the meantime the Welsh coal trade continues to suffer 
from a dearth of orders, while a shortage of shipping 
aggravates the difficulties of colliery salesmen, despite the 
fact that many pits are idle, while intermittent working 
is prevalent at those producing coal. Best Admiralty 
large is obtainable at 19s. 6d. to 20s., with best bunker 
smalls from 13s. to 13s. 6d., and other grades at relative 
levels. Exports of coal in the past week totalled 382,200 
tons, or 12,000 tons more than in the preceding six days. 
At Cardiff, shipments were raised by 19,000 tons to 
222,010 tons, at Newport, by 14,000 tons to 72,350 tons, 
and at Swansea, by 6,000 tons to 57,050 tons ; but at Port 
Talbot, reduced by 23,000 tons to 28,990 tons, and at 
Llanelly, by 3,000 tons to 1,800 tons, 


More Orders for New Ships.—Cardiff shipowners in the 
past week placed orders for three new vessels. Sir Wm. 
Reardon Smith, Bart., contracted for a second motor 
vessel of 8,600 tons deadweight, which is to be built 
by Napier and Miller, Limited, Glasgow, and fitted 
with Diesel engines of the Burmeister and Wain 
type, while Sir William Seager, D.L., also placed a 
repeat order with the Northumberland Shipbuilding 
Company (1927), Limited, for a 9,000-ton cargo steamer 
to be engined by the North-Eastern Marine Engineering 
Company, Limited, and the R. B. Chellew Steam Navi- 
gation Company, Limited, contracted with William Dob- 
son and Company, of Newcastle, for a steamer of 8,500 
tons. Since the end of the coal strike Cardiff shipowners 
have done much to solve the unemployment problem 
in the North Country and Scottish shipbuilding districts, 
having placed orders for 38 vessels, including four motor- 
ships, with an aggregate deadweight of 312,850 tons. 
Ten of these new vessels have already been launched. 





PICTURES THAT PROMOTE SALES.—We have received 
from Messrs, Wallage and Gilbert, Limited, commercial 
artists and catalogue illustrators, Masshouse-lane, Bir- 
mingham, a copy of the first issue of a monthly series en- 
titled ‘‘ Pictures that Promote Sales.”” The picture, in this 
case, is a well-turned-out reproduction of a large Titan 
Crane, constructed by Messrs. Stothert and Pitt, Limited, 


NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—Practically no change has taken 
place in the Scottish steel trade since last report. 
Business is very slow, and the majority of the works have 
difficulty in securing a sufficiency of specifications to 
ensure continuous running. Export orders are far from 
numerous, and the home demand is of small dimensions. 
The rebate scheme is on its trial, and little can be said 
yet as to the results which will follow the makers’ 
attempt to foster more activity at the works. With the 
local shipbuilding yards showing some signs of improve- 
ment, the demand from that quarter is likely to get 
better, but general engineering is not busy, and little steel 
material is being consumed. The black sheet trade is 
moderately active, but the heavy gauges are still in very 
poor demand. On the other side there is a fair amount 
doing in the light and galvanised sorts, although makers 
are still in a position to cope with a larger demand, 
Prices show no change over the week. 

Malleable Iron Trade.—The conditions in the malleable 
iron trade of the West of Scotland are no better this week. 
Orders on hand do not total a heavy tonnage, and there 
is little fresh business on offer. The steel re-rolling 
departments are also exceedingly quiet, and the present 
outlook is not very good. Prices are unchanged with 
“Crown” bars quoted at 10/. 15s. per ton, delivered 
Glasgow stations. 

Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland there is very little movement at present. The 
demand is of a very poor nature, and the inquiry generally 
is disappointing. The prevailing conditions are so bad 
that talk of a further curtailment of output is again 
frequently heard. Stocks are being added to almost 
daily, and this despite the low figures, which makers are 
prepared to accept, both for hematite and for foundry 
iron. Quotations show no change this week. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 8, amounted to 515 tons, Of the 
total 352 tons went overseas and 163 tons went coastwise. 
For the corresponding week of last year the figures were 
75 tons to foreign ports and 50 tons coastwise, making a 
total shipment of 125 tons. 

Clyde Shipbuilding.—The Fairfield Shipbuilding and 
Engineering Company, Limited, Govan, have secured an 
order from Messrs. Bibby Brothers and Company, 
Liverpool, for a twin-screw motorship. She will be 502 ft. 
in length, 60 ft. in moulded breadth, 32 ft. 3 in. in depth 
moulded to upper deck, and of about 9,130 tons gross. 
The propelling machinery will consist of twin sets of 
Fairfield-Sulzer internal combustion engines developing 
an aggregate of about 7,700 i.h.p. The new vessel will 
be a sister ship to the Shropshire and Cheshire, recently 
built at Fairfield for the same owners. Another order 
just reported is that secured by Messrs. Napier and Miller, 
Limited, Old Kilpatrick, for a large shelter-deck cargo- 
carrying motorship. It is for Sir William Reardon and 
Sons, Limited, Cardiff, and will be 400 ft. in length, 
54 ft. in breadth, 37 ft. in depth moulded to shelter 
deck, and will be of 8,600 tons deadweight. Messrs. John 
Kincaid and Company, Limited, Greenock, will supply 
single-acting internal combustion engines of the Bur- 
meister and Wain type. Messrs. Napier and Miller just 
recently launched two other vessels for the same owners. 

Contract.—Messrs. Alexander Chaplin and Company, 
Limited, cranemakers, Govan, have secured an order 
from the Belfast Harbour Commissioners for several 
5-ton five-motor electric coal-grabbing cranes and grabs. 
This is the third rppeat order since the year 1914 that 
Messrs. Chaplin have had for this type of crane for Belfast 
Harbour. 





CENTENARY OF STOCKHOLM TECHNICAL ScHOOL,— 
The Technical High School, Stockholm, celebrated the 
centenary of its foundation on September 19 last. The 
King, the Crown Prince and Crown Princess, several 
Ministers of State, and a number of officials were present. 
During the ceremony banners were presented to the 
various sections of the High School, and a bust of 
Baltzar von Platen, the constructor of the Géta Canal, 
was unveiled in the courtyard. 





Usrrut Pocket D1artes.—We have received from 
Messrs. D. Harper and Company, Limited, manufac- 
turing stationers, 258-262, Holloway-road, London, N.7, 
a copy of their ‘“‘ Engineers’ Diary and Reference Hand- 
book,”’ for 1928. In addition to the postal and other 
miscellaneous information usually found in pocket 
diaries, the booklet contains a considerable amount of 
condensed technical matter, compiled by Mr. C. H. 
Adams, A.M.I.Mech.E., and intended for the use of 
engineers and members of kindred professions. The 
contents include conversion tables, automobile, electrical, 
structural, and other useful data, weights of screwed and 
socketed tubes, of steam tube fittings, and of various 
other materials, and information on such subjects as 
hydraulics and pumps, properties of materials, roof 
trusses, and toothed gearing. The book measures 
54 in. by 3} in., and is about } in. thick: bound in leather 
cloth, the price is 2s. 6d., in real leather 3s., or in-a 
renewable case, 4s, Messrs. Harper have also sent us a 
copy of their “‘ Shipping Pocket Diary.” This contains 
140 pages of information relative to nautical and com- 
mercial matters. A. glossary of terms entitled, “‘Com- 
mercial, Shipping and Insurance Phrases and Abbrevia- 
tions,” constitutes a particularly useful feature of the 
booklet. Sections dealing with such subjects as the 
carrying of goods by sea, York—Antwerp Rules, 1924, and 
transatlantic and other routes are also useful. This diary 
measures 4 in. by 3 in., and is about } in. thick. Bound in 
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NOTICES OF MEETINGS. 


THE INSTITUTION OF ENGINEERING INSPECTION.—To- 
night, at 7.30 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘ Electric Power Cables and 
Recent Developments,”’ by Mr. C. M. Read. 

THE JunIoR INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Extra- 
ordinary General Meeting. Lecturette, ‘* Problems 
Created by the Rapid Development of the Motor Car 
Industry,” by Mr. F. A. Simpson. Friday, October 21, 
at 7.30 p.m., Informal Meeting. Lecture, ‘ Piling in 
General, with Special Reference to the Vibro Concrete 
Piling System,”’ by Mr. M. McCarthy. 

THe Socrety or CHemicat INDUSTRY: CHEMICAL 
ENGINEERING GrRovup.—To-night, at 8 p.m., at the 
Chemical Society, Burlington House, Piccadilly, W.1. 
““A Recent Development of Spray Drying,” by Mr. J. 
Arthur Reavell. 

Tue Nortu or ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, October 15, at 
2.30 p.m., at Neville Hall, Newcastle-on-Tyne. Presi- 
dential Address by Mr. Mark Ford. Discussion on ‘“* The 
Dry Cleaning of Coal,” by Mr. J. S. Carson. ‘‘ Notes on 
an Inrush of Water at the Montagu Colliery, Scotswood, 
Northumberland, on March 30, 1925,” by Mr. H. T. 
Foster. 

THe Braprorp ENGINEERING Socrety.—Monday, 
October 17, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture, “A Word in 
Favour of the Independent Power Plant,” by Mr. W. C. 
Mountain. 

THE Ratiway Cxius.—Monday, October 17, at 7.30 
p.m., at 25, Tothill-street, S.W.1. ‘‘ Outdoor Inter- 
locking Apparatus,” by Mr. R. G. de Bray. 

THE INSTITUTE OF TRANSPORT.—Tuesday, October 18, 
at 5.45 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Lecture for 
Graduates and Students. ‘The Practical Value of 
Railway Statistics,” by Mr. F. H. Graveson. 

THE Socrety or Guass TECHNOLOGY.—Tuesday, 
October 18, and Wednesday, October 19, at Tho 
University, St. George’s-square, Sheffield. Tuesday, 
October 18, at 6 p.m., Furnace Survey Committee 
Meeting. Wednesday, October 19, at 2.30 p.m. Intro- 
ductory Address by the President, Mr. W. Butterworth. 
“Opal Glass-Crystal Growth and Impact Brittleness,”’ 
by Mr. J. F. Hyslop. ‘‘ The Birmingham Glass Trade, 
1740-1833,’ by Mr. F. Buckley. ‘The Detection of 
Selenium in Decolourised Bottle Glasses,”’ by Mr. E, J. C. 
Bowmaker and Mr. J. D. Cauwood. 

THE InstTITUTION oF ENGINEERS AND SHIPBUILDERS 
IN ScoTLaAND.—Tuesday, October 18, at 7.30 p.m., at 
29, Elmbank-crescent, Glasgow. ‘The Industrial 
Engineer,” by Mr. A. J. T. Taylor. ‘‘ British Engineering 
Export Problems,” by Mr, W. 8. Murphy. 

THE InstTITUTION OF AUTOMOBILE ENGINEERS : 
WOLVERHAMPTON CENTRE.—Tuesday, October 18, at 
7.30 p.m., at the Engineering and Scientific Club, Queen - 
street, Wolverhampton. Presidential Address. “The 
Influence of the Automobile User upon the Automobile 
Engineer,” by Major E. G. Beaumont. 

THE SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, October 18, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘“‘ Electric Welding,’ by Mr. A. H. Goodger. 

THe Newcomen Socrety.—Wednesday, October 19, 
at 5.30 p.m., at the Science Museum, South Kensington, 
8.W.7. ‘“‘ The Development of the Organ,” by Mr. E. W. 
Anderson, 

Tue Society or CuHEmMIcAL INDUSTRY: CHEMICAL 
ENGINEERING GRoUP.—Wednesday, October 19, at 
7 p.m., at the Ca’doro Restaurant, Union-street, Glasgow. 
Joint meeting with the Glasgow Section. ‘“‘ The Desic- 
cation (De Vecchis) Process of Beet Sugar Manufacture,” 
by Dr. C. Scott Garrett and Mr. G. W. Riley. 

THE ScHOoL oF ENGINEERING (PoPLAR) OLD Boys’ 
Socrety.—Wednesday, October 19, at 8 p.m., at the 
School, High-street, Poplar, E.14. ‘‘ Electrical Welding,” 
by Mr. John Bush. 

Tue INSTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, October 20, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Inaugural Address by the Presi- 
dent, Mr. Archibald Page. 

THe Royat AERONAUTICAL Socirety.—Thursday, 
October 20, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. Lecture. “‘ Safety Devices 
for Aircraft,’’ by Mr. M. L. Bramson. 

Tue INstTITUTION OF MECHANICAL ENGINEERS : 
MiptanpD Brancu.—Thursday, October 20, at 6.30 p.m., 
at the Queen’s Hotel, Birmingham. ‘“‘ An Internal- 
Combustion Locomotive,” by Lt.-Col. E. Kitson Clark. 
_THE InsTITUTION OF CrIvIL ENGINEERS: MANCHESTER 
AND District AssociaTION.—Thursday, October 20, at 
6.45 p.m., at the Manchester Literary and Philosophical 
Society, 36, George-street, Manchester. Chairman’s 
Address, by Mr. D. Adamson. 

Tue Instrrute or MeErats: BIRMINGHAM LOCAL 
Section.—Thursday, October 20, at 7 p.m., at the Engi- 
neer’s Club, Waterloo-street, Birmingham. Joint meeting 
with the Birmingham Metallurgical Society and the 
Staffordshire Iron and Steel Institute. ‘‘ Isotopes,” by 
Dr. F. W. Aston, F.R.S. 

THE INSTITUTION OF MECHANICAL ENGINEERS : 
NortH WesteRN Brancu.—Thursday, October 20, at 
7.15 p.m., at the Engineers’ Club, Manchester. ‘‘ The 
Mechanical Testing of Materials,” by Mr. R. W. Bailey. 
Tue InstTITUTION OF MECHANICAL ENGINEERS.— 
Friday, October 21, at 6 p.m., at Storey’s-gate, St. 
James’s-park, S.W.1. Presidential Address, by Sir Henry 
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A CASE FOR ELECTRIC TRACTION. 


Tuart all is not well with British railway under- 
takings at the present time is common knowledge, 
and is appreciated by none better than by those 
responsible for their management. There is an 
alarming tendency for receipts, especially receipts 
from goods traffic, to continue to decrease, and 
for expenses to ascend an ever-rising grade. 
Naturally, therefore, the various directorates have 
been examining the whole position very closely, 
and the results of this examination are to be seen 
in the call for closer co-operation between all 
ranks in the railway service and in the demand 
that the. railways shall be given power to deal 
with motor competition by direct action. We do 
not propose to examine either of these potential 
methods of improvement in this present article, 
except to say that the former may be more useful 


?!in preventing losses than in increasing earnings, 


while the latter, though it may provide a useful 
subsidiary means of stimulating traffic, has the 
strategical disadvantage of fighting a competitor 
on his own ground. There is not the slightest 
doubt but that railways are, and will continue to 
be, the best means of dealing with many classes of 
traffic, one might say, most classes of traffic. 
Managements would, therefore, do well to turn 
the searchlight of their examination inwards rather 
than outwards, and to investigate whether, instead 
of breaking new ground, the productiveness of the 
old cannot be further increased. 

We make this suggestion with the more boldness, 
since there is one method of improving the operation 





of a railway and of increasing its revenue, which 
is apparently being neglected in this country: We 
refer to electric traction. The position is a little 
curious. All the four main groups of British 
railway employ electric traction to some extent. 
The Southern Railway, which is pre-eminently 
a passenger line, operates some 223 route miles 
by this method, and is gradually extending its 
use. The Great Western Railway, on the other 
hand, operates only about 9 miles, and that in 
conjunction with the Metropolitan Railway, and 
again only for passenger traffic. The London 





Midland and Scottish Railway has four detached 





sections of electrically-operated line, amounting to 
108 route miles, and once more carrying passenger 
traffic only. While the London and North Eastern 
Railway operates some 50 route miles, of which 
18 miles have the distinction of being used for 
mineral traffic. These figures do not compare 
unfavourably with what has been done in many 
other countries, where, however, the traffic is 
generally less dense. 

One reason for a present apparent stagnation may 
be found in the statement of a leading railway 
official that at the present time the companies 
are not looking for ways of spending money. 
Another is that the case for electric traction, which 
is a strong one, has been undermined by enthusiasts, 
who have put forward statements and figures, 
which it has been easy to controvert, and have 
thus unintentionally assisted in the maintenance 
of the status quo. It may be pointed out, however, 
that neither in this country, nor elsewhere, has a 
conversion to electric traction been anything but 
a success, and that it is those who have used it 
are most enthusiastic about its advantages. This 
being so, and having regard to the conditions 
which we have stated above, it is necessary for 
those who believe in this method of working to 
return to the attack, and to put up as strong a 
case as they can for its more widespread adoption. 
Some time ago Mr. Roger T. Smith pointed out 
to electrical engineers that one of their principal 
duties was to educate railway men in the advantages 
of electric traction. We are glad to see that he 
has now undertaken that task himself, for in the 
Presidential Address, which he delivered to the 
Institute of Transport on Monday, October 10, 
he set out a good case for the use of electric traction 
on our railways. In so doing he was by no means 
speaking to a congregation of the converted. 
Perhaps, nevertheless, the seed he sowed will not 
all fall on stoney ground. 

The weakness of even the strongest arguments that 
have been put forward in favour of electric traction 
in the past is that they have largely been based 
on theory. It has, therefore, always been possible 
to reply to them by contending that that theory 
would not be born out in practice. Mr. Roger Smith 
has avoided this pitfall by considering the actual 
results of six years’ working of the electrified portions 
of the Swiss Federal Railways and leaving those 
who are interested to draw their own conclusions. 
In summarising the information he gives, we have 
occasionally taken advantage of this freedom. 

In August, 1927, about 764 miles of the 1,860 
miles of normal-gauge railway in Switzerland were 
being operated electrically, and it is expected that 
this mileage will be increased to 1,000 by the 
end of 1928. Except for the short section through 
the Simplon tunnel, the whole of this mileage is 
worked on the single-phase system at 15,000 volts 
and a frequency of 16%. The transmission pressure 
is usually 60,000 volts, though there is one line, 
140 miles long, which is operated at 135,000 volts. 
The whole of this electrification is supplied from 
eight stations, whose aggregate annual output is 
400 million kw.-h. They are arranged so that full 
advantage is taken of the different water conditions 
in winter and summer, respectively. Six of these 
stations are owned by the railway authorities ; 
these have an aggregate capacity of 195,000 kw., 
and cost 5,952,000/. There are 685 miles of 
transmission line, which cost 2,184,000/. These 
two items between them amounted to 29-3 per cent. 
of the total cost. It will be noticed that, as in the 
case of all hydro-electric stations, the cost per 
kilowatt installed is high, and that nearly half the 
sum required for that purpose is in addition expended 
on transmission lines. The whole of this expenditure 
has been borne by the railways, and the electricity 
generated is used for traction purposes alone. In 
France, on the other hand, the traction load forms 
part of the general electrical demand of the country, 
with resulting beneficial effects on both. The 
position could be the same in this country, if the 
railway companies will forsake their position of 
isolation that they have often taken up in the past, 
and take advantage of the supply that will be 
available from the “‘ grid.” If they do so, these two 
items in the cost of conversion should be very much 





less than the Swiss figure. 
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As regards operation, the average cost of power 
during 1926 was 0-57d. per kw.-hour for 213 million 
kw.-hours delivered to the trolley wire. This will 
probably fall to 0-3d. per kw-hour, when all the 
capital is profitably employed. Mr. Smith puts 
the comparative figure for this country at 0-45d. 
per kw.-hour, but this may also be expected to fall 
as the use of electricity for all purposes increases, 
assuming, of course, that the traction load becomes 
part of the general supply. Electrification has 
resulted in it being possible to raise the average 
trailing load on the Swiss railways from 212 to 312 
tons, an increase of 47 per cent. The cost of the 
locomotive maintenance has been reduced from 
5-4d. to 4-4d. per locomotive-mile, and increasing 
advantage is being taken of the intrinsic property 
of the electric locomotive to work for 24 hours a 
day, and to be in service for 80 per cent. of the 
year. The cost of maintenance of the permanent 
way has not been increased by the adoption of the 
new method of working. 

Financially, the results are equally satisfactory, 
though they are not quite so evident from the 
published figures, owing to the intrusion of other 
factors. Between 1910 and 1913, a period when 
steam traction was almost universal, the Federal 
Railways more than paid their capital charges. 
After 1913, for a period, they ceased to do so, 
owing to the war, increased wages, and the intro- 
duction of the eight-hour day. In 1921, electrifica- 
tion was begun, and in 1923 the gross receipts 
again exceeded the gross expenditure, though this 
position was altered in 1926. While then electric 
traction has been beneficial, it is a little early 
to give definite figures of saving. As showing 
the stabilising effect of electric traction, it may, 
however, be mentioned that the receipts from 
goods traffic fell from 13s. 7d. per ton in 1919, 
to 10s. 34d. per ton in 1926, partly owing to a 
reduction in charges, and partly owing to motor 
competition. Nevertheless, electrification is not the 
sole cause of the improvement that has been noted. 
The traffic in 1926 was 2} per cent. more than in 
1913, and expenses had been reduced, as is shown 
by the fact that an increase of 35 per cent. in 
the engine-miles run, since 1920, has been accom- 
panied by a decrease in the running expenses of 
25 per cent. Electrification has, however, enabled the 
Swiss Federal Railways to deal with an increased 
traffic of 34 per cent. without increasing the working 
expenses. 

These are, however, relatively minor points com- 
pared with the vital fact that electrification has in 
general enabled a much better use to be made of all 
the capital expended. This is mainly due to the 
quicker acceleration that can be obtained, the 
greater loads that can be hauled and the higher 
average speed that can be maintained. An ideal 
railway would be one on which all trains ran at the 
same speed and, though that ideal is not fully 
realisable, it can be more nearly approached with 
electric than with steam traction. The results in 
Switzerland show that on the difficult section between 
Bale and Chiasso the daily quantity of coal that can 
be hauled has risen from 11,200 tons to 21,800 tons, 
since the introduction of electric working, while 
individual journeys in the opposite direction can be 
performed in 24 per cent. less time than before. It 
has been found economical, moreover, to increase 
the speed of the passenger trains by as much as 
24 per cent. over the mountain gradients and to work 
goods trains up to the present limit of 24 miles per 
hour. This could easily be increased, if continuous 
brakes were employed. 

As Mr. Roger Smith wise:y says, these results 
of electrification, which have been obtained by a 
State-owned railway in a mountainous country, can 
only be looked upon as an analogy and not as an 
example to British undertakings. At the same 
time, since the capital of a British railway is only 
turned over once in five years, anything which makes 
it earn more is worth considering—even, it may be 
added, if further capital expenditure is necessary to 
increase that earning capacity. What is that further 
capital expenditure likely to be? The electrifica- 
tion of 1,000 miles of Swiss railway, including power 
stations and transmission lines, is to cost 27,7801. 
per mile. But for the reasons mentioned our rail- 
ways, when electrified, may be expected to draw 








their power from the general supply, so that the 
appropriate comparative figure is 12,000/. per mile 
of route. Mr. R. H. Selbie in his Presidential 
Address to the Institute of Transport last year 
estimated that suburban electrification would cost 
25,0001. per mile of double track, while Mr. Roger 
Smith puts the cost of main line electrification, 
including alterations to the signalling, at 60,0001. per 
mile of route. The difference between the British 
and Swiss figures is due to the greater density of 
traffic, a fact, however, which means that each 
pound of capital spent should be more productive 
of revenue. 

Mr. Smith, therefore, has stated a case ; and itisa 
case which deserves an answer. The whole problem 
ought at least to be examined and the present 
non possumus attitude of our railway companies 
relinquished.: These concerns cannot expect to 
improve their present position without spending 
money. ‘The question is whether it is not economy 
in the long run to adopt a well-thought-out scheme 
of modernisation rather than to attack the problem 
in a way which must fail to be lastingly remedial. 





UNEMPLOYMENT INSURANCE. 


THE text of an Unemployment Insurance Bill 
which is supposed to be founded on the report of 
Lord Blanesborough’s committee was published 
last week. The fact that it is backed by several 
members of the Cabinet justifies the assumption 
that it will become law very much in its present 
form. . 

It is a disappointing document—disappointing 
because two of the more important recommenda- 
tions made by Lord Blanesborough and his col- 
leagues (amongst whom were Miss_ Bondfield, 
Mr. Holmes, and Mr. Hodges) have been ignored. 
The committee suggested equality of contribution 
between employer, workman, and the State. The 
Bill maintains the existing inequality—throwing the 
larger burden on the employer. Again, the com- 
mittee recommended that the amount of the weekly 
contribution by employer and employed should be 
reduced, subject to this—that there should be a 
slight increase until the existing debt on the existing 
scheme has been extinguished. This proposal is 
not to be carried out. 

The fact that the Government are unable to 
grant these measures of relief to those immediately 
concerned in industry, and to the taxpayer, who 
has already been called upon to pay far more 
towards ‘‘ unemployment ”’ than was contemplated 
when the whole scheme was promulgated years ago, 
makes it plain that the whole actuarial basis of the 
system is unsound, and encourages the belief that 
for all future time the lion’s share of the burden must 
be borne by the State. 

Nor is there much prospect that the “ sturdy 
independence” of the working classes, or even a 
feeling akin to shame, is likely to diminish the 
number of claims upon these funds. It is necessary 
to remember that the younger generation of workers 
have grown up, so to speak, with the “dole.” The 
youth who has seen his father accept the dole is not 
likely to think it any shame to accept it himself. 
How many, too, of those who are receiving this 
weekly payment at the present time are genuinely 
seeking work? Did we not read, a few weeks ago, 
of something which occurred in a certain area 
notorious for the prodigality of its poor law relief ? 
A house-to-house investigation being made, a 
number of men in the receipt of poor relief were 
found in bed at 8.30 a.m. reading the sporting 
papers ! 

It must be admitted, however, that the proposed 
measure is calculated to do something in the interests 
of economy and to prevent abuses. Thus, a new 
class of contributor—comprising young men and 
women between the ages of 18 and 21—is to be 
established in July, 1928. They are to pay reduced 
contributions and are to receive smaller benefits. 
With regard to adult dependents, no allowance is 
to be made in respect of a woman living with the 
claimant as his wife unless she has the care of 
dependent children, when the allowance may be 
drawn as for a housekeeper. 

What is called *‘ extended benefit ’’—which arose 
largely as a result of the war—is to be abolished, 





and in future a man must have paid at least 30 
contributions—or, in the case of the disabled ex- 
service man, 15—within two years of the date of the 
claim, before he can claim. The existing rule which 
limits the payment of standard benefit to one week 
of benefit for every six contributions, subject to a 
maximum of 26 weeks of benefit in the benefit 
year, will cease to have effect. A man who is in 
regular employment will be able to claim for eighteen 
months if he is so long unemployed—but subject 
to this, that his case will be examined quarterly, 
and that, after a reasonable interval, employment of 
a kind other than his usual employment will be 
regarded as suitable. 

We regard these changes in the law as being of 
very great importance. The first will tend to 
check the unemployment habit; the second will 
tend to abolish certain principal distinctions 
which have grown up between different classes of 
employment. 

As regards employers, the power of the Minister 
to deal with an employer who has not carried out 
a trade agreement is increased. The Bill contains 
a number of minor provisions, including special 
clauses which provide for the transition period. 
It does not extend to Northern Ireland, which 
has its own scheme for insurance. 

But there is something which is conspicuous by 
its absence from this measure; it contains little 
or nothing which should tend to make application 
for, or the receipt of, unemployment benefit dis- 
tasteful to the worker. So long as the scheme was 
self-supporting, so long as employer, workman and 
taxpayer each paid his definite quota no obloquy 
should attach to the genuine applicant for benefit. 
He was only asking for, only seeking to obtain, 
his due. There was no objection to his making 
his claim behind the walls of the Labour Exchange, 
and in the closed Court of Referees. But as soon 
as it became manifest that the public purse was to 
be drawn upon without stint to make good any 
deficit in the unemployment fund, it seems to us 
that the taxpayer should have been afforded an 
opportunity of knowing what is going forward. 
The Court of Referees is, and remains, a closed 
court. Reporters may not attend its sittings. A 
butcher cannot sue his customer for 5/. in the 
County Court without the public having an oppor- 
tunity of knowing all about it; yet thousands of 
so-called unemployed can make, and do successfully 
make, every year claims upon the public purse 
before Tribunals from which the public are 
excluded, and where the public is not represented, 
save by an independent chairman. And there is 
this further distinction between a Court of Referees 
and the ordinary tribunals of the law. The evidence 
upon which they act is not even given on oath, 
In a defended case, your butcher must swear that 
his customer is indebted to him before he can get 
judgment; but the applicant for unemployment 
benefit can substantiate his claim by the mere asser- 
tion that he has tried unsuccessfully to get work. 
There is no one before the Court of Referees to cross- 
examine him on the part of the public. 

In saying this we have no desire to cast any 
aspersion upon the Courts of Referees, who, no doubt, 
do their work wisely and well. But the better, the 
more conscientiously, they do their work, the more 
force is there in the suggestion that the doors of 
their courts should be thrown open to the public. 





THE PURITY OF WATER SUPPLIES. 


WHEN an engineer constructs a waterworks he 
has to share with the hydrologist the duty of 
making sure that the supply of water is ample, and 
with the sanitary authority that of warranting 
that it is, and will remain, pure. The latter task 
is often among the most difficult to be found in 
technical engineering. So far as present know- 
ledge goes, purity in water is merely the absence 
of any property that may be mischievous to health. 
It is, in fact, a negative quality, which proverbially 
is difficult to demonstrate, and its difficulty is the 
greater because the evidence by which it has to be 
judged is almost always circumstantial and remote. 
The criticism of water in respect of its fitness for 
drinking purposes has been the subject of laborious 
investigation for the last forty years and more, 
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but up to now it has not succeeded in producing an 
objective standard of purity, which can be accepted 
as sufficient unless no further information can be 
obtained. The examination of water may indeed 
give conclusive grounds for condemning the supply 
as impure, but whether by physical, chemical and 
bacteriological methods, or by all together, it 
cannot in itself warrant that the water is safe. 

So much has been done in the last century to 
improve the quality of water supplies and to reduce 
the extent of water-borne disease that it is impor- 
tant to recognise the nature of the credentials on 
which a water can be accepted as fit for human 
consumption. A good deal of misconception has 
arisen from a mistaken view of the place of analysis 
in the criticism of water. Technical analysis of 
any substance is regarded commonly as a process 
that will disclose its exact composition, exhibiting 
among other things the constituents that are either 
beneficial or mischievous, and the quantities in which 
they are respectively present. Even when it can do 
so much, independent evidence is usually necessary 
to decide when the constituents in question, in the 
quantities in which they are found, are material 
to the quality of the substance analysed. Instances 
are not rare—as, for example, in the analysis of 
steel—in which premature assumptions respecting 
the effect of small quantities of an impurity— 
sulphur is a well-known instance—have led to costly 
and mistaken interpretations of analytical results. 
With the analysis of water, however, the situation 
is still more difficult. It is very seldom indeed that 
analysis can reveal any substance which in the 
quantity in which it is present can have any mis- 
chievous effect on the health of a person who drinks 
it. The reservation as to quantity is, of course, 
necessary, because substances that are innocuous or 
even beneficial in the quantities in which they are 
usually taken—such, for instance, as common 
salt—are poisonous if taken in a sufficiently gross 
excess. Leaving this reservation out of account 
as being seldom or never more than academic, seeing 
that such excesses do not occur in natural waters, 
and omitting also the extremely rare case of mineral 
poisons in a source of supply, the only class of 
analytical result that gives positive evidence of the 
presence in a water supply of a substance injurious 
to health is the detection of a pathogenic vegetable 
or animal organism by bacteriological or micro- 
scopical methods. This, however, happens far less 
often, especially with pathogenic bacteria, than the 
water supply is known statistically to have been 
infected. Again and again, for instance, water 
supplies have produced epidemics of enteric fever, 
verified conclusively by statistical experience before 
and after the use of the incriminated sources, when 
bacteriological examination has failed to isolate 
the specific organism in question. 

The methods of analysis that have to be used are, 
indeed, to be preferred to an alternative criterion, 
on which a water supply is held to be pure until an 
epidemic of water-borne disease has shown that 
it is not, in the same way as mushrooms are said to 
be distinguishable conclusively from toadstools by 
the fact that if the eater dies the fungus was a 
toadstool. This criterion is discountenanced in 
modern sanitary practice, and is no longer adopted 
intentionally, as it appears to have been in earlier 
days. Present methods, being rarely able to 
produce direct analytical evidence of the presence of 
mischievous substances in a water supply, have to 
rely on results having only an indirect value. For 
practical purposes the chief vehicle of pollution is 
sewage, and the present usual analytical method is 
to estimate certain chemical and bacterial contents 
of the water which, though in themselves indifferent 
to health, are known to be present habitually in 
sewage to a much greater extent than in pure water. 
Where, indeed, the source of supply is a deep sub- 
terranean water, normally constant in composition, 
this is by no means the most valuable information 
to be obtained by analytical methods. The con- 

stancy of the composition of such waters is clear 
evidence that they are not subject to pollution by 
sewage, which in its nature is not constant but 
occasional ; and with them the best use to which 
analysis can be put is as a check, not on the absolute 
composition of the water but on its constancy. 
Any change beyond the narrow limits warranted by 


local circumstances, such as seasonal changes of 
temperature, is then to be taken as evidence of in- 
filtration of a foreign supply, putting the water 
authority upon instant inquiry as to the character 
of the intruding water. Withsurface waters, on the 
other: hand, such as rivers, no such constant compo- 
sition can be expected, and the analytical data 
have to serve not merely, or so much, as indices of 
change in composition as of absolute quality. For 
this purpose some standards must be fixed, but 
they are far more speculative than is satisfactory 
in a practical process, and are apt to vary with 
different authorities. Wherever it is possible to 
derive a supply from sources that seem to be 
inaccessible to sewage pollution, the best sanitary 
practice relies primarily on such evidence of the 
absence of sewage pollution as can be secured by 
minute survey, and uses analytical results solely or 
mainly as a check on the conclusions that the survey 
has snggested. 

When no such supply can be secured, it must 
be assumed that the water is liable to pollution 
by sewage, and recourse must be had to methods 
of purification. Whatever such methods may be, 
their efficiency will always be affected by the com- 
position and circumstances of the water, both of 
which in practice are found to be more or less 
variable. The fact that the data obtained by any 
kind of analysis are seldom more than inferential 
makes their interpretation in respect of their sani- 
tary significance a matter of the greatest difficulty, 
which may resolve itself finally into little more 
than a matter of personal opinion. Accordingly 
the attempts that have been made to lay down 
general standards of purity in chemical or bac- 
teriological terms have not met with general 
acceptance for any length of time, and where action 
has to be guided by such data, it is indispensable 
to sound practice that they shall be used with a 
very large factor of safety. Local conditions 
may sometimes, indeed, seem to offer no alterna- 
tive to a source of supply known to be liable to 
pollution, or even to one known actually to be 
polluted. It is bad practice, of course, to use such 
a supply if a better can be had, but the community 
may be faced with Hobson’s choice. Under such 
conditions an attempt to solve the problem by 
adopting a standard of impurity less favourable 
than could be obtained is indefensible. If the 
circumstances are such as to suggest that natural 
purification may be sufficient, the intake must be 
well beyond the point at which an investigation 
for a sufficiently long period has shown that such 
indices of pollution as can be used are invariably 
absent. If, on the other hand, measures of 
artificial purification have to be taken, they must 
be installed with due regard to their capacity. The 
best of them, carried out in the best way, is not 
too good. If an inferior method is adopted, or, 
as happens more often, if the plant is overloaded 
by being set to purify too crude a water or too 
large a quantity, or necessary cleaning is omitted, 
the supply may become even worse than if no 
attempt at purification had been made. 

How circumstantial an inquiry may be necessary 
for an adequate investigation of a polluted water 
supply, and how poor a result such an investigation 
may disclose, is well illustrated in a report of an 
investigation of the pollution of Lake Michigan in 
the vicinity of South Chicago and the Calumet 
and Indiana Harbours, made in 1924-25 for the 
local authorities concerned in co-operation with the 
Federal Public Health Service, and issued recently 
as Public Health Bulletin No. 170 by the United 
States Treasury for the Public Health Service. 
No statement is made as to the health of the dis- 
tricts in question, or the extent, if any, to which 
they had been troubled with water-borne disease, 
but the circumstances disclosed show a state of 
affairs that might have been consistent with grave 
epidemics. The district is industrial and _pros- 
perous, and in the ten years between 1910 and 1920 
its population about doubled itself. Its water 
supply is derived from Lake Michigan through a 
number of intakes, and both directly and indirectly 





its sewage finds its way into the same waters, 
some outfalls of sewage and intakes of the 
water supplies being not far distant from each 
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of factories, containing putrescible substances 
and liquids that would be liable both to impart 
flavour to the water and possibly to interfere 
with any self-purifying process, the sewage of over 
100,000 persons is discharged into the lake with 
little or no attempt at purification. In addition, 
the average of about 150,000 more is delivered into 
watercourses connected with the lake, some of 
which have so little fall that they may flow into 
or away from the lake according to circumstances, 
and so shallow that in the dry season they consist 
simply of the contributed sewage. In all sewage of 
over 250,000 persons may reach the lake, much 
of it near to some of the water intakes. The 
investigation now reported included systematic 
sampling at frequent intervals during a year, the 
samples being taken at more than seventy sampling 
stations in the lake, distributed over an area of 
about 90 square miles, and correlated with the 
variations of wind, lake elevation and currents 
and rainfall. The samples were all taken at 
2 ft. to 4 ft. from the surface, apparently indicating 
a belief that sedimentation below this depth is 
not liable to be reversed by the various influences 
operating on the lake, though no evidence seems to 
be given on the point. The conclusions of this 
long and laborious investigation, made with the 
systematic thoroughness that characterises American 
** full-dress ’’ inquiries, separate some sources of 
supply as being under present circumstances too 
grossly polluted to be used with safety, some as 
possible safe sources if further measures of purifica- 
tion are adopted, and some, including six supplies 
to Chicago itself, as “of consistently good bac- 
teriological quality, conforming to present-day 
standards.” The report quotes with approval a 
statement made some time back by a representative 
board of consulting engineers, in which, while 
declining to fix a standard that might be taken as 
safe, they assign a limit for the presence of the 
bacillus coli that they suggest is unsafe. The 
careful investigation to which we have drawn atten- 
tion includes recommendations for protecting the 
water supply intakes, which is thought to be more 
readily practicable than removing them to a 
sufficient distance from the shore to avoid the effect 
of sewage pollution. Doubtless measures may also 
be taken to purify the water, and perhaps also to 
refine the sewage before delivering it into the lake. 
These are subsidiary lines of defence, which pru- 
dently cannot be neglected in circumstances such 
as the report describes. The abatement of pollu- 
tion, however, appears as the first line of defence, 
and in this recommendation the report follows the 
best practice available at the present time. 








THE WORLD’S SHIPBUILDING AND 
MARINE ENGINEERING. 


TuE shipbuilding returns of Lloyd’s Register for 
the quarter ending September 30, 1927, which have 
just been published, contain the encouraging news 
that the tonnage of the merchant shipping under 
construction in Great Britain and Ireland, namely, 
1,536,416, is 146,028 tons more than that building 
at the end of June, 1927, and 761,619 tons more than 
that under construction 12 monthsago. The present 
totals, while still 354,000 tons below the average 
tonnage building during the 12 months immediately 
preceding the war, are the highest recorded since 
September, 1922. The above figures, taken in 
conjunction with the totals for the first two quarters 
of the present year, seem to indicate that the tide 
of depression has definitely turned, and that the 
shipbuilding industry is now well on the road to 
better conditions. A highly satisfactory feature of 
the situation is that the shipping, on which work 
was suspended at the end of September, 1927, 
amounted to only 8,488 tons, as compared with 
107,498 tons, at the end of September, 1926. 
While there has been a decrease in the tonnage 
commenced during the quarter under review, 
namely, 370,073, as against 437,112, during the 
second quarter of 1927, the tonnage launched from 
July to September of the present year, totalling 
355,542, shows the large increase of 86,997 tons over 
the figure for the previous three months. Of the 
vessels now in hand in British and Irish shipyards, 
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motorships, and seven, the total tonnage of which is 
1,585, are sailing ships and barges. The tonnage of 
the motorships now building amounts to 42-5 
per cent. of the total tonnage, and 74-1 per cent. 
of the steam tonnage under construction. Of the 
327 merchant vessels under construction in this 
country no less than 270 are intended for owners 
residing within the British Empire. 

The total merchant tonnage under construction in 
other countries, namely, 1,537,641, is about 87,000 
tons more than that in hand at the end of June, 
1927. It is gratifying to record that the tonnage 
under construction abroad only exceeds by 1,200 
the tonnage building in Great Britain and Ireland ; 
12 months ago, the corresponding figure was over 
300,000 tons. Germany retains her leading position, 
with 516,245 tons; Italy is again second, with 
208,420 tons ; Holland is third, with 163,824 tons ; 
and France fourth, with 130,914 tons. During the 
quarter under review, 399,637 tons of shipping were 
commenced abroad, and 179,778 tons were launched, 
an increase, as compared with the previous quarter, 
of 63,134 tons in the tonnage commenced, though 
there is a large decline of 129,445 tons in the tonnage 
launched. All the tonnage figures quoted above 
are gross tons, and no account has been taken of 
vessels of less than 100 tons gross. 

The total horse-power of marine engines, building 
or being installed on board vessels at the end of Sep- 
tember, 1927, amounted to 2,045,049 h.p. Out of 
this total, Great Britain and Ireland supplied 
944,464 h.p. This figure is divided up as follows :— 
Reciprocating steam engines, 394,224 i.h.p.; steam 
turbines, 193,800 s.h.p.; and oil engines, 356,440 
ih.p. The reciprocating and oil engines built in 
Germany together totalled 322,900 h.p., but statis- 
tics regarding the number and shaft horse-power of 
the steam turbines constructed in that country are 
not available. The total horse-power of the marine 
engines supplied by Italy, during the quarter under 
consideration, was 206,350 h.p., and by Denmark, 
121,995 h.p. It is interesting to note that the vessels, 
now under construction throughout the world, in 
which internal-combustion engines are to be 
installed, aggregate 1,589,510 tons, while the steam 
tonnage building amounts to 1,468,842. The 
motor tonnage thus exceeds the steam tonnage by 
120,668. This figure is indicative of the develop- 
ment which is taking place in the adoption of the 
newer system of propulsion. 








NOTES. 
Royat Merat Trapes’ PENSION 
BENEVOLENT SOCIETY. 

FounDEp in 1843 with the object of granting 
pensions, temporary financial assistance and 
convalescent home treatment to men in necessitous 
circumstances, who have been engaged as employers, 
managers, travellers, salesmen, &c., in the metal and 
hardware trades, to their widows, and to women, 
who have been engaged as clerks, the Royal Metal 
Trades’ Pension and Benevolent Society held its 
seventy-ninth anniversary dinner at the Hotel Cecil, 
Strand, London, W.C.2. on October 11 last. The 
Chairman of the function was The Right Hon. Sir 
Alfred Mond, Bt., P.C., M.P., who, in proposing 
the toast, ‘ Increased Prosperity to British Indus- 
tries,” stated that the metal industries had been 
passing through a difficult period during the past 
few years. Prosperity was, however, slowly 
returning, but in order further to ensure that 
state, costs of production would have to be re- 
duced. This could be accemplished by research 
work. Our foreign competitors, however, were 
more active in this direction than we were in this 
country ; and more research was being carried out in 
Germany than was the case in Britain. In view 
of past achievements in the metal industries it is a 
little difficult for us to agree with Sir Alfred’s views. 
As is well known many of the developments and 
improvements in the production and application of 
metals and alloys are due to British brains and 
British initiative. In responding to the toast, the 
Most Hon. The Marquis of Reading stated that, 
in the matter of the quality of the articles produced, 
this country was still holding its own. An 
impoverished world, however, demanded cheaper 
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goods. It was necessary to lower costs of produc- 
tion, but in whatever way this was brought about, 
the standard of living of the workmen should not 
be reduced. Sir Alfred Mond further proposed the 
toast ‘Increased Prosperity to the Royal Metal 
Trades’ Pension and Benevolent Society.” He 
stated that, since the formation of the Society, 
2,200 persons had received financial assistance to the 
extent of 278,000/. The pensioners at present on 
the books numbered 260, and the relief given during 
the past twelve months amounted to 7,000/. The 
funds at the disposal of the institution were still 
inadequate for the work it had to undertake, and he 
would like to see an increase in the list of subscribers. 
Mr. Watson Slack, vice-chairman of the board of 
management of the Society, who responded, also 
appealed for more support. The health of the 
chairman was proposed by Sir Ernest J. P. Benn, 
Bt. The anniversary dinner was a very successful 
function, and should prove of assistance in furthering 
the commendable work the Society is doing. A 
sum of 2,226]. was collected during the evening. 
The offices of the society are at 195, Upper Thames- 
street, London, E.C.4. 
THE InpustRIAL ENGINEER. 

In carrying out their policy of concentrating the 
electrical generation of the country in a few large 
stations the Central Electricity Board will not 
only economise fuel, but will also release for other 
duties a number of engineers, who now occupy more 
or less subordinate positions. Fortunately, provision 
has been made so that these men shall not suffer 
financially ; and alternative positions will probably 
be open to many of them on the commercial side of 
the undertakings. But an engineer does not give up 
engineering easily or without regret ; and those who 
are anxious about the future may therefore find 
relief in studying the Paper on “ The Industrial 
Engineer,’ which was read before the Institution 
of Engineers and Shipbuilders in Scotland on Tues- 
day, October 4, by Mr. Alfred J. T. Taylor. The 
author’s definition of an industrial engineer is one 
who has the supervision of the plants used in textile 
mills, sugar refineries, breweries, dyeworks and other 
similar industries, where the production of steam 
is necessary for carrying out the process, but where 
efficiency in the boiler house is not so essential as 
the economical production of the goods the factory 
in question is turning out. He considers that the 
value of the industrial engineer to industry has not 
been properly recognised, but that this branch of 
the profession with the approach of greater stan- 
dardisation in central stations will become more 
attractive to those possessing ambition of the right 
kind, especially as there is now a shortage of workers 
in this field. The suggestion is one that is worthy 
of close consideration, the more so as, in spite of 
the identities of the equipment, the problems in the 
boiler houses of generating stations and indus- 
trial plant are essentially different. This is not 
recognised as it should be, with the result that in 
the latter efficiency is maintained at the expense of 
production, or in other words that quality is put 
first instead of quantity. Mr. Taylor quite rightly 
insists that he is no advocate of waste of fuel, but 
true economy is only obtained by viewing the 
problem as a whole and not by emphasising one item 
in it to the detriment of the others. As a corollary 
to this the author sees an advantage in the co- 
operation of neighbouring factories for the inter- 
change of gas, heat and power, and asks why a tyre 
mill with a surplus of 3,000 kw. continuously should 
not be allowed to dispose of this. He appears 
to have forgotten that such disposal is provided for 
in the Electricity (Supply) Act of 1926, with results 
that should be beneficial to all concerned. In 
any event the outlooks of the two classes of engi- 
neers are perhaps not so different as Mr. Taylor 
appears to think. Generally stated they are to 
make the best use of the material at their disposal, 
be and anything that will assist toward that end is to 
encouraged. 








Hypro-Evectric PowER PLANTS IN SWEDEN.— 
According to information issued by the director general 
of the Government Waterfalls Board of Sweden, the 
water-power plants at Hammarforsen, Krangfors, Lan- 
forsen, and Munkfors, are approaching completion. The 
eggregate output of these four plants will amount to 
fully 130,000 kilowatts. 
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Modern Steelwork. A Review of Current Practice in the 
Application of Structural Steelwork to Buildings and 
Bridges. Edited by Ernest FIANDER ETCHELLs, 
A.R.LB.A., M.L.Struct.E., A.M.I.C.E. London: Nash 
& Alexander Ltd. [Price 53. net.] 
Tus book, of a somewhat composite character, 
is in part technical, and in part descriptive of 
particular works to which attention is directed. 
An introduction, by the editor—unfortunately 
deceased—is suggestive, and essentially practical 
with respect to the teachings of. experience. Other 
writers, whose initials only are commonly given, 
deal with various matters of interest to the struc- 
tural engineer, not commonly found in books on 
the subject. In an historical digest the writer, 
referring to the early use of wrought-iron beams, 
fails to note that perhaps the earliest application of 
built-up beams to structural work, was in St. Peters- 
burg. For this the authority is Wm. Handyside, 
who in the earlier half of last century was 
employed in Russia. The manufacture and erec- 
tion of building steelwork is treated in some detail. 
An essay on the British standard sections for 
structural shapes directs attention to the alleged 
superiority of the more recent 1920 forms over the 
older, but in doing this and making comparison in 
one case between the old 12-in. joist and the new 
joist of 14-in. depth, it is overlooked that the 
advantage one has over the other is attributable 
chiefly to the greater depth, and is not a conse- 
quence of the improved form. The same criticism 
applies to a comparison of the old 10-in. and the 
new 12-in. beams. An instructive paper deals with 
the enhancement of the strength of joists, when 
embedded in concrete. This has long been known, 
but an unfortunate misfit in the application 
of the L.C.C. building regulations has, in London, 
delayed the most advantageous use of joists so 
reinforced. The explanatory matter in this con- 
nection is worth attention. The general question of 
concrete-encased beams and columns would, indeed, 
seem ripe for treatment. A short chapter on the 
size of variously constructed columns brings out 
the advantage there may be in keeping the size 
of columns small. It seems to be ultimately a ques- 
tion of capital cost, against the capitalised value of 
floor space. Remarks on the cost of buildings 
make clear the difference that exists in favour of 
the more recent London Building Act of 1909, com- 
pared with the costs which resulted from the earlier 
acts. The supporting value of piles is made the 
subject of a useful and instructive ten pages, 
beginning with a summary statement of the function 
of piles, which is excellent. The particular method 
of determining supporting power, favoured by the 
writer, is a trifle involved, but well worth study. 
The suggestion that it has been generally accepted 
by engineers concerned with foundation problems 
as a “rational pile-driving formula ” seems, how- 
ever, to be somewhat premature. The method 
appears to include the principal factors controlling 
the result sought. It is not, however, clear how 
certain tabulated constants have been determined, 
though reference is made to the author’s more 
extended writings on the subject. A short state- 
ment with respect to fireproof doors summarises 
the chief points of interest in this connection. 
There is included towards the end of the book the 
specification for girder bridges of the British 
Standards Association and the L.C.C. Regulations 
for Steel Frame Buildings. The remainder of the 
space is filled by accounts of recently-executed 
works. 


By Masor Dr. 


Die Geologie im Ingenieur-Baufach. 
Ferdinand LEnke. 


WALTER KRANZ. Stuttgart : 

[Price 31-50 marks.] 
As an officer in an engineer corps of the German Army 
and a trained geologist, Major Kranz became so 
impressed with the geological mistakes committed in 
the construction of fortifications, coastal batteries, 
drainage plants, &c., that he memorialised the 
authorities in 1913 on the need of appointing 
military geologists. The suggestion was declined 
for various reasons ; the advice of geologists, he was 
informed, was adopted so far as exigencies permitted, 
and in war time the sequence of events would be too 
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rapid for the useful co-operation of the tactician 
and the geologist. The late war gave Major Kranz 
and other geologists more scope for activity than 
had been expected. As geologist to the State of 
Wiirttemberg, he now pleads for engineering 
geologists and for technical geologists, if not specially 
military geologists, in his present book on Geology 
in Architectural Engineering. 

The architect, the engineer, and the geologist, 
he points out, speak different professional languages. 
A better understanding would no doubt be desirable. 
But the carrying out of almost any scheme, whether 
it originates with an engineer, builder, farmer, 
chemist or medical man, finally falls on the engineer, 
and how is he to find the time for the study of all 
the cognate sciences? In his researches on the 
suitability of various materials for making concrete, 
which are described at considerable length in the 
chapter on mineral building materials, Dr. Kranz 
found sand from the bunter sandstone formation 
to be inferior to sharp-grained river sand. As to 
the source of a sand, the engineer will generally have 
to rely upon the contractor. With respect to the 
other problems discussed in the volume, the move- 
ment of ground water, soil permeability and water 
absorption capacity, land slides, and the safety of 
buildings, erected on slopes, and of dams and canal 
banks, &c., the hydraulic engineer will frequently 
wish to consult the geologist. Special inquiry may 
reveal the geology of a site to be more complex than 
had been presumed. If shallow wells hardly inter- 
fere with the level of the ground water at some 
distance, the effects of power-driven pumps and 
deep excavations extend to a considerable range. 
Major Kranz had ample opportunity to observe 
this in the burrowed battlefield and war encamp- 
ments, and English geologists are probably right 
in attributing the insecurity of the foundations of 
buildings in and near London, of which recent 
events have given warning, partly to the disturb- 
ance of the water circulation by the deep excava- 
tions in the London clay, that the heavy modern 
buildings and tunnels require. Major Kranz gives 
useful tables on the ranges of such disturbances and 
on the safe ground loads and batters, &c., and his 
references, foreign not less than German, are 
profuse. 

The lack of an alphabetical index is regrettable 
in a book covering so wide a ground, and the author 
might sometimes have been more concise. In 
1918 the German Army wanted to build a horse- 
lagar near Strassburg. Major Kranz deemed’ a 
protective zone of 500 m. width, instead of the 
proposed 50 m., as indispensable in the interests of 
the water supply of the city, this zone to be kept 
fallow, and free, even of deep-rooting plants and of 
inhabited buildings. The case is interesting, but 
as the end of the war also put an end to the 
scheme, some of the details given are perhaps 
unnecessary. 





Movable Bridges. By Otis Exvtis Hovey, B.S., M. Am, 


ti 
f C.E., Assistant Chief Engineer of American 


Soc. o 

Bridge Company. In two volumes. Vol. II.— 
Machinery. New York: John Wiley and Sons, Inc. 
London: Chapman and Hall, Limited, 1927. [Price 


30s. net. ] 
THe second volume of Mr. Hovey’s work on 
movable bridges is now available and deals with 
the working mechanisms. The first was reviewed 
in ENGINEERING, vol. cxxiii, page 127. To an 
engineer, having but little experience in the type of 
structure dealt with, it is commonly matter of diffi- 
culty to determine in a satisfactory manner the 
resistances to be overcome in operating the bridge, 
and the power required to do this without risk of 
failure on the one hand or of extravagance on the 
other. This book, which promises to overcome the 
difficulty, deals with the mechanism of swing 
bridges, vertical lip bridges, and different types of 
bascule bridge. Following a short introduction on 
general requirements, the author proceeds to develop 
his method of estimating the power required to 
rotate a swing bridge in any given time, and has 
much to say upon the fixing of the time, which may 
be best, having regard to traffic and other conditions. 
Acceleration and retardation of the moving mass | 
are, apart from wind effects, the governing factors 
for the estimate of resistance. When taken in 
conjunction with the various frictional resistances 
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and wind forces, the problem becomes somewhat 
troublesome, and is dealt with at considerable length. 
Vertical lift spans are also treated with respect to 
time of operating and the power required. This 
matter is of the greater value, as it is published 
after much experience of actual structures working 
satisfactorily. The arrangement and details of 
gears for many notable examples of different types 
are described, with suitable folding plates. Sundry 
tests of power required to operate bridges, of which 
but few examples exist, are cited with advantage. 
About one-third of the book is devoted to the 
treatment of movable bridge gears as such (with 
subsidiary mechanisms for wedging up, locking, 
signalling, &c.), the remainder being given over to 
the consideration of details, which though strictly 
relevant to the subject, may also be considered as 
of value to anyone having in hand the design of 
heavy gears. This part of the book deals with 
materials, machinery resistances, unit stresses, 
shafts, couplings, journals, pivots, gearing, rope 
sheaves, ropes, brakes and hydraulic machinery, all 
of which matter has other uses than in its applica- 
tion to the treatment of movable bridges. As an 
appendix the author gives a specification, which, 
as it relates to rules for design and a statement of 
precautions to be observed, is, in its completeness, 
of value. It is, indeed, difficult to conceive that 
much would be overlooked if this specification 
were carefully read. A great variety of friction 
coefficients are given for use in the specific cases 
quoted. It is hardly to be supposed that these 
coefficients are the last word to be said on the sub- 
ject. There is, perhaps, a greater appearance of 
precision than is, in fact, intended, but as a statement 
of the basis of design they have the effect of making 
clear what resistances are provided for; generally 
on the safe side, a little above or a little below the 
probable mean. value, as the conditions to be met 
make either more prudent. An unusual problem, 
dealt with in an appendix, is the design of a 14-ft. 
diameter rope sheave, to take fifteen ropes, and 
weighing 27 tons. It is a study of considerable 
interest. Supplementary matter in tabulated form, 
noticed because of its unusual completeness, relates 
to the flexural properties of cantilevers and beams. 
Other matter, not peculiar to the study of movable 
bridges, is usefully included as saving trouble in 
referring to other works, such as the surface and 
volume of solids, centroids of areas, centres of 
gravity of unusual solids, and the “ elements ” 
of a great variety of sections, by elements being 
understood moments of inertia, moduli and radii 
of gyration, to which is added a set of polar 
elements. These tables are unusually complete, 
and for that reason will be valuable. A statement 
made by the author with respect to equalisers (in 
gearing) may not be altogether acceptable. It is 
noted because the author is somewhat insistent 
on the point, and is that an equaliser should always 
be introduced between the drive and pinions— 
there being more than one—in the case of swing 
bridges, or between the drive and the two sides 
of a bascule bridge. In cases where the shafts are 
short and stiff, a form of drive on each resistance 
giving some appreciable resilience may be desirable, 
but it will not be conceded generally that equalisers 
should be introduced in cases where it is possible 
that with different resistances one drive may 
override the other, if an equaliser be installed. In 
the case of swing bridges having unequal arms, or 
in bascule bridges, one arm of which is more heavily- 
loaded than the other, this becomes of more import- 
ance. This book should be in the hands of all those 
who have to do with the design of movable bridge 
operating gears, and may well be consulted by any 
who have to deal with heavy slow-moving 
mechanisms applied to other purposes. 














THE EFFICIENCY OF THE §.S8. “ Kine GEeorGE V.”’—It is 
stated in the thirtieth annual report of the Parsons 
Marine Steam Turbine Company, Limited, Wallsend-on- 
Tyne, a copy of which has just been received by us, that 
the pleasure steamer King George V, fitted with high- 
efficiency, geared-turbine propelling machinery, has been 
running daily on the Clyde, during the summer season, 
without any trouble being experienced. Furthermore, 
the steamer has shown an economy, in coal consumption. 
of 30 per cent., compared with similar vessels on the 
same service. An illustrated description of this vessel 
will be found on page 321 of our issue of September 10, 
1926. 
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THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 


By Brysson CuNNINGHAM, D.Sc., M.Inst.C.E. 
Ill. THe Port or PHILADELPHIA. 
Arter New York, with its unquestionable primacy 


from every point of view, and New Orleans which, 
it may be conceded, occupies, in a general sense, 
the second place among ports of the United States, 
it is difficult to allocate any settled rank or order to 
the others. The competition is so keen and the 
movements of shipping so fluctuating, that positions 
change from year to year. Avoiding, therefore, 
any selected order of precedence, which would only 
be an invidious task to undertake, the remaining 
ports on the littoral of the New England States will 
be described in the order in which they were visited. 

Within two hours’ run by rail from New York lies 
the great port of Philadelphia, associated with all 
the memories and ideals of the distinguished Quaker, 
William Penn. The city is a flourishing commercial 
community, containing some two million inhabitants, 
laid out in spacious and regular thoroughfares, of 
which Broad-street, as ample in width (over 100 ft.) 
as its name suggests, forms the backbone, extending 
in an unbroken straight line from the City Hall to the 
important Naval Yard at League Island, fully four 
miles distant. 

Port Approach Channel.—The Port of Philadelphia 
is located on a peninsula, two miles wide, at the 
junction of the Delaware and Schuylkill Rivers. 
The distance therefrom to the Atlantic Ocean is 
just 101 miles. Delaware Bay and River form a 
commodious tidal estuary, with natural, broad, 
deep water extending from the open sea for a distance 
of 35 miles, at which point the artificially-improved 
ship channel is entered. Between the two capes 
flanking the entrance to the Bay—Cape May on the 
new Jersey side and Cape Henlopen on the Delaware 
side—the width of the estuary is 10 miles. It 
widens to nearly 23 miles at Maurice River Cove, a 
few miles above the Capes, and then gradually 
contracts to 4 miles in width at Bombay Hook, 
opposite to the entrance to the improved channel. 
Narrowing continuously thereafter, by the time 
Philadelphia is reached, there is a width of half a 
mile along the city main waterfront. The estuary 
is well lighted from the Capes to the entrance of the 
improved channel by powerful lighthouses, built in 
the Bay along the edge of the deep-water channel, 
and, from the entrance of the improved channel to 
the port, by gas buoys and shore lights. 

The artificial channel, which has been undergoing 
improvement by the United States Government since 
1910, has now attained a depth throughout from 
Alleghany-avenue, Philadelphia, to deep water of 
35 ft. at mean low water. It has a minimum width 
of 800 ft., which is increased at bends, and in Phila- 
delphia harbour, to 1,000 ft. A movement is now 
on foot to increase the depth of the channel to 
40 ft., and the United States Congress has been 
approached to secure the necessary authorisation. 
It is pointed out that many of the steamships 
reaching the port to-day are loaded to a draught of 
32 ft., and that the 3-ft. margin is insufficient to 
permit of efficient steering and handling when a 
vessel is under way. Future developments will still 
further reduce the margin, and provision is required 
for the larger ships of the near future. 

The Schuylkill River has also been the subject of 
channel improvement, and dredging operations have 
resulted in the formation of a navigable waterway, 
30 ft. deep and 400 ft. wide, between the mouth of 
the river and the entrance to the Reserve Basin at 
Philadelphia Navy Yard, enabling large vessels to 
reach the piers of oil refineries and other industries 
at various points along the river. The ultimate 
object of the United States Government is to 
provide a 35-ft. channel in the Schuylkill River from 
its junction with the Delaware River to Girard 
Point, a distance of 1,100 yards; thence, 30 ft. 
deep for a distance of 800 yards to Twenty-ninth- 
street ; and 26 ft. deep for a distance of rather 
over 3 miles to Gibson Point. 

The material dealt with in the deepening 
operations is diverse in character. Suction dredgers 
have been mainly used in the Delaware River, and, 
in 1925, three vessels removed 3,792,391 cubic yards 
of sand and soft material. Ledge rock is encountered. 
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near Chester, 12 miles below Philadelphia. Small 
areas of this hard material here, and also in the | PART OF THE 
upper harbour, have had to be removed by drilling | CITY OF PHILADELPHIA. 
and blasting. | ae EE 

There is a harbour of refuge at the entrance to | ‘ Fig.2 
Delaware Bay, which is formed by a breakwater | apie 
8,040 ft. long, and affords a safe anchorage area of | 
552 acres, with a minimum low-water depth of 30 ft., 
and an additional area of 237 acres with a minimum 
low-water depth of 24 ft. The breakwater was 
constructed between May, 1897, and December, 
1901 ; it required 1,475,276 tons of stone. Fifteen 
detached piers located in a line across the upper end 
of the harbour, to protect it from ice descending 
into the bay, were added between 1900 and 1903. 
In April, 1926, the question of the extension of the 
breakwater was taken into consideration, and, by a 
resolution of the House of Representatives, the | 
Board of Engineers for Rivers and Harbours were | 
instructed to make a survey and report on the| 
matter. The proposal is to fill in between the ice | 
piers north-west of the existing outer breakwater, | 
extending the latter 6,000 ft. shoreward and dredg- | 
ing the shoal areas within the harbour to the south | 
of the outer breakwater. 

Port Limits.—The Port ef Philadelphia officially | 
includes the Delaware River from Marcus Hook to | 
Trenton: it accordingly comprises the cities and | 
towns of Philadelphia, Camden, Gloucester, Marcus 
Hook, Chester, Burlington, Bristol and Trenton. 
The main activities of the port are centred along a 
water frontage of six miles. The Schuylkill River, 
from its mouth to Fairmount Dam, a distance of 
8-6 miles, is also comprised within the port limits. 

The port is subject to tidal influence. The mean 
range is 4-4 ft. at the Delaware Capes; 6 ft. at 
Chester; 5-3 ft. at Philadelphia; and 4-2 ft. at 
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Trenton. Tidal currents are moderate, not exceed- 
ing 3 knots, and they rarely impede navigation. 
The River Frontage.—In general conformation, 
there are certain resemblances between the ports 
of Philadelphia and New York. Both are situated 
at the confluence of rivers, but while in the case of 
New York, Manhattan is on an island, Philadelphia 
is on an isthmus, and, therefore, does not incur 
the inconvenience of being entirely cut off from the 
mainland. Again, the water frontages of both ports 
are serrated by a series of alternate piers and slips, 
but whereas the piers of New York are relatively 
cramped and narrow in proportion to their length, 
those of Philadelphia, more particularly those of 
recent construction, are remarkably broad. More- 
over, to the passing observer, there is a greater 
appearance of solidity about the latter, attributable, 
no doubt, to the higher architectural finish and 
more substantial construction of the municipal 


|shed fagades at the pier extremities. This dis- 
| tinction is more apparent than real, for the sub- 
| structure is formed of timber piling in both cases, 
| with the addition of stone or rubble fill. 

The city of Philadelphia has a navigable water 
frontage of about 37 miles, twenty of which are 
}along the Delaware River and seventeen on both 
banks of the Schuylkill. Approximately half of 
this frontage is developed with a system of piers, 
numbering about 270 and affording a total berthage 
of 162,500 lineal feet. Throughout the entire port 
district, defined as above, the number of piers and 
bulkheads totals 400. 

Of the city frontage piers, 37 are assigned to the 
berthage of general cargo vessels engaged in foreign 
and domestic trade. The municipality own twelve 
of these, with another, at present under construc- 
tion, the remainder being the property of various 
corporations and private owners. In addition, 
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there are ten coal-loading piers, four ore-loading 
piers, two grain-loading piers, five lumber (timber) 
piers, and 13 piers for miscellaneous cargo, while 
the railway companies exploit 11 waterfront 
stations or terminals. A general view of the Dela- 
ware River frontage is given in Fig. 1, on page 496, 
which also shows the new Delaware Bridge in the 
background. 

Trade and Shipping.—In round figures, the 
movements of vessels at the port of Philadelphia, 
entrances and clearances, mount up to about 12,000 
annually with an aggregate tonnage of some 40 
million gross tons. The values of foreign trade 
are about 120,000,000 dols., exports, and about 
210,000,000 dols., imports. Inbound shipments 
consist chiefly of ores, pig iron, flax seed, petroleum, 
chemicals, raw sugar, coffee, cocoa beans, nitrate 
of soda, lumber, canned goods, wood pulp, hides 
and skins, clays, sulphur, phosphate rock, wool, 
cotton, rosin, fertilisers, chalk, cork, molasses, 
copra and many other miscellaneous commodities. 
Outbound shipments comprise grain, flour, iron 
and steel, coal, cement, machinery, agricultural 
implements, refined sugar, leather, locomotives, 
explosives, petroleum and manufactured articles of 
every description. 

There are frequent and regular steamship services 
to London, Liverpool, Manchester, Glasgow, Bristol, 
Dunkirk, Bordeaux, Havre, Marseilles, Rotterdam, 
Antwerp, Hamburg, and Bremen; also to Scan- 
dinavian, Baltic, Spanish, Italian and Adriatic 
ports, to the Levant, to Africa, India, the Dutch 
Indies, Australia and New Zealand, to Central and 
South America, as well as to all parts of the United 
States and Canada. 

Pier Construction—The feature of most interest 
at the port, from an engineering point of view, is that 
of pier construction, and it is instructive to review 
the process of evolution by which the modern 
example, with its commodious lay-out and attrac- 
tive architectural features, has been evolved from 
its rude and even clumsy prototype. 

Originally, the piers were constructed in a very 
casual and haphazard manner to meet the require- 
ments of shipowners in the readiest and least 
expensive form. Among the earliest instances on 
record is that of one built in 1773, by Edward Pew, 
of the district of Southwark, who contracted for a 
structure 60 ft. long and 35 ft. wide for a sum of 
three hundred pounds and 60 gallons of rum. 
Even far on into the nineteenth century, the piers 
were small and relatively insignificant, the width 
rarely exceeding 80 ft. But, with the formation 
of the municipal department of wharves, docks 
and ferries in 1907, a new era of systematic con- 
struction was commenced. Prior to that date, the 
city did not possess a single pier capable of accom- 
modating a tramp steamer. It had only three 
small antiquated structures suitable for river 
steamboat purposes. 

Realising that steamship companies had to be 
attracted to the port by the availability of adequate 
accommodation and facilities for the economic 
handling of cargo, the department concentrated its 
attention on the provision of an improved type of 
pier and began the construction of a series of 
municipal piers, which, improving as they increased 
in number, have added enormously to the reputa- 
tion of the port for efficiency and convenience. 

The department’s first undertaking, No. 19 
North Delaware wharves, built in 1909-10, was 
constructed to a width of 166 ft., more than double 
the width of the old city piers. In 1914-15, when 
the two Southwark piers, Nos. 38 and 40, were 
built, the pier width was increased to 180 ft. ; 
and with the completion, in 1922, of the Girard 
Pier terminal—Piers No. 3 and 5 North, the most 
modern and fully-equipped double-deck structures 
in the harbour—the pier width was further increased 
to 185 ft. All these structures are of the double- 
berth type, approximately 550 ft. long and afford- 
ing berthage accommodation for two modern cargo 
vessels simultaneously—one along each side of the 
pier. 

The department’s latest pier, No. 84, South 
Wharves, completed in 1926, is a double-deck 
structure, 900 ft. long and 336 ft. wide. It cost 
3,662,424 dols. Another pier, known as No. 80 
South, is now in hand and will be 1,000 ft. long and 





498 


286 ft. wide. The location of these piers is shown 
on the general plan, Fig. 2, on page 496. 

The following is a detailed statement of particulars 
relating to Municipal Pier No. 84, South Moya- 
mensing Group. It has been constructed for the 
service of the foreign and intercoastal trades. 

The general dimensions of the pier are 851 ft. 
average length and 336 ft. width. As will be seen 
from the plan in Fig. 3, it is slightly inclined to 
the bulkhead and pierhead lines, and has parallel 
frontages, the north of which is 861 ft. and the 
south, 841 ft. The distance between it and the 
adjacent Municipal Pier No. 82, built in 1921, is 
282 ft., and there is a “slip” on the south side 
which is 275 ft. wide. The depth of water along- 
side is 30 ft. at mean low water, and provision is 
made for dredging to a depth of 35 ft. A general 
cross-section is given in Fig. 4,on Plate XXXIV, 
and a riverside elevation in Fig. 21, on page 490. 

The pier structure is formed of a core of dry fill, 
deposited behind piled wharfing, consisting of 
sheeting and bearing piles with reinforced-concrete 
decking, over which is laid earth filling, with a 
mass-concrete face to the wharf face above the 
water level, as shown in Fig. 5, on Plate XXXIV. 
The bearing piles are arranged in bays of 20 ft. each, 
there being 49 vertical and 14 inclined piles per bay 
(Fig. 6). The bearing piles are of yellow pine, Nor- 
way pine or cypress, not less than 6 in. diameter at the 
point, or less than 14 in. at the butt, where cut off 
in the work. They are about 50 ft. in length, having 
been driven to an average set of } in. per blow of 
the last three blows of a 3,000-lb. hammer falling 
15 ft. The sheet piles are of long leaf yellow 
pine of the dovetail type, consisting of 12 in. by 
12 in. logs, to one face of which two yellow pine 
strips, bevelled on one side, are fastened with 3 in. 
diameter flat-head wire spikes 9 in. long, at 18-in. 
centres, forming a groove, and to the middle of the 
opposite face, a double-bevelled strip forming a 
tongue is similarly attached. After the piles were 
driven, stone, consisting of hard durable quarry 
stone of ‘ one-and-two-man, or larger, size,’’ was 
deposited by shoots and drop-bottom buckets. 
Above this was placed gravel and cobble filling 
graded from 2 in. diameter upwards. 

Upon the piling is laid a timber platform, con- 
sisting of whole timber bearers, with 2-in. 4-in., and 
6-in. yellow-pine planking, as shown in Figs. 7, 8, 
and 9. The waterfront face superstructure is a mass- 
concrete wall of 1:3:6 mix, 7 ft. high and 6 ft. 
thick at the base. Extending inwards from the 
coping line is a trackway, 15 ft. 6 in. wide, for rolling 
stock, with a raised platform 7 ft. 6 in. wide between 
the track and the face of the pier shed. The rear 
of the wharf platform is formed of reinforced- 
concrete slabs, 11 in. thick. 

The pier shed is a double-storey structure of steel 
and concrete construction, running the full length 
of the pier, having a width of 290 ft. and an area 
of about 250,000 sq. ft. A plan of it is given in 
Fig. 10, details of the upper floor and concrete beams 
in Figs. 11 to 14, and a section in Fig. 15. The main 
columns, 58 ft. apart transversely and normally in 
40-ft. bays longitudinally, are carried on pile founda- 
tions of reinforced concrete, driven 40 ft. below the 
concrete capping, 5 ft. thick, which forms the bed for 
the column bases. The concrete is a 1: 2:4 mix. 
The shed floors are formed of concrete slabwork 
with asphalte block paving. On the ground floor, 
the concrete is 6 in. thick with 2-in. asphalte block 
paving, for a permissible load of 800 Ib. per square 
foot, and on the upper floor, it is 5 in. thick with 
1}-in. block paving, for a permissible load of 300 Ib. 
per square foot. An idea of the space provided will 
be gained from the two intenor views, Figs. 19 and 
20, on page 497. 

Five lines of railway track are laid in the shed, 
one at each side and three in the centre. All are 
depressed below the level of the shed floor. These 
tracks, which have a capacity for 84 wagons in all, 
connect with the belt line tracks in Delaware- 
avenue. There is provision for vehicular access 
by means of three cartways from Delaware-avenue, 
and two electric lorry lifts, each of 24,000 Ib. 
capacity, are provided for raising team and vehicles 
to the upper floor. A view of the Delaware-avenue 
approach is given in Fig. 22, on page 490. For 
handling goods between the upper and lower floors, 
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there are six electric cargo lifts, each of 10,000 lb. 
capacity, four electric package lifts of 1,000 lb. 
capacity, and six steel cargo shoots of 1 ton capa- 
city. The shed is supplied with electric light and 
power and with steam heating to offices. Fire 
hydrants are also provided. 

Apart from the main shed, there are two bulkhead 
structures : one on the north side and one on the 
south side. Both are single storey, the first being 
151 ft. long by 40 ft. wide and the second 242 ft. 
long by 40 ft. wide. 

At all the municipal piers, sheds have been 
constructed with continuous doorway openings on 
both sides on the ground floor and with alternate 
bay openings on the upper floor. The openings are 
fitted with hinged doors suspended to the lintel and 
swung upwards to open, as shown in Figs. 16, 17, 
and 18, on Plate XXXIV. This is to enable dis- 
charging or loading operations to be carried on at 
any part of the ship’s berth. 

As in the case of New York, the pier shed 
structures are equipped with vertical standards or 
cargo masts, which are an extension of the outside 
stanchions of the shed above the roof level to a 
height of about 75 ft. above the water level. The 
summits are connected by a continuous girder, or 
rail, to which pulley blocks may be affixed for the 
purpose of burtoning the cargo, as may be seen in 
Figs. 4 and 15, on Plate XX XIV, and in Fig. 21, on 
page 490. 

Philadelphia Tidewater Terminal.—An _ out- 
standing feature of the Delaware River front is the 
series of three piers, Nos. 96, 98 and 100, South 
Delaware Wharves, originally constructed by the 
United States Government as an Army Base during 
the war, and subsequently converted to commercial 
uses, being now known as the Philadelphia Tide- 
water Terminal. This is illustrated in Fig. 23, on 
page 490. 

Pier No. 98, the most important of the three piers, 
is 1,500 ft. long by 290 ft. wide, with two treble- 
storey reinforced-concrete warehouse superstructures 
thereon, each building being approximately 1,500 ft. 
by 90 ft. The deck floor is designed for a load 
capacity of 500 lb. per square foot, and the two upper 
floors for a load of 300 lb. per square foot. Each 
building is divided, by means of a fire-proof wall, into 
five sections, 300 ft. long, equipped with a freight 
elevator, provision being made for the installation 
of an additional elevator and of spiral shoots, for 
which purpose apertures are left in the floors. The 
buildings are fitted with automatic sprinklers, under 
a dry system, throughout. The two upper floors 
are artificially warmed to a temperature of 44 deg., 
the deck floor not being so warmed. There are four 
railroad tracks leading on to the pier: two surface 
tracks on the north side of the structure and two 
depressed tracks in the centre court between the 
two buildings. Provision has been made in the 
design for the future installation of gantry cranes of 
24 tons capacity on the north side of the pier, a 
5-ton gantry crane on the roof spanning the court 
between the two buildings, and movable whip masts 
on the south side of the south building. 

Port Administration.—The administration of the 
port area of Philadelphia is in the hands of two 
a State Board of Commissioners of Navi- 
gation and a Municipal Department. The former, 
which consists of five members and is partly 
nominated and partly elected, controls that portion 
ef the port which lies within the State of Pennsyl- 
vania, regulating pilotage, anchorage, channel 
lighting, navigation and similar matters. That 


bodies : 


portion of the waterfront of the city which lies | 


between the outer pierhead line and the inner bulk- 
head line, is under the control of the City Depart- 
ment of Wharves, Docks and Ferries, of which 
Mr. George F. Sproule is the capable and experienced 
director. The department has charge, control and 
supervision of :— 

(1) All wharf and storage property belonging to 
the city. It has power to regulate, fix and establish 
bulkheads and pierhead lines, the distances between 
piers, subject to the regulations of the United States 
Government, and to adopt and promulgate rules and 
regulations for the construction, extension, improve- 
ment and alteration of wharves, piers, bulkheads, 
docks, slips and basins within the limits of the 
city. 
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(2) The design and preparation of all plans and 
specifications, the award of contracts, the purchase 
and condemnation of property ; the supervision of 
construction, extensions, alterations and repairs 
to wharves, piers and bulkheads, and all other 
harbour work belonging to the city, as well as 
the issuance of permits and licences, and the 
general supervision of all water-front improve- 
ments. 

(3) The dredging of all city docks, and docks into 
which city sewers empty along the Delaware and 
Schuylkill river fronts; the maintenance and 
deepening of the channel of the Delaware and 
Schuylkill Rivers; and the maintenance and 
operation of the city dredging plant. 

Cargo Handling.—As generally at American ports, 
cargo at Philadelphia is mainly handled between 
ship and pier by the process of burtoning, which, 
having already been explained in a previous article, 
— not again be described. Ship’s gear is also 
used independently, more particularly for off-side 
operations. But, in contrast with the conditions at 
New York, there is comparatively little lighterage 
of general goods at the port. Case and barrelled oil 
are commonly barged from refineries on the Schuyl- 
kill to vessels berthed in the Delaware ; otherwise 
floating craft is only used for special lifts of a heavy 
character. 

The movement of general cargo is normally by 
rail. All the piers in use for general shipping on 
the west bank of the Delaware are adequately 
served by railway sidings. A river-side Belt line, 
operated by a quasi-public corporation, (the Phila- 
delphia Belt Line Company) links up the three great 
railway systems (the Baltimore and Ohio, the 
Pennsylvania, and the Philadelphia and Reading 
Railroads) which enter the port and by means of 
its track, extending along the entire frontage to 
Delaware Avenue, serves all the principal piers, 
the tracks inside the sheds being generally de- 
pressed below floor level. 


(To be continued.) 








THE HARDENING OF MOTOR -CAR 
TRANSMISSION GEARS. 


Tue Wild-Barfield electro-magnetic furnace has been 
described in our columns on several occasions, and the 
principles involved are doubtless known to our readers. 
Recently, Messrs, Automatic and Electric Furnaces, 
Limited, Elecfurn Works, 173-175, Farringdon-road, 
London, E.C.1, the manufacturers of these furnaces, 
sent us a copy of a report, which they had received 
from the Cadillac Motor Car Company (General Motors), 
Detroit, Michigan, U.S.A., relating to critical and 
comparative tests on transmission-gear wheels, carried 
out by the metallurgical research department of that 
company. The properties of a series of six gears, 
hardened by the British firm using a Wild-Barfield 
electro-magnetic furnace, are compared with those of 
a series of six similar gear wheels, treated in two of 
the best American electric furnaces, by the Cadillac 
Company’s employees, who were fully acquainted with 
the furnaces and with the steel used. In the latter 
case, the dilatometer, an instrument for indicating the 
critical temperature of the steel under test by expan- 
sion, was used. Each series of gears was checked care- 
fully for distortion, before and after the hardening 
operation. Neither batch gave any evidence of dis- 
tortion beyond the limits allowed, i.e., 0-001 in., inside 
diameter. The Rockwell hardness value of the gears 
treated in the Wild-Barfield furnace, namely, C59, 
was identical with that of those hardened by the 
Cadillac Company. 

The results of the impact tests carried out on the 
teeth of the two series of hardened gears constitute the 
most interesting feature of the report. The figures 
obtained on specimens treated in the electro-magnetic 
furnace are, in the majority of cases, much higher 
than those hardened from the American furnace. 
Details regarding the test itself, and the method of 
carrying it out, are lacking in the report, but the fact 
remains that the figures for energy absorbed, in the case 
of specimens treated in the Wild-Barfield furnace, 
range from a minimum of 665 ft.-lb., to a maximum 
of 2,365 ft.-lb., with an average of 1,820 ft.-Ib., while 
the corresponding figures, in the case of the gears 
treated in the furnaces of the Cadillac Company, are, 
respectively, minimum, 312 ft.-lb., maximum, 1,615 ft.- 
Ib., and average, 1,130 ft.-lb. These results clearly 
emphasise the value of the electro-magnetic furnace 
for steel-hardening operations, and the report con- 
cludes with the statement that the quality of the work 
turned out by its aid was excellent. 
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COMBINED PLANT FOR MIXING AND MILLING PAINT. 


CONSTRUCTED BY MESSRS. SIDNEY SMITH AND BLYTH, LIMITED, ENGINEERS, LONDON. 
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COMBINED PLANT FOR MIXING 
AND MILLING PAINT. 


In the paint and varnish industry it is necessary 
to use mechanical devices for the reduction of the 
materials to a degree of fineness suitable for the 
formation of paste ; mixers, to ensure the homogeneous 
distribution of the pigment through the paste ; and 
various types of mills for the complete incorporation 
of the materials, and to improve the quality of the 
product. Frequently, the various types of work are 
carried out in separate units, each designed for some 
particular process, but there are some classes of 
machines in which two or more operations may be 
combined for economical working. An example is 
afforded in the production of paint from paste, semi- 
paste or liquid by the use of combinations of pug mills 
for the mixing process, with rolls, through which the 
paint is passed to obtain the desired standard of finish. 
Such a plant of good modern design is illustrated in 
Figs. 1 to 4 on this page. 

This machine, a standard product of Messrs. Sidney 
Smith and Blyth, Limited, 38, Garratt-lane, Wands- 
worth, London, S.W.18, embodies many features 
resulting in the reduction of power and labour charges, 
as well as in the floor space occupied. It is a com- 
bination of a 30-in. by 30-in. twin pug mixer of the 
horizontal type with a tandem two-roller mill having 
rolls 12 in. in diameter and 24-in. long, and 15 in. in 
diameter and 30 in. long. The pug mixer is mounted 
at the top of rigid frame structure, with cross bracings, 
the legs of which are either made of cast iron or steel 
Fic. 4. Brtt-Driven MacaiIne. of channel section. Each end of the mixer is driven 
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independently, permitting one end to be loaded while 
the other is actually used in mixing, the alternation 
of these actions at the two ends giving continuous 
working. In the drawings reproduced in Figs. 1 to 3, 
the machine shown is a chain-driven unit operated 
by a 20-h.p. electric motor through double-reduction 
gearing, the arrangement of which is clearly shown 
in Fig. 3. Clutches are used to put the pugs into 
and out of action whenever desired. Belt-driven 
machines of similar design are also manufactured, and 
it is a unit of this type that is illustrated in Fig. 4. 
In either case, the knives of the mixer are made easily 
detachable and replaceable, and are shaped to ensure 
a thorough mixing action. Once the paste, semi- 
paste or liquid is mixed with the pigment, and the 
machines illustrated are suitable for these varied types 
of bases, the paint is dropped directly to the hopper of 
the upper pair of rolls. Here rigid adjustments are 
available for the hopper cheeks, which are designed to 
permit easy replacement. They are self-sealing on 
the rolls. After treatment in the first set of rolls, the 
paint is passed directly to the lower pair, without the 
use of chutes. The rolls are of chilled iron, but granite 
or porphyry rolls can be supplied, if desired, to meet 
the requirements of the specific materials for which the 
machine is intended. For the drive to the back rolls, 
machine-cut gears are used, while for that of the front 
rolls roller chains, encased in metal guards, are pro- 
vided. Ball bearings are fitted to the front rolls of 
each pair, but those for the back rolls, which have a 
lateral movement, are of the plain type. Every con- 
trol is brought to the front of the machine, for the 
convenience of the operator. It may be stated that 
the machine described is one of a standardised range 
of sizes, and is capable of an output of 114 tons of 
white-lead paste a day. 


DYNAMICS.* 
By G. Darrievs. 
(Concluded from page 441.) 

THE inverse problem of deducing the actual distribu- 
tion of these lines for a given wing, moving with a stated 
angle of attack, is much more difficult, but the more 
important results can be obtained by assuming the 
wake to be known. In fact, although this wake might 
be produced by an infinite variety of wing profiles its 
structure depends essentially only on such properties 
as are common to the whole series, such as the plan view, 
the lift and its distribution over the wing, and the 
induced drag. 

A certain lift being specified, what form should the 
wing have in order that the induced drag may be a 
minimum? The corresponding problem in electro- 
dynamics is to find what must be the distribution of 
current over the cross section of a conductor in order 
that for a given resultant magnetic moment the energy 
expended in its establishment shall be a minimum. 

The section may be considered as built up of a 
very large number of conductors insulated from, 
but parallel to, each other, and normal to the plane 
of the section. There are an infinite number of ways 
in which the flow necessary to secure the required 
magnetic field can be distributed amongst this bundle 
of conductors, and the problem is to determine how 
these currents must be distributed so that the work 
expended in establishing the field is a minimum. 
This work will depend upon the self-induction of 
each conductor, and on their mutual inductances. 
It can be shown that to secure the desired end the 
currents must be distributed wholly amongst the 
conductors passing through the contour of the section. 
Thus, in Fig. 26 the section was assumed to be a circle, 
and the currents are confined entirely to the conductors 
passing through the periphery of this in a direction 
perpendicular to the plane of the paper. By conformal 
representation, this circle can be transformed into a 
straight line} and the magnetic field round the circle 
into the corresponding field round a series of conductors 
arranged along this line (see Fig. 27). These lines 
of magnetic force also represent the streamlines due to 
vortex lines trailing behind a monoplane, when the 
induced drag is a minimum. 

By the use of the electric model it can thus 
be shown that for the minimum induced drag the 
vortex lines should gather themselves into a sheet 
starting from the edge of the section in question, 
and distributed in such a way that the normal com- 
ponent of the velocity they induce shall then be the 
same as that of the uniform vertical velocity field, which 
is all that exists inside the given contour (see Fig. 26). 





* Translation (slightly abridged) of:a paper read on 
May 28, 1926, before the Société des Ingénieurs Civils 
de France. ; 

+ See page 16 of “ The Elements of the Lanchester- 
Prandtl Theory of Aeroplane Lift and}Drag. 
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This uniform field represents the initial rate of fall of 
the sheet of vorticity before it has begun to roll up into 
the “ tip vortices,” a phenomenon which, predicted by 
theory, has been confirmed by experiment, but which is 
outside of the scope of the linear theory. The wake of 
the system having the minimum induced drag moves, 
therefore, at the outset as if it were a rigid body, 
passing round but not interpenetrating the velocity 
field corresponding to the speed of flight. In Fig. 27, 
which corresponds to the optimum downdraught 
round a monoplane, of which the section normal to 
the axis of flight is represented by the horizontal 
line, the vertical component of the induced velocity 
is constant from end to end of the sheet of 
vorticity—and the leading edge of the plane finds 
itself in a uniformly descending air current. The 
corresponding distribution of lift is elliptical, and 
this can be secured by making the wing elliptical in 
plan. In this case, the induced drag T; is related to 
the lift P by the following expression :— 
a oS 

P weer b2 1d 

2 

In this expression, (, denotes a dimensionless lift 
co-efficient, which is obtained by dividing the total 


2 
lift P by the supporting surface S and by pw which 


latter expression represents the ‘‘ head ” equivalent to 
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the speed of the plane. The coefficient A is equal to the 

square of the wing span divided by S. 

If, for example, Cp = 0-5 (in practice the maximum 
possible value consistent with the absence of dead- 
water spaces is 1-2 to 1-4) which corresponds to a lift 
of 78 kg. per square metre and A = 10, the induced drag 
is only 

0-5 
107 

The down slope of the sheet of vorticity is twice as 
great and its smallness justifies, a posteriori, the linear 
theory as above outlined. In this theory we neglect, 
so far as concerns their reactions on the wing, the relative 
motion of the trailing vortex lines, and their ultimate 
rolling up into ‘tip vortices.” 

Suggestions have been made that the mathematical 
development of the Lanchester-Prandtl theory has 
involved an excessive amount of hypothesis and of 
risky speculations. On the contrary, the more deeply 
it is studied the more certain it appears that it really 
represents objective truths. 

Indeed the linear theory, though dévised to avoid 
analytical difficulties, makes use only of most natural 
assumptions, and exhibits those characteristics of 
logical necessity which should distinguish it as “ a first 
approximation ”’ to a general theory. 

The welcome it has received and the investigations 
to which it has given rise testify to the value of this 
theory. When first made known in the publications of 
Prandtl’s laboratory, it was, in fact, regarded as little 
short of a revelation. It has been subjected to many 
tests, particularly at the N.P.L. and at Gdéttingen. 
Excellent as is the agreement between theory and 
experiment thus demonstrated in the case of small 
models, a still closer approximation may be expected 


= 1-6 per cent. 








in actual practice, since Reynolds’ numbers are higher 
for aeroplanes, screws, and .water turbines than they 
were in the case of the models. 

Its success should not, however, cause us to forget 
the valuable experimental work and the useful empirical 
theories developed in the early days of the aeroplane, 
and particularlyin France. None of these.old theories, 
however, was able to show why large aspect ratios 
were advantageous, or to tell us anything about the 
interference of biplane wings or of propeller blades. 
These interferences, as well as that of the fuselage, were 
simply all lumped together. These empirical theories, 
moreover, gave us no clue as to why the wings of a 
bird were rounded at the ends instead of being cut off 
square. The modern theory alone has succeeded in 
giving a natural explanation of all the foregoing, and 
has shown how analysis may be applied to complex 
systems of lift surfaces. 

Lanchester’s concept of the sheet of discontinuity 
and of the free vortices which constitute the wake is 
immediately applicable to screw propellers, windmills 
and fans. In the case of a screw propeller, which to be 
efficient must have a small slip, the linear theory of 
Prandtl provides a first approximation which is 
practically satisfactory. In this theory, it is assumed 
that each element of a finite number of blades can be 
replaced by a complete ring of infinitely small blades, 
with infinitesimal induced velocities, and correspon- 
dingly small slip. The wake of each blade is reduced to 
a helix co-axial with the propeller shaft. As in the case 
of a wing, the best distribution of the trailing vortices 
along the edge of an actual blade leads to the condition, 
quite analogous to that found for a wing, viz., that the 
induced velocities must be such as to make the sheets 
of vorticity begin to move as if they were solid surfaces. 
When this condition is satisfied, the loss of energy due 
to induced drag is a minimum. 

The form to be given to a blade of stated pitch and 
cross-sectional form then follows immediately. The 
theory provides a remarkably simple explanation of 
how it is that the fluid in passing through the screw 
acquires an augmentation of speed, which, being due 
to a sheet of vorticity existing only behind the propeller, 
is only half as ‘great as it is at a great distance down 
stream. 

The linear theory is not applicable to the windmill, 
since, in order to obtain maximum power for a given 
diameter, there must be a great reduction in the speed 
of the fluid as it passes the wheel ; theitheoretical best 
value of this slowing down is two-thirds. Although 
the linear theory is inapplicable, the general theory is 
still.valid and yields, in an elementary manner, at least 
the essentially important results relative to its operation 
When the number of blades is sufficiently high or the 
pitch sufficiently small, the free vortices are practically 
confined to the periphery of the wake, where they form 
a surface of discontinuity between the air which has 
passed through the mill and that which has passed 
round it. This surface is asymptotic to a cylinder, 
which at maximum output corresponds to a speed of 
flow equal to one-third of that of the wind upstream 
of the mill. It has an area double that of the wing tip 
circle. The theoretical maximum power is given by 
the relation 


8 
:?P = — 73 
P 37 PSV 


where e denotes the density of the air, S the area of the 
circle swept out by the blade tips, and V the speed 
ofthe wind. It amounts to 367 watts per square metre 
for a wind having a speed of 10 metres per second, o 
being taken as 1-25 kg. per cubic metre. This expres- 
sion forms a useful standard for comparing the efficiency 
of different wheels. The wing surface necessary is 
inversely proportional to the angular speed of the 
mill. Much higher speeds are therefore required for 
mills having but two blades than suffices for a mill of 
the American type. The two-blade type has the © 
advantage that, owing to its small surface, it is unneces- 
sary to make provision for “‘ reefing ”’ it in heavy winds, 
but it has a poor starting torque. 

As noted above, the blades of a turbine, if they bridge 
the interspace between rotor and casing, provide the 
multiple connectivity necessary for establishing circu- 
lation in the irrotational fluid in which they are 
immersed. In such cases, tip vortices do not exist. 
Hence turbines ought, in principle, to be free from the 
loss of energy associated with the finite aspect ratio 
of aeroplane wings. The blades should, of course, be 
shaped so as to ensure the conservation all along the 
blade of the vortices responsible for their “lift.” 
This single consideration gives at once Stodola’s result 
that in an axial-flow turbine the degree of reaction 
must necessarily (owing to centrifugal effects) vary 
largely along a radius. Calculation shows that, if the 
ratio of the inner to the outer diameter of the blading 
be 1-41, a degree of reaction equal to 0-5 at the peri- 
phery would imply a zero reaction at the inner diameter 
where the blade would be working purely as an impulse 
blade. The profile of the blade should, therefore, be 
varied from root to tip, otherwise bound vortices will 
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escape along the clearance space, with consequent 
turbulence and irrecoverable losses. From this point 
of view the reaction turbine has a considerable advan- 
tage over the impulse machine, which, owing to the equal 
pressures on both sides of the wheel, can only satisfy 
the required conditions if the degree of reaction is 
negative along most of the blade. This corresponds 
to a diffuser action, which, if not theoretically impos- 
sible, will, in any case, be disadvantageous. ‘ 

The reaction type has another advantage which was 
for long underestimated but which has again been 
brought out by recent researches. Calculation shows 
that with a blade of given form, the friction loss will be 
a minimum for a certain value of the “ lift’’ of the 
blade. This will depend upon the blade spacing. 
will also be a minimum for a certain inclination of the 
mean flow across the blading of the profile, and finally 
for an equal expansion in the fixed and in the moving 
rows. In these optimum conditions, the percentage 
loss is only twice-the ratio of drag to lift, so that, with 
blades of a given streamline form analogous to the wing 
sections used in aviation, the hydraulic efficiency of the 
reaction turbine, leakage losses apart, may attain very 
high values. This result, which shows once again the 
keen intuition of Sir Charles Parsons, affords a partial 
explanation of the considerable progress in the design of 
r actiop blading to which the methodical tests of such 
firms as Brown-Boveri have led during recent years. 

The above sketch of the actual state of applied 
hydrodynamics may possibly excite the suspicion that 
the author has, of set purpose, been silent on its insuffi- 
ciencies and lacune, and that mention has been made 
only of the successes. The author’s object, in present- 
ing a broad outline of the theory, was to demonstrate 
the practical importance attained by it of late years, 
which so far has received inadequate recognition. He 
also wished to show the very considerable help the 
theory is in very diverse applications. On the one 
hand it has made possible the correction of many 
faulty arrangements in existing machines, and on the 
other hand it provides for these entirely novel solutions 
and arrangements. 

Many points, no doubt, still need elucidation, in- 
cluding the resistance of non-streamline forms, and the 
conditions in which the streamlines break away from 
them on both sides. To the above may be added the 
suction developed in the wake, and the laws by which 
the transition layer is formed and developed. The 
important advances already made towards a solution 
of these problems in following the guidance of the theory 
demonstrates its vitality. It will doubtless prove 
capable, easily and naturally, of the retouches which 
further experience may demand. 

For the rest, the improvements required have often 
to do with the complicated phenomena developed in 
the abnormal working of machines. In conformity 
with a very general law, it may be expected that the 
fundamental theory which has succeeded in explaining, 
in broad outline, the normal working, will prove of 
more and more practical utility when the practitioner 
has been taught by it to shun parasitic phenomena and 
the losses connected therewith. It is to be hoped that 
the subject will be taken up by an increasing number 
of young engineers adequately equipped. 

Two rocks prominent in the past are to be avoided. 
In the first place, cut and try experiments, unguided by 
any rational theory, are no longer required ; neither is it 
advisable to waste time in measuring directly quan- 
tities which could be more readily calculated and often 
with greater certainty. In place of further confirmatory 
experiments, often valueless and without interest, the 
modern theory offers to the experimentalist certain 
definite subjects of research, and looks to him for a 
detailed analysis of these, on which further progress 
will depend. The other rock lies in wait for the 
mathematician, who, when trusting for inspiration to his 
inner consciousness, at times misconceives the true 
character of physical phenomena. 

Success in both domains requires more than an 
intensive mathematical training. This is at times 
necessary, but is seldom associated with the still 
greater requisites of soundness of observation and 
mechanical and physical intuition. To these should be 
added the instinct which suggests fruitful hypotheses 
and makes the mathematical attack at the most 
favourable place. 

Physics has suffered in France from the very perfec- 
tion of such work as that of Ampere, which is the model 
held up to the young physicist. Maxwell’s methods, 
without pretending to equal unity or equal rigour, have 
proved themselves more supple and suggestive, and 
more fertile in discoveries and applications of every kind. 
His celebrated treatise on Electricity and Magnetism 
contains the solution of many problems, which may be 
immediately transferred to their hydrodynamic 
equivalents. If, at the outset, the acquisition of the 


fundamental notions and theories of mathematical 
physics presents some difficulty, that study at least 
possesses the advantage that it deals with actual 
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SUPER-TENSION CABLES.* 
By Percy DunsHxatH, O.B.E., M.A., M.I.E.E. 

In view of modern electrical development, both in 
this country and abroad, the transmission of large blocks 
of power from one place to another in the most efficient 
and reliable manner has become a question of con- 
siderable interest and importance to engineers. It is 
not my intention to introduce into this paper any 
question of the relative merits of overhead and under- 
ground transmission, as it isnow widely recognised that, 
in a densely populated country, underground cables 
are necessary and, even where overhead lines are 
possible, it is not unusual for short lengths of cable to 
required at points where the conditions are 
exceptional. ; 

The title which I have selected possibly calls for some 
explanation. I know that itis contrary to authoritative 
phraseology, but I have adopted it after due considera- 
tion of the fact that extra-high pressure does not 
correctly define the very high voltages, whereas super- 
tension is now commonly employed and understood. 
For the purpose of the paper I will define a super- 
tension cable as one employed for transmission at 
30,000 volts and upwards. 

The design, manufacture and use of super-tension 
cables involve a wide range of technical problems which 
have received much attention during the past few years 
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in scientific cable knowledge, not least by British cable 
makers, which redound to the credit and welfare of the 
whole electrical industry. The object of this paper is 
to summarise our up-to-date knowledge of super- 
tension cables in the hope that such a summary may 
help users and consultants who, while having to make 
decisions in this branch of electrical engineering, have 
also many other branches to study and cannot therefore 
give the close attention to detail necessary to form a 
judgment from the knowledge at present so widely 
scattered. When we consider that the capital expendi- 
ture on the transmission and distribution network of an 
undertaking approximates to that on the generating 
plant, and that, in the future, engineers will be called 
upon to make decisions on the best means of trans- 
mitting amounts of power previously unthought of, 
the importance of ensuring sound judgments on super- 
tension cable problems will be at once apparent. 
There are several factors operating in the direction of 
raising cable voltage. The case of bridging a gap in an 
overhead line is one in which the cable-maker is asked 
to compete in voltage rating with the progress of over- 
head line development and where, although short 
lengths only are usually required, the voltages con- 
templated are the highest employed in electrical 
transmission. 

In getting power away underground from large 
generating centres, another factor, which is becoming 
increasingly important in its influence on cable voltage, 
is the limited heat dissipating facilities in the ground. 
The limit of the use of a large number of low-voltage 
cables in such conditions is reached owing to the 
heating effect of one upon another, and the only 
practicable way of getting the bulk power through 
the congested channel near the station is to reduce 
the currents by raising the voltage. 





* Paper read before Section G of the British Associ- 





phenomena and appeals largely to our intuitions, 


by many investigators. Great strides have been made 





The prime consideration of all, of course, is ‘that of 
economy. The cost of a group of cables to carry a 
given load is largely proportional to the amount of 
copper employed and, therefore, to some extent, 
inversely proportional to the voltage; but the saving 
is not directly proportional to the voltage as the 
higher voltage requires increased thicknesses of 
dielectric, involving greater expenditure on insulating 
material, lead, and armouring, and this partially 
offsets the saving in copper. A series of curves has been 
prepared to illustrate the extent to which increase 
in voltage is called for on the grounds of economy, 
and, as a basis for the calculation leading up to the 
summary figures used in their preparation, it has 
been assumed that the cables work at a maximum 
conductor temperature of 50 deg. C. in ground at 
20 deg. C. It might be objected that such a basis 
is not logical, and that the individual cables should be 
subjected to such a load as would bring the curve 
connecting the sum of the cost of losses and capital 
charges with load to its minimum point. As a matter 
of fact, this curve, for super-tension cables, is fairly 
flat, and, at the worst, there is only a few per cent. 
difference between the most economical loading and 
the 50 deg. C. loading, while in some cases they are 
coincident. 

Prices of cables, transformers and switchgear have 
been taken out for total load capacities of 20,000, 
50,000 and 100,000 kw., and distances of 10, 20 and 
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50 miles, and a selection from the conclusions given 
in the curves. Fig. 1 shows how the capital cost of 
a 10-mile system (cable, transformers and switchgear 
down to 6,600 volts at each end in all cases) varies 
with the transmission voltage adopted. With a 
100,000-kw. transmission, the prime cost continues 
to fall right up to 132,000 volts. This effect is not 
so marked with 50,000 kw., and with only 20,000 kw. 
the capital cost begins to increase again as 66,000 volts 
is exceeded. Fig. 2 shows how the losses in the cables 
and transformers fall as the voltage increases; but 
at a diminishing rate, owing to the increase of dielectric 
loss. At the higher voltage, the latter may even exceed 
the copper loss. In Fig. 3, the total cost per unit delivered 
of energy lost in cables and transformers at 0-5d. per 
unit plus capital charges, based on a twenty-year life 
and a load factor of 40 per cent., is plotted against 
line pressure for a transmission of 100,000 kw. over 
10 miles. The curves for 20,000 kw. and 50,000 kw. are 
almost coincident, and, of course, for the longer 
distances are considerably higher. The effect of 
transmission distance is shown better in Fig. 4, which 
gives the total cost per unit, including 8 per cent. 
for interest and depreciation on all capital expenditure, 
and 0-5d. per unit of energy lost. 

Dielectric Characteristics at Higher Voltages.—The 
dielectric material which has established itself above 
all others for transmission cables'is oil-impregnated 
paper, and cables made with this material have many 
important and interesting electrical characteristics. 
In the first place, attention should be called to the 
significance of time effects in discussing breakdown 
strengths. It is not sufficient to state a voltage at 
which a cable will stand up or fail, but the time during 
which the cable will hold the voltage before failing 
is equally important. Time-voltage curves of cables 
take the form shown in Fig. 5, on page 502, where the 
lower the voltage the longer will the cable stand 





ation at Leeds, on September 5, 1927. 





up. This curve is plotted from the results obtained on 
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a good 33 kv. cable. The curve apparently flattens 
out after a time to a definite final minimum value, 
and several suggestions have been made for plotting 
the results in such a way as to give this ultimate 
value. For instance, Fig. 6 shows the same set of 
figures plotted with log scales, while in Fig. 7 the 
horizontal scale is the inverse fourth root of the time. 
In the latter case, the voltage which the cable would 
support indefinitely is given by the intercept on the 
vertical axis of the line drawn through the observed 
points. 

The explanation of the time effect is not very 
exactly understood. What is known as the pyro- 
electric theory explains breakdown on the basis of 
cumulative heating of particular paths through the 
dielectric. Fall in dielectric resistance results in 
increased current crowding, causing still further heating 
and increase of temperature up to the point where 
failure follows through chemical decomposition. This 
explanation, however, does not seem to be sufficient. 
Progressive deterioration of a cable can, without 
doubt, occur over long periods, even up to years, 
so that it is inconceivable that this effect could be 
due to a slow rise of temperature of an individual 


to the frequency, capacity, power factor and the square 
of the voltage. Where the loss in a cable is found 
not to vary exactly with frequency or with the square 
of the voltage, it is because the power factor is varying 
and confusing the effect of the frequency and voltage 
in the above product. 

The value of the power factor of a cable depends, 
of course, very largely on the raw materials employed 
and on the manufact ring processes, but the value on 
the finished cable also depends on the temperature, 
voltage, and frequency of operation. Dealing with 
temperature effects first, there are two distinct types 
of power factor-temperature curves. In a cable impreg- 
nated with a mineral oil, the power factor varies with 
temperature as shown in Fig. 9, rising slowly at first 
and gradually becoming steeper at the higher tem- 
peratures. In the more general type of impregnated 
paper cable, in which the compound contains rosin, the 
power factor first falls with rising temperature, then 
rises again. The curve takes the form of a U with a 
minimum value at about 40 deg. or 45 deg. C., as shown 
in Fig. 10. 

The temperature corresponding to the minimum 
power factor depends, to a large extent, on the rosin 











rise of power factor with voltage. Generally speaking, 
it may be taken that, other things being equal, the best 
cable is that which has the flattest power factor- 
voltage curve and one which remains flat with succes- 
sive applications of the load current. 

The nature of the deterioration, and possible ulti- 
mate failure, of a cable resulting from conditions 
accompanying ionisation is complicated and some- 
what obscure, but there are one or two outstanding 
features resulting from recent experimental observa- 
tions which point the way to a complete explanation. 
Tn the first place, when a cable is dissected paper by 
paper, after being subjected to a prolonged high- 
voltage test, some of the papers are sometimes found 
to have become charred in a peculiar tree-like formation, 
as shown in Fig. 14. Papers marked in this way may 
be found in different parts of the dielectric, and not 
necessarily on the outside or even next to the conductor. 
They are evidently produced by a discharge taking 
place along the surface of the paper and must originate 
in a discontinuity of contact between adjacent papers. 
Such a space or void, due to imperfect filling of the 
cable, is, no doubt, the seat of complicated movements of 
the impregnating oil under the effect of the electric stress. 
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filamentary path. It is extremely probable that 
chemical deterioration under the effects of stress and 
temperature, accompanied possibly by slow physical 
movements of compounds, &c., is the real explanation 
of the time-voltage function. 

The phenomenon of dielectric losses in cables is now 
fairly widely appreciated. Under the effect of electrical 
stress, the dielectric of a cable becomes heated by 
losses which take place in the material of the dielectric 
itself, and the magnitude of the loss is very much 
greater when the applied stress is alternating than when 
it is direct. The loss is a function of voltage, tempera- 
ture and frequency, being approximately proportional 
to the square of the voltage—-except for a discontinuity 
to be explained in the consideration of ionisation— 
and depending on temperature and frequency in a 
somewhat complicated manner, illustrated by the 
solid diagram of Fig. 8. 

Naturally these losses have a bearing on the current- 
carrying capacity, particularly at very high voltages, 
but, in addition, the magnitude of the loss is important 
as a criterion of the quality of the cable. The factor 
can be largely controlled by care in selection of raw 
materials and in the processes of manufacture, and, 
other things being equal, the lower the loss the better 
the cable. In making this statement, however, it is 
advisable to state also the warning that low loss can 
be attained at too high a price, as a low-loss cable may 
have undesirable characteristics in other directions. 
For instance, the use of thin fluid impregnating oil 
may produce excellent loss characteristics, but the 
draining properties of such a cable, for ordinary practical 
work, may make it undesirable. 

Instead of taking the magnitude of the losses them- 
selves for the study of a cable dielectric, it is often 
more convenient to consider the value of the power 
factor, which is the ratio of the loss in the dielectric to 
the apparent watts calculated from the applied voltage 
and the charging current. 

Dielectric loss = E I cos ¢, where E is the applied 
voltage, I the charging current, and cos @ the power 
factor of the dielectric. Now as I = w(E, where 
w= 2m xX the frequency, and C is the cable capacity, 
we also get dielectric loss w C E? cos @ or, 
in words, the dielectric loss is directly proportional 








content of the compound, 
and Fig. 11 shows how the 
increase of rosin content 
moves the point of mini- 
mum power factor to the 
right. Itis also interesting, 
in passing, to note that 
the power factor-tempera- 
ture curve seems to have 
a maximum value at a temperature about 0° C., but 
as this is outside the usual range of cable operating 
temperature the point is more of academic than prac- 
tical interest. 

The effect of frequency on cable power factor is 
illustrated in Fig. 12. At the lower temperature of 
cable operation, the value is little affected by changing 
the frequency from, say, 25 to 50, but at 60° C., raising 
the frequency results in a considerable drop in the 
power factor. 

The relationship between power factor and voltage 
is one of importance, as it illustrates a phenomenon 
of wide interest at the present time to cable makers 
and users, known as “ ionisation.”” This phenomenon 
of ionisation is not fully understood, but is generally 
taken as implying the electrical breakdown of air and 
gases distributed in small patches and globules within 
the dielectric. In a perfect dielectric, free from voids 
and entrapped gases, the power factor-voltage curve 
is a horizontal line, flat right up to the breakdown 
voltage of the cable, as shown by A, in Fig. 13. 'Two other 
types of power factor-voltage curve are known, one 
in which the curve rises slowly from low values of 
voltage gradually becoming steeper, see B, in Fig. 13, 
and the other in which the curve is quite flat, from low 
voltages up to a certain point, known as the ionisation 
point, from which it rises suddenly as shown by C, 
in Fig. 13. 

The ionisation curve of a cable can be affected by 
the treatment it receives in service. For instance, 4 
cable which has a comparatively flat curve when first 
manufactured may, after being subjected to a heavy 
load current and cooled again, possess quite a steep 
characteristic. A drained cable, in which excess of 
compound is deliberately avoided in manufacture to 
suit certain conditions of use, has, of course, a decided 

















In design- 
ing cables for 
high voltages, 
the question 
of stress is 
one which 
calls for care- 
ful considera- 
tion. Elec- 
trical stress in a cylindrical condenser, such as a 
cable core, may be considered in various ways. The 
mean stress, of course, is simply the value obtained 
by dividing the voltage by the thickness of dielectric 
and is independent of the size of the conductor. The 
maximum stress at the conductor is calculated from the 
logarithmic formula, and the minimum stress, which 
is also calculated from the logarithmic formula, is the 
stress in the dielectric close to the outer sheath. 
There has been a good deal of discussion as to which of 
these three stresses is the real criterion of the severity 
to which a cable dielectric is subjected. From thecre- 
tical considerations, the maximum stress is the only 
one which should count, but owing to other intertering 
factors, such as ease of impregnation and mechanical 
effects of bending, the reliability of using the maximum 
stress is discounted. There is a certain amount of 
evidence to show that, for a given thickness of di- 
electric, a cable with a small conductor will stand a 
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| higher voltage than one with a large conductor, this, 


of course, being quite opposed to expectation based 
on maximum stress. Some designers still adopt 
lighter thicknesses for larger conductors, but others 
veer to the opposite view of cutting down thickness 
on small conductors. With our present knowledge, 
it is best to work on average stress and not to vary 
dielectric thickness with conductor size. 
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Metal-Sheathed and Metallised Core-Cables.—With 
the adoption of the higher voltages for underground 
transmission, it has been found, during the past few 
years, that the ordinary type of three-core cable possesses 
certain weaknesses in its design which are liable to 
lead to failure in service. The weak point is at the 
surface of contact between individual cores, as at 
P in Fig. 15. Many writers have shown that the field 
at this point, resulting from the combined effect of the 
alternating potential between the three cores, A, B, and 
C, is continually changing in direction, having a com- 
ponent most of the time tangential to the surface of 
contact between the cores. It is also evident, from the 
nature of the wormings between the cores, that differ- 
ences in dielectric constant will result in crowding of 
the field between two cores into the line of contact 
between them. Impregnated paper has, of course, a 
lower dielectric strength along its surface than through 
its thickness, so that, from both these points of view, 
there is a weakness at P. A further source of weakness 
exists in the possibility of the cores becoming separated 
from one another by a small distance, due to mechanical 
stresses set up by handling or loading, and, if this 
happens, the space so formed, being in an intense field, 
becomes the seat of discharges which slowly destroy the 
paper from the outside of the cores inwards, 

In order to overcome these defects in a three-core cable, 
two forms of construction have been devised and are 
in use to-day, known, respectively, as the “‘ H”’ and the 
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possible the use of steel tape armouring, as the space 
between the cores can be employed for housing re- 
inforcing strands, as shown in Fig. 18, in order to 
provide longitudinal strength, and such strands, when 
correctly made and applied, are found to give the cable 
excellent mechanical and thermal properties. 

Areinforced S.L. 33,000-volt cable possesses remark- 
able bending properties. As a very severe test, a length 
of cable was bent six times backwards and forwards over 
a barrel only nine times the diameter of the cable. At 
the end of this test, the piece of cable was dissected, 
and the following observations made :—The surface of 
the core sheaths was in sound condition. The section 
of the cores was still perfectly circular, as shown in 
Fig. 19. An electrical breakdown test on oné of the 
cores went up to 274,000 volts before failure, after 
holding 86,000 volts for 15 minutes. 

The separate lead sheaths of the S.L. cable are the 
seat of induced voltages and currents, which, of course, 
are absent in the H. type three-core, but I have shown in 
a recent paper before the Institution of Electrical 
Engineers, that the results of a large number of tests 
prove conclusively that these effects are negligible. At 
what particular voltage the metallisation of the cores 
of three-core cables should be resorted to is, at present, 
a matter for some discussion. Some engineers still 
advocate making the plain three-core type for 33,000 
volts and above, while others claim that, at voltages as 
low as 11,000, the cores should be metallised. Person- 
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Fig. 19. 


“S.L.” types. In the former construction, patented | ally, I am of the opinion that, for 33,000 volts and 
by Hochstiadter in 1914, the individual cores are | above, there is no question at all but that the cores 
covered with a tightly adhering potential sheath which | should be metallised, and possibly the change should 





consists of a lapping of metallised paper, thin metal tape, 
or the like. In this construction, the three cores are 
laid up with centre packing and wormings, lapped over- 


all with a binder having copper threads, impregnated, | three-core cable in various other ways differing slightly 
and covered with a common lead sheath, as shown in| from those mentioned above. 
Fig. 16. The S.L. cable, on the other hand, consists of | (United States), for instance, the cores are lapped 


three separately impregnated and separately lead- 
covered cores laid up together under a 
armouring, as shown in Fig. 17. Combination of the 

“H” and “S.L.” cables, known as “ H.S.L.” type, 

are also possible and have been made, for instance, by 

metallising the cores before separately lead covering | 
them. Metal-sheathed core cables have many advan-, 
tages over the plain type of 3-core cable. In the first | 
place, all the stresses in the dielectric of the former are | 
normal to the paper, all faults must first of all be earth | 
faults and, therefore, more easily caught by protective 

gear, and there are no wormings or other irregularities 

within the electric field. Evidently, also, the separation | 
of the cores cannot introduce voids into the field and 
the sheaths themselves assist in cooling the cable. 

The S.L. or H.S.L. cable has several features of out- | 
standing interest. Large diameter lead tubes being 
avoided, the bending of a cable results in a minimum 
distortion of the lead and, therefore, good mechanical 
properties. A given bend on the cable is much less 
severe on the individual core tubes than it would be on a 
tube large enough to embrace all three. The absence of 
wormings inside the lead tube helps to reduce the | 
tendency to drain, and, owing to the mass of metal 
between the cores, the cooling on load is very efficient. 
The adoption of the S.L. type of cable also makes | 








| 
common | 


| be made at even lower voltages than this. 
It is of interest to notice that proposals have been 
made for the metallisation of individual cores in a 


In the -Chase cable 


with a thin metallic tape slit at frequent intervals to 
avoid eddy currents, while the French Company, 
Cables de Lyon, has a patent for applying a metal 
coating to the surface of the centre packing and on 
the three wormings before laying up. I understand, 
however, that both these forms of construction are 
considered to be infringements of the original Hoch- 
stidter patents, and that litigation to settle the point 
is pending. 

Single-Core Cables.—At 33,000 volts, there is no need 
to depart from the metallised three-core construction, 
but as the voltage is raised the case is different. At 
66,000 volts, the metallised three-core cable can be used 
satisfactorily with the single-core cable as a possible 
alternative, while, at still higher voltages, the single- 
core cable, at present, holds the field. It is consequently 
important, in any paper covering the full range of 
super-tension voltages, to discuss some of the out- 
standing characteristics of single-core cables. The type 
has obvious advantages; it is simple in construction, 
handling and jointing. It has good heat-dissipating 
properties, and can be manufactured in longer lengths 
than three-core cable. Quite a large quantity of single- 
core cable has been laid for 60,000 volts, notably in 


The most important consideration in the use of 
single-core cables for alternating current is the question 
of losses in the lead sheaths and armour. These losses, 
due to eddy currents and hysteresis, are very largely 
dependent in magnitude on the distance apart of the 
cables and, to some extent, on the relative sizes and 
thicknesses of dielectric, lead sheath, &c. Formule are 
available by which the values can be calculated with a 
fair accuracy, and it is usual to express the values as a 
percentage of the copper loss in the cable. To prevent 
induced voltages between sheaths, it is usual to bond 
all solid together at joints and, without going into the 
details of many cases, the following general statement 
may be made on single-core cables so laid :— 

The loss in the sheaths of three single-core lead- 
covered cables carrying three-phase current is a mini- 
mum when they are laid close together in triangular 
formation. In these conditions, the magnitude of this 
loss, for the common sizes, is of the order of 5 per cent. 
of the copper loss. If the cables are separated from 
one another, the losses rise rapidly, and, at a distance 
apart of only a few inches, may amount to 25 per cent. 
of the copper loss. The addition of steel armouring to 
the individual cables increases the losses enormously, 
and even at quite small distances apart, the loss in 
armoured cables may amount to three or four times 
the copper loss. 

All these principal points are illustrated in Fig. 20, 
on page 504, taken from the author’s paper before 
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the Institution of Electrical Engineers. It shows the 
measured losses, armoured and unarmoured, in two 
0-2 sq. in. single-core cables, with 0-32 thickness of 
dielectric, for two separate spacings and different load 
currents. The losses were first measured with the 
cable in the plain lead stage and, under these conditions, 
form a small percentage of the copper loss. The cables 
wére then armoured and the higher values obtained. 

It is evident that the question of sheath losses has 
an important bearing on the use of, and selection of 
method of laying, single-core cables. Individual 
armouring with magnetic materials is, generally 
speaking, out of the question, and other means of 
mechanical protection must be sought. Undoubtedly 
the most satisfactory method is to adopt open topped 
earthenware troughs with strong tile covers. Packing 
the cables in sand facilitates heat dissipation and, when 
three are laid together in one trough, itis advisable to 
bind them together, unless a trough can be used of the 
correct shape to prevent the cables from being separated. 
In one or two installations, the single-core cables have 
been laid in separate earthenware troughs and a fourth 
cable laid as a spare. There may be cases where this 
spare is worth while, but, generally speaking, the 
additional sheath loss, due to the separation of the cable, 
makes the scheme uneconomical. In the United 
States, separate single-core cables have been drawn into 
separate ducts, and; for the large sizes, this is unavoid- 
able. Where possible, as at lower voltages, the three 
have been drawn into the same duct. 

The question of adopting single-core cables in prefer- 
ence to three-core, which arises when the transmission 
voltage reaches about 66,000, is largely one of con- 
venience. If due provision is made for giving the 
single-core cables the same mechanical protection 
as the armoured three-core cable, there is not much 
advantage either way on the score of cost, but obviously 
the three-core cable is getting heavy and unwieldy at this 
voltage. On the other hand, there is a decided advan- 
tage, from the standpoint of protection of the cores 
during laying, in avoiding separate single-core cables. 
The very ease with which a single-core cable may be 
handled is a danger. The less bending a super-tension 
cables receives the more reliable it will be in service, 
and if the cores are assembled together under one 
armouring before they leave the factory, as they are 
in the S8.L. cable, they will be much less likely to be 
given dangerous bends than if they are handled 
separately. 
Cables for 


132,000-rolt Systems.—Although the 


recent adoption by the Electricity Commissioners of 





Paris, in this country on the North East Coast, and in 
other parts of Europe and America, 


132,000 volts as a standard pressure for extensive 
long-distance 


intercommunication in this country 
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has presumed the use of overhead lines, it is clear 
that the decision also brings into prominence the 
question of underground cables for this voltage. Up 
to the present, no such cables have been laid in Great 
Britain, but several schemes are in hand abroad, 
notably in the United States. 

Although the design of cable and methods adopted 
abroad are not necessarily suitable for use here, it 
may be interesting to review briefly what is being 
done. Four years ago, the first 132-kv. cable instal- 
lation, about a mile in length, was laid down in Italy. 
Two years ago, schemes were adopted in New York 
and Chicago, about 12 and 6 miles long, respectively. 
In both cases, oil-filled single-core cables have been 
adopted. The conductor, which has a total section of 
600,000 circular mils, about 0-5 sq. in., is constructed 
by laying copper wires over a copper spiral. The thick- 
ness of insulation is 0-72 in., and the outside diameter 
of each cable, 3-1 in. The section of the cable is 
shown in Fig. 21, from which it will be seen that 
there are two lead sheaths with a reinforcing spiral 
of copper.tape between the two. Thin oil is employed 
for impregnation, and in service a head of oil is kept 
on the hollow centre by means of conservator tanks, 
housed at intervals along the route a few feet above the 
level of the cable and connected to special joint boxes 
of a rather complicated design. The drum lengths 
of cable are about 150 yards, and in both New York 
and Chicago they are drawn into concrete ducts. 

In cities where, in the future, larger blocks of power 
will have to be transferred to heavy overhead lines, 
it will be necessary to adopt voltages of the order of 
132,000 in order to save the cost of transformers at 
the junction point, as well as to keep down the loss 
in the link to the open line. Incidentally, also, the 
effect of the length of cable will be to improve the 
regulation and the overall power factor of the system. 
Whether or not it is necessary to go to the complication 
and cost of oil-filling and feeding, is still open to 
question, and the next year or two may see other types 
of cable being adopted successfully for this voltage. 

Quality Assessment.—In view of the heavy financial 
liability involved in failure, the design of suitable 
tests for the determination of the quality and probable 
performance of super-tension cables is a matter calling 
for the most careful attention. From the special 
nature of the dielectric characteristics at the higher 
voltages, discussed in an earlier section, it is evident 
that many factors have to be considered, but primarily 
breakdown strength is the criterion of usefulness. The 
principal manner in which a cable may fall short of 
requirements is to fail to hold the voltage. There is a 
tendency to overlook this fact, and to put power 
factor in the first place in judging the merits of a 
super-tension cable. It is claimed that, if the power 
factor is of a low order, say, 0-5 per cent. or less, and 
does not rise with increase of voltage, all is well. 
Power factor is certainly important, both as to its 
absolute value and its rise with voltage, but this 
is not everything. A cable may have a remarkably 
low, flat power-factor curve, and at the same time 
possess also a remarkably low breakdown strength, 
a fact which seems to be not very widely appreciated 
among engineers to-day. As an example, I will quote 
some recent experimental evidence. Two 33,000-volt 
cables, made experimentally, gave the power factor- 
voltage curves shown in Fig. 22. Cable A has a low 
and almost flat curve up to several times the working 
voltage. The power factor of cable B is inferior to that 
of A, and has, moreover, a considerable rise with 
voltage. Breakdown tests were applied to these cables. 
Cable A would not hold more than 60,000 volts, but 
cable B held 80,000 volts for 15 minutes, and then 
required over 200,000 volts to break it down. Not- 
withstanding the excellent power-factor qualities of A, 
B was the better cable. 

Breakdown tests are then necessary in assessing 
the quality of a super-tension cable, but obviously 
they cannot be carried out on every drum length, and 
can only be applied in the form of a type test. More- 
over, the conditions under which they are carried out 
are all important. In view of the time effect already 
referred to, and illustrated in Figs. 5, 6 and 7, it is 
evident that a breakdown taken on a quick run up 
is not very satisfactory. The user is only interested 
in the ultimate value, t.e., the voltage on which the cable 
will stand up, not for five minutes or half-an-hour, but 
for twenty years. ie also wants to know how much 
margin of safety there is on this ultimate value. 

The term factor of safety has been discussed very 
loosely in connection with super-tension cable. It 
has been claimed sometimes, for instance, that the ratio 
of a quick breakdown, as, say, 180,000 volts, to a working 
pressure of 30,000 volts represents 2 factor of safety of 
6, but thisis not very true. A cable which has a quick 
breakdown of 180,000 volts may have a long-time 
breakdown of only 90,000 volts, and it would be better 
90,000 
30,000 
But in arriving at the factor of safety, 





= 3 as the factor of safety 


to speak of the ratio 
of the cable. 


other considerations must still be taken into account. 
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A type test applied to a drum of cable as manufac- 
tured is of limited value. The cable, after being turned 
off the drum into the ground for use, may have quite 
changed characteristics, and further, after it has been 
heated and cooled by load cycles in use, its properties 
may be different again. In order to simulate these 
various possible changes, the length to be subjected 
to the type test should be taken from the drum and 
given first of all a mild bending test to represent the 
treatment it receives in laying and then heated several 
times by passing current through the conductors 
and cooled again to imitate loading conditions. If 
after this treatment breakdown tests are taken at 
different times and a time-voltage curve produced, we 
shall have a very fair attempt at a real life test. In 
order to catch the dielectric loss characteristics, which 
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in themselves have some significance, the power factor 
should be measured before and after the heating cycles 
over a voltage range. 

To sum up, then, the life test suggested would consist 
of the following sequence of operations :—(a) A mild 
bending test. (5b) Measurement of power factor at 
room temperature over a voltage range. (c) Heating 
by current at full load, followed by cooling several 
times. (d) Repeat power-factor test. (e) Samples 
subjected to breakdown test at various times up to 
50 hours. 

The true factor of safety would then be the ultimate 
breakdown value computed from, say, the inverse 
fourth root curve (Fig. 7) expressed as a multiple of 
the working voltage. Experience with the test on 
various types of cable suggests that a value of 3 may 
be safely expected on a well-designed and manufac- 
tured super-tension cable. 

In addition to a type test of the kind described, which 
is very costly but need only be carried out once on 
any particular order, drum lengths of cable must 
naturally be checked for weakness individually, and 
there is, at the present time, nothing better than the 
15-minute pressure test for this purpose. In view of 








the known time-voltage effects, engineers have feared 
that a pressure test of this kind may be harmful to a 
cable, and that, under certain conditions, drum lengths 
may be sent out of the factory weakened almost to the 
point of failure by this test. Considerations of the 
time-voltage characteristic show that this fear is only 
justified if the pressure test is carried out at too high 
a voltage. If the value is kept well below the ultimate 
breakdown strength, no harm should be done, and as 
it is found practicable to make a cable with an ultimate 
breakdown value which is three times the working 
pressure, the usual factory pressure test, carried out 
on all cable delivered at twice working voltage, appears 
to be entirely justified. 

The term full load adopted in this suggested test 
requires some special definition in connection with 
super-tension cables. It is important that the load 
current should be limited by a scientific method of 
rating in all types of power cable, but, at the higher 
voltage, this becomes more important. The basic 
factor is, of course, the highest temperature of the di- 
electric and this depends as much on considerations of 
laying as on the actual current. The present, almost 
universal, standard maximum temperature adopted 
for cables to work at 33,000 volts and upwards is 
50 deg. C., and the full-load current is that which raises 
the conductor to 50 deg. C. under the specified laying 
conditions. 

Conclusion.—The subject of super-tension cables is 
a large one, and, in the time available, I have been able 
to touch only on the high points. There is much more 
of a detailed character that could be discussed, but I 
hope that I have been able to show that the important 
problems are having very careful study by the cable 
makers. In some countries, the pace of progress is 
set by the users, with the makers following not too 
willingly behind. In this country, it is the cable makers 
themselves who, through their well-equipped research 
organisations and up-to-date manufacturing plant, are 
showing a keenness on improving quality and factor 
of safety up to the very highest voltage called for. This 


| paper, which is a frank discussion of the question, is 


offered as a contribution from the cable-making industry 
to our general knowledge of the subject. 





THE CERAMIC SOCIETY. 
REFRACTORY MATERIALS SECTION. 
(Concluded from page 451.) 

EFFECT OF TEMPERATURE ON SrILIcA PRODUCTS. 


THE last contribution was a long paper by Mr. A. J. 
Dale, B.Sc., A.I.C., on “‘ The Effects of Temperature 
on the Mechanical Properties of Silica Products.” 
The subject matter of this paper is Part IV of the 
general scheme of work on which Mr. Dale has been 
engaged for some time past. The term “silica 
product”’ is here restricted to materials containing 
more than 92 per cent. of silica. For making tests, 
the standard size and shape of test pieces has been 
adopted, namely 3} in. by 2 in. by 2 in., and the 
standard rate of heating the specimens has been 


| fixed at 50 deg. C. in five minutes. The experimental 


work on “silica materials ’’ consisted of (a) determina- 
tions on laboratory-made bricks prepared from different 
raw materials, (b) determinations on actual commercial 
products, and (c) investigations on some clay-bonded 
silica bricks. In most cases, the data obtained include 
chemical analysis, true specific gravity, apparent 
specific gravity, with true and apparent percentage 
porosity, ordinary refractory test results, expansion 
and subsidence curves (under different loadings from 
room temperature to the temperature of rapid collapse), 
and examination of texture before and after testing. 

For the laboratory-made bricks, the raw materials 
used were fine-grained quartzites from North Wales (A) 
and South Wales (B), and a silica rock from Yorkshire, 
apparently crushed Bunter pebbles (C). A contained 
nearly 99 per cent. silica, B nearly 98 per cent., and 
C over 94 per cent. For the tests, coarse, medium and 
fine grades were used of each. Numerous data are 
recorded as the results of the tests. The ordinary 
refractoriness test gave cone 31 for the A and B series, 
and between 31 and 32 for the C series. With the 
modified Mellor and Moore load test, the A series 
bricks showed a marked increase in rate of thermal 
expansion under a 50 lb. per square inch loading, 
commencing between 200 deg. C. and 250 deg. C. 
This expansion then accelerates, and is followed, 
in some bricks, by a small rapid expansion beginning 
between 550 deg. C. and 600 deg. C. brick-face 
temperature. In all cases the final collapse was 
rapid, the temperature of complete collapse being 
lowest with the finest grained brick. 

All the B series showed, under the load-test, the 
low-temperature expansion acceleration and also a 
definite temporary increase in the expansion rate 
between 550 deg. C. and 600 deg. C. No further 
peculiarity was noticeable until a significant change in 
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direction of the curve occurred at nearly 1,500 deg. C. 
In this series, the finest grained product showed the 
highest temperature of rapid collapse and also the 
greatest high-temperature expansion under load. 
The tests with the C series gave results showing that, 
although the ordinary refractoriness was very good, 
the material was either unsuitable for making silica 
bricks or required special treatment as regards grading 
and firing. The temperatures of complete failure 
were extraordinarily low. Results of tests on various 
well-known brands of commercial silica bricks are 
reported, including notes on textures. The ordinary 
refractoriness ranged between cone 30 and cone 33, 
except in two cases, one of these giving cone 35 and 
the other only a fraction lower. The load tests suggest 
that these bricks fall into two fairly distinct classes 
(called A and B). In Class A bricks, conversion during 
kiln firing has produced mainly cristobalite ; Class B 
bricks, on the other hand, have a considerable proportion 
of tridymite. 

The curves obtained from a Class A brick in separate, 
modified Mellor and Moore load tests, under static 
loads of 75, 50, 30, 18 and 4 lb. per square inch, 
considered collectively, seem to provide a fairly 
complete explanation of the causes of failure under 
thermal and mechanical stress, at low temperatures 
or at high temperatures, of a large class of silica 
products. The first peculiarity is noticed during the 
low-temperature range (100 deg. C. to 350 deg. C.) 
under the testing conditions, as an accelerated rate 
of thermal expansion, doubtless attributable to the 
sudden inversion of cristobalite and tridymite. The 
actual recorded vertical expansions within this 
temperature range are governed by the magnitude 
of the applied loading. Generally speaking, the greater 
the load the less the low-temperature inversion 
expansion in the direction of the applied stress. The 
second peculiarity in these curves is the gradual and 
increasing difference between the rates of vertical 
thermal expansion under different loads at temperatures 
above 900 deg. C., approximately. This difference is 
particularly noticeable when comparing the slopes 
of the 75-lb. and the 50-lb. curves. 

The third peculiarity is that, between 1,450 deg. 
and 1,500 deg. C., the test-piece, under a load of 4 lb. 
per square inch, shows an increased rate of thermal 
expansion (vertical thermal expansion under load) 
whereas, under a 7-5 lb. per square inch loading, 
thermal expansion was retarded at about the same 
temperature (1,480 deg. C.) as it was accelerated under 
the 4 lb. per square inch stress. Considering the five 
curves jointly, it can be concluded that, under the 
imposed test conditions, the higher the load the less 
the low-temperature and high-temperature local ex- 
pansions, and also the lower the temperature at which 
vertical expansion ceases. As regards the behaviour 
of Class B silica materials under load at high tempera- 
tures, the chief point about their curves is the freedom 
from accelerated vertical expansion under low loadings 
as evinced by the Class A bricks at the high tempera- 
tures. 

A number of tests were made by varying the nature 
and the amount of the bonding material. The avail- 
able data suggest that, given a satisfactorily graded silica 
rock, a lime-clay bond endues a moderately-fired silica 
brick with sufficient rigidity at high temperatures to 
resist successfully the high-temperature conversion 
stress plus a considerable mechanical stress, provided 
the amount of clayey material is not excessive. It 
seems that further work on the lime-clay bond for 
silica bricks would provide indications of economic 
value to the silica-brick maker. Making, mixing, and 
firing procedures are also factors of great importance. 

With the probable thermal and mechanical condi- 
tions of use known, there seems every reason to 
believe that two modified Mellor and Moore test results 
(50 lb. and 4 1b. per square inch) on a given product will 
suggest the suitability or otherwise of the brick for the 
prescribed purpose. The test results will also suggest 
the degree of precaution necessary in order to get 
maximum service from the brick with a minimum of 
trouble and expense. 





Tue Royat Sanitary InstirutTe.—The thirty-ninth 
congress and health exhibition of the Royal Sanitary 
Institute will, at the invitation of the Town Council, 
be held at Plymouth from July 16 to 21, 1928, The 
Right Hon. Viscount Astor has consented to act as 
president of the congress. 


INTERNATIONAL CONFERENCE ON BITUMINOUS COAL. 
—We have received an official announcement from the 
Carnegie Institute of Technology in Pittsburg, Pennsyl- 
vania, that a second international conference on bitu- 
minous coal will be held there during the week commenc- 
ing November: 19, 1928. The subjects to be considered 
will include the latest developments in obtaining motor 
spirit from coal, power from coal, low- and high-tem- 
perature distillation processes, smokeless fuel, gasification 
of coal, utilisation of coal-tar products, coal as a source 
of fertilisers, and coal in relation to the production of 


THE IGNITION OF GASES BY HOT 
WIR 


WueEn Lemaire investigated, in 1911, the risk of fire- 
damp ignition by the breakage of the bulbs of miners’ 
electric lamps, he observed ignition in every case in 
which the filament had not been prematurely destroyed 
by broken glass. The Home Office tests of 1912 
showed that most of the several hundred bulbs of 
different types tested might cause explosion. When 
the United States Bureau of Mines conducted an 
investigation in 1916, the carbon filaments, the tem- 
perature of which did not exceed 1,800 deg. C. with 
the 2-volt currents, had been replaced by metallic 
filaments working at higher temperatures. The Bureau 
observed ignition in most cases, but their gas mixture 
contained not only methane and air, as in the other 
cases, but also some more inflammable paraffins, ethane, 
propane, &c. Since those days, tungsten filaments of 
higher candle power, though also only of 2 volts, have 
come into general use in miners’ lamps. The Safety in 
Mines Research Board therefore desired a new in- 
vestigation, upon which Messrs. W. C. F. Shepherd 
and R. V. Wheeler have reported in Paper No. 36 
(H.M. Stationery Office, price 1s. net.). 

Four types of 2-volt bulbs, as used for miners’ hand- 
lamps, were obtained from different sources, and were 
suspended within a brass cylinder between two thumb- 
screws, in such a way that tightening of the screws 
broke the bulb, and that the broken fragments would 
not fall upon the filament, which was a plain semi- 
circle. The lamps consumed 0-65, 0-85, 0-95 and 
1-0 amp., respectively, at 2 volts, and the filament 
temperature, by optical pyrometer estimate, was 
1,500 deg. C. Nearly every bulb caused ignition of 
the gas, except when the glass had fractured the 
filament. One type of lamp cracked readily, while 
two types flew into small fragments. The inrushing 
gas mixture cooled the filament momentarily. Then 
the filament grew hotter again by the oxidation of 
the tungsten, and a small flame appeared, all within 
3 seconds. This reheating of the filament caused the 
ignition, but mixtures containing more than 12 per 
cent. of methane (or 11 per cent. for the smaller currents 
of 0:65 amp.) were never ignited, this being the upper 
ignition limit under the particular conditions. A blow 
on the thick glass of a miner’s lamp generally breaks 
both bulb and filament, but cases have occurred 
where the filament was left intact. For this reason it 
is recommended that the lamp should be provided 
with an automatic device (as already in use) to inter- 
rupt the electric circuit as soon as the glass is broken. 

Further experiments were made with heated wires 
to study the influence of the oxidation of the metal 
and of the time lag. The ignition of gases by hot 
wires had been investigated by several workers with 
varying results. Willner and Lehmann passed gas 
mixtures over hot wires of various metals, and found that 
platinum wires mostly caused ignition, while wires of 
silver and copper did not, or very rarely. Couriot and 
Meunier failed to obtain ignition by hot wires, but 
ignition by sparking, after fusion, did occur. Hauser 
ascribed this sparking effect to induction in the circuit. 
Thornton, in 1919, came to the conclusion that there was, 
for every metal and for every wire diameter, a certain 
minimum current which, when suddenly exceeded, would 
cause ignition. Messrs. Shepherd and Wheeler experi- 
mented with wires of platinum, which is very difficult 
to oxidise, and of tungsten, which is easily oxidised, 
stretched horizontally or vertically in cylinders into 
which mixtures of methane and air were introduced ; 
the wires were heated by currents from a 6-volt battery. 
The minimum ignition currents were determined for 
wire diameters of 0-1, 0-2, and 0-3 mm. 

In the case of platinum wires of 0-3 mm. diameter, 
a current of 6-5 amp. did not ignite any mixture, but 
6-6 amp. ignited mixtures containing from 4-3 per cent. 
to 15-2 per cent. of methane; 8-1 amp. fused this wire 
in air. With wires of 0-2 mm. diameter (fused in air by 
currents of 5-0 amp.), the minimum igniting current was 
4-2 amp, while with wires of 0-1 mm. diameter (fused 
in air by 1-95 amp.) it was 1-65amp. The platinum 
was not visibly oxidised, but it supported the combustion 
of methane catalytically, and owing to this flameless 
combustion, the wire rapidly approached the tempera- 
ture of a wire heated in air. Other factors to be con- 
sidered were convection currents and time lag. As the 
wire became heated by the surface combustion of the 
methane near it, the convection currents increased and 
cooled the wire again; to produce ignition, the heating 
should therefore be rapid. Flames always appeared in 
mixtures containing at least 4-35 per cent. of methane, 
but not in poorer mixtures; the upper limit of ignit- 
ability was 15-2 per cent. for wires of 0-3 mm., and only 
8-1 per cent. for wires of 0-1 mm. The calorific value 
of methane-air mixtures, which is important for the 
temperature rise, has a maximum at 9-45 per cent. 
methane. ‘The 8-1 per cent. mixture was ignited by 
the thin wire of 0-1 mm. before the wire could fuse, 


Regulator and Instrument Company, Limited, 
Drayton, Middlesex, dealing with combustion recorders for 


cent. methane failed to ignite, the wire fusing more 
rapidly because the calorific value of the mixture was 
greater and the time lag longer. When the wires were 
suspended vertically, all the ignition currents were 
reduced, practically to the same extent, by the 
increased convection. In most of the experiments, a 
wire could only be used once; with repeated use, the 
platinum surface became roughened and the catalytic 
power was increased. 

Similar experiments with tungsten wires were made 
with filaments 0-1 and 0-065 mm. in diameter. In all 
cases, mixtures containing about 8 per cent. methane 
proved the most readily ignited. With the thinner wire, 
1-04 amp. was required for ignition, and for the stouter 
wire 1-56 amp. ; currents 0-02 amp. lower than these 
values failed to cause ignition. Heated in air by a 
current of 1-85 amp., a filament of 0-1 mm. became just 
red, but oxidation took place. The oxide being volatile, 
the wire thinned, especially in the middle, where it was 
hottest ; after 25 minutes, a flame appeared which, 
though only burning for a fraction of a second, was hot 
enough to ignite gas mixtures. When a current of 
1-5 amp. just gave a visible flame, a current of 1-9 
amp. gave a flame 1 cm. in height, and in 2-volt bulbs, 
the thin hot wires burst into flame in 3 seconds after 
exposure to air. The gas ignition seemed to be due to 
the flames, not to the hot wires, but heavy currents, 
raising the wire temperature rapidly, caused ignition 
before the appearance of flame. Whilst fine platinum 
wires fused without producing gas ignition, the flames 
of burning tungsten always ignited firedamp, and 
designs of tungsten hand lamps for miners should 
therefore incorporate in the outer protecting glass an 
automatic device for breaking the circuit. 





CATALOGUES. 


Saws.—An electrically-driven circular saw for hand-use 
is dealt with in a catalogue received from the Crowe 
Manufacturing Company, 225, East Third-street, Cincin- 
nati, U.S.A, 


Turret Lathe.—Messrs. Jones and Lamson, Springfield, 
Vt., U.S.A., have issued a leaf catalogue giving particulars 
of the production time for turning repetition work on 
their flat turret lathes, ; 


Machine Tools.—We have received a recent monthly 
bulletin of the Société Alsacienne de Constructions 
Méchaniques, 32, Rue de Lisbonne, Paris, containing 
some articles on milling and gear-cutting machines. 


Aluminium.—The_ British Aluminium Company, 
Limited, Adelaide House, King William-street, London, 
E.C.4, have issued some data-sheets, giving dimensions, 
weights, and other particulars of aluminium sections, &c. 


Valves.—We have received a sheet illustrating about 
thirty types of valves, for low and ordinary pressures, 
from Messrs. Jenkins Brothers, Limited, of Montreal, 
waa” whose London depot is at 6, Great Queen-street, 


Waste-Heat Boilers,—A catalogue dealing with boilers 
specially constructed for using the waste heat from the 
furnaces, soaking pits, &c., of steel works, is to hand 
from Messrs. Joseph Adamson and Company, Hyde, 
Cheshire. 


Lifting Appliances.—Messrs. F. T. Murdoch and Com- 
pany, Limited, Thompson-street, Belfast, have issued 
catalogues showing several types of hand hoists, fitted 
for lifting and stacking packages, sacks, barrels, &c., and 
also suitable for loading wagons. 


Pneumatic Tools.—Messrs. Reavell and Company, 
Limited, Ipswich, have sent us a catalogue of equipment, 
including portable compressing sets and air-driven 
hand tools, for drilling, chipping, riveting, digging, 
shovelling, ramming, &c. 


Concrete Mixers.—Three catalogues dealing with 
various types of concrete mixers, viz., light mixers, 
heavy mixers, and those with jib or boom to transport 
and tip the concrete, are to hand from The Koehring 
Company, Milwaukee, U.S.A. 


Superheating on Locomotives.—The Superheater Com- 
pany, Limited, 195, Strand, London, W.C.2, have reprinted 
a technical paper on locomotive superheating read before 
the Institution of Locomotive Engineers by a member 
of their staff, Mr. H. E. Geer. 


Lubricants.—A table of tests made with the Thurston 
oil-testing machine, comparing the lubricating efficiency 
of plain oil with that of graphited oil known as “ Oildag,”’ 
is to hand from Messrs. E. G. Acheson, Limited, 40, Wood- 


street, Westminster, London, S.W.1. 


Soot Blowers.—Messrs. Whites Engineering Company 
(Pendleton), Limited, Pendleton, Manchester, have issued 


a pamphlet containing some practical information on the 
cleaning of boiler flues and economisers from soot, and 
describing their soot blower apparatus. 


Instruments.—Catalogues are to hand from the Drayton 
est 


giving @ continuous record of flue gases, de-superheaters 


r reducing the temperature of superheated steam where 


@ supply at low temperature is required from a high- 
pressure boiler, and a temperature regulator for acting 
on the controls of heating and cooling media. 
instruments are illustrated and sufficient explanatory 


All these 








fixed nitrogen. 





because the time lag was short. A mixture of 8-3 per 


matter is given, 
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‘* ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated, 
Where i ti icated from abroad, the Names, §c., 
of the communicators are given in italics. 


are 








Ci of Specifications may be obtained at the Patent Office, Sales Y 
Br fe Bs, Southaetes Buildings, Chancery-lane, W.C.2, at 6 a 
the uniform price of 1s. 
The date of the adverti t of the pt of a Complet 
pry wen is, in each case, given after the abstract, unless the da 
tent has been sealed, when the word “ Sealed ”’ is a; ° | 
Any person may, at any time within two months from the date of | 
advertisement of the acceptance of a Complete Specification, | | 
give notice at the Patent Office of sition to the grant of a i 
Patent on any of the grounds mentioned in the Acts. r 1 
c 
GAS ENGINES, PRODUCERS, HOLDERS, &c. Pp i ! 
271,545. R. S. Portham, St. John’s Wood, : g 


London, and Tangential Dryers, Limited, West- 
minster, London. Purifying Gases. (3 Figs.) 
February 17, 1926.—The invention has relation to the 
removal or separation from gaseous fluids, such as coal 
or water gas, of material suspended therein having a 
greater specific gravity than the gaseous fluid and being 
in a fine state of division. The invention has reference, 
in particular, to the removal or separation of tar from 
coal or water-gas. The method of removing or separating 
from a gaseous fluid material in suspension therein and 
having a greater specific gravity than the gaseous fluid 
consists, according to the invention, first, in causing a 
stream of the gaseous fluid to undergo a change in its 
velocity of flow, causing it to impinge upon a body having 
a multiplicity of points or on a surface with a multi- 
plicity of points, and such that it permits the material 
in suspension to pass therethrough while the gaseous 
fluid passes away therefrom laterally, and then in 
imparting rotary motion thereto, the several variations 
or alterations in the flow of the gaseous fluid each and all 
acting on the material in suspension and causing its 
precipitation. Also in accordance with the invention, 
the stream of gaseous fluid, when rotary motion is 
imparted thereto, is caused to strike against a series of 
ribs or bars. Also in accordance with the invention, 
the stream of gaseous fluid when rotary motion is imparted 
thereto is divided up into a number of very thin streams 
or laminae and caused to flow in contact with surfaces 
to which the matter in suspension adheres. The apparatus 
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comprises a casing 11, having in the upper closure an 
opening in which is mounted a pipe 12 of gradually 
decreasing cross-sectional area throughout its length. 
The casing 11 contains a second casing 21 disposed concen- 
trically with its lower end, which is open, and separated 
from the bottom of the casing 11. Mounted on the upper 
end of the second casing 21 is a truncated cone 22, and 
mounted on the pipe 12 is a second cone 23 which 
overlaps the cone 22 and is separated therefrom, a ring 
of vanes 14 being interposed between the two cones 22, 
23. Below the pipe there is mounted a body 33 con- 
sisting of a mass of thin pointed wires or rods disposed 
vertically. The gaseous fluid undergoes change in its 
velocity of flow as it passes through and from the pipe 12 
and then impinges on the wires or rods, passing down- 
wards into the interstitial spaces, from which it escapes 
laterally. Suspended matter adheres to the wires or 
rods and gravitates into a receiver 34 in which the body 
33 is mounted. After leaving the body 33, the gaseous 
fluid passes upward and through the vanes 14, by which 
rotary motion is imparted thereto. The gaseous fluid, 
when in rotary motion, strikes azainst a series of ribs 
20 which are mounted on the wall of the casing 11. The 
ribs 20 act to separate further suspended material from 
the gaseous fluid. The suspended material so separated 
passes down between the casings 11, 21 to the lower end 
of the casing 11. The gaseous fluid, after being acted 
on by the ribs 20, passes from the chamber 17 through 
the outlet 18 to the top of the casing 11 and away through 
the discharge outlet 24. (Sealed.) 

272,266. E. C. Hatcher, Finchley, London. 
Filters. (6 Figs.) March 2, 1926.—The invention 
relates to filters or strainers for separating solid matter 
from gas in which it is held in suspension. In a filter 


or strainer, according to the invention, the filtering or 
straining screen is formed by a helix, spiral or coil of 
wire of circular, rectangular or other convenient cross- 
section, and is provided with means whereby, whilst 


the filter or strainer remains in operation, the helix, 
spiral or coil can be variably compressed or wound up 
so as to vary the distances between the convolutions. 
The strainer casing c has an inlet a and an outlet b. The 
casing c has a seating d for one end of the cylindrical 
spiral spring e, the opposite end of which is held in a 
seating f in a bush g scréwed into the casing c. With 
this arrangement, fluid to be filtered, entering through the 
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inlet a, can escape to the outlet b only by passing through 
the interstices or gaps between the convolutions of the 
spring e. Any desired fineness can be given to these 
interstices or gaps by adjustment of the bushg, Material 
strained out of the fluid flowing through the strainer 
descends within the cylindrical spiral spring and is 
deposited on the cap A, which can be removed from the 
strainer to discharge this collected materia!. (Sealed.) 


273,026. G.M. Blackstone, Stamford, F. Carter, 
Stamford, and E. Carter, Stamford. Internal- 
Combustion Engines. (1 Fig.) March 31, 1926.—The 
invention relates to the cylinders and pistons of internal- 
combustion engines of the type in which combustible 
mixture is drawn into the cylinder on the suction stroke. 
According to the invention, the cylinder a of an engine of 
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the type referred to has a portion a! of reduced bore which 
is entered by a rim or extension c! upon the piston at the 
inner end of the stroke with sufficient clearance to allow 
of the escape of the entrapped mixture. The extension 
is essentially in the form of a ring of comparatively small 
mass. (Accepted July 6, 1927.) 


271,241. Airship Guarantee Company, Limited, 
Westminster, London, and B. N. Wallis, West- 
minster, London. Internal-Combustion Engines. 
(1 Fig.) May 14, 1926.—The invention relates to the 
valve mechanism of internal-combustion engines of 
the sleeve-valve type in which the motion of the sleeve 
is one both of reciprocation and oscillation in the 
cylinder. The object of the invention is to provide 
means whereby, in order to make the engine reversible, 
the resultant motion of the sleeve relatively to the 
cylinder remains constant in direction, irrespective 
of the direction of rotation of the engine, thus main- 
taining the correct sequence of operations. According 
to the invention, the reciprocating motion of the sleeve 


according to the position of the slot link 12, the end 
of links 10, 11 attached thereto may be brought into 
proximity with the fixed pin 13. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


272,662. William Asquith (1920), Limited, Halifax, 
and G. Feather, Halifax. Drill Holders. (2 Figs.) 
May 17, 1926.—The invention has for its chief object 
to produce a drill holder or chuck which will render 
it possible to drill holes which will follow the centre- 
punch mark accurately and without having to rely 
upon a circle scribed round such mark to see whether 
the drill is following the latter or running to one side. 
According to the invention, the drill holder or chuck 
comprises a body portion A and a tool holder portion B 








pivotally connected together by a universal joint al, b, 
a slidable collar D on the portion A having a conical 
surface maintained by a spring E in engagement with 
a conical surface of a sleeve C carried by the portion B 
for normally maintaining the two portions in line with 
each other, but allowing the tool holder portion B to 
yield slightly so that the drill can follow the lead given 
by the centre punch when the adjustment of the drill 
in relation to the work has not been correctly effected. 
(Sealed. ) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


273,605. John I. Thornycroft & Company, 
Limited, Westminster, London, Sir J. E. Thorny- 
croft, Westminster, London, and T. Donaldson, 
Southampton. Steam Condensers. (6 Figs.) February 
12, 1926.—The invention relates to steam condensers 
of the kind wherein steam is condensed by the passage 
of cooling water through tubes extending between tube 
plates within the condensing casing, and between which 
and end walls of the casing are chambers through which 
the cooling water passes. The drawings show portions 
of steam condensers wherein each end portion of each 
water tube 1 is packed in two tube plates 2 and 3, spaced 
apart by a distance piece 4 so as to form between them 
a water chamber 5 having a water inlet 4a formed in 
the distance piece, a watertight joint being made between 
the end portion of each tube and the plates 2 and 3 by 
packing rings 6 and 6a. Each end portion of a water 
tube 1, where it extends through the pair of tube plates 
2 and 3, is surrounded by a ferrule 7 which extends 


Fig.A qt 4 














valve 1 is derived from two oppositely rotating half- 
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speed shafts 8, 9, means being provided whereby, 
according to the direction of rotation of the engine, 
one or other of the half-speed shafts is operative to 
produce oscillation of the sleeve valve. The sleeve 
valve 1 is attached to a beam 3 which is reciprocated 
in the direction of the cylinder axis by means of cranks 
or eccentrics 6, 7 on the half-speed shafts 8, 9 and 
connecting rods 4, 5 hinged to the beam, the motion 
of the connecting rods being suitably constrained to 
produce a component in the movement of the beam 
at right angles to the said axis. The constraining means 
comprise links 10, 11 pivoted at one end to each connecting 
rod. The ends of the links 10, 11 opposite to those 
pivoted to the connecting rods 4, 5 are hinged to a 
slot link 12 adapted to slide on a link block carried 











by a fixed pin 13, the parts being so disposed that, 
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through the outer tube plate 3 and into a recess in the 
inner plate 2, a packing ring 6 being inserted between the 
inner end of the recess and the inner end of the ferrule. 
The portion of the ferrule extending across the water 
chamber 5 is formed with holes 8 so that fresh water 
can: pass from the watér chamber and be in contact 
with the exterior of the tube 1. An outer ferrule 9 is 
screwed into the tube plate 3 to compress the second 
packing ring 6a, which is located between its inner end 
and the outer end of the ferrule 7, tightly around the 
tube end. The ferrule 7 may, as shown in Fig. 2, be 
a plain metal tube simply passed endways through the 
hele in the outer plate 3 and into the circular recess in 
the inner plate 2, so that it is forced endways to com- 
press the inner packing ring 6 by the screwing into 
position of the ferrule 9 to compress the outer packing 
ring 6a in place. Or, as shown in Fig. 1, the ferrule 7 
may be externally screw threaded and screwed into 
both of the plates 2 and 3. (Accepted July 20, 1927.) 
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10,000-14,000 KW. LJUNGSTROM 
STEAM TURBINE. 


(Continued from page 413.) 


Detaits of the shaft gland are reproduced in 
Fig. 16, on this page. The general construction of 
this was fully described in our issue of April 19, 
1912, from which we reproduce Fig. 16. The com- 
plete packing is built up by assembling a series of 
rings which are mounted alternately on the shaft 
and on the casing. Each ring has turned in it 
a series of deep grooves, which are separated from 
each other by a thin partition. When the gland is 
assembled, the partitions of the stationary rings 
project into the grooves of the running rings, and 
vice versa. The edges of the partitions are, more- 
over, thinned down to a feather edge and bent over, 
as shown in Fig. 16, and the edge is then finished 
to the inner diameter of the groove into which it 
protrudes. The gland is assembled with practically 
no clearance between the edges of these fins and the 
adjacent wall of the partition. The running clear- 
ances are thus allowed to wear themselves, and 
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on Plate XXXII. The hollow shaft / is bolted to 
the end of the generator shaft, and is turned conical 
at the other end. The turbine rotor fits on this 
conical seat, and is held in place by the hollow 
locking bolt m. The screwed plug n prevents 
leakage. The drive is transmitted through conical 
keys, which are shown dotted in Fig. 3, but are 
best seen at F in Fig. 9. 

Lubricant to the two main bearings is supplied 
from the tanks oo (see Fig. 2, Plate XXXII). Oil 
baffles prevent leakage of the oil either towards the 
turbine or the generator. 

The emergency governors, which are of the 
unbalanced-bolt type, are shown in position at p, 
Fig. 2. Two of these, of course, are necessary, 
since either rotor might run away whilst the other 
ran at its normal speed. Only one main governor 
is, however, required ; this is shown in position in 
Fig. 4. It is driven from the shaft of the generator 
shown on the left in Fig. 2, whilst the other generator 
shaft drives the exciter, only one of which is, of 
course, required. A Michell thrust bearing is 
mounted at the outer end of each generator shaft. 





owing to the thinness of the fin edges, this is 
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accomplished without any distortion from local 
heating. This gland is extremely tight. That 
shown in Fig. 9, on Plate XXXII, which accom- 
panied the first part of this article in our issue of 
September 30 last, will not pass more than about 
450 lb. per hour under a pressure difference of 
250 lb. per square inch, or, say, 900 lb. from the 
two glands fitted. To reduce the loss still further, 
steam is trapped from the gland at an intermediate 
point, and led into the by-pass port by means of 
the pipe A. In this way the total loss by gland 
leakage has been reduced to } per cent. of the 
normal rating of the turbine. The pipe B is used 
to supply sealing steam to the gland at times of 
very low load, when the pressure at the first row of 
blades may be less than that of the atmosphere. 
The steam which finally escapes is discharged into the 
divergent passage D, thus forming an ejector which 
draws in air through the air gland E, and carries it off 
to a special condenser through the pipe Z, which is 
shown in its proper relative position in Fig. 6, 
Plate XXXII. The object of this arrangement is to 
prevent the possibility of steam leaking into the | 
bearing, where it might condense in the oil, or | 
pass on to the generator windings. The pipe B, | 
shown in the same figure, admits the sealing steam | 
to the gland, as explained above. It should perhaps | 
be added that although Fig. 6 shows the proper | 
relative position of the by-pass valve and of the 
piping, it must be regarded as being partly dia- | 
grammatic, since there are many more rings of 
radial-flow blading than shown. It would, in fact, | 

















have been almost impracticable to show the whole | such governors with dash-pots, as by the intro- 
| duction of ball bearings and other arrangements 

The method of coupling up the turbine rotor | for eliminating friction, all tendency to hunt has 
to the generator shaft is clearly indicated in Fig. 3, | been abolished. 


of the rows to the scale of this figure. 


It has to take merely a residual thrust, due to the 


In the present case, the weights are suspended 
from bell-crank levers and are pressed towards each 
other by helical springs which abut on washers 
held together by the through bolt shown. The bell 
cranks are mounted on ball bearings and carry 
toothed sectors engaging with racks coupled to the 
end of the valve rod, which, as already explained, 
passes down through: the hollow governor spindle 
to the relay valve below. 

Drawings of the governor valve are reproduced in 
Figs. 23 to 26, on Plate XXXV._ As will be seen, the 
valve is of the double-beat balanced type. Steam 
enters the valve from below and passes to the turbine 
through the horizontal branch, shown to the right 
in Fig. 23. An enlarged view of the two “ beats ” 
is reproduced in Fig. 25. From this it will be seen 
that at each there is a slight clearance, so that this 
governor valve can never close quite steam-tight. 
Below it, however, a shut-off valve is provided, 
and the governor valve closes automatically should 
the pressure in the oil mains fall. A by-pass 
valve short-circuiting the supply and exhaust oil 
mains is provided to the right of the servo-motor 





piston (see Fig. 23), and this valve is opened 
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Fig. 17. 


fact that the dummies are not in perfect balance 
at all loads. As shown in Figs. 4 and 5, 
Plate XXXII, the governor is driven by spur 
gearing instead of by the more customary spiral 
gearing. This has made it practicable to reduce the 
length of the rotor. Details of the drive are shown 
in Figs. 18 and 19, on Plate XXXV, which 
accompanies this issue. As best seen from the 
latter figure, a pinion on the turbine shaft 
gears with the wheel G, which runs loose on a 
lay-shaft, as indicated in Fig. 18, and transmits 
the drive to the governor spindle by means of the 
bevel gears shown. A double ball-thrust bearing 
takes any axial thrust arising from the bevel gears. 
As shown in Fig. 4, Plate XXXII, an oil pump of 
the gear type is provided at the bottom of the 
governor spindle. 

This spindle, it will be seen, is hollow, and the 
motion of the governor weights is transmitted by a 
rod passing down the centre of this spindle to the 
relay valve, shown at H, Fig. 4, Plate XX XII. This 
valve, which rotates with the governor spindle, regu- 
lates the supply of oil to the servo-motor by which 
the main steam and governor valves are operated. 

As shown in Figs. 20 to 22, on Plate XX XV, 
the governor is of the isochronous type. As is 
well known, it is no longer necessary to provide 











TURBINE AND CONDENSER IN COURSE OF ERECTION. 


should either of the emergency governors be tripped. 
It can also be opened by the handle shown. The 
main valve is opened by admitting oil pressure below 
the spring-loaded piston shown, but before the valve 
can rise the screwing-down spindle must be run back 
by the hand wheel provided to this end. A lever 
engages with the valve spindle near its centre, as 
is best seen in Fig. 4, Plate XXXII, which shows 
the valve in position. This lever is coupled to the 
overload valve, which opens automatically when 
the need arises. It is also connected by the link- 
work shown, to the sleeve in which the relay valve 
works, and by moving this sleeve up or down 
provides the necessary “ overtaking motion,” which 
cuts off the supply of oil to the relay cylinder 
when the valve has moved sufficiently to bring 
back the turbine speed to normal after a change of 
load. Provision is also made by which the position 
of the sleeve of the relay valve can be adjusted 
independently of the motion of the main valve 
spindle. This adjustment is effected by a gear 
operated by the motor, shown in position in Fig. 4, 
which provides the switchboard attendant with the 
means of speeding the turbine up or down. The 
valve shown at T, Fig. 24, which is also re- 
presented in section in Fig. 26, is an air valve. 
When opened, it lets in air beneath the piston of a 
relay which then opens the vacuum-breaking valve. 

As indicated in Fig. 4, Plate XXXII, a turbine- 
driven centrifugal oil pump is provided, which is used 
in starting uptheturbine, as the governor valve cannot. 
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be opened unless the oil mains are under pressure. 
This pump also serves as a stand-by in case of 
accident to the main pump. As a higher pressure 
is required to operate the servo-motors than is 
needed at the bearings, a reducing valve is fitted, 
as indicated in Fig. 4, and the mains to the bearings 
are supplied through this. 

The combined stop and emergency valve is 
mounted below the main governor valve, and is 
represented in Figs. 27 to 29, on Plate XXXV. As 
there shown, the valve is of the ordinary pot-lid 
type, but is fitted with renewable seats and a pilot 
valve, having similar seats, is provided at the centre 
of the main valve. The spindle is packed with rings 
of nickel and asbestos composition where it passes 
through the valve cover, and is grooved where it 
passes through the dashpot cover. This dashpot 
is represented at S, Fig. 29. It is suspended by three 
studs from the valve-box cover, and contains a 
spring-loaded piston, mounted on the valve spindle, 
and a nut which engages with a square thread cut 
on this spindle. The valve is opened by rotating 
the spindle by the gears provided to that end, 
simultaneous rotation of the nut being prevented by 
a key. In opening the valve, the spring shown is 
compressed against the lower end of the dashpot 
casting, and tends to drag up the nut and the 
valve spindle with it. This upward motion is, 
however, prevented by the catch shown in Fig. 27, 
which is controlled by a weighted lever (see Fig. 29). 
This lever is normally held up by a cable, but should 
either emergency governor come into action, this 
cable is slacked off, the lever falls and releases the 
nut, and the valve is then closed by the action of the 
spring. The speed of closing is controlled by the 
damping effect of the piston, which has to force 
the air above it through the clearances between 


piston and cylinder and cover and spindle, respect- | 


ively. To reset the valve, the spindle is rotated in 
a direction the reverse of that used in opening the 
valve. As this valve is already on its seat, the result 
is that the nut is moved downwards and finally 
passes under the catch, by which it is retained and 
again locked in position. It will be seen that the 
bolts securing the cover of the dashpot are very 
long, this facilitates the compression of the spring in 
the operation of erection. : 

The turbine and the two generators are mounted 
on top of the condensers, which is the only bed-plate 
provided, as shown in Fig. 17, on page 507. The 
outer ends of the generators are spring-supported, 
so that temperature changes involve but small 
changes in the distribution of loads and stresses. 
The condenser is of the contra-flow type, and the 
general arrangement of the plant is represented 
diagrammatically in Fig. 30, on Plate XX XV, where 
the motor-driven condensate pump is shown at N. 
The discharge from this pump can either be passed 
directly to the feed tank, through the pipe K, or 
be passed first through the oil cooler O and the 
jackets of the pair of contra-flow air ejectors which 
are representated at M. An alternative supply of 
water to the oil cooler and these jackets can also 
be obtained from the branch shown at J. The 
two air ejectors are arranged in series and suffice | 
to raise the pressure of the air from that of the | 
condenser t» that of the atmosphere. The steam | 
leaking from the glands is largely diluted with air | 
owing to the arrangement previously described, | 
and hence it is not led to the main condenser | 
but to the jackets of the air ejector. | 

The combined vacuum-breaking condenser safety | 
valve is shown at L. The sealing water for | 
it is taken from the condensate discharge pipe, | 
and any overflow passes down to the two| 
automatic drainage valves shown at P, which | 
return it to the condenser. Drawings of the | 
vacuum-breaking valve are reproduced in Figs. 31 | 
and 32, Plate XXXV. The valve consists of two | 
parts, a central portion forming the vacuum breaker | 
proper, which on opening destroys the vacuum in the | 
condenser, and an outer portion which lifts, after | 
the inner valve is completely opened, and enables 
the turbine to exhaust directly to the atmosphere. | 
In normal running conditions, there is a vacuum on 
both sides of the piston, shown at the bottom of the | 
valve spindle, the space underneath it being | 
connected up to the condenser by means of the pipe | 
shown on the left. When, however, either of the | 





emergency governors come into action, it opens a 
valve on the central pipe shown and admits air 
into the space below the piston. The latter, 
accordingly, moves up and opens first the vacuum- 
breaker valve, and secondly the larger valve through 
which the turbine then exhausts directly to the 
atmosphere. Both valves are kept tight by a 
water seal which is supplied by the pipe shown at 
the upper right-hand corner of Fig. 30. 


(To be continued.) 
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Holz im Hochbau. By Huco BRONNECK. 

Julius Springer. [Price R.Mark 22.20.] 
ALTHOUGH, as a constructional material, wood does 
not now occupy the important position it once held, 
it is still, none the less, one of the main substances 
with which builders and many engineers are con- 
cerned. In spite of its long industrial history, wood 
as a constructional material has not yet reached 
a position from which further development is impos- 
sible, and modern methods of machining and of 
construction have affected the methods of using 
wood, as well as of other constructional materials. 
As, however, Herr Bronneck remarks in his preface, 
although improved methods may be known and 
appreciated, the number of engineers who specialise 
in wood construction continues to be very limited. 
One of the reasons why the study of this subject is 
not more widely taken up is the lack of a text- 
book which can be easily and readily understood, 
and at the same time be relied upon for practical 
assistance in carrying out projects. Although the 
experienced engineer or architect may obtain a mass 
of information from the published papers of societies, 
results of experiments, and so forth, these are not 
readily available or comprehensible to the student, 
or the young engineer who requires definite practical 
data to work upon. Again, many text-books take 
the practical and elementary part of joinery and 
timber construction for granted, so that there is an 
inevitable gap, for those who have not been able to 
devote some years to practical experience, between 
the old accepted methods, or fundamental practice 
and the descriptions of new methods. 

The author has aimed at providing a work which 
will at once cover the whole ground, in so far, of 
course, as it is at all possible for a book to replace 
actual experience. Whilst fully admitting the 
limitations of this, the practical side of a book can 
undoubtedly be made of great value by emphasising 
important details which more pretentious works 
ignore. A treatise of this nature is, obviously, of 
special value to the young engineer who has had a 
certain amount of practical experience. It will be 
seen that the author set himself a task of some 
magnitude, but it may be said that he has succeeded 
in providing, within the limits of some 380 pages, a 
vast amount of useful material. Any textbook 
which attempts to deal in a thorough manner with 
timber construction is apt to devote more space to, 
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say, house building than to purely engineering work. 
Nevertheless, roof trusses and their design are 
closely akin to bridge construction ; the calculations 
of stresses and strains are analogous, and the 
engineer concerned with wood construction requires 
to know quite a lot of what, perhaps, more correctly 
comes under the province of the architect and even 
the joiner. 

Mathematical problems, as considered from the 
point of view of practical requirements, are treated 
in the above work at considerable length. The 
physical properties of wood, strength of beams, 
design of roof trusses, and new types of built-up 
girders receive the amount of attention respectively, 
due to their importance and complexity. Simpler 
matters, such as details of joinery, and simple 
structures such as stairs and doors, &c., are only 
described very briefly. The latter part of the 
volume, which is divided into three parts, deals with 
complete structures, such as halls and_ sheds, 
requiring long spans, buildings for industrial 
purposes, such as saw mills, grain stores, silos, &c. 

An interesting account is reproduced of a series 
of investigations, undertaken in Norway under 
Government support, to ascertain the relative cost 
of heating houses built of stone with those built 








of wood. It was found that wooden houses are 
considerably cheaper to heat—in other words, they 
retain heat much better than stone or brick houses. 
A number of wooden houses were built for the 
purpose of experiments, and various materials tried 
as insulators, such as sawdust, peat-moss, straw 
with clay, &c; but the type which retained the 
heat the best was simply built of l-in. and ?-in. 
tongued and grooved vertical planking, with double 
air space, built on 5-in. framing and lined inside 
with tarred paper. This was found to require 
52 per cent. less heating than an English-type 
plastered brick house with a 2-in. air space in the 
walls, 





THE BRITISH ASSOCIATION AT 
LEEDS. 


(Continued from page 484.) 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 


SEISMOLOGICAL INVESTIGATIONS. 


In the absence of Professor H. H. Turner and 
Mr. J. J. Shaw, Chairman and Secretary of this 
Committee, Dr. Harold Jeffreys, of Cambridge, pre- 
sented the report, to which he had added an 
important note on Near Earthquakes. Professor 
Turner, it was stated, had his seismographs installed 
in the basement of the Clarendon Laboratory, at 
Oxford ; several rooms and another basement were 
now being provided there. A second Milne-Shaw 
seismograph had been sent to Copenhagen for 
installation in Greenland, where valuable records 
had been obtained; the Galitzin seismograph 
at Eskdalemuir had been removed to the Kew 
Observatory. The report dealt very briefly with the 
terrible earthquake in Western China, of May 22, 
1927, in which probably 100,000 people were killed, 
and the Palestine earthquake of July 18, in which 
some 200 people were killed and 700 injured, and 
which was followed by shocks in Persia on July 22 
and 23. Various corrections for the tables in use 
were discussed, but no change was advocated. 

Dr. Jeffries found the earthquakes which occurred 
near Hereford and Ludlow on August 15, 1926, 
and in Jersey, on February 17 last (preceded 
by shocks in Scotland on January 24), particularly 
instructive for his study of Near Earthquakes, ‘.e., 
records from stations within about 1,000 km. from 
the epicentre, and also because they gave an oppor- 
tunity for a direct comparison between British and 
Continental records ‘with respect to information 
about the upper layers of the earth’s crust. In 
such records, Mohoroviéié discovered, in 1909, 
not only the P and S waves of ordinary seismology, 
but also of a pair of compressional and distortional 
waves travelling at lower speeds but with greater 
amplitudes. The further work by Gutenberg 
(South German records), Conrad (Austrian Alps), 
and Dr. Jeffreys, showed that three layers of the 
earth’s crust might be distinguished: the granitic 
layer (below the sedimentary surface deposits), 
perhaps 10 km. in thickness; the intermediate 
basaltic layer, about 20 km. thick ; and the old 
ultrabasic layer of dunite (olivine rock) and perido- 
dites. The foci of all near earthquakes so far 
investigated were in the granitic layer. In the 
granitic layer, two waves, P, and Sg, travelled 
directly from the focus to the observing station ‘at 
speeds of 5:4 km. and 3-3 km. per second. Other 
P* and S* waves seemed to go down in the inter- 
mediate layer, to travel along it at speeds of 6-3 km. 
and 3-7 km., and to come up again. Others again, 
i.e., the ordinary P and S waves, seemed to pene- 
trate right down into the deepest layer and to be 
propagated at speeds of 7-8 km. and 4-35 km. 
The velocities deduced were in agreement with 
laboratory experiments of compressional waves 
made by L. H. Adams and E. D. Williamson, but . 
the wave amplitudes did not appear to agree with 
theory, and suggested considerable diffraction. The 
seismographs used were heavy pendulums, of the 
Wiechert type, Milne-Shaw beams, and Galitzin 
instruments*. The general order of preference was 
about that stated, the objection to the Galitzin 
type being that the magnification was zero, both 





* See ENGINEERING, April 13, 1923, page 474. 
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for very long and very short periods, and became 
enormously great for intermediate periods, which 
happened to be the periods of the long waves of 
destructive earthquakes. 


DETERMINATION OF STELLAR TEMPERATURES. 


Giving an account of work now being done 
at Greenwich, Dr. C. R. Davidson explained that 
the ratio of the light intensities of two wave-lengths, 
d and J,, of the same spectrum, was a function of the 
absolute temperature of the radiating body, if a full 
radiator (black body), and that from this ratio the 
temperature could be calculated by Planck’s law 
if we had a comparison black body for reference. 
Similarly, the temperature of two stars, « and 8, 
could be compared by measuring the relative inten- 
sities of light emitted by « and 8, the comparison 
being made for each of two wave-lengths, ¢.g., for 
red (or yellow) and for blue. The star temperatures 
thus deduced were called effective temperatures. 
The spectra were photographed, and the densities 
of the silver deposits measured by a micro-photo- 
meter. Those density differences: had to be con- 
verted into intensity differences, and this was 
effected (after Hertzsprung) by placing a coarse wire 
grating in the optical train with its dispersion at 
right angles to the prism dispersion. Each spec- 
trum (« and 8) then appeared flanked by two lateral 
{first order) spectra, each lateral spectrum appearing 
weaker than its central spectrum by a definite 
amount depending upon the dimensions of the 
‘grating and.the wave-length. Dr. Davidson briefly 
described the arrangement adopted at Greenwich. 
There were many sources of error. The star was 
outside the atmosphere, but the carbon arc, pro- 
-ducing the reference spectrum, was inside it. Neither 
was a full radiator, and the atmospheric absorption 
changed with the position of the stars and with the 
state of the atmosphere. Determinations were 
made by comparing as many stars as possible of one 
-class with stars of another class. Some star had to 
be assigned a reference temperature, e.g., 10,000 deg. 
K. The estimates so far made by several dozens 
-of comparisons ranged from 7,600 deg. K. to 
14,000 deg.; the effective temperature of the sun 
-would be about 6,000 deg. 


SECTION B.—CHEMISTRY. 


The chemical section devoted three mornings to 
-discussions, leaving the fourth morning free for 
-other papers, and the afternoons for visits to works. 
The Fuel Department of Leeds University brought 
its communications before Section G., and there 
were no other papers of direct technical interest. 


Co-ORDINATION COMPOUNDS. 


Dr. N. V. Sidgwick, F.R.S., of Oxford, President 
of the Section, gave only a summary of his address, 
intending it to be the basis of a general discussion 
on the much-debated problems of Co-Ordination 
Compounds. He reminded the Section that the 
Leeds meeting of 1890, at which Ostwald and Van’t 
Hoff had defended the theory of electrolytic dissocia- 
tion, might be taken as marking, in this country, 
the recognition of a distinction between ionised 
and non-ionised linkages. A year later, Alfred 
Werner introduced a third species of atomic linkages 
in order to explain the structure of certain com- 
plex compounds formed by apparently saturated 
molecules having no free valency left. Those 
compounds did not seem to obey the ordinary 
valency laws, their structure being rather deter- 
mined by the tendency of four or six atoms or 
groups to arrange themselves round a central atom. 
In these complexes, a chlorine atom, for example, 
could be replaced by a whole saturated molecule, 
such as water or ammonia, without affecting the 
stability of the complex, and that replacement 
was accompanied by a remarkable change in the 
ionisation of the molecule. Thus, in Pt(NH;),Cl, all 
the four Cl atoms were ionised. As the ammonia 
molecules were removed one by one, however, the 
chlorine atoms seemed to take their places in the 
non-ionised part of the structure, until we came to 
Pt(NH;),Cl,, which was not ionised at all, and 
which was not a salt. When still more ammonia 
was removed, the charge on the platinum, so far 
positive, became negative, and, finally, the so-called 
-double-salt K,PtCl, was reached. 





Werner called his grouping (of ammonia, in this 
case) round a central atom (of platinum), the first 
sphere of combination, or the co-ordination complex, 
the chlorine belonging to the second sphere. His 
views accounted for the possibility of the formation 
of some inorganic metallic complexes, but were 
not found helpful, and were not wanted, in organic 
chemistry, in which the ordinary laws of structural 
chemistry and valency had proved to be adequate. 
The unsatisfactory assumption of two different modes 
of chemical combination was obviated by the present 
conception of atomic structure. In 1916, Kossel 
explained ionised links by supposing that they were 
due to the transference of one or more electrons 
from an atom, which had a few more than a 
stable number, to another which had a few less ; 
hence the valency in ionised compounds was 
usually equal to the number of places by which an 
element was removed from the inert gas.* The 
more difficult problem of the non-ionised links as 
in elementary hydrogen, H,, or in compounds 
like CH, was explained by G. N. Lewis by suggest- 
ing that two atoms, having electrons short of a 
stable number, could share electrons, each shared 
electron counting as part of the constitution of 
each atom. That link was not, however, entirely 
due to electrostatic attraction and could not be 
ionised. Thus there were two fundamental kinds 
of linkage, distinguished as ionised or non-ionised, 
or as polar and non-polar, or electro-valent and 
covalent. 

The static atomic models of those days (with 
electrons at rest) had been replaced by the dynamic 
model of Bohr, but the transferred and the shared 
electrons had remained, and, for their distinction, 
the line marking the linkage (H — Cl) had been 
replaced by one or two dots, one for a shared 
electron, and two for the two shared electrons of 
a covalency. The reason for the latter two dots 
was the following: in the case of methane CH,, 
carbon had six electrons, four less than neon (10). 
Hydrogen had one electron to start with, one less 
than helium, the inert gas next to it in the atomic 
series, but, like all other active atoms, hydrogen 
tended to combine because by doing so it made its 
number of electrons up to a stable number. In 
forming a non-ionised link with carbon, it shared 
one electron with the carbon atom; thus, it 
increased its own number to the stable number two, 
and also increased the number of electrons of the 
carbon atom by one. On the view of single-shared 
electrons, methane should be an unsaturated mole- 
cule, although it was saturated. According to 
Lewis, the carbon in methane shared one of its four 
valency electrons with each of the four hydrogen 
atoms, and at the same time each hydrogen atom 
shared its own electron with the carbon, thus satisfy- 
ing the carbon. 

In explaining further, Dr. Sidgwick mentioned 
that the isolated and reactive hydrogen atom had 
only one electron, whilst the combined stable atom 
had two, and could even take up two more. Thus, 
in the undissociated (covalent) form of hydrofluoric 
acid HF, the F was surrounded by four pairs of 


electrons, H -:f:, and this HF could combine with a 


fluorine ion to give FHF (with twice four pairs of 
electrons), the ion of polymerised hydrofluoric acid 
HF,. There was plenty of evidence to show that 
this group of four shared hydrogen electrons was 
stable, though he could not say why it was so. In 
the co-ordinate link there would be one atom having 
a pair of unshared valency electrons to offer, and 
another atom which had room for one or more 
pairs of electrons in its valency group. Dr. Sidgwick 
would mark the ordinary covalent link by a line 
A-B, and the co-ordinate link by an arrow A> B, 
the arrow pointing away from the atom which 
contributed both the two electrons of the link; 
the donor A, towards the acceptor B. The donor 
and acceptor properties were influenced by the 
state of combination. Hydrogen was a powerful 
acceptor when joined to oxygen or fluorine, a weak 
acceptor with nitrogen, and hardly an acceptor at 
all when joined to carbon. It was similar with the 





* Neon has 10 electrons, fluorine 9, sodium 11; in 
combining with fluorine, sodium transfers one electron 
to fluorine, so that they both have 10 electrons, and, in the 
compound NaF, sodium is assigned the valency + 1, 
and fluorine the valency — 1. 





donor property. Association was due to co-ordina- 
tion, and a study of the conditions of co-ordination 
was urgently required. 

Two separate papers should also be mentioned 
in connection with the discussion. One of these 
was by Dr. W. Wardlaw, of Birmingham, on 
Co-Ordination Compounds of Molybdenum, and 
the other paper, on Multiplanar Rings and Some 
Consequences of Strainless Motion, by Mr. Wilfred 
A. Wightman, M.A., of Leeds, the latter referring to 
the dynamical aspects of these problems for closed- 
cycle compounds. The conditions of equal angles 
and equal sides were fulfilled, he pointed out, by 
polygons of more than five sides only if the atoms 
were arranged in more than one plane. In that 
case, the angles might all be equal to the tetrahedral 
angle ; strain in the sense of Baeyer (i.e., deviation 
from the tetrahedral angle) could be eliminated 
from a non-planar structure having more than five 
carbon atoms, and two such strain-free configura- 
tions were possible in the case of cyclohexane, 
which has six carbon atoms in a ring like benzene. 
Mr. Wightman had constructed models to determine 
whether co-ordinated relative rotations about the 
single bonds were possible without strain. His 
models were hexagons (single or multiple) made of 
wire. All the six corners could not be in the same 
plane, but the model could be bent, so that, for 
example, two opposite corners were both turned 
up, or the one corner turned up and the other 
down, or so that the atoms were arranged in the 
zig-zag fashion adopted by Sir W. Bragg. By clamp- 
ing one or more corners, (atoms), Mr. Wightman 
showed whether or not other atoms could describe 
rotatory or also translatory motion ; the existence 
or non-existence of isomerides would decide whether 
the suggested configuration could be accepted. 


STRUCTURE AND FORMATION OF COLLOIDAL 
PARTICLES. 


Sir William Bragg opened the second general 
discussion with an address on the assistance that 
X-rays could give in the study of colloids. Though 
the X-ray methods were still in their infancy, they 
contributed to our knowledge on five points: the 
internal structure of colloidal particles and any 
periodicity in their arrangement; the nature of the 
exterior layer and its adjustment to the interior ; 
the average sizes of particles and the size distri- 
bution ; the shape, spherical, hair-like, flaky, &c. ; 
and the tendency to orientation. When there 
was no order at all, X-rays could not help, but 
the really amorphous substance was receding more 
and more into the distance. Even liquids showed 
the central X-ray spot surrounded by a diffraction 
ring (sometimes double) the angle of which corre- 
sponded to the ratio of the wave-length to the 
spacing of the particles. The interpretation was, 
however, difficult ; liquid molecules might continually 
be forming groups, and there might be periodicity 
in their atomic arrangement approximating to crys- 
tallisation. A face-centred structure in colloidal gold 
had been recognised by Debye and Scherrer; the 
cellulose unit contained four molecules of C,H,,0; 
of 7-9 by 8-45 by 10-24 (Herzog and Jancke) ; 
and in rubber a crystalline structure appeared on 
stretching. In the future, a cellulose crystal might 
be made. The interactions with the surroundings 
depended on the surface layers, which might be 
very thin (mono-molecular) and might differ 
from the interior. For direct X-ray study, such 
layers were actually too thin; colloidal gold gave 
no lines due to surface conditions. Some mole- 
cules, however, had different properties in different 
directions ; oleate molecules arranged themselves 
at right angles to the water in which they were 
dissolving. 

With regard to size, particles above 10-® cm. 
gave sharp lines, but with exceedingly small par- 
ticles the lines broadened and became diffuse. 
When the threads of stearic acid arranged them- 
selves’ in flakes, the edges were much more 
active than the faces which formed planes of 
cleavage. There might be distortion and twin- 
ning (Miller), and on rapid cooling the acid 
would appear amorphous (Trillat). Carbon blacks 
gave diffuse bands in which, on heat treatment, 
the graphitic X-ray spectrum became more and 
more distinct, while the electric resistance and other 
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properties changed (G. L. Clark). Assemblages | 
of minute crystals were found in fibres, bones, and 
muscles, as in strained metals, when arranged in 
relation to the direction of growth or strain. Tem- | 
porary orientations could be forced upon molecules | 
by their interaction and by external agencies. We | 
gave some illustrations of these effects, in connection | 
with Sir William’s Royal Institution lectures, on 
page 128 of our issue of February 4, last. 
Professor H. Freundlich, of Berlin, an authority | 
on colloids, dealt in his contribution chiefly with | 
state of aggregation and crystalline form and | 
shape. He said that the Debye-Scherrer and | 
Hull radiogram of a colloid rod (a gel), or of a| 
jet of a colloidal solution (sol), showed distinct | 
lines for crystalline particles not in orientation, 
dark spots for crystalline particles in orientation 
around an axis (in fibres), and a uniform darkening | 
or bands for amorphous particles. The metal sols | 
were crystalline like the massive metals themselves ; | 
the sols of many oxides (copper, iron, vanadium, | 
&c.), turned crystalline in the course of time, in | 
minutes or weeks, the ageing being accelerated or | 
delayed by electrolytes ; colloidal sulphur and the | 
freshly-prepared oxides of aluminium, zirconium 
and arsenic, were amorphous. Soaps, &c., gave | 
mesomorphous solutions in the state of crystalline | 
liquids, Optical tests, by the aid of the ultra-| 
microscope (which showed diffraction effects), the | 
ordinary microscopic examination of the Tyndall 
cone, and the polarisation, double refraction and | 
dichroism of streams of sols, or of sols in electric | 
and magnetic fields, enabled us to distinguish be- | 
tween spherical and non-spherical particles. The | 
scintillations of particles in Brownian movements, | 
for instance, indicated a non-spherical structure, 
and were due to reflections in certain azimuths. 
The actual distinction between the rod-like and | 
the lamellar character of particles was more difficult 
than the mere characterisation as spherical or non- | 
spherical. Particles of mastic and arsenious oxide 
were spherical, as was also the case with gelatin, | 
as long as it was unstretched. That the sols of | 
vanadium pentoxide, mercuri-salicylic acid, benzo- | 
purpurine, and many other dyestuffs, contained rods, | 
was demonstrated in a very simple way. The | 
solution of the mercury salt mentioned looked colour- 
less, like water, in a beaker, and the purpurine red. | 
The appearance remained unchanged when the | 
solution was examined through a Nicol, but when | 
the beaker was shaken, the black polarisation cross | 
and rings became quite distinct for a second or so} 
in the mercury salt, and another pattern appeared | 
in the purpurine, probably because the colloidal 
rods, when agitated, set themselves parallel along 
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spiral lines of flow. The polarisation vanished 
quickly as the particles returned to random positions. 
Similarly, lamellae were discernible in the sols of 
iron and copper oxide, and even amorphous colloids 
betrayed a deviation from the spheroidal shape. 
The particles of rubber latex were pear-shaped 
and consisted of a viscous fluid in a tough skin, 
according to Freundlich and Hausser. 

The chief factors which influenced the state of 
aggregation were the same as those influencing the 
rate of formation of the particles. There was a 
certain competition between a grouping velocity and 
an orientation velocity. Molecules precipitated in 
solutions, or from the gaseous state, might have no 
time for orientation, and fall out amorphous ; with 
slow formation, orientation preponderated and 
crystals were formed. Metals crystallised so rapidly 
that their colloidal solutions always appeared 
crystalline, but when molecular beams of silver 
and naphthalene struck a rotating cylinder which 
was cooled by liquid air, the silver was seen 
to be amorphous after the naphthalene had 
been dissolved. The time factor also came in 
in another respect. The sols prepared by dialysis 
of iron chloride contained crystalline particles of 
both basic chloride and hydroxide (goethite), and 
they separated into layers at such regular distances 
that a beautiful green iridescence appeared in the 
solution. Orientation of lamellar particles, by 


| gentle streaming or a magnetic field, then brought 


out double refraction and dichroism; the brilliant 
green iridescence due to this lamellar character was 
also observed in some natural fibrous red-iron ores. 

Professor R. Whytlaw Gray, of Leeds, described 
his researches on the Process of Coagulation in Smokes 
and the Structure of the Particles. We explained the 
reasons which induced him to take up the study of 
smokes as disperse phases, and his results, on page 
178 of our issue of February 11, last, in connection 
with his Royal Institution lectures. At Leeds he 


| gave further particulars. 
Dr. F. L. Usher, of Leeds, followed with a paper | 


on the Formation and Growth of Colloidal Particles 
from molecules in systems from which crystalline 
structure was absent. The formation of nuclei 
depended upon the degree of super-saturation, 
and on the interfacial tension. In stable liquid- 
liquid systems, the limiting sizes to which particles 
could grow in the course of time was determined by 
the electric conditions on the surface and the 
Helmholtz double layer. Dr. Usher’s views accounted 
for the correct estimation of the particle sizes, 
their growth in the presence of traces of electrolytes, 
and the fact that particles became larger if formed 
at higher temperatures. 


The next contribution to the discussion by 
Mr. J. Ewles, of Leeds, concerned the study of 
the fine structure of wool by pin-hole beams of 
monochromatic X-rays, and the discussion was con- 
tinued by Mr. B. N. Desai and others. 


THE CHEMISTRY OF HORMONES. 


The third discussion concerned the hormones 
(messengers), the secretions of certain glands, which, 
circulating in the animal system, seem to be needed 
for stimulating the proper functions of the organs. 
Though the hormones are present only in exceedingly 
minute proportions, their absence, and also their 
undue concentration, have very marked effects, 
both immediate and gradual. When the thyroid 
gland does not function, goitre develops, and it is 
generally associated with stunted bodily and mental 
development. Professor G. Barger, F.R.S., of Edin- 
burgh, opened the discussion, and the other chief 
speakers were Professors H. 8. Draper, J. C. Drum- 
mond, E. C. Dodds and J. Mellanby. Thyroxin, it 
was stated, had definitely been isolated, and even 
been synthetised. The chemistry of the hormones 
of the other glands and of the vitamins, which 
correspond to the hormones in plants, and, in 
their turn, seem to be indispensable for food 
assimilation by animals, was in a less settled 
state, but progress was being made. 


Acip CATALYSIS. 


In his paper on New Developments in the Study 
of Acid Catalysis, Professor H. Medforth Dawson, 
of Leeds, took exception to the general view which 
ascribes the catalytic activity of acids entirely to 
the hydrogen, this being one of the reasons why so 
much is now heard of hydrogen-ion concentration, 
designated by py, even in engineering laboratories. 
| Professor Dawson suggested that the observed cata- 
| lytic effects were the joint action of hydrogen ions, 
| of acid anions, and of undissociated acid molecules 
| When weak acids were mixed with their salts, it 
was found that the reaction velocity diminished 
to a minimum and then increased again as the 
proportion of the salt was increased. When the 
velocity of the reaction was plotted against the px, 
a curve of the catenary type was obtained. Professor 
Dawson deduced for the relations a general formula 
which was independent of temperature, solvent, 
and nature of the reaction, and he applied his 
conclusions to buffer solutions and cases of auto- 
catalysis, and, further, to the determination of 
ionisation constants and of the degree of ionisation 
of water. 








(To be continued.) 
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Fig. 22. Nrar-SipE VIEW oF ENGINE. 

















Fie. 23. CamsHAFT DRIVE. 

















Fie. 24. Eiaut-THrow CRANKSHAFT. 


FaraDAay House Otp StupEnts’ AssocratTion.—The 
nineteenth annual dinner of the Faraday House Old 
Students’ Association will be held on October 28, at 
the Savoy Hotel. Mr. J. Francis Watson, technical 
manager, Callender’s Cable and Construction Company, 


Limited, president of the association, will be in the chair. 
Members are reminded that they may introduce guests 
who need not necessarily be Faradians. Early application 
for tickets, price 10s, 6d, each, should be made to the Hon. 
Sec., F.H.O.S.A., 66, Southampton Row, London, W.C.1. 





THE MOTOR EXHIBITION AT 
OLYMPIA. 


(Concluded from page 482. 


ConTINUINC our account of some of the newer 
cars which are exhibited we may first refer to 
a new eight-cylinder model which forms an in- 
teresting development in British practice. 

“Straight Eights” have not had any great 
manufacturing vogue in this country, doubtless to 
some extent because of the generally satisfactory 
character of the medium and high-grade six- 
cylinder models, and partly on account of the higher 
cost, which some think to be disproportionate, 
between a “ straight eight ” and a first-grade “‘ six.” 
The number of straight eights has, however, been 
increased by the Wolseley new model, which 
in chassis form, is listed at 550/., and at 200/. more 
with a saloon body. As a five-seater tourer, it is 
listed at 695/., which is a remarkable figure for a 
European car of this sort. The chassis is illus- 
trated in Fig. 21, on page 510. The maker’s rating 
is only 21 h.p., which is less than the Ford, though 
the tax is the same, viz., 22/. The cylinders have 
a bore and stroke of 65 x 101 mm. (2-55 in. » 
3-97 in.), and the displacement is 2,681 c.c., which 
compares favourably with some well-known six- 
cylinder models. The cylinders (Fig. 22) and upper 
part of the crank-case are cast en bloc, and are a 
very creditable piece of pattern and foundry work. 
There is a gap between the centre cylinders which 
provides space for the flange-coupled ends of a pair 
of four-throw crankshafts, and for the vertical 
driving shaft and spiral bevel gear train which 
drive the overhead camshaft. This shaft, shown 
in Fig. 23, extends right and left along the cylinder 
block, and the whole is carried in a casing secured 
to the removable cylinder head. The vertical 
drive-shaft from the crankshaft has a demountable 
self-registering coupling sleeve to facilitate removal 
of the cylinder head for decarbonising, &c. The 
valves are vertical, in pairs, and are worked by end- 
pivoted levers interposed between the cams and 
valves. The use of two four-throw crankshafts, 
coupled together by disc flanges and spigot centres, 
is not novel, and was used for an early British 
racing “eight,” which virtually consisted of two 
“fours”? in tandem. In the Wolseley lay-out, as 
will be seen in Fig. 24, there are 10 crankshaft 
main journals, of which the two end journals are 
carried in bushes and the rest by white-metalled 
half shells with caps and bolts. The firing order, 
which gives an idea of the disposal of the cranks, is 
as follows :—1, 3, 7, 4, 8, 6, 2, and 5. A vibration 
damper is fitted to the front end of the shaft. 

High-pressure oil circulation, with special filtra- 
tion, is used for all the engine assembly, including the 
camshaft and valve rockers, and the distribution 
gear to the camshaft and the other drives, except 
the pistons, which are splash-oiled. The oil is con- 
veyed by ducts in the members themselves, which are 
thus lighter than if solid, and the system dispenses 
with independent pipes or leads. The oil pump is 
of the gear type, and is driven through the distribu- 
tion gear from the crankshaft. The dynamo is 
bracketed horizontally against the cylinder block 
on the near side. The coil-ignition timer-distributor 
occupies the corresponding position on the off-side, 
but the distributor is vertical. Reverting to the oil 
circulation system, it may be noted that there is a 
special filter against the dash board, and the contents 
of the sump(about two gallons) arecirculated through 
this filter four times in the hour. There is provision 
for adjusting the oil-circulating pressure by a valve 
on the off-side of the engine. The oil filter and a 
level gauge are on the near side. The ignition has 
hand and automatic timing control. A single 8.U. 
carburettor, with an autovac feed from a 14-gallon 
tank at the rear, supplies the mixture. The car- 
burettor is attached to the centre of the induction 
manifold, which, as will be seen in Fig. 22, is webbed, 
to facilitate correct distribution of the gas to each 
pair of cylinders, and has a central hot-spot, heated 
by the exhaust manifold, which has two discharge 
outlets at the respective ends. Reliance on a 
single carburettor for eight cylinders is an interesting 
departure which has advantages from the stand- 
point of users and repair shops. The cooling water 
has an assisted gravity circulation by means of an 
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impeller which is combined with, and driven by, the 
fan assembly. A short, almost vertical pipe, 
connects the circulator with the return pipe to the 
radiator. 

The engine, with enclosed flywheel, clutch 
and a four-speed gear box and central gear lever, 
is a unit with three-point suspension on rubber- 
insulated bearers. The front bearer is a centre 
spigot attached to a horseshoe trunnion, the spigot 
registering in a rubber-insulated sleeve bearing 
bolted to the frame front cross-member. The 
clutch is a single dry-plate, with the fabric facings 
attached to the flywheel and cover plate respec- 
tively. The starter is bracketed, outboard fashion, 
on the near side, against the flywheel casing. The 
usual enclosed Bendix pinion and toothed flywheel 
ring form of drive is used, and both this member 
and the dynamo and ignition distributor are par- 
ticularly accessible. There are four forward speed 
gears and a reverse. The gear ratios are: 19-2, 
11-65, 7-72, and 5 to 1 and (reverse) 19-2 to 1. 
At 1,700 revolutions of the engine on top drive, 
the road speed is 30 m.p.h., and the range is from 
5 to 65 m.p.h. The main and lay-gear shafts 
are journalled on large ball bearings, and there is 
the usual provision against oil leakage. 

The axle gear is of the spiral bevel form, and is 
driven by a hollow and unenclosed propeller shaft 


Fia. 26. CHAssIs FROM ABOVE. 


fitted at both ends with fabric disc joints, and is 
kept centred by a ball and cup mounting. The axle 
casing is a pressing of the usual banjo shape, and 
has access to the crown-wheel and differential gear 
from front and rear. The front cover is fashioned 
with a substantial neck, which provides a sleeve bear- 
ing for the short driving pinion shaft. The ends of 
the casing sleeves carry stout flanged sleeve brackets, 
to which the combined shield plates and brake shaft 
bearing lugs of the back drums are attached. The 
axle shafts are semi-floating, and are journalled on 
compound adjustable taper roller bearings. The 
wheels are of the pressed metal, spoke type, and are 
hub demountable by studs and nuts. They are 
shod with 3l-in. by 5}-in. tyres. The Hotchkiss 
drive through the fore-ends of the back springs is 
employed, and the rear springs, which are semi- 
elliptical, are under-slung. They are graded for a 
body weight with usual equipment of tools and 
accessories not exceeding 11 ewt. Friction dampers 
are fitted to both axles. Four wheel internal, 
cable-operated and compensated brakes are fitted. 
There is both a single and a local adjustment for all 
brakes. A lever at the side controls a separate pair 
of shoes in the rear drums, and a pedal controls the 
front and the other pair of rear brake shoes. 

The steering gear is a worm and wheel with 





provision for correcting play, both endwise and 
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laterally, and also in respect of the gear wheel mesh- 
ing. It will be seen from the chassis elevation view, 
Fig. 21, that the steering gear-box is fixed above 
the frame, and that the drop arm is vertical, and the 
drag link horizontal when the wheels are straight. 
The turning circle with the standard tyres is about 
40 ft., which is reasonable and safe for a wheel base 
of 10 ft. 7in. The track width is 4 ft. 8 in., which 
has become the standard here and in America for 
oversea cars. The frame is of the usual channel 
section of pressed steel with tapering ends, and is 
upswept over the rear axle. Its overall length is 
14 ft. 5 in. and width 5 ft. 5 in. The running 
board bearers are suspended and cross tied below 
the frame from stout pressed brackets, which 
depend from the side frame members, and furnish 
a flange support for the body, and simplify its 
attachment to the chassis. The frame itself is 
tied by four stout channel cross members. An 
innovation which will be welcomed by many 
owner-drivers concerns the means of oiling the 
several small pivots about the chassis. It consists 
of interposing distance tubes between the oil-points 
and the pressure nipple-valves, the tubes being 
carried through the side valences. The chassis, 
without a body, but inclusive of all accessory fittings, 
weighs 19 cwt., and there is a minimum ground 
clearance of 9} in. 
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thrust and torque through the fore-half of the back 
springs is used. There are four-wheel internal 
brakes, with cable control and pedal operated. 
Both brakes have a quick adjustment, and are 
double compensated. The front brake shoes make 
contact with the drums for their whole length, and 
both brakes are so arranged that the shoes are 
maintained automatically floating when “ off.” This 
detail and the use of a screw control instead of the 
usual cams as well as the knife to anvil pivots are 
shown in Figs. 31 and 32. 

The usual brake pivots and bearings are superseded 
by a knife-to-anvil construction, which requires no 
lubrication and reduces the pressure required to 
operate the brakes. The steering gear is of the Marles 
cam-and-roller type, and the turning circle is 41 ft. 
to left and 45 ft. to right. The chassis with 
full equipment weighs 22} ecwt., and the overall 
length and width are (approx.) 14 ft. by 6 ft. 
Access to the external parts of the engine is on the 
near side, Access to the valves’ and rockers is 
obtained by lifting a light oil-tight aluminium 
cover, which has an oil-filling hole in the centre. 
This serves for replenishing the sump, the oil 
finding its way through ample passages provided 
for the purpose about the push-rod enclosure. 
Alongside of the cylinder head are two narrow 
covers giving access to the spark plugs and to the 
leads. Below are two large covers, which give 
access to the valve-tappets and camshaft. Among 
the minor items which often mean so much to 
owner-drivers may be mentioned an automatic 
switch between the coiland battery, which prevents 
the battery being exhausted if the driver forgets to 
move the hand switch. Another little fitting is 
a small red spot-light on the instrument panel, 
which automatically gives warning when the 
battery is becoming exhausted. Further, the filler 
cap of the tank at the back has a bayonet joint, 
and a long filter, so that in all there are four filters 
for the petrol to pass through before it reaches the 
carburettor mixing chamber. The brake drums as 
seen on the wire-wheel model, are stout pressings 
of a modified soup-plate shape, and stiffened both 
by embossing and by a deep flange about the rim. 

An Armstrong-Siddeley chassis with side valves 
is a departure from the makers previous practice, 
but with good sanction since the Ricardo combus- 
tion head and other induction features have 
demonstrated the possibilities of a more efficient 
side valve engine. Another point about the new 
15 h.p. “ Six”? shown by Armstrong-Siddeley Motors, 
Limited, Coventry, is its partial ‘‘ one-point ”’ or 
centralised lubrication system for the chassis. 
There are other items showing experience and 
foresight in what concerns cars destined for the 


owner driver, who to an increasing extent is 
being drawn from the feminine ranks. Further, 


the design shows attention to the repair man’s 
point of view, for with this layout there should be 
little scope for the oft-heard justification of a big 
repair bill that it is mostly for time required to get 
at and re-assemble the component concerned. 

The six cylinders and crank case are en bloc 
and stoutly ribbed to carry a four-bearing crank- 
shaft and four bearings camshaft. The engine is 
anchored to the frame by four bearings with rubber 
pads interposed. The bore and stroke are 63-5 by 
101 mm. (2-5 by 3-97 in.). The camshaft is on the 
near side and the dynamo, magneto and pump are in 
tandem on the off-side (Fig. 33, page 515). A Renold 
duplex 3-in. roller-chain, disposed triangular fashion, 
drives both camshaft and these auxiliaries direct 
from a sprocket on the crankshaft. An adjustable 
sprocket is provided to take up slack. This is 
shown in the end view (Fig. 34) and consists of a 
ratchet and pawl with an eccentric bush mounting 
for the jockey-sprocket. The necessary adjust- 
ment of this member can be made outside the 
timing case. The engine is shown in Fig. 35. 

The crankshaft and connecting rod_big-ends, 
camshaft bearings’ and the auxiliary drives are 
pressure-oiled by a gear-pump in the base. The 
oil is sucked from the bottom of the sump, passes 
through the pump to a filter from outside, and thence 
to the bearings. There is a relief valve of the 
plunger type which it is claimed cannot stick 
due to impurities in the system. This relief valve 


is set on the test bench to give 10 lb. minimum 
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Fie. 31. Front WHEEL BRAKE. 


oil pressure when the engine is hot. The oil con- 
sumption is given as 1,500 to 2,000 m.p.g., and 
decarbonising is listed for intervals of 15,000 miles. 
The pistons are of iron and have two upper rings 
and a bottom (scraper) ring. The connecting rods 
are light stampings of the usual I section, and are 
white-metalled direct. The valves are inclined from 
the vertical in order to shorten the port passages. 
The tappets have a direct contact with the cams. 
Double springs are used for the valves, and the 
tappets have the usual fine-thread and nut adjust- 
ment. The ports are so arranged that each cylinder 
is separately and directly served both for inlet and 
exhaust, so that there is a minimum of wire- 
drawing. The usual “ hot-spot” is obtained by 
close grouping the induction and exhaust mani- 
folds, and the exhaust outlet is at the forward end 
of the manifold. The magneto is a B.T.H. with an 
entirely automatic timing control by means of a 
centrifugal governor which varies the armature’s 
position relative to the fixed drive medium. Pro- 
vision is made for adjusting the ignition timing 
relative to the piston’s position by means of a 
friction metal disc, with a moulded star-pattern 
centre, within the muff-coupling of the tandem 
drive between the magneto and dynamo (Fig. 33). 
The friction member is part split and carries a bolt 
with a cone-nut which acts as a wedge between 




















Fia. 32. Rear WHEEL BRAKE. 


the split portions. By slacking the bolt the group 
head pinion between the housing and the friction 
disc member is released and the magneto point 
can be turned the small amount necessary. The 
friction disc member provides also a limited amount 
of flexibility and cushion for the star metal member 
of the coupling on the dynamo end of the drive. 
The carburettor is a Claudel-Hobson with the 
usual autovac feed from an 8-gallon drum-shaped 
tank under the dash. The fuel consumption is 
stated to average 25 m.p.g. The cooling water is 
circulated by a rotary vane-type pump, with a self- 
staunching gland by means of a thrust coil-spring 
(Fig. 33). The pump is bracketted on the front of 
the timing case, a position common to Armstrong- 
Siddeley engines for some time. Similarly also the 
maker’s position of the oil-filler and filter and a 
dipstick on top of the cored-off side front bearer 
arm is retained. The starter motor is on the near 
side and has an unenclosed Bendix pinion and fly- 
wheel toothed ring drive. In common with other 
Armstrong-Siddeley models a large diameter and 
narrow flywheel-clutch housing in used. It has 
advantages on the score of reduced overhang and a 
steeper gear-purchase for the starter pinion. The 
flywheel is of the open type with vaned arms to 
provide an induction-fan effect in lieu of a separate 
fan behind the radiator. The clutch is a single 
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Fia. 35. 


plate and unenclosed, but shielded from mud by an 
apron below the flywheel. A short cardan shaft 
transmits the drive to the three-speed gear set in 
a separate box with centre control. The gear ratios 
are 19 to 1 (first), 9-35 to 1 (second), and 5-1 to 1 
(direct third). The rear-axle drive is by an enclosed 
propeller shaft and spiral-bevel gear train. There 
is separate provision for torque and drive thrust, 
respectively by a tube with a spherical bearing at 
the forward end and flange-bolted to the axle- 
casing at the back end, and by a pair of triangular 
stays the apex of which joins with a neck bracket 
about the head of the torque tube. Both front and 
rear suspension is on semi-elliptical metal-gaitered 
leaf springs fitted with rebound checkplates, the rear 
pair being shackled at both ends and secured above 
the axle casing. The front axle is a stamping of the 
usual I section and has open-jaw ends. The steering 
gear is the Armstrong-Siddeley Company’s pattern, 
which differs from the normal Ackermann layout 
in having the drag-link coupled transversely to the 








NEAR SIDE OF ENGINE. 


near side stub-axle crank. The four-wheel brakes 
are of the expanding-shoe type, with compensator 
shaft and linkage, and are controlled by pedal or 
by a central lever in front of the gear box. The 
tension rods of the brakes can be adjusted from the 
outside of the chassis. 

A centralised “one-point” oiling system is 
applied by five leads to the principal points of the 
chassis, viz., the two sets of brake-shaft bearings, 
and the spring shackles and front-axle swivels. 
There is a lead, by means of a copper pipe, to the 
points from as many distributing sockets attached 
to the barrel of the pump. A small tank holding 
a little over a quart, and carried under the engine 
bonnet, supplies the oil to the plunger pump, which 
is worked by a pedal and recoil spring. The distri- 
bution points have orifices graded to supply the 
required quantity for the bearings concerned, and 
two filter gauzes are interposed in the system. 
The chassis has a wheel-base and track of 9 ft. 6 in. 
by 4 ft. 8 in., and a ground clearance of about 9 in. 





















































Armstrong-Siddeley disc wheels, with 29 in. by 
4°95 in. Dunlop tyres, are fitted and the tyres are 
listed for 10,000 miles use. 

Supercharging may be regarded as one means of 
improving economy by giving increased mileage with- 
out a corresponding increase of fuel consumption. 
Free-wheeling is another and simpler means of 


saving fuel, and also assisting gear changing. The 
Vulcan Motor and Engineering Company (1906), 
Limited, Southport, fit a freewheel clutch as an 
extra for 25/. The arrangement is shown in 
Figs. 36 and 37, from which it will be seen that the 
details are simple, and that the free-wheel clutch is 
housed behind the change-gear box. It comprises 
a face-toothed ring, into which can be meshed 
a similar ring splined to the tail shaft. When 
the two rings are brought together by a special 
lever placed central on the driver’s left (the change- 
speed lever being on the right in Vulcan models) 
the drive is solid, but when they are separated, 
the free-wheel can operate, and the car will overrun 
the engine freely. To assist in the meshing of the 
face teeth when a solid drive is required, a small 
spring-loaded friction ring surrounds the assembly, 
and engages with the sliding plate before the 
teeth engage, so running the gear shaft up to the 
speed of the transmission shaft before the teeth 
meet. Then, when the free-wheel clutch is in 
“free ’’ position, on removing the foot from the 
accelerator (7.e., closing the throttle), free-wheeling 
takes place and gear changing is facilitated. Lock- 
ing the free-wheel clutch suspends the free-wheel 
action, and makes the transmission the normal 
rigid drive. It is claimed that the fuel-mileage 
saving Over an average road, and under normal 
touring conditions, is about 25 per cent. 

The problem of increasing body capacity without 
lengthening wheelbase and providing more seats in 
tandem, seems to have been solved by the Vulcan 
Company’s fabric saloon, which has the width ex- 
tended by nearly the breadth of the normal running 
boards. It provides ample space for three persons 
per seat. 

As a sample of a really light “ six’ at-a popular 
price, with low rating for taxation, it would be diffi- 
cult to beat the new “ Monasix,” shown by Messrs. 
Renault, Limited, which has a bore and stroke of 
58 mm. by 93 mm. (2-28 in. by 3-66 in.), cylinders 
and crank-case cast en bloc, enclosed valves at 
the side, four-bearing crankshaft, thermo-syphon 
cooling, pressure oil circulation, dynamotor for 
lighting and starting attached to the front end 
of the crankshaft, Renault carburettor with hy- 
draulic cushioned dashpot for the auxiliary air 
control, and coil ignition with the timer-distributor 
above the cylinder block driven from a vertical 
shaft. The transmission is by an inverted-cone 











clutch to a separate gear-box with three-speed 
changes forward and a reverse, and thence from an 
enclosed propeller shaft and spiral-bevel axle-gear. 
The engine is inclined rearwards to obtain a straight- 
line drive and a minimum of angularity of the flexible 
couplings. The gear and hand-brake levers are 
central, and the gear gate has a special lock mech- 
anism, and is housed in a casting in front of, but 
combined with, the gear-box. There are four- 
wheel internal brakes, cable operated by pedal 
and lever, and compensated by a central swinging 
link. 

The gear-box unit is supported on a malleable 
cast 1) cross member, which also takes the torque 
through the torque tube and provides anchorage 
for the brake and clutch cross-shafts. The drive 
thrust is provided for by a triangular stay, the 
apex of which is anchored below the torque-tube 
head, but the spaced ends are fastened to the brake 
back plates or carriers. These members are 
suitably stiffened from the interior in common with 
the axle-tube ends, which provide the journal 
support for the wheel hubs. A corresponding pair 
of lugs attached to the brake-carrier plates carry the 
shackled ends of the inverted transverse leaf-springs, 
which are strapped at the centre to the dropped 
rearmost cross member. This arrangement is only 
novel for Renault practice, in that the spring is 
carried farther back from the axle-casing, which 
improves stability and provides for the longer 
wheelbase and frame. The front suspension is 
semi-elliptical, and both axles have friction-type 
shock dampers. Embossed pressings are used 
for brackets and stays, and enhance the appearance 
of the chassis. The engine, we understand,’ though 
rated at 12 h.p., develops 45 b.h.p. at 3,700 r.p.m., 
and has a normal fuel-mileage consumption of 30 to 
the gallon. The fuel tank is under the dash, and 
holds six gallons. The oil consumption is given 
as a gallon for 1,000-1,200 miles. Access to the 
wiring leads at the dash is by a hinged panel, which 
carries the electrical connections. The chassis is 
not listed, apart from a body, but as a four-seater 
tourer it costs 279/., and with a metal or fabric 
saloon body, 2997. Having regard to the existence 
of a tariff on the import of cars, the combination of 
attractive quality and low price is the more note- 
worthy. The Renault Company are completing 
a large works at Acton, London, W., where probably 
this and other good selling models in the British 
market will be built wholly or in part. 

Several makes of more expensive and larger 
engines of cars are fitted with oil purifiers, in 
addition to filters on both the suction and delivery 
sides. A good example of the mechanical form of 
purifier is that fitted to the larger Renault engines. 
Briefly described, it is a rotary cup with a turbine, 
and is closed by a screw-cap which has a number of 
radial holes. It is enclosed in an oil-tight housing 
held by a hinged strap. Motion is derived from a 
gear on the camshaft, the purifier being geared up 
for the necessary centrifugal effect. Fig. 38 shows 
the purifier opened out preparatory to removing the 
screwed cap for access to the collected refuse. 
The driving mechanism, which is enclosed connects 
with the spindle of the rotary cup by a self-regis- 
tering dog clutch. The action is as follows :—The 
used lubricant from the engine pump reaches the 
purifier by a central internal duct, and is caught 
up by the vanes of a turbine rotated by the purifier 
shaft. The centrifugal force then separates the 
impurities in the oil and projects them on to the 
interior wall and base of the cup. The purified oil 
is forced upwards and passes through the holes in 
the top under pressure of the supply constantly 
arriving from the oil pump. it passes from the 
purifier to the various parts of the engine to be 
lubricated, being all the while under the circulating 
pressure of the engine pump. It is usual to open 
out the collecting cup after running 2,000 to 2,500 
miles. 

Direct air-cooled or waterless cars have made 
little appeal to European manufacturers. Recently 
the Franklin ‘“‘six’’ has been brought into the 
British market for the first time in its fairly long 
career of 29 years. It is made by the H. H. Franklin 
Manufacturing Company, at Syracuse, New York, 
and 21, Chilworth-street, Paddington, W. It is not 
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Messrs. VutcaN Motor ENGINEERING 


Company (1906), Limrrep. 





Fie. 38. CENTRIFUGAL O1L PURIFIER; Messrs. RENAULT, LIMITED. 


nearly 1,000/. with a roomy saloon body on the 
longer chassis. It is said to be popular with air- 
craft owners, especially those with experience of 
air-cooled engines with radial cylinders. Interest 
in the lay-out is centred almost exclusively in the 
method of cooling the cylinder-heads. For this 
purpose, forced draught is used, supplied by a 
Sirocco-type blower attached to the front of the 
crankshaft and housed in a sheet-metal trunk. The 
original engines had a similar form of forced air 
cooling, but, some years since, it was superseded 
by an induced air system with a suction fan at the 
back of the engine. The forced system was again 
reverted to and is likely to be permanent. Fig. 39, 








a cheap car, the chassis costing here 650/., and 


which shows a Franklin engine and gear-box from 








the off side, gives a fair idea of the layout and 
course of the forced draught. When in the chassis, 
the front is covered by two or more screens, of 
which the front one corresponds to the frontage of 
usual water radiator and the others intercept insects, 
dust, &c. 

The valves are overhead in pairs and are 
worked by push-rods and rockers from an inter- 
nal camshaft. Each cylinder is independent with 
its valve assembly and is separately bolted to the 
casing; the valve mechanism is in a trough-like 
compartment, which is supplied by oil from the 
engine. The cylinders are of iron covered with 
vertical copper fins, numbering many scores, with 
plenty of free air space between. Cylinder and 
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Fie. 40. SteertInc Damper; Messrs. HERBERT ENGINEERING Company (1924), Limirep. 


jacket are united by a special process which has 
largely improved the conductivity and radiation 
value of the copper jackets. The air is directed 
up the trunk, over the valves and tops of 
the cylinders, downwards through the spaces be- 
tween the fins and over the crankcase. A small 
quantity of air also is pumped through a dust trap 
into the crankcase for oil-cooling purposes. The 
air cowl is hinged at the back, and the box-like 
coaming on which it rests can be lifted off, the 
whole being held taut in spigot fastenings by fly- 
nuts. It is stated that the six cylinders can be 
removed for decarbonising and valve grinding and 
re-assembled ready for use again in six hours, and 
that any cylinder can be removed complete with its 
valves and replaced in 75 minutes. The fan dis- 
places 1,350 cub. ft. of air per minute, at 20 m.p.h.. 
and consumes 0-32 h.p. Normally, it is stated, 
the engine operates at about 110 deg. F. hotter 
than a water-cooled engine. 

The engine has a bore and stroke of 3}in. by 4? in., 
and can develop 62 brake horse-power at 2,700 r.p.m. 
At that speed, the fan consumes nearly 14 h.p. The 
power unit weighs 700 lb., approximately. The 
absence of a radiator, together with the steel- 
flitched wood frame and full elliptical side springs 
for the axles, the rear lower springs being under the 
axle, makes the chassis very flexible. Carburation 
is assisted by an electric heater attached to the car- 
burettor. It requires about 3} amperes and enables 
a start to be made from cold in less than 20 seconds. 


The mixture pipe from the carburettor is jacketed | 





for heating by the exhaust. Ignition is by a coil- 
and-timer distributor, and the equipment includes 
a separate dynamo and starter, with the Bendix 
drive, and a centrifugal suction-operated dust inter- 
ceptor on the carburettor air pipe. The specification, 
as detailed by the makers, shows a high standard 
for materials and treatment—the crankshaft, for 
example, being of nickel-chrome steel with case- 
hardened journals—and the finished cars are not 
behind European models in the same price cate- 
gories. Internal hydraulic brakes in 14-in. diameter 
drums are used for the four wheels, and a hand 
brake on the gear shaft. 

Reference to American cars may be supplemented 
by noting that the Packard Company retain their 
hypoid axle-gear and centralised pressure oiling of 
all chassis points from a plunger pump near the 
driving seat. The hypoid axle-gear refers as much 
to the method of mounting the axle drive-pinion, 
about 14 in. below the axis of the crown wheel, 
as to any special form of tooth used for the drive. 
It is claimed that the hypoid gear combines the 
qualities of the worm and best form of silent tooth 
gear. The Packard Company’s hand-brake lever 
is in an unusual! position, being pivoted against 
the inside face of the off-side frame member, and 
passing through a slot in the top-flange of the frame. 

The steering damper shown in Fig. 40, is by the 
Herbert Engineering Company, (1924), Limited, 
Nr. Reading, and is shown fitted to one of their 
‘‘H.E.” cars. Its purpose is to control or prevent 
wheel wobble or flapping of the steering wheel. It 





consists of a narrow steel tape with the ends attached 
to the steering crank ends and cross-bar. The 
centre is caught up between spring-cushioned, 
fabric-lined steel plates, fixed to the axle beam. 
The device, apart from being simple and easily 
attached to any front axle, is stated to effect 
its purpose, and has attracted some attention among 
car makers and tyre trade experts. We understand 
that the Herbert Engineering Company, contem- 
plate granting licences to fit it. 

The supercharged 12-h.p. car by Messrs. Lea and 
Francis, Limited, Coventry, is interesting both for 
itself as a neat chassis, and from the fact that it is 
fitted with a Cozette supercharger. The chassis is 
illustrated in Fig. 41, on page 518, and the method 
of driving the supercharger in Fig. 42, on the same 
page. 

It will be seen that this fitting, which is com- 
bined with a special carburettor, has been embodied 
in a standard small engine without disturbing the 
symmetry or access to the internal parts. The 
engine itself is neat, but without special features. 
The cylinder block and head are detachable. The 
bore and stroke are 69 mm. and 100 mm. (2°71 in. 
and 3:93 in.) respectively. The valves are overhead 
and worked by enclosed and adjustable push-rod 
and rockers. The valves are of nickel-steel, in 
broached guides, and have duplex springs. The 
connecting rods are of Duralumin, and the pistons 
of aluminium alloy. The crankshaft and camshaft 
have three substantial bearings, and the cams have 
a special profile to suit the supercharging conditions 
and to ensure silent working. The water and oil 
circulation is by pump, and there is a Coley dial 
and needle type of thermometer on the dash which 
indicates variations of temperature in the upper part 
of the radiator. A revolution counter, up to 6,000 
r.p.m. for engine speed, is also fitted on the dash, 
and nearby is a gauge for the oil pressure. The 
oil-pump delivers the oil through a pressure filter to 
all the bearings, including the valve mechanism. An 
outside cover gives access to the pump filter. 

The Cozette blower, with Cozette carburettor, 
is independently oiled by its own self-contained 
pump, which is supplied from a smal] tank on 
the dash, and is automatically controlled by a 
tap coupled to the engine throttle, so that the 
quantity delivered by the charger pump is graded 
to the speed of the engine and charger, which, as 
will be seen in Fig. 42, is driven at engine speed by a 
bevel-gear train, and is mounted vertically. For 
prolonged high-speed conditions, the Messrs. Lea 
and Francis also fit a supplementary change-over 
high-pressure oil feed, which is controlled by a two- 
way cock, and, when open to the engine and blower, 
is in the circuit with the engine oil pump. The 
supercharger oil pump, which is of the ordinary 
motor-cycle type and enclosed in the top of 
the charger casing, is then force-fed. The makers 
of the Cozette supercharger recommend the 
addition of a small quantity of lubricant with the 
petrol as a further means of lubricating the rotor 
and the sliding vanes of the rotary-pump. An 
acceleration test on top-gear of a Sports model two- 
seater, on a dry tarmac road, gave an increase from 
10 m.p.h to 70 m.p.h. in 28 seconds, and a maximum 
speed of 83 m.p.h. The oil sump holds about a 
gallon, and is fitted with the usual dip-stick gauge. 
The Cozette carburettor, which is attached direct 
to the blower housing, is fed from a rear tank by 
means of an “ autopulse,” which is a magnetically- 
operated pulsating diaphragm form of pump. A 
strangler for easy starting is mounted on the instru- 
ment board. The magneto is hand controlled from 
the steering point, and is driven by a cross-shaft on 
radial and thrust ball-bearings, through a vernier 
coupling and spiral gear. 

The power is transmitted by a single-plate clutch 
with moulded linings and a toggle control. The 
gear-box is in a unit with the crankcase, and is 
drum shaped to ensure rigidity and reduce noise to 
a minimum. Four forward speeds and a reverse 
are provided with a choice of three ratios, viz., 
14-23, or 13-33, or 12-5 (first); 8-47, or 7-75, or 
7-44 (second) ; 5-56, or 5-09, or 4-88 (third); and 
4-27, or 3-91, or 3-75, to 1 (fourth, direct), and a 
reverse of 18-64 or 17-07, or 16:37 to 1. The 
gear-change lever with the cross-shaft is at the side, 
and the gear controls, together with a positive 
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Fie. 41. Near Sipe oF CuHassIs. 





gear lock, are mounted in the gear cover, and supple- 


ment the usual spring-loaded balls, making the 





gear-change accident proof. A positive speedometer 
drive is incorporated in the gear-box. The propeller | 
shaft is hollow and has enclosed mechanical joints | 
at each end; the front member is splined to slide | 
in a corresponding coupling, and is protected by | 
a cover. The rear axle-casing is built up of two 
aluminium-alloy castings, supplemented by malle- | 
able extension pieces from a point near the spring | 
pads. The spiral-bevel driving gear, and a spur | 
type differential, are housed in a vertical split | 
casing. The axle-shafts are carried on large ball 
bearings, and can be removed from the casing | 
without dismantling it. The spiral-bevel pinion is 
mounted in an aluminium-alloy housing on two | 

















large ball bearings, and the thrust is taken by | 
a double race. The front axle consists of an [| 
section stamping of nickel-steel and is heat treated. | 
The ends from the spring pads to the steering pivots | 
are stiffened by being tapered and circular to take | 
the braking torque. The stub axles are forked and | 
have a castoring action. An enclosed thrust race | 
is carried on the top of the stub axles. The track | 














and steering side rod have adjustable ball joints | 





at both ends. The hubs are supported on large | 
diameter ball bearings, the inner bearing being | 
definitely located in order to take side thrust, and | 
are protected from dirt and water. A_ pedal | 
operates expanding shoes in drums on the four | 
wheels, assisted by a Dewandre vacuum-servo. The | 
drums are interchangeable rinbed castings of special | 
cylinder iron, and are easily removable so that | 
the shoes can be relined when necessary without 
disturbing the hubs. The front-brake operating 
gear is a combination of push-rods and levers acting | 
through the steering pivots, without universal | 
joints. A separate adjustment is provided for 
each brake, and the drums are weather protected. | 
The handbrake acts only on the rear drums. | 
Both front and rear suspensicn is semi- elliptic. | 

The springs have rebound clips, and their free-ends 
are enclosed in a housing filled with grease and | 
sealed by a flexible cover. Torque and drive are | 
taken up, Hotchkiss fashion, by the rear springs, | sheels, with 27 in. by 4-40 in. reinforced balloon 
which are underslung. The steering gear is of| tyres. The wheel-base and track are 9 ft. 3 in. by 
the adjustable worm and wheel type. The side | 4 ft. 2 in., and there is a minimum ground clearance 
members are of deep channel section, swept outwards | of 7 in. 

to provide a wide platform for the rear of the body. | The Cozette supercharger is shown in section 
Substantial cross members are incorporated, and | in Figs. 43 to 45, and its dismantled parts in 
the longitudinal members are unswept at the rear| Fig. 46,o0n page 519, while its effect is illustrated 
end to clear the rear-axle and provide a low body | by a comparative load and power diagram, from an 
position. The Tecalemit grease gun system is | | American six- -cylinder engine, tested with and with- 
used throughout. The equipment includes shock out the charger, in Fig. 47. It has been referred to 
(lampers and Rudge-Whitworth detachable wire | in connection with the Lea-Francis 12-40 car. The 
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Fie. 42. SupERCHARGER DRIVE. 


Cozette is handled in this country by the Gallay 
Radiators Company, Limited, Scrubs-lane, Willes- 
den, N.W. It combines a two-jet carburettor of the 
float-feed type with a special silent blower. The 
carburettor calls for no notice, beyond the fact that 
the fuel is gravity fed and the jets, with their tube- 
housings, are removable by unscrewing the respective 
caps. The supercharger or blower consists of a circu- 
lar casing for bolting to the engine, containing a two- 
in-one combination of an outer or “ false” rotor 
and an inner rotor with a pump of the paddle-arm 
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Fie. 46. SuPpERCHARGER DISMANTLED. 


type. The paddles or vanes move outwards, 
influenced by the centrifugal effect of rotation of 
the combined assembly. An air pressure of 10 lb. 
per square inch in the induction pipe is attained at 
5,000 r.p.m. 

The eccentric motion of the pump rotor is 
obtained by a group of six studs in the face of 
the rotor which engage permanently in a corre- 
sponding number of holes in a disc plate attached 
to the rotor assembly. Rotation of the rotor 
assembly causes these studs to impart the necessary 
eccentric moveemnt to the pump. 

The supercharger may be placed vertically (as 
in the Lea-Francis 14-40 h.p. car) or horizontally, 
and it may be driven off the crankshaft, either at 
the same speed or faster, or off the camshaft, 
especially when the camshaft is on top of the 
cylinders. In that case, the drive must be stepped 
up two to one. 

As an effective lubrication system is essential, 
the makers include a small motor-cycle type of 
pump. It is enclosed and is driven directly by the 
rotor shaft. It supplies oil to the bearings, the 
rotor surfaces and the pump vanes. To prevent 
excessive oiling at slow speeds, the feed pipe to the 
Cozette oil pump is fitted with a simple plug-cock 
which has to be connected to the engine throttle. 
As the throttle opening controls the speed of the 
engine and the supercharger geared to it, so the 
necessary supply of oil to the supercharger is varied. 
Further, the makers recommend that a _ small 
quantity of lubricant be added to the fuel, which 
will then pass with it through the supercharger 
from the carburettor. The makers claim that the 
power is increased by 30 to 60 per cent. with the 
Cozette supercharger, with no increase of fuel con- 
sumption per horse-power hour. In this connection 
the plotted power and load curves in the diagram, 
Fig. 47, may be referred to. It will be noticed that 
the power peak under the original conditions was 
about 37 h.p. at 2,700 revolutions, but, with 
the Cozette supercharger in operation, the output 
exceeded 60 h.p. at 2,600 revolutions. Various 
sizes of Cozette supercharger are made and supplied 
for approved engines. 

We may conclude our account of the Exhibition 
by some reference to the annual dinner of the 
Society of Motor Manufacturers and Traders, which 
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was held on Wednesday, October 12. The 
Chair was occupied by Sir George Beharrell, * = 7000. 1400. 800 2200. 2600 
President of the Society, and the chief pom Revolutions per Minute — wwesaw 


guest, the Right Hon. Sir William Joynson- 

Hicks, in proposing the toast of ‘The Motor 
Industry,” pointed out that excessive speeds 
and noise, even if the former were not to the 
common danger, were both sources of common 


annoyance, and maintained that the worker 
and the professional man were entitled to 
consideration in their homes. Possible increase 


of motor facilities given to the railway companies 
would place an enormous burden on the roads of 
the country. The road system would be continually 
extended, but the amenities of the country-side 
must not be forgotten, and more care should be 
taken with regard to the present ugly roadside 
advertisements, garages, and filling stations. Sir 
George Beharrell, in the course of his response, 
stated that the index value of the price of private 
motor-cars was now 88, compared with 100 in 1914. 
This meant, on the gold basis of pre-war money, 
that motor-car prices had been reduced by nearly 
one-half. At the same time, there had been very 
great advances in equipment and performance. 
The basis of trade should be broadened, but it was 
necessary to take care that unsound methods of 
marketing did not result from zeal for high rates 
of production. 








THE EXHIBITION OF INVENTIONS. 


Tue Institute of Patentees, Incorporated, was 
formed a few years ago for the purpose of assisting its 
members by supplying them with legal, technical and 
commercial advice regarding inventions. In pursuance 
of this policy, the Institute organises each year an 
International Exhibition of Inventions, to which 
manufacturers and financiers are specially invited and 
the general public are admitted, one of its objects 
being to give publicity to new inventions, and so assist 
in their commercial development. The Exhibition, 
held this year in the Central Hall, Westminster, was 
opened on the 12th inst., the inauguration being 
followed by a luncheon at the Connaught Rooms, at 
which the chair was taken by Lord Askwith, the 
President of the Institute, and the principal guest 
was the Rt. Hon. the Viscount Burnham. 

The exhibits are divided into two main sections, 
which comprise inventions on the market and not on 





the market, respectively, the latter section being sub- 
divided into groups relating to domestic and household 
labour-saving devices, mechanical appliances and 
internal-combustion engines, electrical apparatus and 
wireless goods, building and housing accessories, and 
miscellaneous inventions. Many of these, as would 
be expected, are of no direct interest to engineers, and 
others, such, for example, as a pedal cycle fitted with 
wings to enable the machine and its rider to rise in the 
air, have little possibility of being successful. In 
other cases, models or drawings of new inventions are 
displayed with little or no explanation of their objects 
or of the manner in which they are to be employed, 
although anyone who is sufficiently interested can 
obtain further information on application to the 
Institute. There are, however, a number of exhibits 
which may find useful applications and we propose 
to make a brief reference to a few of these. 

A slat conveyor with a special unit for carrying 
packages, etc., round sharp curves and corners, is 
shown by the Hoisting Appliance Company, 35-43, 
Hornsey-road, Holloway, N.7. It consists of a section 
having tapered slats running on cones, so designed 
that the linear velocity of the working surface of the | 
slats is proportional to the radius of curvature over the 
whole width of the conveyor. It is claimed that, with 
this arrangement, the articles conveyed have no 
tendency to spin or to overtake each other and jam. 
The conveyor units can be made with ropes, chains or 
belts, as well as with slats, and can be coupled up to 
existing straight-line conveyors. 

Mr. E. J. Hiscock, Hill-street, Trowbridge, shows an 
appliance for grading fruit and vegetables according to 
size, consisting of a table with a number of bars inclined 
downwards in the direction of its length, and having 
a gradually increasing space between them. The 
vegetables are fed on at the upper end, where the 
bars are closely spaced, and the small ones fall through 
these into a canvas chute, which delivers them into 
a basket in front of the table. The larger vegetables 
travel on down the table until they reach a part where 
the spacing of the bars is sufficient to permit them to 
fall through, while the largest sizes pass over at the end 
of the table, where a basket is placed for their recep- 
tion. In all, four canvas chutes are placed side by 
side under the table, so that, the vegetables are graded 
into five sizes, including those that pass over the end. 
The spacing of the bars is adjustable, and the com- 
plete appliance is easily portable, so that it can be 
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carried from tree to trée in an orchard when fruit is 
being picked. The grading bars are of -in. steel, 
and are covered with thick rubber to prevent fruit 
from being bruised. 

A design of vehicle for use in collecting house refuse, 
and intended to prevent the dissemination of dust 
during the operation, is shown by Mr. T. C. Oughton, 
34, Hermitage-road, Westcliff-on-Sea. In this, the 
refuse is tipped from the householders’ bins into a 
hopper or container at the rear end of the vehicle, 
and the contents of the hopper are then tipped by 
mechanical means into the main container, which is 
normally completely closed. Mr. F. Connor, 75, 
Ealing Park Gardens, W.5, shows a gas-heated boiler 
for domestic hot-water supply, which, we understand, 
has been awarded the silver medal of the Institute. 
The boiler consists of a tapered chamber, of welded 
steel, placed with its smaller end downwards in a lagged 
cylindrical casing. Heat is supplied by a Bunsen 
burner at the bottom, and the products of combustion 
pass up between the water chamber and the casing 
through a helical flue formed by a steel strip welded 
on to the water chamber. The flow and return pipes 
are connected to the top and the side of the water 
chamber, respectively, and the cold feed is introduced 
at the bottom. 

As previously mentioned, the exhibits in the other 
main section are already on the market, and some of 
them are doubtless familiar to our readers. We may 
mention, however, a device shown by Mr. J. A. Brook, 
24, John William-street, Huddersfield, and intended 
to give a continuous indication of the operation of the 
ignition system of a motor-car engine. It consists of a 
multiple-spark gap which is mounted on the dashboard 
of the car, each gap being connected in series with the 
magneto and one of the sparking plugs. Close to the 
gaps is an earthed wire, and if one of the plugs becomes 
sooted up so that the spark fails to pass, a spark will 
jump from the gap in series with this plug to the earthed 
wire, thus indicating at once which plug is faulty. 
A fault in one of the magneto contacts will also be 
indicated by the fact that the spark is absent from one 
of the gaps. The device is suitable for all types of 
motor vehicles, and is also made for use with stationary 
and marine engines. 

Mr. George Adams, High Holborn, W.C.1, shows a 
small hand-operated lathe for light wood and metal 
turning, known as the Verschoyle patent mandrel. 
Its special feature is that it can be set up anywhere 
by clamping it on to the edge of a bench or table, and, 
being only 23 lb. in weight, can easily be taken from 
place to place. An eccentric chuck, a small circular 
saw, grinding wheel, and accessories for metal spinning, 
&c., are also supplied for use with the lathe. As already 
stated, the tool is intended for hand operation, the 
mandrel being rotated by an annular gear to which a 
handle is attached. A certain amount of practice, 
it would appear, would be required to enable the 
operator to turn the handle with his left hand while 
manipulating the turning tool with his right. 

One other exhibit of general interest may be referred 
to in conclusion, viz., that of Messrs. Wireless Piano 
Players, Limited, 17, Victoria-street, S.W.1. This 
includes a gramophone pick-up device by means of 
which the sound vibrations impressed upon a gramo- 
phone record are made to produce a correspondingly 
fluctuating current, similar to that produced by a 
microphone. The current is amplified in a valve 
amplifier and passed through a filter to an electro- 
magnetic unit fixed to the back of an ordihary piano, 
and so arranged that the fluctuating currents in the 
electro-magnet set up vibrations in the sound board. 
The latter thus acts as the diaphragm of a large loud 
speaker, and reproduces the sounds from the gramo- 
phone record, including speech and orchestral music, 
as well as pianoforte music; the effect with the latter, 
however, is particularly striking. 

The exhibition, which has been organised by Mr. G. 
Drury Coleman, the Secretary of the Institute of 
Patentees, closes to-morrow, the 22nd instant. 








THE LATE MR. ELIOT HOWARD. 


WE regret to note the death, on October 8 last, 
of Mr. Eliot Howard, for many years Chairman of 
Messrs. Hayward-Tyler and Company, Limited, 
engineers, of 99, Queen Victoria-street, London, E.C.4, 
and of Luton, Beds. A son of the late Mr. Robert 
Howard, F.C.S., Mr. Eliot Howard was born in 1842, 
and received his early education at Grove House 
School, Tottenham. He became an_ engineering 
apprentice at the Millwall Ironworks, and, during 
his term of training, was employed on work in con- 
nection with the building of H.M.SS. Northumberland 
and Warrior, the first two ironclads of the British 
Navy. His long connection with Messrs. Hayward- 
Tyler and Company began in 1863, when he joined 
his brother, the late Mr. R. L. Howard, as a partner 
in that concern. Originally established in 1815 at 
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the company were transferred to Whitecross-street 
in 1839, where they stood when Mr. Eliot Howard 
joined the firm. The brothers, between them, developed 
the business, which comprised hydraulic engineering 
and the manufacture of mineral-water machinery, two 
of their specialities being hydraulic presses and 
continuous-process soda-water machines, as designed 
by Joseph Bramah. 

It was due to Mr. Eliot Howard’s initiative that, 
in 1869, the firm undertook the manufacture of the 
Universal steam pump, one of the earliest single- 
cylinder steam pumps to be manufactured in Europe. 
Later, the manufacture of the Duplex type of pump 
was undertaken, which type has since been specially 
adapted for cargo oil and other marine purposes, 
and also for land work in connection with large 
and small oil installations at home and abroad. In 
1871 it was found impossible to develop further 
the plant at Whitecross-street. Large works were 
consequently constructed and fitted out at Luton, 
and the manufacturing activities of the firm were 
gradually transferred to the new premises. The 
London works were finally closed in 1904. In the 
following year, the firm of Messrs. Hayward-Tyler 
and Company was converted into a private limited- 
liability company, and Mr. Eliot Howard became 
one of the first directors. He became Chairman in 
1916, and retained this position until his death. He 
was elected a member of the Institution of Mechanical 
Engineers as long ago as 1864, and had, for some years 
past, been the doyen of the Institution. He was 
a Justice of the Peace and had held the office of 
Deputy-Lieutenant of the County of Essex. 
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Froat-TypeE PETROL METER: ADDENDUM.—In con- 
nection with the article on the Rippingille Petrometer, 
which appeared on page 487 of our issue of October 14, 
Messrs. B. and R. Manufacturing Company, of Winchester 
House, Victoria-square, Birmingham, inform us that, 
whilst they are the manufacturers of the larger models of 
the Petrometer, namely, those having valves and connec- 
tions over 1 in. in diameter, such as are used for bulk- 
storage tanks, Diesel engines, &c., Messrs. Rotherham and 
Sons, of Coventry, are the manufacturers of the models 
with valves and connections up to 1 in. in diameter, 


NOTES FROM CLEVELAND AND 
THE [NORTHERN COUNTIES. 
MiIpDLEsBRoUGH, Wednesday. 

The Cleveland Iron Trade.—Ironmasters adhere firmly 
to their fixed figures for Cleveland pig-iron, and report 
sales, while somewhat lighter, still on a scale that more 
than absorbs the restricted make, notwithstanding efforts 
of Continental competitors to regain, by further price 
cutting, trade they lost as the result of the last reduction 
in Cleveland pig prices. The concessions foreign makers 
are now prepared to grant, appear insufficient to induce 
firms here to resume buying from abroad, to any extent. 
Home consumers at a distance are taking small supplies 
from this district, and Continental firms are purchasing 
odd parcels, but most of the marketable iron is still 
absorbed by local founders and by purchasers North of 
the Tweed. For home purposes, No. 1 quality is 70s. ; 
No. 3 g.m.b., 67s. 6d. ; No. 4 foundry, 66s. 6d. ; and No. 4 
forge, 66s.; and for shipment to Scotland, as well as to 
overseas destinations, quotations are half-a-crown below 
these figures. 

Hematite.—East Coast hematite iron is fairly plentiful, 
but it is difficult to ascertain on what terms contracts 
might be arranged. More iron is coming on the market 
by the re-lighting of a furnace by Messrs. Gjeiro, Mills, 
and this tends to weaken values. Makers name 72s. to 
72s. 6d., both for home use and for export of mixed 
numbers, and state that sales have occurred on rather 
higher terms, but on the other hand, merchants are 
prepared to accept offers below the figures mentioned. 

Foreign Ore.—Business in foreign ore is little heard of, 
but Continental consumers are reported to have been 
buying, and this has rather stiffened the attitude of 
sellers. Market rates are based on best rubio at 21s. 
c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke 
makers continue to offer good average sorts at 18s., 
delivered, without tempting local users to negotiate, at 
all extensively, for supplies. 

Manufactured Iron and Steel.—Values of finished iron 
and steel are steady, and a few more sales of ship- 
building material are understood to have been made, 
while a moderate demand continues for constructional 
steel for building purposes. Common iron bars are 
101. 15s. ; best bars, 111. 5s.; best best bars, 111. 15s. ; 
iron rivets, 117, 15s. ; steel rivets, 127. ; packing (parallel), 
8l.; packing (tapered), 11l.; steel billets (soft), 
7l. 12s. 6d.; steel billets (medium), 8/. 2s. 6d.; steel 
billets (hard), 87. 12s. 6d.; steel ship plates, 81. 2s. 6d. ; 
steel angles, 7/. 12s. 6d. ; steel joists, 7/. 12s. 6d. ; heavy 
steel rails, 8/. 10s.; and galvanised corrugated sheets, 
131. 15s. to 141. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The strike of lignite miners in 
Germany and of the colliery workers in Spain has raised 
hopes that the demand for Welsh coal will show some 
expansion in the near future. It is, however, recognised 
that no immediate benefit is likely to accrue but that there 
is always a possibility of a prolonged stoppage, which 
would diminish stocks and eventually compel the importa- 
tion of supplies. Market operators, during the past week, 
have been alarmed at the news that members of the 
Spanish Government were considering a proposal that 
coal brought into Spain should be allowed to come in 
through one channel only, and that that avenue should 
be controlled by the Asturian coal owners. It was also 
stated that the scheme was so far advanced that negotia- 
tions were already in progress with a South Wales firm 
of colliery owners to supply 1,500,000 tons to 1,750,000 
tons. If the scheme matures, it is believed that the 
quantity would eventually be cut down, and that the 
Spanish public would be compelled to use native coal to a 
corresponding degree to the benefit of the Asturian 
colliery owners and the detriment of the British coal 
industry. Energetic steps are being taken by the South 
Wales coal exporters to meet this new menace. Mean- 
while the general position of the Welsh coal market 
is unchanged. Demand continues limited, with supplies 
excessive and prices irregular. The only section to show 
any sign of steadiness is that respecting sized coals, 
the make of which is restricted because of the lessened 
output of large. Best Admiralty large coal rules from 
19s. 6d. to 20s., best steam smalls from 13s. to 13s. 6d., 
and other descriptions at relative levels. 

September Coal Shipments.—Shipments of coal, fuel 
and coke from South Wales, in September, were 221,726 
tons greater than was the case in August when the total 
was the smallest for any month of the year, with the 
exception of January, when the industry was recovering 
from the seven months’ strike. Shipments in September 
averaged 94,127 tons per working day, compared with 
93,150 tons in August, and 110,955 tonsin May. Exports 
of coal totalled 2,336,415 tons, an increase over August of 
212,244 tons, foreign cargo shipments amounting to 
1,870,952 tons, which was 157,750 tons more than in 
August, while bunkers for vessels engaged in foreign 
trade were raised by 51,212 tons to 341,920 tons, and 
coastwise cargo by 3,282 tons to 123,543 tons. Patent 
fuel exports too were raised by 10,241 tons to 115,553 
tons, but that of coke lowered by 759 tons to 5,352 tons. 

Another New Steamer._-A further new steamer has 
been ordered for Cardiff, making 39 of 322,000 tons 
deadweight, including four motorships, since the ter- 
mination of the coal strike, last year. Messrs. Morel, 
Limited, have contracted for a 9,000-ton cargo steamer 
to be built by the Northumberland Shipbuilding Company 
(1927), Limited, at Newcastle, and engined by the North- 
Eastern Marine Engineering Company, Limited, and 





suitable for motor cars and lorries. 





delivered next year. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—An improvement is eagerly awaited 
in raw and semi-finished materials, but with order 
books at the rolling mills and other intermediate depart- 
ments continuing in such an unsatisfactory condition, 
there is little change from the hand-to-mouth policy of 
purchases which has been the main characteristic for the 
last three orfourmonths. The forward buying movement 
forecast in September has not materialised so far as open- 
hearth steel is concerned—at least not in regard to the 
big batteries of furnaces operating in and around Sheffield. 
The gross value of orders tends to diminish rather than 
to expand, with the result that a large proportion of the 
total number of basic furnaces is unemployed. On the 
other hand, there is an improved tone in acid steel, due 
largely to the fact that railway material is in heavier 
demand—an improvement which is likely to be sustained 
during the next three or four months. Both rolling mills 
and forges could provide practically double their current 
output without working overtime. The principal quota- 
tions shovr little variation. Siemens’ acid billets are 
offered at 10/7. per ton; hard basic billets, 81. 2s. 6d., 
and 71. 12s. 6d. ; soft basic billets, 7/7. ; crown bars, 111. ; 
foundry pig-iron from both Lincolnshire and Derbyshire, 
65s.; and forge iron, 62s. Heavy engineers are 
feeling acutely the burden of local rates in their efforts 
to widen the present basis of employment in competition 
with foreign rivals operating under more favourable 
conditions. Sales of special steels are adversely affected 
by the growth of foreign tariffs, though gross shipments 
are not greatly below the level of 1925. A considerable 
measure of activity is maintained in aircraft, automobile, 
and electrical engineering. The demand for crank- 
shafts and related parts, from motor engineers operating 
in the Midlands, is so great that in exceptional cases, 
works are running overtime shifts. File and saw makers 
are only moderately employed, but considering the 
period of the year, there is an exceptional demand for 
constructional ironwork in connection with building 
improvements and extensions. 


South Yorkshire Coal Trade.—There has been no 
further advance in houseecoal prices. The demand for 
best qualities has eased somewhat since higher rates 
were notified. This has further reacted upon secondary 
and inferior grades, with the result that stocks at colliery 
sidings have increased. The export demand for indus- 
trial fuel appears to be strengthening in face of keen 
competition, not only from foreign producers, but from 
inland districts the geographical position of which, in rela- 
tion to the ports, places them at a big advantage in the 
matter of transport costs. Furnace and foundry coke are 
a moderate market. The demand for slacks is well below 
production level. Quotations : Best hand-picked branch, 
28s. to 30s. 6d. ; best house coal, 22s. 6d. to 23s. ; screened 
house coal, 19s. to 20s.; screened house nuts, 16s. to 
17s. 6d.; Yorkshire hards, 14s. 6d. to 16s. 6d. ; Derby- 
shire hards, 15s. to 17s. ; rough slacks, 9s. to 10s. ; nutty 
slacks, 7s. to 8s.; and smalls, 3s. to 4s. 6d. 








THE INSTITUTION OF MECHANICAL ENGINEERS.—The 
regulations for the ninth award of the Water Arbitration 
Prize, to be made in February, 1929, are now complete. 
The award will be made for the best original paper, deal- 
ing with, ‘“‘ The Utilisation in Engineering Production of 
the Plastic Properties of Metals,” accepted by the 
council for publication, with or without discussion, in 
the Institution Proceedings of 1927 and 1928, provided 
that the paper be of sufficient merit in the judgment of 
the council. It is intended that the title should cover 
the manufacture of articles by methods other than 
cutting, e.g., stamping, extrusion, and rolling. Papers 
should be sent in as soon as possible, but not later than 
April 1, 1928. Contributions should be illustrated by scale 
drawings, but may also be accompanied by photographs, 
lantern slides and specimens. Any paper not accepted 
for printing in the Proceedings will be returned to the 
author. The Prize will have the value of about 301., 
and will be accompanied by a certificate bearing the 
seal of the Institution. 


THE Pusiic Works, Roaps AND TRANSPORT CONGRESS 
AND ExXuHIBITION.—The preliminary programme of the 
Public Works, Roads and Transport Congress has 
been drawn up as follows :—Monday, November 14 next, 
at 2.30 p.m., conference under the auspices of the 
County Land Agents Association; Tuesday, Novem- 
ber 15, at 11.0 a.m., conferences under the auspices of 
the Incorporated Municipal Electrical Association and of 
the Institution of Gas Engineers; at 3.0 p.m., conference 
under the auspices of the Municipal Tramways and 
Transport Association and a conference arranged by the 
Institution of Gas Engineers ; Wednesday, November 16, 
at 11.0 am., conferences under the auspices of the 
Institution of Municipal and County Engineers; at 2.30 
P-m., special session when the president of the congress 
and exhibition, the Rt. Hon. Neville Chamberlain, M.P., 
Minister of Health, will present the prizes to the successful 
competitors in the papers competition, organised by the 
congress committee; at 3.0 p.m., conferences arranged 
under the auspices of the Institution of Municipal and 
County Engineers ; Thursday, November 17, at 11.0 a.m. 
and 3.0 p.m., conferences arranged by the British Water- 
works Association and the Association of Managers of 
Sewage Disposal Works ; Friday, November 18, at 11.0 
a.m., conferences under the auspices of the Institution of 
Municipal and County Engineers ; at 3.0 p.m., conferences 
under the auspices of the Municipal and County Engineers 
and a conference arranged by the National “ Safety 
First ” Association ; Saturday, November 19, at 11.0 a.m., 
conferences under the auspices of the Institute of Cleans- 
ing Superintendents. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade are no better this week, and the plant in operation 
is only kept running with difficulty. Some consumers 
are not doing so badly, but the majority are only speci- 
fying for their actual day-to-day requirements, which in 
many cases are of small tonnage. Shipbuilders have been 
a little more prominent of late, but that was only to be 
expected on account of the fixing up of a few more 
contracts. The actual demand at the moment is not 
heavy and it is of a general nature, with no class of 
consumer very prominent. In the black sheet trade 
business is moving along on the usual lines. Order 
books are fairly well filled for the lighter and galvanised 
sorts and the demand seems to go up and down on 
alternate weeks. For the heavier gauges there is still 
a very poor demand. Prices remain steady, with pro- 
ducers in some cases prepared to meet buyers when a 
favourable order is in prospect. The following may be 
taken as the current market quotations :—Boiler plates, 
101. 10s. per ton; ship plates, 81. 2s. 6d. perton; sections 
71. 12s. 6d. per ton ; and sheets, }-in., 81. 15s. to 81. 17s. 6d. 
per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—The bar-iron makers of the 
West of Scotland are still very hard up for work. Orders 
are difficult to secure, and, as a result, much of the plant 
can only be run intermittently. Re-rolled steel bars are 
also very quiet. The current price of ‘“ Crown ”’: bars 
is unchanged at 10/. 15s. per ton, delivered Glasgow 
stations, 


Scottish Pig-Iron Trade.—A dull tone continues to 
prevail in the Scottish pig-iron trade. Buyers are not 
much in evidence and inquiries are slow. Stocks are 
increasing steadily. Prices are without change, and 
although some consumers would like to beat prices down 
further, the producers are most unwilling to do any more 
shading. The following are the market quotations :— 
Hematite, 76s. per ton delivered at the steel works; 
foundry iron, No. 1, 79s. per ton, and No. 3, 74s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments— The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, October 15, amounted to 317 tons. Of the 
total, 297 tons went overseas and 20 tons coastwise. For 
the corresponding week of last year the figures were 
50 tons overseas and 21 tons coastwise, making a total 
shipment of 71 tons. 








Contracts.—Three orders of interest have been received 
by the Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, King’s Cross, N.1. The first is 
for further signalling equipment for 37 stations on the 
Santander-Mediterraneo Railway, where their double- 
wire system of mechanical signalling has been adopted ; 
the second is for eight sets of compressed-air brakes for 
Messrs. Guy Motors, Limited, for electric trolley ’buses 
for Hastings tramways; and the third for nine sets of 
brakes for Ransomes, Sims and Jefferies, Limited, for 
trolley ’buses for the Maidstone Corporation. 





Nicket Exursirion, Paris.—Under the auspices of 
the Centre d’Information du Nickel, 26, rue d’Athénes, 
Paris, 9e., an exhibition of nickel-steel, nickel-alloy, 
pure-nickel, and nickel-plated articles, intended to show 
the uses and applications of nickel products, was opened, 
on October 16, last, at the Conservatoire National des 
Arts et Métiers, 292, rue Saint-Martin, Paris, 3e. The 
exhibition, which will close on Thursday, October 27 next, 
is termed the ‘Semaine du Nickel,” and is open daily 
from 1 p.m. to 6 p.m. On each day (Sundays included) 
lectures are being delivered by various French engineers 
and metallurgists on the subject of nickel and its products 
in modern industry. The lecturers include Messrs. 
Guillet, A. Portevin, Charpy, and Chevenard. All the 
lectures will, it is stated, be published in the Revue de 
Meétallurgie. All inquiries relating to the Semaine du 
Nickel should be addressed to the Centre d’Information 
du Nickel, at their office in the rue d’Athénes. 


Tue [Ron AND STEEL INDUSTRY AND BritisH Foun- 
DRYMAN.—It is stated on the editorial page of the first 
issue (for October) of the new monthly periodical, The 
Iron and. Steel Industry and British Foundryman, that 
the scope of the journal will be limited to questions 
relating to the manufacture of iron and steel, and to the 
treatment of these materials during the shaping into 
those forms in which they are commonly marketed— 
namely, castings, rolled products, forgings, pressings, 
and wire. The new journal is an enlargement, as it 
were, of the monthly supplements, devoted to iron and 
steel interests, which were published, during the past six 
months, in connection with The Metal Industry. It is 
stated that the reception and support accorded to this 
supplement were of such a nature that it was decided 
to continue the publication, in-future, as a separate 
monthly journal. The first number of the periodical 
contains abstracts of several of the papers presented 
at the recent Glasgow meeting of the Iron and Steel 
Institute, together with a general account of the function, 
and, in addition, articles by Dr. P. Longmuir and Messrs. 
R. T. Rolfe and C. H. Plant. Notes on Continental 
and American practice, an account of the iron and steel 
industries in Staffordshire, district reports and notes 
from the provinces, and abstracts of current literature, 
are also included. ‘The price of the journal is 6d. monthly 
(post free, 8d.), and the editorial offices are at 22, 
Henrietta-street, Strand, London, W.C.2. There should 
be room for this periodical in the special] field it covers, 





and we wish it all success. 


NOTICES OF MEETINGS. 


THE INSTITUTION OF MECHANICAL ENGINEERS.—To- 
night at 6 p.m., at Storey’s-gate, St. James’s-park, S.W.1. 
General Meeting. Presidential Address by Sir Henry 
Fowler. Monday, October 24, at 6.30 p.m., Graduates’ 
Section. ‘‘ The Liquefaction of Air,’ by Mr. John 
Rogers. Friday, October 28, at 7 p.m., Informal Meeting. 
Discussion on ‘ Engineering in the United States of 
America,” introduced by Mr. Loughnan Pendred. 

THE Junior INsTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Informal 
Meeting. Lecture. ‘Piling in General with Special 
Reference to the Vibro Concrete Piling System,’’ by 
Mr. M. McCarthy. Friday, October 28, at 7.30 p.m. 
Informal Meeting. Technical Film illustrating the 
Production of Cotton Goods. 

Tue INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: NortTH-EAsTeRN District.—Saturday, October 
22, at 2.30 p.m., at the Council Offices, Haverton Hill, 
Billingham, Durham. Paper résumé of the Method of 
Cement Manufacture at the New Works of Messrs. 
Casebourne and Company (1926), Limited. ‘* Constitu- 
tion and Development of the Billingham Urban District,” 
by Mr. J. H. Hill. 

Tue InstiTuTION oF AUTOMOBILE ENGINEERS: GLAS- 
Gow CENTRE.—Monday, October 24, at 7.30 p.m., at 
the Royal Technical College, Glasgow. Presidential 
Address. ‘‘'The Influence of the Automobile User upon 
the Automobile Engineer,’’ by Major E. G. Beaumont. 

THE SHEFFIELD METALLURGICAL ASSOCIATION.—— 
Tuesday, October 25, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘“‘ X-Rays as Applied to Metallurgy,” by Mr. T. 
Baker. 

Tue InstiTuTION OF CiviL ENGINEERS: MANCHESTER 
AND District AssocraTion.—Wednesday, October 26, 
at 6.45 p.m., at the Manchester Literary and Philo- 
sophical Society, 36, George-street, Manchester. ‘“‘Machine 
Tools for Railway Workshops,” by Mr. C. L. Bott. 

THE INstTITUTION OF AUTOMOBILE ENGINEERS : 
MANCHESTER CENTRE.—Wednesday, October 26, at 
7 p.m., at the Engineers’ Club, Albert-square, Manches- 
ter. Presidential Address. ‘‘ The Influence of the Auto- 
mobile User upon the Automobile Engineer ’’ by Major 
E. G. Beaumont. 

Tue INstiITUTION OF Civil ENGINEERS: YORKSHIRE 
Assocra TIonN—Wednesday, October 26, at 7.30 p.m., at 
the Grand Hotel, Leopold-street, Sheffield. Chairman’s 
Address, by Professor J. Husband. 

Tue INSTITUTION OF MINING AND METALLURGY.— 
Thursday, October 27, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. “The 
Nickel-Cobalt Ore of Talnotry, Kirkcudbrightshire,”’ 
by Mr. J. W. Gregory. With an Appendix by Mr. D. 
Leitch. ‘‘ Operative Causes in Ore Desposition,” by 
Mr. H. C. Boydell. 

Tue InstrruTion oF Civit ENGINEERS: BIRMINGHAM 
AND District AssocraTIon.—Thursday, October 27, at 
6 p.m., at the Birmingham Chamber of Commerce, New- 
street, Birmingham. ‘‘ Power Gas from Sewage Sludge,”’ 
by Mr. F. C. Vokes, and Mr. C. B. Townend. 

Tue Royat SANITARY INsTITUTE.—Friday, October 28, 
at 4.30 p.m., at the Town Hall, Newcastle-upon-Tyne. 
Discussion on ‘‘The New Factories Bill,” by Mr. C. 
Raines and Mr. H. Murton. ‘The Smoke Problem on 
Tyneside: How is it to be 'Tackled,’’ by Dr. H. Kerr and 
Dr. J.T. Dunn. 

THE Nortu-East Coast InstiruTIon OF ENGINEERS 
AND SHIPBUILDERS.—Friday, October 28, at 6 p.m., 
at Bolbec Hall, Newcastle-upon-Tyne. Annual General 
Meeting. Presidential Address, by Mr. Maurice 8. Gibb. 

Tue InstrtuTION oF CHEMICAL ENGINEERS.—Friday, 
October 28, at 6.30 p.m., at the Institution of Civil 
Engineers, Great George-street S.W.1. Lecture. ‘ Crys- 
tallisation,”’ by Sir William Bragg, F.R.S. 

THe Institution oF Locomotive ENGINEERS: 
MANCHESTER CENTRE.—Friday, October 28, at 7 p.m., 
at the College of Technology, Sackville-street, Man- 
chester. ‘‘ Locomotive Performance and its Influence 
on Modern Practice,’’ by Mr. R. G. Poultney. 

THE MANCHESTER ASSOCIATION OF ENGINEERS.~— 
Friday, October 28, at 7.15 p.m., at the Engineers’ 
Club, Albert-square, Manchester. ‘The Design and - 
Construction of Centrifugal Pumps,”’ by Mr. W. E. W. 
Millington. 

THe Hutu Association OF ENGINEERS.——Saturday, 
October 29, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture. ‘‘ Notes on the 
Development of an Oil Engine.” by Mr. W. S. Burn. 











STANDARD SPECIFICATION FOR ORDINARY-SIZE 
Bayonet Lamp-Houtpers.—The British Engineering 


Standards Association have just published a revised 
edition (No. 52—1927) of the standard specification for 
ordinary-size bayonet lamp-holders for voltages not 
exceeding 260 volts. Owing to the fact that the com- 
mittee considered it a little premature to include materials, 
the issue deals only with dimensions, which, so far as 
interchangeability is concerned, conform to the inter- 
national standard as laid down by the International 
Electrotechnical Commission. The specification gives 
standard details of the screw threads, shade-carrier ring, 
union ring, plungers and terminals; and _ includes 
diagrams of the lamp-holder and an alternative form of 
top, &c.; the dimensions of the ordinary-size bayonet 
lamp-cap are also given in an appendix. Copies 
of this revised edition may be obtained on application 
to the Publications Department, B.E.S.A., 28, Victoria- 





street, S.W.1. Price 2s. 2d, post free. 
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FERRYBRIDGE GENERATING STATION; YORKSHIRE ELECTRIC POWER COMPANY. 


MR. W. B. WOODHOUSE, M.I.E.E., CHIEF ENGINEER. 
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Fia. 5 INTERIOR OF TURBINE Room. 


PeRsoNAL,—The Central Electricity Board have 
appointed Sir Reginald Blomfield, M.A., R.A., to advise 
them on questions, which may arise, in connection with 
the design and colouring of the towers for carrying 
transmission lines, 


LOUGHBOROUGH CoLLEGE.—Presentation Day was held 
at Loughborough College on the first day of the present 
month, College Diplomas were awarded to 18 students 
in the mechanical-engineering section, 9 in the civil- 
engineering section, 11 in the electrical-engineering 
department, 3 in the hydro-electrical section, 8 in the 
automobile-engineering department, 8 in the pure and 
applied science department, and 21 in the department of 
commerce, In addition, the associateship of the College 
was granted to five students in the department of 
mechanical and civil engineering. The various awards 
were presented by Lord Riddell, who, in the course of his 
speech, stated that no one could hope to be a real success 
in the engineering profession, unless possessed, besides 
technical knowledge, of personality, the power of organisa- 
tion, managing ability, tact and courage. 


Betaian TRADE witH InpbrA.—-According to an 
extract from L’Exportation, supplementing the note 
published in ENGINEERING on page 380 ante, the director- 
general of the Belgian Manaufacturers’ Corporation will 
leave shortly for Bombay, where he will personally 
preside over the installation of the office which the 
corporation is to open there at the end of the year. 
The office will include a Technical Department, which 
will manage sales of machinery and other technical 
products which require preliminary examination or the 
presence of technical experts to put them in operation ; 
and a Products Department, which will manage the sale 
of all the other products. In addition to the firms already 
enumerated, the following are now members of the 
corporation :—S.A. des Cimenteries et Briqueteries 
Réunies ; L’Union Commercial de les Glaceries Belges ; 
8.A, pour le Travail Mécanique de la Téle; S.A. des 
Usines & Cuivre et a Zinc; Savonnerie Maubert; Bis- 
cuiterie Victoria, Fic. 6. Interior oF Pump Hovse. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, — 
We desire to call the attention of our readers 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIC) ‘ ENGINEERING,” WESTRAND, 
ADDRESS LON DON. 
TELEPHONE NumBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. — 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom _ ................00 £3 & 0 
For Canada— 
Thin paper Copies .............ceceseeeee £2 18 
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Thick paper copies 0 

For all other places abroad— 
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When foreign subscriptions are sent by Post Office 
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ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 128. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 
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PUBLIC v. PRIVATE ELECTRICITY 
SUPPLY. 


Ir will be recalled that the bill, introduced by 
the government last year to control the electricity 
supply of the country on national lines, though it 
reached the statute book without substantial 
amendment, was during its progress raked by a 
heavy fire of criticism from all quarters. Some of 
this criticism was engendered by purely political 
considerations, either national or local, some by 
objections to the financial policy involved, some 
arose from economic considerations and some 
from technical dogma. Since the Electricity 
(Supply) Bill of 1926 became an Act, that fire has 
died down and, except for an occasional long range 
shot or isolated explosion, everything is almost 
startlingly quiet. The first three classes of critics 
have probably lost interest, for the time being 
at least, and among electrical engineers there is a 
general determination to give the policy outlined 
in the measure a trial, without altogether believing 
in its efficacy. This is a spirit, which is to be highly 
commended. It must not be forgotten nevertheless 
that criticism is only latent, not non-existent, and 
that if within a reasonable period the Central 
Electricity Board fails to justify itselt it will break 
out afresh with renewed violence. 

As is well known, the object of the 1926 Act is 
to concentrate the generation of the electricity con- 
sumed in the country in some fifty stations, and to 
connect these stations together by a network of 
main transmission lines. In this way it is hoped 
to employ usefully a large amount of plant that is 
now lying spare (thus saving capital expenditure), 
to arrange for the most efficient stations to work 
at a high load factor, to tap auxiliary sources of 
energy, such as waste heat and water power, and 
to make electricity more generally available 
throughout the length and breadth of the country. 
That this will bring about a reduction in price in 
areas where that price is high, is an argument often 
advanced in favour of the new policy; but since 
distribution costs form a large proportion of the 
selling cost of electricity that reduction can only 
follow indirectly from the establishment of the 
“orid” and will be effected more directly by 
bringing down the distribution costs per unit sold 
through the agency of an energetic selling policy, 

















This last point must be insisted upon, because certain 
commentators, among them those who ought to 
know better, have persuaded themselves that within 
a short time it will be possible to purchase electricity 
for lighting at about ld. per unit. The facts are, 
however, that in large cities distribution charges, 
especially the cost of opening and making up 
streets, will prevent any great reduction in the 
price for lighting, while in rural areas the com- 
parative smallness of the load per mile of distribution 
network will operate in the same direction. 

To carry out the policy outlined would seem at 
first sight to be a matter for internal re-organisation 
rather than political interference. The pertinent 
enquiry may therefore be made: Why was a further 
Act necessary ? A detailed answer to this question 
will be found in the Presidential Address, which was 
delivered to the Institution of Electrical Engineers 
by Mr. Archibald Page, the chief engineer of the 
Central Electricity Board yesterday evening, a long 
summary of which is published on page 531 of our 
issue of this week. 

To examine the matter fully it is necessary 
to go back, as Mr. Page does, into past history. 
In a few paragraphs he recounts concisely the 
legislative history of electricity supply in this 
country since 1882, and shows first how an infant 
industry was nearly killed, and then greatly 
hampered by false ideas about the policy by which 
it should be developed. This is an: argument 
that has often been advanced before as an excuse 
for our supposed backwardness in the use of 
electricity. Mr. Page, however, strikes out a new 
line for himself by showing that it was not only 
the politicians who were at fault, but that the 
financiers, the commercial men and even the 
engineers must bear their share of the blame. In 
short “rivalry between the large undertakings 
and an over-zealous display of local patriotism by 
the smaller municipal undertakings are the real 
reasons for our persistence in out-of-date methods 
of production.” That there is considerable justifi- 
cation for this statement is clear, when we 
examine events since 1914. The outbreak of the 
war and the subsequent increased demand for 
electricity showed the necessity for interconnecting 
generating stations, and various attempts were 
made to do this by voluntary effort. Even where 
the will existed, which was by no means every- 
where, legal restrictions, however, prevented much 
being done, and the committee appointed by the 
Board of ‘Trade, therefore, recommended a 
re-organisation on national lines, a re-organisation, 
which was attempted in the Bill introduced in 
1919. That Bill originally envisaged much the 
same policy as the 1926 Act, but in its passage 
it was so amended that the success of the important 
changes, which it introduced, was again forced to 
depend on the voluntary principle. The result was 
unfortunate, as what is described in the Electricity 
Commissioners’ fourth annual report. as ‘“‘ mistrust 
and political feeling ’’ were very much in evidence, 
and progress was therefore painfully slow. The 1926 
Act, therefore, re-introduced cou.pulsion, but made 
progress in that the country is now dealt with as 
a whole and not by districts. It will be possible 
therefore to generate all the electricity that is 
required in a few large stations, and to ensure 
that those stations are operated in a way which will 
make for the greatest economy. 

The technical objections to this policy were 
fully ventilated during the debates last year, but 
may here be briefly summarised. They are that 
large stations have not the prerogative of efficiency, 
the latter depending more upon the modern char- 
acter of the plant and the care expended on its 
operation than on mere size. That a national 
scheme of inter-connection means a large capital 
expenditure without corresponding advantages, 
this argument being based on the fact that as 
the main function of the grid will not be to trans- 
mit large blocks of power over long distances 
it is not required at all. That as regards the 
effect on the price of electricity to the consumer 
the additional transmission losses will more than 
offset any savings on generation. These contentions 
are not born out by the very careful estimates, 
which have been worked out for both Central 
Scotland and South-east England, and it is 














significant that no attempt has been made to 
controvert these figures in detail. Whether the 
Board or the critics are right time alone can show, 
and our only course, therefore, is to follow the 
advice which in recent years has passed from 
the nursery into politics, and ‘wait and see.” 
In the meantime we may congratulate Mr. Page 
on the clarity with which he has marshalled his 
arguments for and against the scheme. Such an 
advance into the open at so early a stage in the 
proceedings is a happy augury of the way the 
Board proposes to carry out its duties. 

It is a human characteristic that fiercely though 
the members of a family may dispute among them- 
selves they will present a united front to attack 
from without. While, then, engineers engaged in 
public electricity supply may differ about the effect 
of the new policy on their business they will all 
agree that industry will find it more beneficial 
to take the electricity it requires from the public 
mains than to produce it in private generating 
stations. Nevertheless, there are to be found those 
who argue on the other side, and it is fortunate for 
our purpose that as recently as Monday, Mr. W. C. 
Mountain should have read a paper entitled “‘ A 
Word in Favour of the Independent Power Plant,” 
before a meeting of the Bradford Engineering 
Society. The author’s view is that there is still a 
field for independent power plants for the supply of 
works, and that many areas could be supplied more 
economically in that way than from large stations. 
One reason he advances for this opinion is the high 
cost of distribution, and here he may receive a large 
measure of support from supply engineers. But when 
he goes on to condemn the severity of the agreements 
required by the power companies, the large number of 
meters required and the terms on which the energy 
supply is charged, including a particularly fierce 
denunciation of the coal clause, he will not only 
find himself parting company from those who at 
first supported him, but will realise on further 
consideration that he is weakening his own case. 
For if the power companies require such sacrifices 
from the consumer, the best policy is not to do 
business with them, but to install private generating 
plant. This is what, we assume, Mr. Mountain 
would like, yet he calls upon these concerns to abate 
their conditions, and in so doing to make it more 
attractive for consumers to take a supply from them. 
Perhaps, however, his position is so strong that it 
will bear a little weakening of this kind. It has this 
strength. The public electricity undertaking is, 
with certain reservations, obliged to take its supply 
from the Central Electricity Board, but no such 
compulsion applies to the consumer. The public 
can, therefore, be trusted to decide between the 
antagonists to its own advantage. 

We think, however, that he will have some difficulty 
in proving his case if the arguments that he advances 
in the paper we are noticing may be taken as typical. 
He considers that the independent power plant will 
be more reliable than the super-power station. He 
seems to forget that the fifty or so stations, 
from which the country is to be supplied, are to be 
inter-connected, and that the prospects of the whole 
number being out of action are very slight. Mr. 
Mountain’s figures of 57 failures on public supply 
systems in a little over two years emphasise this. 
On the other hand, he gives figures which show 
that he believes that one generating set without 
a standby is sufficient for supplying the needs 
of a colliery. But unless some special providence 
watches over plants of this class he is advocating 
a very risky policy, anc one directly opposed 
to that just stated. If 50 stations are not 
reliable, what are we to say of one, and that one con- 
taining only a single unit. A further argument 
of Mr. Mountain’s against the interconnection of 
power stations is that we have a great deal to 
learn about the design of the cables, overhead 
lines and switchgear. But if that had always been 
the attitude of human beings towards new problems, 
our condition would still be that of those creatures, 
from whom Darwin did not say that we were 
descended. 

Mr. Mountain is indeed going to find it difficult to 
establish a case, which will satisfy either engineers or 
power users. In the majority of instances (we admit 
there are exceptions) manufacturers are finding 
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it cheaper and more convenient to take a supply 
from the public mains rather than to generate it 
for themselves. This is true even of the textile 
industry where, though the conditions are special, 
operation by the well-known Corliss type of steam 
engine is gradually being replaced by the electric 
drive. We have little doubt that when the re-organi- 
sation envisaged under the 1926 Act is completed, 
the same will be found to be true of many of those 
public electricity supply undertakings, which at 
present operate generating plant. The principle 
underlying both changes is not altogether one of 
price, though the price is a mirror, which records 
movements that are hidden from the observer. 
We are often told this is an age of specialisation. 
In the papers we are examining several examples 
of the truth of this statement are to be found. We 
are to have one body responsible for the generation 
and transmission of the electricity. But since 
distribution is another type of problem other bodies 
will deal with that. The power user will draw what 
he wants from one of these specialists via the other, 
and will himself specialise in turning out some 
particular product. This is a great change from the 
early days when Leonardo was able to be artist, 
scientist, architect and engineer in one, and even from 
those when the engineer could claim some knowledge 
of every branch of his profession. But there is no 
need to deplore these past times. The future offers 
even greater opportunities, and those who are most 
fearful of coming events will at any rate be the more 
pleasantly surprised. 





THE MOTOR INDUSTRY. 

WHEN an industry is thoroughly established its 
growth or decline will tend to follow the general 
course of trade more closely than when it is still in 
course of development. Engineering, the parent 
of so many industries, has had many examples of 
both classes, and has found before now that the 
attractions offered by a new class of invention, 
if they are presented with a sufficient energy and 
accompanied by a service convenient to the user, 
may sometimes overcome the influence of general 
industrial depression. Not only the nature of the 
industry, but also the methods adopted by those 
who are responsible for it contribute to this result, 
and when the attempt is successful, both the extent 
of its progress and the methods by which it has 
made it are of peculiar interest to those who are 
concerned in allied manufactures. An instance of 
such an industry is the motor trade. Like the 
electrical industry, its development in this country 
was impeded for a long time by the paternal atten- 
tions of the Legislature, which succeeded in giving 
other countries a long start in developing the 
manufacture. Of late years, however, British 
manufacturers of motor vehicles have begun to 
take their proper place in their own market and 
that of the world, and during the last half of the 
post-war period have distinguished themselves in 
particular by being conspicuously prosperous at a 
time when most other branches of engineering 
manufacture have been suffering from deep depres- 
sion. It is therefore a matter of general interest to 
all manufacturing engineers to consider the extent 
to which this achievement has gone, and the methods 
that have led to it. 

Engineering has suffered in various ways from 
the tendency to multiply statistics, both within the 
works and outside, beyond the extent that is 
useful and that those to whom they are addressed 
will use. In practical work such statistics are 
mischievous as well as costly in many ways, one of 
which is that they tend to discredit the value of 
statistics which are relevant and cogent. It is 
fortunate for the motor industry that it appears 
to have a clear sense of how statistics can be made 
to give useful information and guidance; this, 
indeed, has probably counted for a good deal in the 
aptness and success with which it has adopted 
measures to meet the difficult situation of recent 
years. This sense is exhibited in a booklet just 
published by the Society of Motor Manufacturers 
and Traders on ‘The Motor Industry of Great 
Britain,”’ which gives clearly and in a short compass 
an account of the present position of the industry, 
its recent development, and its prospects. The 
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facts are sufficiently remarkable to deserve con- 
sideration. The production of motors, cycles, and 
aircraft was in 1907 something under 10,000,000/. 
in value, and formed about 6 per cent. of the value 
of the entire engineering industry, including marine 
and electrical engineering. By 1924 it had become 
nearly ten times as large, and was over a fourth of 
the value of the entire industry. By 1926 its volume 
had increased further by about 35 per cent. Both 
actually and relatively, however, these figures 
understate the extent of progress. During the 
period in question, as is painfully well known, all 
costs have increased. At the present time whole- 
sale prices are more than half as large again as they 
were in 1914, while, as will be seen later, wages in 
the motor trade have increased still more. Yet the 
price of British cars has been reduced below the 1914 
level by over 10 per cent., and that of commercial 
vehicles has increased by less than 5 per cent., 
amounting in pre-war money to reductions of nearly 
one-half and more than one-third respectively. 
The real increase in volume of manufacture of motor 
vehicles is therefore substantially more than the 
increase in values, and contrasts with an increase in 
values of 50 per cent. to under 60 per cent. in marine 
and general engineering, with advances in selling 
price that much more than counterbalance it. Even 
the electrical industry, which showed in 1924 five 
times the value of 1907, has had a less increase in 
volume of manufactures by reason of increase in 
prices. 

It is not surprising to find that the course of 
employment has been similar. Where in 1907 the 
industry employed 34,000 persons, it is now em- 
ploying over 250,000. Its annual increment since 
1922 has been of the order of 16,000, which the coal 
strike reduced to 6,000, though the difference has 
been regained during the present year. It will be 
seen, however, that the extent of increase in em- 
ployees is much less than proportionate to that in the 
volume of production. The explanation of the, 
discrepancy is necessarily that each person em- 
ployed has produced more. Between 1907 and 
1924, in fact, the value produced per person increased 
by about 110 per cent., in spite of the decrease in 
selling prices and the correspondingly greater 
output required for a given value. It is true, 
indeed, that during the same period the horse- 
power employed per employee had also doubled ; 
but that this is no sufficient explanation is evident 
from the fact that in general and electrical engine- 
ering, though the horse-power per employee had 
been increased in a still greater ratio, the increase 
in value per employee seems to have been less than, 
or not greatly different, from the increase in selling 
prices. The true explanation seems to be, at least 
in large part, that the employers were willing to 
give their employees a fair—on the figures it may 
be said, indeed, a generous—share of the advantage 
of increased production, and the men were free to 
accept it and to give honest work in return. As a 
consequence the average earnings of all men, 
skilled and unskilled, have increased from under 
4ls. in 1914 to over double that amount in the 
present year, leaving them more than 20 per cent. 
better off than in 1914, after allowing for the increase 
in the cost of living. 

This large increase in wages, made at the same time 
as selling prices were reduced and cost of materials 
had gone up, is a renewed prima facie example of the 
advantage of high wages, when they succeed and 
depend upon corresponding increase of production. 
This, however, is not the only respect in which 
the policy of motor manufacturers illustrates in 
practice what often are not much more than pious 
opinions. The men, for example, were given their 
full share of the profits gained by increased produc- 
tion, but the employers did not pocket the balance. 
On the contrary, they handed on the bulk of it to 
the consumer in the form of the reductions of price, 
of which we have indicated the nominal extent, and 
of an increasing liberality of equipment and avoid- 
ance of extras, which in effect amounted to a still 
further lowering of prices beyond what is shown in 
the figures. The industry, again, has always been 
strikingly individual, but its constituent firms have 
kept touch with each other in their trade and 
professional institutions, and to a considerable 
extent have concerted means for reducing costs of 
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production by means of standardisation. The 
Standards Department of the Society of Motor 
Manufacturers, through the medium of the Institu- 
tion of Automobile Engineers, has been distributing 
its standards as data sheets for the last three or four 
years, and without impeding the operations of 
designers has succeeded in making considerable 
reductions in the number of separate designs for 
what might with equal advantage be represented 
by a much smaller number of components. In one 
instance, for example, several hundred sizes current 
before the issue of the first of their data sheets on 
the subject have been reduced successively to 32, 
11, and at the present time 6. A number of 
materials and other components have also, after 
consultation with the Society, been standardised 
by the British Engineering Standards Association. 
Incidentally, the disposition to specialise is shown 
also in the output of motor parts and accessories, 
including engines, the value of which has increased 
nearly three times as fast as that of the entire pro- 
duction of the industry. 

It may be assumed that measures for reducing 
first costs have by no means reached their limit, 
and it is still more probable that as much must be 
true of measures for increasing the volume of the 
trade. At the present time British manufacturers 
practically share among themselves their entire 
home market. This appears to be less the direct 
result of the McKenna duties, reimposed in 1925 and 
1926, than of the indirect but effective assurance 
these duties give that the market will not be dis- 
turbed by unsold surpluses of foreign works. The 
duties seem, in fact, to have operated rather to 
prevent any extravagant rise in imports than to 
have reduced their value, which indeed, though 
negligible in commercial vehicles, has increased 
appreciably during the present year in private cars, 
and may perhaps amount to something like 4 per 
cent. of the total British production. The general 
anxiety of foreign works to obtain a share of the 
trade is shown strikingly in the fact that while there 
are some 157 models of British cars on this market, 
no less than 187 models are found from foreign 
works. The anxiety of foreign manufacturers to 
be in this market, in spite of the small share of it 
they have succeeded in capturing, may well be 
due to a well-founded estimate of its prospects. 
Last year the Society made an estimate of the num- 
ber of potential car owners in Great Britain, which, 
with the cars already in use would bring the popu- 
lation per car to about 27-5 persons, as against 
63-9 for the cars in use last year. This in itself 
shows a large margin for expansion, and the estimate 
has, doubtless, been intentionally and wisely framed 
on a conservative basis. When, however, it is 
compared with the figures of some other countries, 
it seems far from exhausting the possibilities of 
the market. The use of motor cars is, of course, 
most widely developed in the United States. After 
exporting only about a fourteenth part of its 
production, that country is absorbing in its home 
market an output over twenty times as large as 
that of Great Britain; and yet already it is using 
a motor vehicle for every 5-4 of its inhabitants, or 
in fact has a fleet in service that could take its 
entire population on a single joy ride. New Zealand 
and Australia, again, have respectively, a motor 
vehicle for every 11 and 17 of their white population, 
and Canada one for every 12. 

There seems therefore to be no ground for fearing 
that the home market is likely to contract. Greater 
anxiety may be felt, alike from the point of view of 
national economy and from that of the interests 
of the industry, in respect to the export trade. 
At the present time British works have less than 7 
per cent. of the export trade done by the five chief 
exporting countries, and nearly half of the British 
exports go to Australia. It is true that the British 
percentage has grown steadily since 1923, and is 
now about three times as large as it was in that year ; 
but the proportion is too small, and its dependence 
on a single market too great to be an assured founda- 
tion for a great export trade. It absorbs, indeed, 


nearly a fifth of the total British production ; 
but leaving out of account the exports of the United 
States, which are nearly 10 times as large, it is only 
about half those of France and of Canada, and about 
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is not a third of that of Great Britain. As the 
United States have shown in many branches of 
engineering manufacture, one essential advantage 
of an assured home market is that it can be made 
the basis of a great export trade. The measures 
that may be necessary to enable the motor industry 
to secure such a trade may not be wholly within 
its own control. For example, with the single 
exception of the tax on private cars in Germany, 
where there is only one car to every 313 inhabitants, 
the British motor industry leads the world by far 
in the amount of taxation it pays which on private 
cars is about ten times the average of what is paid 
in the United States. This serious burden may 
possibly be reconsidered when the Treasury can 
afford to let go of any source of immediate income, 
for nothing seems more probable than that it could 
collect a larger income if duties were lighter. 
Taxation, however, can only affect export trade by 
the extent to which it increases overhead charges, 
and the most satisfactory way to reduce these is 
obviously to increase turnover in the branch to 
which taxation does not apply. The sagacity by 
which the industry has recovered from the disasters 
of 1921 and 1922, and has both foreseen and acted on 
its conviction of the effect on its costs and trade of 
a liberal policy to its employees and its customers, 
gives confident ground for expecting that it will 
face and overcome the present weaknesses of its 
export trade. It may, indeed, be thought the 
more likely because, in at least some markets, part 
of these weaknesses are thought to lie in excessive 
selling costs and defective local information and 
service. These seem likely to be amenable to 
enlightened co-operation within the industry, and 
the assistance to be obtained in more ways than 
one from the Overseas Trade Department. 





NOTES. 
PROPOSED OVERHEAD LINES ASSOCIATION. 


Ons of the characteristics of the British electrical 
industry is a leaning towards the formation of 
specialist associations. When the object of these 
bodies is purely technical the reason for their origin 
seems to be the incorrigible habit of engineers to 
“talk shop” and especially their own particular 
shop. When they are started for trade purposes 
the reason lies in the presumption that no existing 
body can do what is required in the way of pro- 
tection for the particular section concerned and 
that the only alternative to disintegration is a 
combination of those with the same interests. It 
is worth while noting that whenever this segregation 
occurs, as it does at frequent intervals, there is an 
outcry that there are already too many societies. 
History has repeated itself in the new Overhead 
Lines Association, which achieved birth at a meeting 
held at the Institution of Electrical Engineers on 
Wednesday, October 12, with Mr. R. Borlase 
Matthews in the chair. The chairman explained 
that the objects of the new body were to secure a 
record of all in this country, who had experience of 
overhead line construction, with the object of 
engendering mutual assistance on such matters as 
regulations, wayleaves and other difficulties. The 
idea was generally supported by other speakers, 
though Mr. W. C. Bexon, the chief engineer of the 
Ayrshire Electricity Board, suggested that a 
committee of engineers might be formed as an 
initial step to discuss the numerous difficulties 
that existed with the Commissioners and other 
authorities. There is, nevertheless, a certain amount 
of opposition to the formation of the Association 
per se, though none at all for the ends it desires 
to obtain. The cause of this opposition is simple. 
It is well known that Government Departments 
possess great inertia and to move them there- 
fore considerable force is required. That force 
can be more efficiently exerted by a large body 
than by a small one and by one whose interests are 
wide rather than narrow. In this particular case the 
Institution of Electrical Engineers are already 
moving in the matter, while a joint committee 
of the Incorporated Municipal Electrical Association, 
the Incorporated Association of Electric Power 
Companies, the Provincial Electric Supply Com- 
mittee of the United Kingdom and of representatives 
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overhead lines is in existence. This last body has 
submitted a report to the Commissioners, who 
suggested that the document should be laid before 
the Institution. As a result a joint conference was 
held, whose report was considered by the Council 
of the Institution and the latter are now in com- 
munication with the Commissioners. It cannot be 
said therefore that nothing is being done and it is 
hard to see what, for the present at least, the new 
body can do that has not already been done. A 
satirical reflection on the whole proceedings is that 
it is now proposed to form a Mains Engineers’ 
Association. Once started it is difficult to see where 
such a movement will, or can logically, stop. We 
are informed that the next meeting of the new 
body will take place at the Royal Society of Arts 
on Wednesday, November 2, at 5.30 p.m., when a 
Paper on “ Wayleaves” will be read by Mr. W. C. 
Bexon. The Honorary Secretary is Mr. Theodore 
Stevens, 50, Lincolns Inn Fields, London, W.C. 2. 





Wor.tp-PowER CONFERENCE, SECTIONAL MEETING 
ON FUEL. 


At a meeting of the International Executive 
Council, World-Power Conference, held at Cer- 
nobbio, North Italy, from September 5 to 10 last, 
matters affecting the forthcoming Fuel Conference 
were discussed. As stated in our issue of July 29 
last, on page 144, the Conference is to be held at 
the Imperial Institute, South Kensington, London, 
S.W.7, from September 24 to October 6, 1928. A 
number of interesting conversations, between the 
British and the foreign representatives, took place 
at Cernobbio, regarding the technical programme 
mapped out for the London meeting, and referred 
to in our former article. These conservations 
showed that the programme had been very favour- 
ably received, and that the Fuel Conference had 
already aroused widespread international interest. 
During the course of the meeting the hope was 
expressed that each country would make its con- 
tribution an essentially national one, with the object 
of pooling knowledge and experience internationally. 
If each country were to attempt to cover the whole 
programme the Conference would become unwieldy. 
Germany, for instance, is interested in most fuel 
problems, but it was suggested that she should 
concentrate on questions on which she was speciali- 
sing, such as gas distribution, utilisation of lignite, 
carbonisation under static means, and the like. 
France might specialise, for instance, on matters 
connected with the production of alcohol. Again, 
Spain is anxious to become independent of other 
countries for her fuel supplies, and an account of 
how she proposes to accomplish this would prove 
of interest. As a result of the Italian meeting, 
it has been decided to invite each country to submit 
to the British Committee, skeletons of the papers 
which it is proposed shall be presented at the 
conference, for ‘a preliminary exchange of views 
regarding the subject matter. It is pointed out 
that, while the papers themselves will probably have 
to be written by individuals, they should receive the 
careful scrutiny of the representative body under 
whose authority they are issued. All proprietary 
and specialised individual opinions should be 
excluded. The conference is intended to be of a 
thoroughly practical nature, based on sound tech- 
nical lines directly related to practical economics. 
All correspondence relating to the meeting should 
be addressed to the Secretaries, Fuel Conference, 
1928, World-Power Conference, 36, Kingsway, 
London, W.C.2. 


PsyYCHOLOGY AND ENGINEERING PROGRESS. 


The inability, of which we hear so often, of the 
British industrialist to adapt his methods to the 
requirements of the foreign consumer was the text 
of an address, which Mr. W. Wilson delivered as 
chairman of the South Midland Centre of the 
Institution of Electrical Engineers on October 12, 
last. He remarked that what struck him most 
about the World Power Conference at Wembley in 
1924 was the great variety of men attending, and that 
the gathering formed an unexampled opportunity 
of studying personalities and thus learning some 
very valuable lessons. Our insular position made 
this the more necessary, since the ability to under- 
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dwelt in countries with land frontiers. To study 
the psychology of the ‘‘ other man” was essential, 
and that study could only be effected by frequent 
visits overseas and other forms of personal contact. 
The increase in the number of technical delegations 
that now went abroad was to be encouraged, if only 
because it allowed a greater knowledge to be 
acquired of conditions in other countries. Such in- 
tercourse was of particular importance to engineers 
since the interest taken in engineering matters in 
other countries was very great, education had 
reached a high standard and the achievements in 
some of the small countries were really remarkable. 
Electrical engineers would find that during the 
past fifteen years every country using electric power 
to any considerable extent had been organising its 
supply on a national basis, and this had always 
been justified by the improved economy of operation 
and the greatly increased load factor. Foreign 
countries were doing many things which we regarded 
as impracticable, and a study of our own psychology 
might, therefore, be instrumental in directly ac- 
celerating our own rate of progress. Our attitude 
towards new things was engendered by our exag- 
gerated system of party government. This resulted 
in the practice of forming conclusions first and then 
selecting arguments to support them, and in opposing 
the proposals of others as a matter of course before 
examining them. Whatever might be the justifi- 
cation for such a policy in government it was 
nothing short of disastrous in industry and engi- 
neering. The result was that an inventor required as 
much ‘as anything else a tough hide, unbounded 
self-confidence, a high degree of persistence and 
robust health, but as instead he, as often as not, 
was particularly sensitive 90 per cent. of the 
proposals which should go to make our industries 
flourishing were mentally slaughtered. In con- 
clusion, Mr. Wilson pointed out that it was of equal 
importance that foreign engineers should know us, 
and that more attention should be paid to the part 
played by racial characteristics in devising the 
details of a scheme or apparatus. 


CoRROSION BY OIL. 


IN the first paper brought last week before the new 
session of the Institution of Petroleum Technologists, 
Mr. Horace J. Young, F.1.C., drew attention to cases 
of severe corrosion of the pins and journals of the 
crankshafts of two motor ships, by lubricating oils 
which two independent laboratories had reported 
to be incapable of causing corrosion though the 
chemists had been informed of the damage the oils 
had apparently done. This brief statement sounds 
unnecessarily alarming. Mr. Young himself, in 
conjunction with Mr. H. C. Jay, devised an 
efficient test which showed the suspected oils to be 
acid, and the sulphate check test, which he also 
applied, is of the kind which chemists would use in 
doubtful cases. A few words will explain the matter. 
In the inorganic acidity test of the Institution of 
Petroleum Technologists, 100 grams of the oil are 
shaken with warm water, the liquids are allowed to 
separate, and the acid water is then titrated with 
caustic alkali, methyl orange serving as an indicator. 
For his sulphate test Mr. Young boiled 600 cub. em. 
of the oil with caustic potash for 3 hours, added hot 
water, acidified with hydrochloric acid and deter- 
mined the sulphuric acid which was likely to be 
responsible for the acidity, by precipitation with 
barium chloride. Mr. Young found that this sul- 
phate test clearly indicated traces of acid which would 
escape detection by the I.P.T. test, and he confirmed 
this by numerous experiments with various oils to 
which very small measured percentages of sulphuric 
acid had been added. As .ong as the sulphate value 
found did not exceed 0-05 per cent., the oil proved to 
be harmless. But this sulphate test is rather 
laborious, while the new direct oil test, which Mr. 
Young described, seems to be very efficient and easy. 
He runs a continuous stream of the oil, heated to 
about 90 deg. C., over a test specimen of the steel, 
brass or bearing metal, and has constructed an 
apparatus in which 25 specimens can readily be 
tested at the same time. The test specimens are 
afterwards best examined with the aid of the 
microscope. The test, Mr. Young stated, indicated 
as little as 0-002 per cent. of sulphuric acid and also 
traces of sea water, sulphates and alkali likely to 





corrode metals in the course of time, especially when 
the oil gets warm and in the presence of water. He 
also referred to the apparent loss of acid in oil ; 
when oil is purposely acidified, some of the acid can- 
not be extracted by caustic alkali after some time. 
This lost oil seemed to the incapable of causing corro- 
sion. The loss, which would affect the ordinary 
inorganic acidity test, may be due to a combination 
of the acid with the oil; but the subject requires 
further investigation. Mr. Young’s experiments 
were made in the Neptune Works of Messrs. Swan, 
Hunter and Wigham Richardson, Limited, of 
Newcastle-on-Tyne. 








LETTERS TO THE EDITOR. 


WHIRLING SPEEDS OF SHAFTS. 
To THE EpiToR OF ENGINEERING. 


Smr,—The solution of Dr. F. M. Carter’s that I 
referred to in the paper bearing the above title, and 
published in your issue of October 7, is stated by him 
to be approximate; as in the case of many other 
solutions, no indication of higher whirling speeds is 
yiven. 

. It is, however, refreshing to know that Dr. Carter is 
sure that there is a “ half-speed ” whirling speed, and 
that it depends upon the elastic properties of the shaft 
and is not due to bearing trouble. 

Yours faithfully, 
The University, Leeds, T. M. Nayior. 
October 18, 1927. 





SUPER-TENSION CABLES. 
To THE EpITOoR oF ENGINEERING. 


Sir,—Y our issue of the 14th inst., on page 501, contains 
a reprint of Capt. Dunsheath’s paper, read before the 
British Association, in which he is represented as 
saying that there is only a few per cent. difference 
between the most economical loading and the 50 deg. C. 
loading, and that, in some cases, they are identical. 

I was rather surprised to read this statement, as 
you are probably aware that Mr. W. B. Woodhouse, 
in a paper read before the Institution of Electrical 
Engineers, enunciated an expression for the most 
economical current density for a cable in accordance 
with Kelvin’s Law. I have had occasion to apply that 
expression, and found that in the case of very high- 
tension transmission, the most economical current 
density was a great deal higher than the safe current 
density from the point of view of the heating of the 
cable. I do not want to find any fault with Capt. 
Dunsheath’s statement of the facts. The paper is an 
admirable presentation of our knowledge up to date, and 
is worthy of the fullest acceptance, but he should not 
ask us to throw overboard a useful rule without at 
least giving us something to put in its place. 

I think the discrepancy is due to Capt. Dunsheath 
including the cost of the transformers as well as the 
losses in the transformers (both step-up and step- 
down) in his calculations. It would, therefore, have 
been helpful if in his curves, Figs. 1, 2, 3 and 4, he had 
shown what part of the expense, and of the loss, was 
due to the transformers, and what to the cable. It 
will be quite obvious that the introduction of a constant 
loss of some 3 per cent. (step-up and step-down, both 
included) on a short cable line, which only loses perhaps 
1 per cent. or $ per cent., and a loss which, moreover, 
is quite independent of the length of the line, will seri- 
ously complicate matters when added to the charges 
for the line itself, which increase directly with the 
length of the line. The same applies to the capital 
charges. 

I maintain that the transmission engineer has no 
difficulty whatever in making a rapid assessment of 
the capital and loss charges in connection with the 
transformers ; but he wants some means of knowing 
how things are turning out in connection with the 
line. Here there are so many factors, the wrong 
estimation of which will alter the whole complexion of 
things and the costs of which vary so immensely, that 
I, for one, feel very reluctant to throw overboard Mr. 
Woodhouse’s formula. Of course, if this formula is 
wrong, let it either be abandoned or corrected ; but I 
may say that, some two years ago, I wrote to Mr. Wood- 
house about it and he did not seem to be aware of its 
having anywhere been proved to be incorrect. 

Again, Capt. Dunsheath has taken the cost of energy 
lost in cables and transformers at 0-5d. per kw.-h., 
plus capital charges, In the case of the 132,000-volt 
cables, which would presumably only be used for con- 
necting together base-load stations, I think 0-2d. 
would be nearer the mark and probably would still 
be objected to by several of our leading engineers as 





being too high, especially if capital charges have to be 
added. I, therefore, suggest that in Fig. 3 the slope 
of his curve is altogether too gentle. Moreover, I have 
shown in one of your contemporaries that, on a 10-mile 
line and at 132,000 volts, the cost for the cable would 
be of the order of 0-151. to 0-101. (capital cost only) 
per kw. per mile; and I have also shown that, by 
employing an intersheath cable, both the cable charge 
and the cable loss charge could be nearly halved. 
It is of interest that this charge (with intersheath cables) 
is not very different from that of the overhead trans- 
mission system, which the Central Electricity Board 
is virtually adopting in their Scottish scheme, under 
the disguise of a ring main. 

If Capt. Dunsheath has any other explanation than 
the one given above of the discrepancy between his 
statement and that of Mr. Woodhouse’s formula, I 
shall be happy to hear of it. 

Yours faithfully, 
A. M. TayLor. 
Slade Lodge, Erdington, Birmingham. 
October 18, 1927. 





COKE v. OIL FUEL FOR DOMESTIC 
HEATING. 


To THE EpIToR OF ENGINEERING. 


Srr,—If I may again encroach upon your valuable 
space, I should like to repeat that, in the official 
(L.C.C.) tests referred to, the figure 18-34d. per 1 million 
B.Th.U, actually utilised in using gas coke (at 34s. 2d. 
per ton) as fuel for central heating was arrived at only 
after making due allowances for all incidental losses 
enumerated by your correspondent. The  corre- 
sponding cost, with oil fuel at 51. 12s. 6d. per ton, 
according to your correspondent’s estimate, is 50d. 
(ENGINEERING, July 29), or more than two-and-a-half 
times the cost of coke. 

I am indebted to your correspondent for his interpre- 
tation of the term “ efficiency,’”’ but in connection with 
both boiler and fuel tests I prefer to be guided by 
recognised practice and the Test Code published by the 
Institution of Civil Engineers. 

Yours faithfully, 
E. W. L. Nicot, 
Engineer and Fuel Expert. 

The London Coke Committee, 

84, Horseferry-road, Westminster, S.W.1. 
October 17, 1927. 





NOTES ON NEW BOOKS. 


Srncz that anxious period, about 60 years ago, when 
the heir to the British throne nearly lost his life 
by typhoid fever, the energies of engineers, chemists 
and biologists have been unremittingly directed 
to the problem of sewage disposal. For more than 
15 years a Royal Commission, appointed in 1898, 
studied the matter, with the aid of competent experts, 
and issued a long series of pregnant tomes embody- 
ing the results of their labours. These dealt not 
only with current practice, but with laboratory 
research and experimental work on a large scale. 
The results so far obtained are of great and permanent 
value, but they do not include the discovery of any 
simple and cheap way of purifying sewage in the 
numerous cases to which the fundamental natural 
methods of discharge upon suitable land or into large 
volumes of water are not applicable. All such cases 
could be efficiently dealt with by appropriate special 
methods, but very often only at an impracticable cost. 
For this reason, even in these favoured islands, the 
soil, air and waters are, in many districts, polluted by 
casual makeshift drainage, and the provisions of the 
Public Health Acts prohibiting overflow or soakage 
from cesspools, are widely disregarded. With a 
pressure supply of water and a cesspool constructed 
in accordance with the law, a householder in every 
urban district in England, and in all districts in 
Ireland, has the duty imposed on him of pumping or 
bailing out and then disposing of all the drainage of 
his house. A brief calculation—evidently never made 
by the Parliamentary draughtsmen—shows that this 
is an almost impossible task. It is seldom attempted. 
The usual practice is to pass on the difficulty to 
Dame Nature, by permitting illegal soakage or over- 
flow. Fortunately, when neighbours or wells are 
not seriously affected, this system serves tolerably well. 
The best arrangement, however, and one which is 
legal, provides that the overflow and soakage shall 
take place through an adequate length of open-jointed 
pipes laid at a moderate depth in a garden or field. 
These preliminary notes are evoked by a perusal of 
“* Sewage Works,” by F. C. Temple, M.Inst.C.E. (London: 
Crosby Lockwood and Son ; price 6s. net). This book, 
of 67 pages, is a striking example of the modern tendency 
to deal with important subjects in a brief and inade- 
quately considered manner. The author commendably 
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deprecates the intrusion of amateurs into the domain 
of experts and says “ strictly speaking every drainage 
and sewage disposal system should be designed by a 
specialist,” but he also states that his book is an attempt 
to put the instructions, which he has been in the 
habit of giving to his assistants, into a form which will 
enable anyone, with a fair knowledge of general civil 
engineering, to design and construct a sewage disposal 
installation, which will work. Questions of costs of 
construction and operation are not considered. He 
sets out rather inadequately, despite considerable 
repetition, and not very clearly, some of the main 
results of modern research and practice. The 
opinions and rules he has formulated from a study 
of earlier authorities and from practice in small centres 
of population, under the peculiar physical and social 
conditions of India, are interesting, but, so far as they 
are new, are insecurely founded on a limited experience. 
The book makes no material contribution towards the 
solution of the problem of sewage disposal and is 
hardly a satisfactory manual for study or practice. At 
best, it may be found of service to engineers who are 
forced, without special training, to design small 
sewage disposal works in the East. If their installations 
do not function properly they can readily be supple- 
mented by the cheap work of “ sweepers,” which, in 
India, secure, in and around well regulated bungalows, 
scrupulous sanitation quite independently of modern 
systems. 





At the end of last century chemists began to recog- 
nise that too much attention was being concentrated 
on organic chemistry, and that the many unsolved 
problems and the numerous doubtful data of inorganic 
chemistry required more examination. Among the 
new textbooks of inorganic chemistry that were then 
compiled, the handbook edited by Professors Abegg 
and Bodlénder, from the first, stood out pre-eminently. 
Neither of these chemists is still with us. While Vol. 
IV. of the ‘‘ Handbuch der Anorganischen Chemie ”’— 
the first half of the first part of which is now before us 
—was being prepared, another of the editors, Dr. F. 
Auerbach, died, so that there is only one surviving 
editor, namely, Professor I. Koppel, of Berlin. Hust- 
ling is one of the grave defects of our age. But another 
chemist, Dr. Mellor, has recently shown that we 
can still produce monumental collections of scientific 
literature, betraying something of the untiring 
perseverance and devotion to work of the past. 
The new volume deals only with oxygen, sulphur, 
selenium, tellurium and polonium, the elements of 
the first half of the sixth group of the periodic system. 
Collective works on the elements of the oxygen and 
sulphur group have not been published within the last 
twenty years; polonium was hardly known then. 
What has since been written on these elements and their 
compounds, and what the compilers had to study, 
may be gathered from the fact that the volume covers 
966 pages, and that the bibliography on sulphur 
alone (not including colloidal sulphur, which has a 
list of its own) runs to 45 pages and 2,040 entries ; 
these lists were closed in December, 1926. Fortunately 
there is a good subject-matter index; a name index 
has not been attempted. The volume is published by 
Messrs, 8. Hirzel, of Leipzig, at the price of 60 marks ; 
two other parts of Vol. IV. have already appeared, 
but there are other gaps in the series. 





Sympathising with people, who are perplexed by 
the prediction of an exhaustion of the world’s petro- 
leum supply within thirty years, and by the contrary 
promise, by other experts, of an adequate supply for 
generations to come, Mr. G. W. Halse has endeavoured 
to describe in outline the essentials of the various 
processes for obtaining liquid fuels. His volume bears 
the title ‘‘ Oil and Retortable Materials. A Handbook 
on the Distillation of Coal, Torbanite, Cannel and Oil 
and Oil Shale.” (London: Charles Griffin and Com- 
pany, Limited; price 7s. 6d. net.) We must admit 
that Mr. Halse has restricted himself to essentials. 
Apart from two good photographic plates of oil shales 
and torbanites, two production curves, and a diagram, 
illustrating the relationship between the specific gravity 
and oil yield of oil shales, there are no illustrations in 
the volume. No process or retort is described in detail 
and much of the information imparted in the 146 pages 
of the volume goes back to Young and the early days 
of the oil shale industry. There are some useful tables 
on the relationship just mentioned, and on coals, lignites, 
cannels, and torbanites : but otherwise numerical data 
are almost as scarce as are references. The reader may 
consider that the author puts rather a high price upon 
the value of his work. 





Until a few years ago the Chemical Society and 
the Society of Chemical Industry both published 
their own abstracts and transactions. In order to 
reduce the unavoidable overlapping in the abstract 
columns, the two societies decided to place the 
abstracting of all chemical papers in charge of a 





joint committee, and to publish the abstracts and 
transactions in separate volumes. Other changes were 
made at the same time, not at first altogether 
with the approval of all the members. But the 
“British Chemical Abstracts issued by the Bureau 
of Chemical Abstracts,’ the ‘‘ Index 1926” of which 
is now before us, are by this time well established 
as a publication of even greater utility than were 
the old abstracts. The Chemical Society attends to the 
papers of Section A, Pure Chemistry, and the Society 
of Chemical Industry to the papers of Section B, Applied 
Chemistry. Section A comprises general, physical, 
inorganic, organic and mineralogical chemistry, and 
biochemistry. The two sections are published in 
separate volumes. In the index volume, however, the 
authors and the subject-matter are placed in the two 
indexes, which are alphabetically arranged, irrespective 
of the sections. These two indexes, in small type, 
cover 415 of the 430 pages of the quarto volume, 
which also contains lists of patents (British, American, 
German, French, Swiss, Canadian, Australian, &c.), 
in numerical order, with references to the pages of the 
index, in which patents are indicated by the letter P, 
a list of the journals abstracted, and a page of errata. 
The work is well done. The Bureau representing 
the two societies, consists of nine members, Dr. J. C. 
Philip being chairman, the editor, Mr. T. F. Burton, 
eight assistant editors, and the indexer, Miss Margaret 
Le Pla. Its address is Central House, 46, Finsbury- 
square, E.C.2; the publishers are Messrs. Gurney and 
Jackson, 33, Paternoster-row, E.C.4. 





The electrical industry is well served in the matter 
of records. These range from the severely statistical 
to the literary commentary, cover every field and 
penetrate into every nook and cranny. None of 
them, however, quite occupy the position of “Garcke’s 
Manual of Electrical Undertakings,” the thirtieth 
edition of which has just been published by the 
Electrical Press, Limited, of London (price 35s. net). 
This, as is well known, deals exhaustively with every 
branch of the electrical industry from the financial 
and commercial rather than the technical point of 
view, and the present edition gives full particulars 
of over 4,000 undertakings, together with a directory 
of some 20,000 officials. The figures published in 
the new edition clearly indicate the extraordinary 
progress that is being made by this branch of the 
engineering industry in this country. The capital 
invested during the past year has increased by more 
than 433 million pounds, bringing the total up to 
810,824,1791., which is subscribed to 1,633 under- 
takings. This figure, it should be noted, includes 
loans authorised for municipal undertakings. By far 
the greater part (314 millions) of this year’s increase 
has gone to electricity supply, an interesting point 
considering the stagnation under which this branch 
was supposed to be suffering owing to impending 
legislation, while telephones and telegraphs account 
for 11 millions and manufacturing for only a half. 
On the other hand, manufacturing shows the highest 
rate of interest paid on capital—7-73 per cent. on 
73,063,8931.—closely followed by telephones with 
7-61 per cent. The worst showing in this respect 
is made by electric traction with a return of 4-05 per 
cent. on a capital of 173,995,9521. It is interesting, 
in view of the approaching reorganisation, to learn 
that there are now 745 generating stations in the 
country with a capacity of 5,127,500 kw. As we 
have said before, this is a most valuable source of 
information, and its value will undoubtedly increase. 





The first volume is now available of what is intended 
to be an annual issue of the Department of Commerce, 
U.S.A. It has been prepared by the National Bureau 
of Standards, and is known as “ Standards Yearbook, 
1927.” It gives an account of far-reaching activities, 
embracing an astonishing number of commercial, agri- 
cultural, scientific and industrial interests. It is, in 
a short notice, impossible to give any adequate idea of 
the matters dealt with officially by the various agencies 
enumerated, but the object apparently is to make 
known the work that has been and is still being done 
so as to ensure some unity of purpose and of standards 
amongst those engaged in the various branches of the 
work. There is a mass of information relating to the 
various bureaux specialising in particular matters, and 
also an account of similar bodies outside the United 
States. The Bureau of Standards, which is immediately 
responsible for the compilation now considered, was 
initiated in 1901, with an establishment of eight persons ; 
it now numbers nearly eight hundred. Since it began 
its duties a large amount of useful work has been done. 
It is claimed, no doubt correctly, that ‘‘ the National 
Bureau of Standards aids industry, directly or through 
co-operating committees, to determine the best stan- 
dards of dimension, quality, performance and practice.” 
The specifications issued by the Bureau—tentative 
and standard—are now well known, and well support 
the claim thus made. 





THE FERRYBRIDGE STATION OF 
THE YORKSHIRE ELECTRIC POWER 
COMPANY. 


Tue Yorkshire Electric Power Company is an under- 
taking, which in 1901 obtained powers to supply elec- 
tricity over an area of 1,800 square miles in the West 
Riding of Yorkshire, subject to the consent of the local 
authorities within that area. This restriction has, in 
effect, excluded it from operating in Leeds, Bradford, 
and other large towns. Considerable progress has 
nevertheless been made in the remainder of the dis- 
trict. It now possesses an extensive transmitting 
and distribution network and is giving a supply to 
most of the important industries in the district, 
including collieries, textile mills, glass works, rolling 
mills and shipyards. Interconnection with colliery 
power stations for the interchange of energy is increas- 
ing, and it has recently taken over the supply of 
Shipley, where the local generating station has been 
shut down. There is no doubt that, under the 
Central Electricity Board, it will in future play a pro- 
minent part in the electrical development of the York- 
shire area. The first generating station owned by the 
company was erected at Thornhill, near Dewsbury, 
and a supply was commenced in 1905. This station 
has several times been extended and has recently 
been modernised, its present capacity being 41,500 kw. 
As the demand increased, a second station was built 
at Barugh, near Barnsley, and this has a present capa- 
city of 12,000 kw. Additional supplies, notably from 
the Leeds Corporation and from waste-heat sources, 
have also been tapped from time to time to meet the 
demand. As long ago as 1917, the general position was, 
however, such that the company decided to erect a 
new principal generating station for themselves. 
The necessity for this is shown by the fact that while 
in 1913 the capacity of the company’s plant was 
14,500 kw., in 1919 this figure had nearly doubled, 
and by 1925 it had reached 53,500 kw., or nearly double 
again. After careful consideration, a site for the new 
station was selected at Ferrybridge, near Knottingley, 
in the eastern part of the area. The first section of 
this plant has now been put to work, with the result 
that the aggregate generating capacity of the under- 
taking is 91,500 kw. 

As the accompanying aerial photograph, Fig. 2, 
on page 528, clearly shows, the site is excellent 
from the point of view of both railway facilities and 
water supply, and is no less well situated in relation 
to the load. The area acquired by the company 
measures 135 acres, provides an extensive frontage to 
the river Aire, and is intersected by the London and 
North Eastern Railway Company’s main line between 
Sheffield and York. The Great North Road, which 
makes a double right-angle turn to cross the bridge, 
is adjacent to the site, on the eastern portion of which, 
32 acres in extent, the present station is built. It 
may also be noted that the station is favourably 
situated with regard to the South Yorkshire coal fields, 
which are now being developed, and from which an 
annual output of 45,000,000 tons is already being 
obtained. This will not only ensure a cheap supply 
of coal by rail for fuel purposes, but, by enabling 
electricity to be distributed to the collieries at an 
economic rate, should react favourably on the cost of 
coal raising. 

Coal for the station can also be delivered by water, 
and the arrangement of the Aire and Calder and other 
navigations enables barges of 250 tons capacity to 
be brought up to the Power Company’s wharf on the 
site. The coal-handling equipment, the general 
arrangement of which is shown in Fig. 1, page 528, 
permits the coal, whether delivered by rail or water, 
to be taken by elevating plant, either immediately 
to the boiler-house bunkers or to the storage ground 
between the station and the river. The rail-borne coal 
is delivered from the sidings to electrically-operated 
weighing and unloading machinery, constructed by 
the Mitchell Conveyor and Transporter Company, of 
London, and capable of automatically emptying 
wagons up to 20 tons capacity. Coal received by 
water is unloaded by an electric grab crane, on a wharf 
constructed of reinforced-concrete piling, to receiving 
hoppers through an automatic weighing machine. 
From these hoppers the coal is delivered by a short 
gravity-bucket conveyor to the main belt conveyor, 
which ascends to the bunker level. At this level, the 
coal is transferred to cross belt conveyors, which are 
arranged to distribute the coal over the whole length 
of the bunkers. The general design of these arrange- 
ments is such as will enable the station to be extended, 
when the need arises, in the most economical manner. 

Turning to the buildings themselves, the general 
appearance of which can be gathered from Fig. 2, it 
may be mentioned that reinforced-concrete piling has 
been used as a foundation. The individual piles are 
driven down to the limestone at depths varying from 
20 ft. to 43 ft., and are grouped beneath the areas of 
greatest loading to carry the main column loads direct. 
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FERRYBRIDGE ELECTRIC POWER STATION. 


MR. W. B. WOODHOUSE, M.I.E.E., CHIEF ENGINEER. 
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“ENGINEERING” 





their weight being aiieieed from the foundation ty 
springs. Each machine may be operated when using 
one condenser only, so that the other may be inspected 
without interfering with the running of the set. The 
boiler-feed pumps, which are of the Weir steam 
driven type, are placed in the turbine room. Generally, 
it may be said that the auxiliary machinery is dupli- 
cated wherever the failure of any part would affect 
operation, and, to obtain the maximum of security, the 
most important auxiliary machines are operated by 
direct current. The energy for this purpose is obtained 
from motor-generator sets, manufactured by Messrs. 
Mather and Platt, Limited, of Manchester, and from 
a secondary battery, supplied by the Chloride Electrical 
Storage Company, Limited, of Manchester. Current 
from the battery is also used for operating the high- 
tension switchgear. The switchgear employed for 
controlling the auxiliary equipment was manufactured 
by the General Electric Company, Limited, Witton, 
Birmingham. 

The circulating water is obtained from the River 
Aire, the intake works being situated about 550 ft. 
north of the coaling wharf. These consist of culverts 
beneath the towpath, through which the water flows 
via vertical disc screens, manufactured by Messrs. F. W. 
Brackett and Company, Limited, of Colchester, to the 
circulating pumps. These screens, instead of being in 
the open air, are housed in the pump-house structure, 
which is designed to accommodate three screens, the 
necessary auxiliary apparatus, and the pumps, which are 
capable of delivering 50,000 gallons of water per minute 
to the condenser. The arrangement of the pump and 
screen house is shown in Fig. 4, and a view of the interior 
of the pump-house is given in Fig. 6, page 522. The 
pumps, which were manufactured by Messrs. Worth- 
ington Simpson, Limited, of London, are of the vertical 
spindle type, and are placed below the normal water 
level. They are directly connected to 430-h.p. Mather 
and Platt variable-speed motors, and run at a speed 
of 300 r.p.m. The water delivered by the pumps is 
forced through reinforced-concrete pipes, 72 in. in 
diameter, to a point near the boiler-house, where sub- 
division takes place and the water passes thence through 
cast-iron pipes to the condenser, to the alternator-cool- 
ing equipment and to the apparatus for cooling the 
transformer oil. The entrance to the pipes at the 
pump-house end is controlled by electrically-operated 
Blakeborough valves, while automatically-operated 
valves of the Larner-Johnson type are provided to 
control the flow from each pump and to prevent any 
reversal of flow. These valves are controlled by a 
solenoid and cause the water to be trapped in the 
pipe, thus preventing any immediate danger to the set 
should the pressure fail. 

Returning to the generators, energy is supplied from 
the alternators at 11,000 volts, and is transmitted to 
Ferranti transformers, erected out-of-doors along the 
western front of the turbine house. Here the pressure 
is stepped up to 33,000 volts for delivery to the net- 
work through the main switchgear which, as already 
mentioned, is housed in a separate building. The 
switchgear, which was manufactured by the British 
Thomson-Houston Company, Limited, of Rugby, has 
a rupturing capacity of 1,500,000 kv.-a., and is of the 
phase-separated type with continuous vertical walls 
of sheet iron between the phases. The whole of the 
switch movements are controlled by mechanism con- 
tained in an operating annexe, in which no live metal 
is exposed, and which is entirely separated from the 
main switch room. 

Though Ferrybridge is not one of the largest stations 
in the country, it is interesting to note that during 
the constructional period it was necessary to instal a 
2,000-kw. set on the site temporarily to provide power 
and to enable the auxiliary plant and boilers to be 
tested. 





THE Moror Stoop “ San Juan.’’—The handsomely 
modelled motor sloop San Juan was launched recently 
from the Hebburn Yard of Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited. The vessel, which is 
designed for hydrographic service, is being built to the 
order of the Navy Department of the Argentine Republic. 
She has an overall length of 206 ft., a beam of 33 ft., 
and will be rigged as a two-masted schooner, square- rigged 
on the foremast, with raked stem and counter stern. 
Spacious and modern accommodation is being provided 
for a complement of about 100 persons. A hold for 
storing buoys and other gear, together with the necessary 
handling appliances, has been arranged at the forward 
end of the ship. Two electric generators have been 
installed, one driven by a Diesel engine and the other 
by a steam engine; the electric installation includes 
special winches, searchlight, &c. The vessel is pro- 
pelled by a four-cycle, single-acting, Hawthorn-Werks- 
poor Diesel engine, having six cylinders with a bore of 
460 mm. (18-11 in.), the piston stroke being 900 mm. 
(35-43 in.). The engine develops about 950 i.h.p., at 
150 r.p.m. ; it is, in most respects, of the standard Werks- 
poor type, though, in this case, the well-known floating 
bottle for fuel regulation and fuel pump common to all 
cylinders, have been dispensed with; they are replaced 
by a fuel pump delivering to individual cylinders. 
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TuE continued disinclination of the United Society 
of Boilermakers and Iron and Steel Shipbuilders to 
come into the procedure agreement which, in co- 
operation with five other craft unions, they negotiated 
with the Shipbuilding Employers Federation, is causing 
some concern. The matter was again discussed by 
representatives of the trade union and the employers 
federation in London on Friday of last week, and in the 
end Mr. Hill and his associates undertook again to con- 
sider the statements made on the subject by Mr. 
Barr. Meanwhile, the rank and file of the union are, 
in places, exercising their “ right to strike’ when and 
where they like, regardless of the obligation which the 
great majority of their fellows have undertaken to con- 
tinue at work, while the machinery for adjusting disputes 
is functioning. Obviously, the employers cannot allow 
such a state of matters to continue indefinitely. They 
want peace, in order to rebuild the industry on a profit- 
able basis, and are content to be patient, while a chance 


remains of achieving that very desirable end. The 
boilermakers are clearly, however, straining their 


patience, and matters are, without a doubt, approach- 
ing a highly critical stage. 





There is no doubt at all about the desires of the em- 
ployers generally for peace. They are losing no oppor- 
tunity to promote harmony, and are quite frank in the 
expression of their views, as to how it may be brought 
about. Many of the men’s leaders are similarly dis- 
posed, and are doing what they can publicly and pri- 
vately to improve the relationship of industry’s two 
main partners. Unhappily, the rank and file of organised 
labour are—except in the world of railway trade 
unionism—showing less inclination to smooth the 
path towards peace, though it is they who are capable 
of doing the most effective work. They do not 
realise, or flatly decline to admit, that the heart of the 
whole problem is industry itself. If industry is not 
organised on a true economic basis, not only the 
employers but also the workers will suffer. The em- 
ployers are, in effect, asking the workers to co-operate 
in an effort to put industry on an economic basis— 
in other words, to make it capable of paying the wages 
and bearing the conditions which the workers desire. 
It is not common sense on the part of the rank and 
file and one or two of their less thoughtful leaders to 
refuse this request. 

During the week a serious strike occurred in the 
middle German and East Elbe brown coal industry 
involving something like 70,000 men. The trade unions, 
whose members are involved, demanded a wages 
increase of 10 per cent. This the mineowners declared 
the industry could not stand, though the men’s represen- 
tatives said it was their absolute minimum. Yesterday, 
the difference was discussed in Berlin before the arbitra- 
tion tribunal appointed by the Government, but up 
to the time this issue of ENGINEERING went to press no 
official news had been received in London as to the 
outcome of the mediation. 

Trouble has also occurred, the Cologne correspondent 
of The Times says, in the Lower Rhenish textile 
industry. Following the conclusion of a seven weeks 
strike in the Krefeld silk industry, which resulted 
in concessions being made to the workers, the employees 
in certain sections of the Miinchen-Gladbach textile 
industry applied for wage increases of from 20 per cent. 


to 25 per cent. An attempt was made to exert 
pressure on the employers by instituting small 


strikes of skilled workers. These strikes, while not 
draining the unions of funds, would have had the 
same effect as a larger strike; for, if the “key” 
workers were idle, the whole industry would be 
paralysed. In view of this position the employers 
issued lock-out: notices to 58,000 workers throughout 
the Gladbach area, whether they were concerned in 
the strike or not. Some days must elapse before 
the lock-out can take effect, and it is expected that 
the workers will resume on the employers’ terms, 
before the notices expire. The dispute is, it is added, 
the first in which the receatly-formed Employers’ 
Defence Society has been called into operation. 

The British wool textile industry’s labour affairs 
seem also to be approaching a critical stage. Recently 
the employers on the National Wool (and Allied) Textile 
Industrial Council gave notice to the men’s repre- 
sentatives to terminate the wages agreement, and 
towards the end of last week the Joint Dyers’ Trade 
Unions’ Executive Committee informed the Allied 
Association of Bleachers, Dyers, Printers and Finishers 
of their intention to end the agreement covering the 
dyeing trade. The trouble amongst the dyers has 
arisen out of a difference as to what shall, and shall not, 
be included in a reference to the industry’s con- 
ciliation body. About 300,000 operatives in all are 


stated to be involved. 








Speaking at Bradford on Saturday, Mr. Ben Turner, 
President of the National Union of Textile Workers, 
urged the employers to withdraw their notices. It 
would be more businesslike, he said, to withdraw the 
notices and meet together for the discussion of agreed 
subjects openly, fearlessly and fairly. ‘Let us,” 
Mr. Shaw declared, “have a full, free discussion, 
with all the cards on the table and find out what is 
best for us all and for the nation. This cannot be 
done so long as one side has made a definite attack 
on existing terms.” 

The Times New York correspondent states that on 
October 11, the Pittsburgh Terminal Coal Corporation, 
which employs non-union labour, obtained from 
Federal Judge F. P. Schoonmaker, in Pittsburgh, one 
of the most sweeping injunctions ever issued in a labour 
dispute. It restrains the United Mine Workers of 
American, and all its officers and members, from taking 
any action whatever to interfere with the plaintiff 
corporation or its employees. The court definitely 
upheld the plaintiff’s contentions that the union, by its 
activities against it, had hampered inter-State shipment 
of coal, in violation of the Sherman and Clayton Acts. 
It also enabled the coal company to regain possession 
of company-owned houses, occupied by striking miners, 
by restraining the union and its members from main- 
taining union men in houses against the wishes of the 
corporation. While forbidding the union pickets to 
set foot on the plaintiff's property, the Court permitted 
the union to establish a single picket on each road 
leading to the company’s mines. They were to be 
permitted to use peaceful persuasion, but were cautioned 
against using threatening or abusive language. 





It is understood that the ballot of the Amalgamated 
Union of Building Trade Workers on the question 
of re-affiliation with the National Federation of Building 
Trade Operatives has resulted in favour of rejoining 
that organisation. It has also been decided again to 
become a party to the National Joint Committee for 
the Building Industry, and to conform with the require- 
ments of the National Agreement and any arrangements 
negotiated in connection with it. The Amalgamated 
Union resigned its membership of the National Federa- 
tion about three years ago, in order to press for payments 
for time lost through inclement weather. With the 
return of the organisation to the National Federation, 
the National Joint Committee representing the 
employers and the building trades workers will be free 
to give further consideration to the question which was 
the cause of the breach. 

Industrial and Labour Information, the organ of the 
International Labour Office, states that Belgium has 
now to her credit more ratifications than any other 
country, for, in addition to adhering to the Berne 
Convention concerning the use of white phosphorus 
in the manufacture of matches, she has ratified seven- 
teen in all of the twenty-five conventions adopted by 
the International Labour Conference, 1919-1927, 
including the Hours Convention. Further, she has the 
distinction of being the first State to ratify the two draft 
conventions adopted by the Maritime Session of the 
conference last year. It will be interesting to note, it 
is added, which of the member states will be the second 
to ratify these draft conventions and thus, in accordance 
with the standard clause in the conventions, bring 
them into force. 





The latest Monthly Trade Report of the United Pat- 
tern Makers’ Association gives the number of unem- 
ployed members as 657-25 less than in the previous 
month, but 31 more than in the August report. The 
total membership is 11,203. 





As has already been mentioned in these notes, 
the members of the United Pattern Makers’ Association 
are to ballot next month for or against ending the 
national agreement covering overtime and payment by 
results. A Manchester member, writing in the official 
report of the organisation, asks members generally 
to consider what the abolition of payment by results 
would mean in the Lancashire and Cheshire area, 
There are, he says, twelve branches with approximately 
1,280 members, who are getting a bonus of from 10s. 
per week upwards. Not all are getting it, but most are. 
He cannot see them giving that up with the cost of living 
what it is, and, if the agreement is abolished, he is 
confident that arrears will jump up alarmingly. 





According to 7'he Ministry of Labour Gazette, employ- 
ment during September showed no appreciable change, 
on the whole, as compared with August, the rate of 
unemployment among insured persons remaining 
stationary at 9-4 per cent. There was a further slight 
improvement in the coal-mining industry and in 
shipbuilding and ship-repairing. In the boot and shoe 








trade, in pottery, in the worsted section of the wool- 
textile industry, and in some of the minor textile 
industries, there was also some improvement. On the 
other hand, a marked decline occurred in the tinplate 
industry, and there was also a further decline in the 
building trade, in brick and tile manufacture, and in 
general engineering. 


Among the workpeople (numbering approximately 
12,000,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (inclu- 
ding those temporarily stopped, as well as those wholly 
unemployed) in all industries taken together was 
9-4 at September 26, 1927, as compared with the same 
figure at August 22, 1927, and 13-7 at September 20, 
1926. The percentage wholly unemployed rose from 
6-8 at August 22 to 7 at September 26, while the 
percentage temporarily stopped fell from 2-6 to 2-4. 
The figures for September, 1926, were, of course, 
affected by the dispute in the coal-mining industry. 


In the industries, for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
September resulted in a reduction of about 47,8001. 
in the weekly full-time wages of 208,000 workpeople, 
and in an increase of 4201. in those of 3,800 workpeople. 
The largest group of workpeople affected by the reduc- 
tions were coal miners in Nottinghamshire and Derby- 
shire (except South Derbyshire), in Leicestershire, and 
in Warwickshire. In the first-mentioned district the 
percentage addition to base rates was reduced by the 
equivalent of 13% per cent. of the previous wages ; 
in the other two districts the reduction amounted to 
about 2% per cent. of the previous wages. There were 
also reductions in the minimum rates of wages fixed 
under the Trade Boards Acts for piece-workers in the 
boot and shoe-repairing trade and for various classes 
of workpeople employed in the brush and broom trade. 
Other groups of workpeople, whose wages were reduced 
in September, included iron-ore miners and blast-furnace 
workers in Cumberland, iron puddlers and millmen in 
the North of England and West of Scotland, and furni- 
ture trade operatives in various parts of Scotland. 
There was an increase in the wages of bricklayers in the 
Glasgow and West of Scotland district. 





During the nine completed months of 1927 the 
changes reported to the Ministry of Labour have 
resulted in net increases of 31,200/. in the weekly full- 
time wages of 289,000 workpeople, and in net reductions 
of 364,100/. in those of 1,715,000 workpeople. Of the 
net increase, the engineering, shipbuilding, and other 
metal industries have accounted for nearly 24,0001. ; 
and of the net reduction, the mining and quarrying 
industries have accounted for over 273,000]. In the 
corresponding period of 1926 there were net increases 
of 15,5001. in the weekly full-time wages of 134,000 
workpeople, and net reductions of 88,800/. in those of 
897,000 workpeople. 

The number of trade disputes. involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in September, was 18. In addition, 12 disputes which 
began before September were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in September (including 
workpeople thrown out of work at the establishments 
where the disputes occurred but not themselves parties 
to the disputes) was about 15,200; and the aggregate 
duration of all disputes during September was about 
84,000 working days. These figures compare with 
totals of approximately 19,000 workpeople involved 
and 169,000 working days lost in the previous month. 
The aggregate duration of all disputes in progress in 
the first nine months of 1927 was about 1,041,000 
working days and the total number of workpeople 
involved in these disputes was 92,000. 





The weekly return issued by the Ministry of Labour 
states that on October 10, 1927, the number of unem- 
ployed persons on the registers of Employment Ex- 
changes in Great Britain was 1,073,000, of whom 
729,500 were wholly unemployed, 278,500 tempor- 
arily stopped, and 65,000 normally in casual employ- 
ment. Of the total number, 857,200 were men, 
31,800 boys, 152,200 women, and 31,800 girls. On 
October 3, 1927, the number of unemployed persons 
was 1,075,875, of whom 726,339 were wholly unem- 
ployed, 285,903 temporarily stopped, and 63,633 
normally in casual employment. Of the total number, 
853,668 were men, 32,775 boys, 157,006 women, and 
32,426 girls. On October 11, 1926—when the figures 
were, of course, affected by the dispute in the coal- 
mining industry—the number of unemployed persons 
was 1,536,332, of whom 1,177,782 were men, 41,981 
boys, 274,585 women, and 41,984 girls. 
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THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 
Presidential Address* by Mr. ARCHIBALD PAGE. 

Tue first public supply of electricity in this country 
was given in 1881 for lighting the streets of Godalming 
in Surrey. The cables were laid in the gutters of the 
streets, because there was no power to lay them under- 
ground. Such powers were obviously essential and 
Parliamentary sanction was, therefore, sought by the 
promotion of private bills. The consequences were 
Government intervention and the passing of the 
Electric Lighting Act of 1882. This measure made 
the possession of the necessary powers by undertakings 
subject either to a seven years’ licence, or to the opera- 
tion of a clause which allowed the Local Authorities 
to purchase them at the end of twenty-one years. The 
terms of purchase were the “ then-value” of the 
undertaking, without any addition for compulsory 
purchase or goodwill. The result was not only to 


shelve several Bills, which had been promoted to obtain | 


general powers of supply, but to cut off the flow of 
applications for provisional orders. In 1883, before 
the Act was properly understood, 69 provisional orders 
were confirmed ; in the following four years only one 
was granted. 

In spite of this false start, a little progress was made 
both with public and private supplies. But an amend- 
ment of the measure was obviously necessary, and, 
after several attempts, a second Act—the Electric 
Lighting Act of 1888—was passed, which extended 
the tenure to 42 years. This Act gave a new impetus 
to the establishment of electricity-supply undertakings. 
In London there were, in fact, so many competing 
applications for provisional orders, that in the following 
year the Board of Trade decided to hold an inquiry. 
This was presided over by Major (afterwards Sir Francis) 
Marindin, and is an event in the history of electricity 
supply which has not received the attention it deserves. 
It was the first of the many attempts that have been 
made to settle the electricity supply of London on 
national lines, and it can hardly be doubted that, 
had it been successful, its effect in the other populous 
areas of the country would have been profound. The 
point at this inquiry round which the greatest con- 
troversy raged, was whether it was better to adopt 
direct or alternating current for distribution. Com- 
paratively little was said about the question of compe- 
tition or about the size of area. There was not a word 
about frequency or the desirability of having a uniform 
pressure at the consumers’ terminals. The scheme of 
supplying a large area from Deptford, suggested by Dr. 
Ferranti, was subjected to much criticism. It was argued 
that the supply should not be dependent on one station, 
that the great length of trunk mains increased the 
chances of breakdown, that the telegraph services would 
be interfered with, and that the whole thing was nothing 
more than a gigantic experiment. Alternating-current 
distribution generally found little favour. It was 
stated that a successful alternating-current motor 
could never be invented. (One was, in fact, invented 
soon afterwards.) It was also advanced as a drawback 
that to use alternating current would necessitate 
running the plant for the whole of the twenty-four hours. 

It will be noticed that these are all engineering 
objections and, to his lasting credit, Major Marindin 
would have none of them. He expressed himself as 
being whole-heartedly in favour of encouraging any 
experiment that was likely to be for the public benefit ; 
and he equally emphatically upheld the proposal to 
supply large areas from one station. Nevertheless, 
competing powers were granted, where these were 
sought, provided one system was alternating and the 
other direct-current. 

Towards the end of last century, experience began 
to show that Dr. Ferranti had been correct. The 
general Acts, however, formed a bar to development on 
the lines suggested by him. In 1898, therefore, four 
Bills were promoted, which contained proposals so far- 
reaching that a Select Committee of both Houses, 
presided over by Lord Cross, was appointed to report 
upon them. This body expressed itself in favour of 
the grant of the wider powers sought. These included 
the compulsory acquisition of land on which to erect 
generating stations, security of tenure, the right to 
supply over large areas for bulk and power purposes, 
and facilities for laying mains through intervening 
territory. It was presumed that general legislation 
to give effect to these recommendations would be 
introduced, but, in fact, nothing was done until 1909. 
Then, owing to the conflicting views of the parties 
concerned, the measure—the Electric Lighting Act, 
1909—was so emasculated that much of its original 
usefulness was destroyed. Prior to this, however, a 
number of Bills had been promoted by the under- 
takings which are now known as power companies, 
but by the formulation of what are known as the 
** Kitson Clauses,” the operations of these companies | 
were limited in the areas of the then existing 


* Delivered on Thursday, October 20, 1927. Abridged. 








authorised undertakers which were situated within 
their boundaries, so as to limit competition. As usual, 
many variations in the shape of protective clauses 
were inserted in these special Acts. This is one of the 
evils of private-Bill legislation—a procedure which, as 
far as electricity supply is concerned, has otherwise 
much to commend it. For though the clauses which 
embody such restrictions are not theoretically prece- 
dents, they have that effect in practice. 

In 1905, another attempt, the first of a series, was 
made to solve the problem of electricity supply in 
London. In that year, powers were sought by a 
company to supply over an area comprising the 
Administrative County and the surrounding districts. 
In this way, it was hoped to give the metropolis 
cheaper electricity than the existing undertakings could 
| provide, and to ensure large consumers the same 
| advantages as were obtainable in the provincial power 
companies’ areas. Had this Bill been passed, as it 
nearly was, the history of electricity supply in London 
would have been very different from what it has been. 
Subsequent years were marked by a series of Com- 
mittees and abortive Bills, all of which enshrined the 
principle of one large and inclusive scheme for London. 
But tangible result there was none, except that the 
London Electric Supply Acts of 1908 and 1910 trans- 
ferred the rights of purchase of the metropolitan 
company undertakings from the local authorities to 
the London County Council. 

The outbreak of the war, and the subsequent increased 
demand for power, exposed the weaknesses of our 
electricity-supply policy. Evidence was not long 
forthcoming to show that the interconnection of existing 
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generating stations was well worth while and, at the 
instigation of the Board of Trade, Linking-up Com- 
mittees, consisting of representatives of the authorised 
undertakers concerned, were set up in several districts 
to investigate what could be done in this direction by 
voluntary effort. There was some practical result, but 
it was evident that something more was necessary. In 
1917, therefore, the Board of Trade appointed an 
Electric Power Supply Committee, under the chair- 
manship of Sir Archibald Williamson (now Lord 
Forres). The report of this Committee, whose recom- 
mendations mark the genesis of the reorganisation on 
national lines upon which we are now engaged, 
included the important statement “ that the parochial 
system of generation and distribution should give place 
to more economic methods involving wider areas of 
distribution.” The unanimous conclusion of its 
members was that one central authority to regulate 
the generation and distribution of electricity was 
required, and it was suggested that a body, to be 
known as the Electricity Commissioners, should be 
appointed for this purpose. The country was also to 
be divided into districts, in each of which a Board was 
to be established. This Board was to acquire all the 
generating stations in that district, and also to be 
responsible for their operation. 

These recommendations were embodied in a Bill, 
which the Government introduced in the Session of 
1919. This measure was, however, considerably 
amended in its passage through Parliament. The pro- 
visions, relating to the appointment of District Joint 
Boards and to the compulsory acquirement of generat- 
ing stations, were struck out and new clauses, providing 
for the setting up of Joint Electricity Authorities with 
powers to acquire generating stations by agreement 
only, were substituted. In this form, the Bill became 
the Electricity (Supply) Act of 1919, which was later 
supplemented by the Electricity (Supply) Act of 1922. 
The Electricity Commission was in active operation 





by the spring of 1920, and it must suffice to say here 
that up to the end of 1924, fifteen districts had been 
provisionally delimited, and many re-organisation 


mitted for consideration. Progress, however, was 
painfully slow, owing to the conflicting interests in- 
volved. The fact is, the industry did not take kindly 
to the Joint Electricity Authority idea. There was a 
want of faith in the ability of these bodies to solve 
the problem set them, an almost complete lack of 
enthusiasm, and a great deal of antagonism. Advi- 
sory Boards have been useful, but as their name implies, 
their scope is limited. 

Little was, therefore, done towards centralising 
generation, and eventually a committee, of which 
Lord Weir was the Chairman, was appointed in 1925 
to report on the policy that should be adopted ‘to ensure 
the most efficient and effective development of the 
supply of electrical energy.”” This committee recom- 
mended the establishment of a system of main trans- 
mission lines, designated the “ grid-iron,” for the 
purpose of interconnecting the principal generating 
stations throughout the country, where the 
generation of all the supplies required by authorised 
undertakers was to be concentrated. It also recom- 
mended the setting up of a Central Electricity Board, 
which was to be responsible both for the erection of 
“the grid’? and for the operation of the stations 
‘selected ” to feed it. Further, it proposed that the 
frequency should be standardised throughout the 
country. These proposals, and most of the others 
made by this committee, were embodied in the Elec- 
tricity (Supply) Act of 1926. 

After calling attention to Fig. 1, which shows the 
electricity sold by authorised undertakers during 
the past thirty years, Mr. Page continued: We have 
been arraigned time and again on the charge that our 
electricity consumption is too low, but the deduction 
that we have been unenterprising, as compared with 
other countries, is less than just. It takes no account 
of the differences in the national and physical conditions 
of the respective countries, though these bear materially 
upon the situation. On the other hand, it is the fashion 
to attribute all our electrical ills to ‘‘ restrictive legisla- 
tion,” though the baleful effects of the earlier Acts have 
been greatly minimised in one way or another. The 
fact is, that rivalry between the large undertakings 
and an over-zealous display of local patriotism by the 
smaller municipal undertakings are the real reasons 
for our persistence in out-of-date methods of produc- 
tion. We must, therefore, accept responsibility, in 
so far as the consumption per capita has been adversely 
affected in the past by there being too many generating 
stations, most of them small and inefficient. 

Moreover, it is not too much to say that our scattered 
coalfields and an extensive coastline have dominated 
the whole situation which we are now discussing. 
Approximately 180 million tons of coal are used annually 
in Great Britain, of which about 8 per cent. in all is 
employed for the generation of electricity. This figure 
is encouraging. It indicates that there is an extensive 
field to conquer, and that even when a consumption 
of 500 kw.-h. per capita is reached, the coal consumed 
in our generating stations will not exceed 12 per cent. 
of the whole, owing to the higher efficiency of produc- 
tion which will be possible by that time. 

Electricity is, undoubtedly, the most convenient 
agency for the transmission of power, heat and light, 
but there are a variety of others, from the coal cart 
upwards, and these all affect, in greater or less degree, 
the extent to which electricity is used in this country. 
Take, for instance, gas. There is no country in the 
world in which the gas industry is so fully developed 
as it is in Great Britain. There are 8,700,000 con- 
sumers (with six million gas cookers on hire), and the 
claim is made that gas is available and used by about 
95 per cent. of the population. The fact that it 
accounts for 9 per cent. of the total coal used supports 
this claim, and is a proof that it plays a considerable 
part in the scheme of things. This is sometimes for- 
gotten by our critics. 

Again, factories were established much earlier in 
Great Britain than elsewhere, and, with cheap coal 
available, their power requirements were so well met 
that, by the time electricity became a competitor, 
the case for changing over was, in many instances, so 
poor that the additional capital expenditure on new 
equipment could not be justified. Still, the old steam 
plant, which in textile mills was invariably of the 
Corliss-valve type and therefore efficient, has now, in 
large measure, run its course, and the electric drive is 
superseding it wholesale. The turn of the tide is, in 
fact, so definite that a long-established firm of Corliss- 
engine makers have recently decided to go out of the 
business, although they possess ample funds with 
which to carry on. 

It is generally agreed, by those who have investigated 
the position, that there are many other reasons why 
electricity consumption, both in America and in 
countries possessing ample water-power resources, 
should be greater than with us. America’s industrial 
organisation was hardly affected by the war; her 
income per head of population is about twice as great 





schemes of varying nature and scope had been sub- 





as ours; the speeding up of the industrial machine 
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is welcomed in a way which is not the case here ; 
the scarcity of domestic labour (now, alas, becoming 
painfully evident nearer home) has caused the multipli- 
cation of labour-saving devices; her population has 
grown rapidly, and many new houses have conse- 
quently been built; and electric traction has spread, 
These factors have all combined to accelerate the 
growth of the output of electricity, in spite of the fact 
that the price is not less than that charged in this 
country. In the cases of Scandinavia, Italy, Switzer- 
land and France, hydro-electric power has taken the 
place of coal, because the latter has to be imported at 
high prices, and, the gas industry not being extensively 
developed, electricity has therefore advantages which 
far exceed those of any other power or lighting agent. 
Extra-high-tension overhead transmission lines are a 
necessary part of such systems, and public opinion has 
expressed itself very effectively in the direction of re- 
moving many of the disabilities which militate against 
their use in Great Britain. 

A comparison with foreign countries is useful and 
periodically necessary, but the statement that because 
one country consumes five times as much electricity 
per capita as another its workers have five times as 
much power at their disposal requires qualification. 
In fact, after allowance has been made for the water- 
power utilised, the coal and oil consumptions per capita 
constitute a more reliable method of estimating the 
amount of power available than does the electrical 
consumption. Until international statistics, which 
give the power consumption per capita, whatever its 
source, are available in common form, an entirely 
wrong impression of the true state of affairs may be 
found by making such comparisons. Knowing the 
spirit of enterprise and emulation which exists in the 
supply industry as it is constituted to-day, I am, 
therefore, in no way depressed or disturbed. Centrali- 
sation of generation has, it is true, been somewhat 
delayed. Nevertheless, there has been nothing akin to 
stagnation, as is shown by the fact that the output 
during the last five years has increased by 54 per cent. 

There is no infallible remedy for the present state of 
things, but it is essential that our methods of generation 
should be altered, and, to enable us to effect this, 
a system of extra-high-tension lines, interconnecting 
the various stations, must be established. The engi- 
neering work of designing and constructing these lines 
presents no great difficulty. In fact, during the few 
months that the Central Electricity Board has been in 
existence a great deal has been done in this direction. 
Fig. 2 shows one of the double-circuit and Fig. 3 one 
of the single-circuit towers that will be used. These 
are approximately 80 ft. high and 16 ft. square at the 
base. Every attention has been given to the question 
of the general appearance of the lines and their effect 
upon the landscape, while the form of the towers was 
finally settled in consultation with Sir Reginald Blom- 
field. Each three-phase line will have a carrying 
capacity of 50,000 kv.-a. at 132,000 volts between 
phases. The conductors will be spaced 12 ft. apart 
vertically and will, for the Central Scottish scheme, be 
of steel-cored aluminium with a diameter of 0-77 in., 
equivalent to copper of 0-175 sq. in. section. The 
size of the transformers in the sub-stations will be from 
10,000 kv.-a. to 75,000 kv.-a., with voltage ratios to 
suit the requirements of the undertakings. 

Fig. 4, on page 533, is a map of the country with the 
grid depicted thereon, and, of course, only shows the 
approximate routes, which may be _ considerably 
modified when the regional schemes are worked out in 
detail. It does not show the extensive secondary lines, 
which will serve the remoter distribution areas. As is 
well known, one such scheme—that for Central Scot- 
land*—has already been adopted by the Board, and 
the work of constructing the section of the grid in 
that area is in hand. Another scheme—that for 
South-East Englandt—has been prepared by the 
Electricity Commissioners and is now receiving the 
attention of the Board and the interested parties. 

In parenthesis, the advantages and disadvantages of 
frequency standardisation have been much canvassed, 
but the just conclusion is that, if we are to reap the 
full benefits of the new programme, such a change will 
have to be made, where it is considered essential for the 
good of the schemes. Since the output of the non- 
standard areas affected is one-fourth of that of the 
whole country, this alteration w'll lay a heavy responsi- 
bility on the undertakings immediately concerned. 
Given careful organisation, however, consumers will be 
put to a minimum of inconvenience, and in the long 
run will reap substantial benefits. The preliminary 
stages of this difficult work in the West of Scotland are 
well advanced, and, as there is no technical obstacle, 
it should soon be possible to record good progress. The 
cost of this change, as is well known, will be spread 
over the whole of the undertakings, standard and non- 
standard alike. There is a difference of opinion as to 
the amount of capital expenditure necessary, but if the 











* See ENGINEERING, 1927, vol. cxxiii, pages 584, 636. 
t See page 464, ante. 
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work is completed in 1932-33, the incidence of the 
expenditure on the cost per kilowatt-hour sold should 
not exceed 0-02d., and this will diminish each year, as 
the output increases, until the expenditure is amortised. 

It would not be sufficient merely to construct the 
grid and leave the rest to chance. The selected 
stations, which will be thus interconnected, will not 
belong to the Board, though the owners must operate 
them in the manner which the Board considers will 
produce the best overall results. Incidentally, this 
will bring in its train a number of technical compli- 
cations, such as are inherent in a large system of this 
kind. These will call for special treatment, and the 
provision in advance of the equipment necessary for 
dealing with them. On the financial side, the Board 
is responsible for the capital charges and operating 
costs of the selected stations, and eventually the whole 
of the electricity generated in the country by public- 
utility undertakings may be produced on its account. 
The Board will thus become wholesale suppliers to the 
undertakings, either directly or indirectly, and the 
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prices charged by it will be as low as the most efficient 
method o ftarge-scale production—using the expression 
in its broadest sense—can make them. All this cannot, 
of course, be effected by waving a magic wand. ‘There 
are several thousand miles of transmission lines and 
scores of sub-stations to be constructed. The task 
must be tackled in stages, and it will take some eight 
years to complete. The important point, however, is 
that by adopting this policy we have now ranged our- 
selves alongside other nations, have stopped talking 
and are getting on with the job. 

Our aim, then, may be stated to be the acceleration 
of the growth of output. It is, therefore, essential 
that steps should at once be taken to deal with the 
expansion wherever it may occur, and whenever it 
may come, without halting in our stride. These steps 
have, in fact, been taken, but, lest there may be any 
misunderstanding, it must be added that they will 
have a greater bearing on the future than on the 
immediate present. The benefits which will arise 
from the erection of the grid, will also be less pro- 
nounced in those areas where the power companies 
and large municipalities have already established 
modern stations and regional transmission on a compre- 
hensive scale than they will elsewhere. 

As is obvious, the extent to which reduced production 
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costs will be reflected in the”price of the energy sold 
by the undertakings will governed, to a large 
extent, by the distribution costs of the latter. The 
proportion of the retail selling price that must be 
debited to distribution varies from 20 to 75 per cent., 
depending on the load factor and on the requirements 
of the consumer, the average being about 33 per cent. 
The need for reducing this proportion is fully recog- 
nised, but the way in which it can best be done is not 
so easy to discover. Distribution costs are made! up 
mainly of capital charges. The best line of attackyis, 
therefore, to reduce the capital expenditure per service 
and to spread the capital charges over a larger electricity 
consumption. The first desideratum can be assisted 
by the adoption of standard voltages and, wherever 
possible, by using the three-phase, four-wire system 
of distribution, combined with a slightly reduced 
standard of continuity of service where conditions 
warrant it, greater ingenuity in design, and the more 
extensive use of overhead lines, The establishment 
of larger distribution areas would assist in the ‘same 
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| direction. As regards continuity of service, though 


we may be justly proud of the fact that our standard 
of excellence in this respect is unequalled throughout 
the world, to secure 99-9 per cent. of continuity 
involves much greater capital expenditure than does, 
say, 99 per cent. While, therefore, in the business 
and shopping centres of large towns, nothing but the 
best is good enough, this policy need not be universally 
adopted, such luxuries as duplicate transformers, 
switchgear and cable not being necessary everywhere. 
For the same reason, the cost of transmission lines in 
rural districts must be reduced, and, to enable this 
to be done, a modification of the existing regulations 
governing the erection of overhead lines would be 
beneficial. The other way to decrease the cost of 
distribution is to improve the load factor, and this is 
by far the more important of the two. There will 
always be a fair proportion of purely lighting consumers, 
but the intensive cultivation of the domestic field is 
producing excellent results, and is showing the 
harvest which is derivable from its more widespread 
adoption. 

Our commercial methods on the distribution side 
require expansion. The hire-purchase or credit 
system is widely applied in the United States to all 
kinds of commodities. It is, perhaps, unlikely to 
develop here to the same extent. Nevertheless, the 
fact that our gas undertakings have over six million 
cookers on hire makes me feel that such methods might, 














OcT. 21, 1927.] 


ENGINEERING. 


533 








with advantage, be more extensively followed by our 
Electricity Supply Authorities, so far as domestic 
appliances are concerned. The 1926 Act permits 
progress to be made in this direction. 

Reverting to the grid, as the water power avail- 
able in the British Isles is relatively small, the great 
bulk of our electricity must always be derived from 
coal. Between the Grampian Hills and the English 
Channel, no part of the country is more than 100 miles 
away from the nearest coalfield, and very little of it is 
more than 50 miles distant. Our extensive coastline 
is here a factor of supreme importance, as, owing to the 
cheapness of water transport, and the fact that dock 
dues‘Jand terminal charges constitute a substantial 
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portion of the cost of conveying coal from the mine to 
the generating station, coal can be bought as cheaply 
on the lower reaches of the Thames as on the Tees. 
The price of coal in individual coalfields throughout 
the country varies from year to year as compared 
with the yearly average, the variation depending on 
local trade and the demand elsewhere for different 
classes of coal. It is estimated, however, that over 
@ series of years, the price of the class of coal used in 
properly-sited power stations will not vary by much 
more than 10 per cent. between one station and 
another. 

This being so, the main function of the grid will 
not be to transmit large blocks of power continuously 
over any great distance in one direction. In a country 


with the natural characteristics of Great Britain, 
there is no necessity for long-distance transmission, in 
the sense that this term is understood in countries 
with large water powers, or extensive brown-coal 





deposits. The value of the grid lies rather in the 
following directions :— 

(a) It will constitute, with the selected stations, a 
complete system for the production and transmission 
of electricity on a wholesale scale, an'd thus enable full 
advantage to be obtained from the diversity of loads, 
from the correct apportionment of the total load 
between stations of varying efficiency, and from the 
elimination of obsolete and unsuitable plant. 

(6) It will enable the capital cost per kilowatt 
installed in the selected stations to be kept down, 
owing to it being possible to use the largest and most 
efficient plant. This can be done because the stations 
will form part of a really widespread system. 
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(h) It will permit our water-power resources to be 
tapped, and thus supplement the energy from coal in 
@ more complete and less costly manner than would 
otherwise be possible. These water powers are mainly 
located in Scotland and Wales and, though relatively 
small, are substantially greater than the figures given 
in any official estimates that have hitherto been pub- 
lished indicate. Moreover, they differ from nearly all 
other water powers in the northern hemisphere, in that 
the maximum flow does not depend on the melting of 
the snow in spring, but occurs in winter, when the 
electrical requirements of the country are a maximum. 
It has hitherto been considered necessary to spend large 
sums on the civil-engineering work connected with 
hydro-electric schemes, in order to provide adequate 
storage, and thus to compensate for the shortage of 
water during the dry season of the year. In spite of 
this, considerable quantities of water inevitably run to 
waste over the spillways during the winter months. 
The interconnection of favourably-placed hydro-electric 
stations with the selected steam stations by means of 
the grid will prevent this uneconomical arrange- 
ment, and will, at the same time, permit water power 
to be developed with only a moderate expenditure on 
storage facilities. The capital expenditure necessary 
for purchasing the additional generating plant to 
utilise this surplus water power is small in comparison 
with that of steam plant and boilers of similar output. 
We may therefore, before long, see hydro-electric 
stations in close proximity to the grid taking a 
fair share of the winter peaks with advantageous effect 
on the load factor of the steam stations. This is a 
reversal of the operating conditions which usually 
obtain when hydro-electric and steam stations are run 
in parallel. 

(t) It will facilitate railway electrification by reduc- 
ing the capital cost of the necessary transmission lines, 
as the “‘ bars” of the grid will follow the railway routes 
to a considerable extent. 

(j) It will reduce the cost of secondary or regional 
transmission by increasing the number of points at 
which the supply can be taken, and, for the same 
reason, it will encourage the opening up of new areas 
of supply in rural and agricultural districts. 

(k) The Chancellor of the Exchequer, in his last 
Budget speech, said that there was some indication 
that the centre of gravity of industry was moving south. 
The grid will facilitate the development of industry 
in any part of the country which is otherwise suitable. 
On the other hand, there are a number of things 
which the grid will not do and, considering the extra- 
ordinary predictions that have been made, it is as well 
these should be clearly stated : 

(1) It will not, as such, appreciably improve the 
efficiency of generation in the areas of certain of the 
electrical power companies and municipalities. 

(2) It will not reduce the price of electricity for 
lighting in our big cities. For that matter, no possible 
improvement in production methods could do much 
in that direction, since the charges on the capital 
expended in giving the service are the preponderating 
factor which controls the price of low load factor 
supplies such as lighting. These are naturally high in 
towns owing, among other reasons, to the high cost of 
the distribution system, as a consequence of the expense 
involved in breaking up and reinstating modern 
streets. 

(3) It will not create a new electrical heaven. 

The grid will, however, go a long way towards 
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(c) It will be possible for these stations to be correctly 
located away from the centres of population, thus 
reducing the railway congestion caused by the carriage 
of coal to them and ensuring all the other advantages, 
which accompany freedom in the choice of site. 

(d) It will enable individual stations of larger output 
than would otherwise be possible to be employed, 
and extensions to be co-ordinated in accordance with 
a plan which will both avoid premature expansion 
plant capacity to the 


and at all times closely relate the 
actual load. 


(e) It will allow the aggregate amount of spare plant 


required to be considerably reduced. 


(f) It will enable “‘ blocks ” of waste heat or energy 
from blast furnaces, coke ovens and other sources, to 
be transformed into electricity, and thus usefully 


employed. ‘ 


(g) It will level up (without levelling down) the 
efficiency of generation throughout the country. 





ensuring the universal availability of electric power 
throughout the country. The advantages of that 
increased availability, as well as the other prospective 
benefits of the new policy, cannot, however, be com- 
pletely expressed in figures, any more than can the 
value to the community of its roads, harbours and 
navigable waterways. It will also bring the cost of pro- 
duction, in the majority of supply undertakings, down to 
the figure which has been attained by the few, in the 
supply areas of which electricity is already cheap and 
abundant. Moreover, by releasing many engineers 
from the responsibility of generating electricity it will 
enable them to concentrate on the distribution and 
sales side of the business, thus increasing consumption 
and again favourably affecting the price. Although 
it will take some eight years to complete, the result 
of its establishment in some districts should be notice- 
able within two to three years. 

The one thing which is essential to ensure success in 
this direction is co-operation, and that co-operation 
must be founded on confidence between all the parties 
concerned. To enable this co-operation to be brought 
about, there must be a minimum of interference with 
the work of the undertakings, a maximum absence of 
formality and a sound, sane business policy. 





Panama Cana Trarric.—According to the current 
issue of The Panama Canal Record, 543 merchant vessels 
passed through the Canal in August last. This figure is 
the highest monthly total since the opening of the Canal. 
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BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882 
and 1890, official inquiries have recently been con- 
ducted by Board of Trade officials into a number of 
explosions. Of some of these we give brief summaries 
below :— 

Explosion from a Vertical Cross-Tube Boiler.—A 
formal investigation which took place recently in 
Monmouth, had reference to an explosion from an 
old vertical cross-tube boiler installed for the purpose 
of driving a steam engine which operated a mortar 
mill and a circular saw. The boiler, which was at 
least 21 years old and had changed hands many 
times, was made of steel and had three cross 
water tubes in the fire-box. It was 9 ft. 6 in. in height 
and 4 ft. indiameter. It had been repeatedly patched, 
but had not been subjected to an efficient inspection 
for several years prior to the occurrence of the accident. 
The boiler, which was being worked at a pressure of 
60 lb. per square inch, finally exploded owing to the 
the thinness of the fire-box plating. This, which had 
an original thickness of 3-in., had been much wasted 
by corrosion on both sides. The plating collapsed 
between two of the cross tubes, and a further fracture 
occurred at the welded junction of the lower cross tube. 

Explosion of a Steam-Heated, Silk-Drying Cylinder. 
—A formal investigation held recently, dealt with the 
explosion of a steam-heated cylinder forming part of 
a silk-drying machine in a silk works at St. Ives, Corn- 
wall. The machine consisted essentially of two 
cylinders, the one 48 in. and the other 12 in. in 
diameter, both of them being 66 in. long. These 
cylinders were heated by steam, and the silk was 
dried by being passed over the larger cylinder. The 
machine supplied was efficient and safe for a working 
pressure of 10 lb. per square inch. It was, however, 
incorrectly coupled up by inexperienced men, and was 
afterwards worked by persons possessing no knowledge 
whatever of boilers or of steam-heated apparatus. 
On the day of the accident, an excessive pressure of 
steam, in the neighbourhood of 40 lb. per square inch, 
was admitted to the cylinder and caused the explosion. 
The machine had been in operation for only about 
three weeks. 

Explosion from a Flexible Steam Pipe.—The compara- 
tively sudden failure of a flexible steam pipe in \a 
Sunderland engineering works, formed the subject of a 
recent inquiry. The pipe in question had an internal 
diameter of 24 in. and was made from a strip of bronze 
dy in. thick, coiled in the form of a helix, having its 
edges turned over to interlock with the adjacent coil. 
A thin asbestos-cord packing was inserted to ensure 
steam tightness. The pipe, which was capable of 
withstanding a pressure of 200 lb. per square inch, had 
been working under a pressure of 135 Ib. per square 
inch for some hours, when a small crack developed 
on the top of the bend in the pipe. The crack pro- 
gressed quickly and the pipe ruptured. The remainder 
of the pipe was afterwards tested and was found to 
be in every way satisfactory. Although there was no 
distortion, the inevitable conclusion arrived at was 
that failure had taken place because the metal was 
unable to withstand the stresses induced by the curva- 
ture of the pipe and by the steam pressure. The occur- 
rence of this failure emphasises the fact that damage 
to a flexible steam pipe may not be detected by inspec- 
tion; it is, therefore, prudent to test such pipes 
frequently by hydraulic pressure. 








STEAM WAGON FOR GULLY 
EMPTYING. 


To ensure the maintenance of public health, which 
is among the most important duties of a local authority, 
it is essential that the streets of a town should be kept 
clean and free from refuse. Such a condition is not 
however, obtained without care and constant labour, 
as was evident from the deplorable state of the roadways 
in the City of London during the short-lived strike of 
men engaged on that work. Experience has shown 
that it is first necessary to collect the refuse and then 
to remove it, and that the former process can best be 
effected by brushing and washing the road surface, 
and subsequently loading up th> result of these opera- 
tions for disposal elsewhere. As some time may, of 
course, have to elapse between these two processes, a 
system of gullies is generally provided under the 
gutters of the streets, into which the refuse is washed 
through traps and subsequently withdrawn into suitable 
carts. All these operations can be, and often are, still 
performed by hand by separate squads of men, but 
none of them is a desirable occupation, and, in the case 
of gully emptying, manual labour is both lengthy and 
inefficient. With the coming of motor traction, too, 
it is being found more convenient to operate the 
vehicles required for these purposes mechanically 
rather than by horses, and to design one vehicle to per- 
form more than one process. The most recent develop- 


ment in this direction is the steam gully emptier, which is 
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now being manufactured by Messrs. John Fowler and 
Company (Leeds), Limited, of Leeds. This vehicle, 
which is illustrated above, has been designed to perform 
the four following operations: (1) emptying and re- 
sealing the gullies ; (2) channel damping ; (3) sprinkling ; 
and (4) washing, the two last operations being mainly 
distinguished by the pressure at which the water is 
ejected. 

The body of the vehicle consists of a main tank 
which is divided longitudinally into three compart- | 
ments. The centre compartment forms the sludge | 
tank, into which the detritus from the gullies is pumped, 
and has a capacity of 900 gallons. The two side com- 
partments, which also extend under the front edge 
of the sludge tank, have an aggregate capacity of 
925 gallons, and carry the clean water for re-sealing 
and washing purposes. In addition there is an indepen- 
dent chamber, into which liquid from the sludge tank 
can overflow through a perforated partition. This 
enables the amount of sludge which can be accommo- 
dated to be increased, and thus reduces the number of 
journeys which have to be made to the tip or dis- 
charging place. In this way, the number of gullies 
which can be dealt with per load has been increased 
from some 50 or 60 in the older type of vehicle to 
about 160 of the large gullies, such as are usually | 
found in London, and to about 225 gullies of standard 
size. Two other interesting features about this part 
of the machine are that the surplus water from the 
top of the sludge tank can be drawn off for re-sealing 
the gullies and that the bottom of the tank is set at a | 
steep angle, so that as soon as the rear door is opened 
the contents are discharged without lifting or poking. 
The door is secured by four butterfly nuts and bolts, 
but the operator can stand well away at the side before 
he actually raises it. 

The gullies are emptied by the 44 in. pipe visible 
in the illustration. The upper part of this is flexible | 
and the whole is supported on a derrick and counter- 
balanced so that the labour of bringing it into position 
is greatly reduced. The contents of the gully are 
withdrawn by the steam vacuum ejector shown on 
the top of the vehicle in the illustration. By this means 
a vacuum of about 20 in. to 25 in. can be produced in 
30 seconds, that is while the vehicle is travelling from 
one trap to the next. The suction pipe is fitted with 
a horseshoe valve, which is operated when the former 
is in position. The contents of the gully first pass 
to the vacuum tank and are then discharged into 
the main sludge tank by opening an air-tight door, 
which is operated by a lever in the driver’s cab. 

The water for gutter damping and street sprinkling 
and washing is supplied under pressure from an in- 
dependent Worthington steam pump. When sprink- 
ling, the width of the spray can be controlled by means 
of levers and can, if desired, be confined to one side 








of the road only. For street washing, four nozzles 








are fitted, each of which can be adjusted independently 
and the angle of the jets in relation to the road can 
also be varied. An additional nozzle, which is shown 
in operation in the illustration, is also fitted. This is 
used for gutter washing or channel damping. The 
pressure employed for washing is 20 Ib. per square inch, 
and for sprinkling 10 lb. per square inch. The width 
of road that can be covered when washing is 8 ft., 
and when sprinkling up to 50 ft. Starting with the 
tank full, a length of about 43 miles of road 
10 yards wide, can be washed in an eight-hour 
day, though the actual area depends both on the 
cleanliness of the street and the speed of the vehicle. 
Under the same conditions, from 50,000 to 60,000 
sq. yards of road can be sprinkled with one load of 
720 gallons, though these figures again are greatly 
affected by the actual conditions. 

A recent trial on this gully emptier showed that 
257 gullies could be emptied in a net working time of 
6 hours 15 minutes, and in a gross time of 9 hours, 
including two journeys to the tip and about an hour 
for meals, &c. The average depth of the gully emptied 
was 5 ft. and the cost per gully emptied, including all 
charges and water, was 3- 66d. 

The vehicle itself is a Fowler steam wagon of the 
well-known type, and is fitted with the firm’s patent 
boiler. This contains a large number of curved 
fire tubes, which not only increase the heating surface 
but cause eddies in the hot gases as they rise, and thus 
induce a more effective heat transference. The work- 
ing pressure is 225 lb. per square inch, the grate area 
being 3-8 sq. ft. and the heating surface, including 
the superheater, 100 sq. ft. The engine is of the 
patent compound type, which requires only a single- 
throw crank, and the main and big-end bearings, as 
well as all the gear-box shafts, are carried on roller 
and ball bearings. The crankcase and gear box form 
one unit, which is carried on the frame at three points. 
The boiler-feed pump is driven through reduction 
gearing from the main shaft. 





LOW-LIFT AXIAL-FLOW AND 
CENTRIFUGAL PUMPS.* 
By H. R. Lupron and J. H. W. GILL. 

Ir is well known that in designing an ordinary 
centrifugal pump certain empirical assumptions have 
to be made, the accuracy of which has a very great 
influence on the duty obtained. By the ordinary 
method of equating torque and rate of change of 
momentum it is, of course, easy to get the theoretical 
duty of a shockless pump in which every particle of 
water is guided exactly as it should be. Actually, 





* Paper read before Section G of the British Associa 
tion at Leeds, on September 6, 1927. Abridged. 
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this is far from being realised, and the usual way of 
looking at the problem is to consider the head required 
as being composed of two parts: one, that necessary to 
equilibrate the imposed head against which the pump 
is to work, and the other, the additional head which 
must be generated to force the required quantity of 
water to penetrate the tortuous, highly frictional and 
shock-ridden path through the pump. This second 
part of the head required is generally of the order of 
one-third to one-quarter of the first, and on a correct 
empirical assumption of its value directly depends 
the amount of water delivered by the pump. The 
difficulty of this (though long practice has made for 
considerable accuracy in present-day manufacture) is 
increased by the fact that an error of, say, 1 per cent. 
in the total head generated (the ‘“‘ pumping motive 
force,” so to speak), or in the head actually imposed 
on the pump (or potential difference at the terminals) 
would give rise to an error of 3 per cent. to 4 per cent. 


Fig.7. 
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in this resistance-overcoming head, and therefore in 
the water delivered. 

In the case of the simple screw pump, the duty of 
the pump (on the analogy of the marine propeller) can 
conveniently be regarded as a proportion of the “ slip- 
less ’’ delivery under zero head. Empirically obtained 
characteristic laws can then be used to calculate the 
delivery at any assumed head. (Maximum efficiency is 
found to occur at about 33 per cent. “ slip-ratio.’’) 

To eliminate some of the empiricism which is always 
involved in design, to illustrate the nature and magni- 
tude of the different losses and to diagnose their causes, 
are the objects of the present investigation. In parti- 
cular, the relative incidence of these losses in centrifugal 
and axial pumps will be examined. In general, it is 
hoped, by locating their causes, eventually to remove 
some of these losses, or at any rate to lessen their 
importance. 

The pumps chosen for the investigations are, respec- 
tively, of the axial flow ‘“‘B” type, and of the axial- 
radial flow type. These, which have many points in 
common, are jointly compared, where necessary to 
show up their special features, with a typical low-lift 
centrifugal pump. From the point of view of the 
internal observations which it is intended to make, 
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the axial and axial-radial pumps, owing to their 
accessible design, lend themselves with peculiar ease 
to investigation. 


AxrAL Firow ‘“ B” anp AxrAL-RapiaL FLow 
Pumps. 


The axial flow ‘‘ B” pump, hereinafter referred to 
simply as the axial pump, is shown in the accompanying 
sectional drawing, Fig. 1, which sufficiently indicates 
its general construction. Special points, however, 
require further elaboration. In the plain screw-pump, 
the tendency is, of course, to generate a greater head 
towards the rim of the impeller than near the boss. In 
the axial type ‘‘ B’’ pump, however, the blades show 
a considerably more rapid increase of ‘‘ steepness ”’ 
towards the boss than that which occurs in the simple 
screw-pump or ‘‘A” type. The blade angles, in 
fact, are so adjusted that the imposed head s equili- 
brated throughout while overcoming the tendency to 








indicate that entrance and exit velocity diagrams 
would be identical. This would be the condition of 
slipless flow, in which the impeller could impart no 
whirl and could consequently do no work. Actually, 
however, the water pursues a path somewhat similar 
to the following surface or back of the blade sections, 
whirl is imparted (see Fig. 3), and head is duly gene- 
rated. It is one of the objects of the experiments to be 
described to obtain a closer idea of the actual velocity 
diagrams at entrance to and exit from the impeller. 
Suction guide vanes are provided to give, as nearly as 
possible, an axial entry free from pre-whirl in the fluid. 

These axial pumps are normally made with inter- 
changeable rotors having a series of standard ‘‘ mean 
pitch ratios”’ (a convenient term of marine origin, 
used to denote ‘‘ steepness ” of theblades, though not 
strictly applicable to a variable-pitch rotor) to suit 
varying combinations of quantity , head and speed. 








The axial-flow pumps hitherto described are essentially 
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Fig. 5. AXIAL- RADIAL PUMP. VELOCITY DIAGRAM 
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great variations in through, or axial, flow inseparable 
from the plain screw pump under load. Moreover, 
the absolute angle of discharge is relatively uniform, 
and the “‘ pick-up ”’ angle along a delivery guide vane 
tangential to the boss can thus be made uniform from 
hub to periphery—a constructional advantage of 
obvious importance. 

This is made clear in the velocity diagram Fig. 2 
(which, however, refers to a plain screw pump of the 
‘“* A’ type), in which are shown the triangles of velocity 
at the mean radius (suffixes m), and the centres of the 
annuli inside and outside this mean radius (suffixes 1 
and o, respectively), for an impeller the boss diameter 
of which is 30 per cent. of that of the rim. It is true 
that the kinetic-energy head of the water in the 
impeller, and therefore, by subtraction, the pressure, 
is not exactly uniform even in the ‘“ B” type, and 
that, therefore, the compound vortex generated is not 
precisely such as to eliminate all tendency to cross-flow 
in the impeller itself. As explained later, however, 
some discrepancies are in any case inevitable. The 
simplicity and easy blade profiles which can be attained, 
allow of exceptionally good flow conditions and low 
friction losses, and, in fact, the efficiencies actually 
produced with these improved rotors exceed 80 per 
cent. 

It is also true that the constant inclination, along a 
circumferential section at any given radius, of the 





leading face of a blade would, at first sight, appear to 
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suitable for all duties involving large volumes to low 
heads, by reason of their high specific speed, which, 
in turn, implies low slip ratio. Where the head to be 
dealt with would necessitate an unduly high slip ratio, 
recourse must be had to the axial-radial type of pump 
now to be described. 

In the axial-radial pump, shown in Figs. 4 and 4a, 
the blade velocity at the exit of a stream-line from the 
impeller is not necessarily the same as at its entrance. 
It is thus possible to obtain very nearly constant energy 
—both constant pressure energy and constant kinetic 
energy—across the impeller outlet, and so to eliminate 
the cross-flow tendency even in the impeller. The 
kinetic energy referred to above is, as far as possible, 
converted by the delivery guide vanes into pressure 
energy, so that, at exit from these, the uniform imposed 
pressure is (subject to the discrepancies hereinafter 
discussed) accurately equilibrated. Fig. 5, showing 
the velocity diagrams at the central stream-line and 
at the mid-sections of the “ partial impellers”’ inside 
and outside the centre, clearly illustrates how nearly 
equal are the three values of the “‘ absolute” velocity 
v of the water, and therefore those of the kinetic energy 
head v?/2g. In fact, the object aimed at is to generate 
a free vortex, in which the whirl velocity is everywhere 
inversely as the radius, and to impose, in addition, such 
translational velocities as shall render the absolute 
velocity uniform. 

To bring about the above-mentioned increase of 
blade velocity along a stream-line, the impeller is 
made with a conical discharge, the semi-angle of the 
cone being usually 45 deg. The inclinations to the 
tangent of the impeller blades at inlet and of the 
delivery guide vanes, vary at different radii, though 
the blade inclination is nearly constant throughout the 
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width of the impeller at its exit. As already pointed 
out, the translational velocity is not constant over the 
whole of the impeller, being rather greater in the outer 
layers than in the inner (see Fig. 5). The flow at the 
impeller intake should, at normal duty, be axial, but 
experiment with this axial-radial type of pump has so 
far indicated that any gain due to the insertion of 
suction guide vanes to ensure this is counteracted by 
the friction and shock losses consequent upon their 
insertion. 

As is to be expected, the object of the axial pump 
is mainly to deal with the low heads frequently met 
with in irrigation schemes, dock works, sewage dis- 
posal, condenser circulating, &c. The axial radial 
pump is intermediate between the screw and centri- 
fugal types. 

An examination of the characteristic curves for 
either type reveals the following points :-— 

(a) As the head decreases the quantity increases, 
notwithstanding which the power absorbed by the 
pump diminishes. 

(b) A very great head can be obtained (about thrice 
the working head) at no delivery. 

{c) The efficiency is maintained over a very wide 
range of heads. 

Additional features are :— 

(d) The high specific speed, especially in the case of 
the axial pump. 

(e) The small proportion of the total energy which 
has to be converted from the kinetic to the pressure 
form by the guide vanes. 

(f) Compactness. 

(g) Freedom from choking. 

The importance of these facts is that :— 

(a) The pump can be used for heads varying from 
the normal to zero without any risk of overloading 
the driving agent. Further, it can be started—and 
is most easily started—against a zero head, with corres- 
ponding maximum delivery, and sluice valves can thus 
often be dispensed with. These head conditions, more- 
over, are those most usual in irrigation work in general, 
and are those demanded in almost all dry-dock main 
pumping schemes. 

(6) If pumping is to be started over a syphon, such 
as is common in fenwork when the delivery pipe passes 
over a dyke, a high initial syphon-establishing head is 
available, though it may, and generally must if the 
starting head be more than double the normal, involve 
@ momentary power increase. 

(c) A high efficiency over a wide range of head is 
specially important for most irrigation work; this 
feature is very clearly shown on the comparative head- 
efficiency graphs given in Fig. 6. 

(d) The high specific speed renders these pumps 
particularly well suited to electric drives, as the motor 
is thereby diminished in size and cost. The same 
applies to high-speed internal-combustion engine direct- 
connected drives where these can be used. 

{e) It is important to keep absolute velocities as low 
as possible, because it is the conversion, in the guide 
vanes, of kinetic energy into potential energy that is 
the least efficient process in most pumps. 

(f) The compact nature of the axial and axial-radial 
pumps enables them to be installed in a much smaller 
space than that needed for an ordinary centrifugal 
pump. Further, in the case of large installations, it 
is often possible to form the pump chamber proper in 
concrete, the whole of the mechanism being removable 
from above. 

(g) Owing to the simplicity of the path of the fluid 
through the pump and the absence of any narrow pas- 
sages, these pumps would appear to be specially suit- 
able for dealing with liquids containing solid matter in 
suspension. In the pumping sets used for the Gill 
hydraulic propulsion installations, quite small pumps 
have shown themselves capable of dealing suceessfully 
with very thick masses of waterweeds. Lastly, the 
proportion of skin-friction-producing “idle” surfaces 
is low. 





(To be continued), 





Tue Coat INDUSTRY IN THE FIRST QUARTER OF 1927. 
—Our attention is drawn by Mr. Philip Gee, director of 
the Colliery Owners’ Publicity Department, to the 
teagan of the statistical summary issued by the 
Mines Department for the first quarter of 1927, which 
should do something to correct the statements that 
have been made as to the losses of the industry and the 
earnings of the miners since the resumption of work. It 
is quite true that the period was abnormal and that 
the same results cannot be expected from the second 
quarter of the year, but a comparison with the first 
quarter of 1926, when the subsidy was still being paid, 
yields the following very remarkable results :—Admitting 
the abnormality of the period, and that the proceeds of 
commercial disposals rose from 15s, 9-42d. per ton to 
17s. 4-33d. per ton, it still remains a fact that costs were 
reduced, that earnings per shift actually increased, and 
that a loss of nearly 4,250,000/. was turned into a credit 
of 3,500,0002. 
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MEASUREMENT OF AIR FLOW IN 
MINES. 


ConTRIVANCES for the ventilation of mines, com- 
prising shoots and blowers, worked by tread mills 
and other means, were illustrated in the famous 
book, De Re Metallica, of Georg Bauer (Agricola), of 
Chemnitz, Saxony, which was published in Latin at 
Bale, in 1530, and, after being translated, soon became 
the miner’s book all over Europe. As the mines grew 
deeper and the working more intense, ventilation by 
air shafts, a downcast and an uptake, was introduced, 
and the natural ventilation through these shafts was 
increased by connecting the uptake with the chimney 
of a furnace. Inthe latter half of the past century, 
furnace ventilation was slowly replaced by fan ventila- 
tion, though it was a long time before the superior efti- 
ciency and reliability of the fans was established. The 
early coal-mines regulations, enacted in various States, 
frequently insisted upon adequate air supply, without 
specifying quantities. The liberation of methane in gassy 
mines calls, in many cases, for proportions of air in excess 
of the present minimum legal standard and though that 
excess is frequently supplied, the intricate nature of 
the underground workings makes the determination of 
the actual supply at certain spots, as distinct from 
the total supply, a matter of great difficulty. 

In co-operation with the Anaconda Copper Company, 
the United States Bureau of Mines, during the past 
four years, has been carrying out investigations on 
air flow in the metal mines at Butte, Montana, and in 
the experimental mine of the Bureau at Bruceton, 
Pennsylvania. Detailed reports on this work not 
having been published yet, the Engineering Experi- 
ment Station of the University of Illinois started an 
investigation of its own in the Kathleen Mine, Dowell, 
Illinois, of the Union Colliery Company. The parti- 
cular object of this ventilation research was to ascer- 
tain whether Pitot-tube traversing methods could be 
applied with reasonable accuracy at any desired loca- 
tion without constructing a special measuring station. 
Such stations cannot be located on haulage roads, and 
give reliable data only within relatively short distances. 
The work* has been described by Professor Alfred C. 
Callen and Mr. Cloyde M. Smith. 

Pitot tubes were used in combination with an Ellison 
gauge, a Wahlen gauge and a Davis anemometer, 
4 in. in diameter. The Ellison multiple gauge consists 
of four gauge tubes, mounted in parallel lines, at a slight 
inclination to the horizontal, on the same board. The 
scales are 10 in. long and read to 0-01 in. water gauge, the 
liquid being red-coloured oil. The Wahlen gauge consists 
of two bulbs connected by an inverted U-tube which 
rises above the bulbs; one bulb is fixed on the heavy 
base of the instrument, the other can be raised vertic- 
ally by about an inch. The bulbs are filled with 
coloured alcohol, which also enters the U-tube, but 
the top of the tube contains a colourless kerosene- 
ligroin mixture, a little lighter than the alcohol; the 
meniscus separating the two liquids is very sharp. 
The movable bulb is connected with the higher pressure, 
and the fixed bulb with the lower pressure. When the 
meniscus has been displaced by a pressure difference 
between the two bulbs, the zero position is re-established 
by raising the movable bulb through an amount which 
is read off on a micrometer. 

To take measurements, selected sections of the air 
ways were traversed with the Pitot tubes, the gauges 
being mounted close by. Before that could be done, the 
area of the cross section and the position of the Pitot 
tube in the section had to be determined. The area was 
first determined by direct measurement, but it was 
found to be more convenient, and more exact, to make 
the measurements graphically with the aid of a plane 
table. The cross sections were usually of trapezium 
shape, being, for example, 9 ft. wide at the top, 12 ft. 
wide at the bottom and 5} ft. high. This area was 
divided into subsections, from 12 to 20 in number, each 
of about 4 sq. ft. or less, and measurements were taken 
at the centre of each subsection. From the gauge data, 
the actual pressures or depressions and the isovels, i.e., 
lines of equal velocity of air flow, were deduced. Baro- 
meter and dry-and-wet bulb thermometer readings were 
also taken; to traverse a section took about 3 hours. The 
isovels thus obtained followed more or less the contours 
of the sections, but the influences of irregularities in 
walls, roof and floor, of cross passages and the speed 
of the fan, which dropped occasionally, made many 
of the diagrams quite irregular. Sometimes several 
systems of curves could be distinguished on one 
diagram. As a rule the velocity diminished near 
the walls, as one would expect, but on some diagrams 
a velocity minimum occurred in the central portions 
of the air way, which is difficult to explain. Thus, 





* The Measurements of Air Quantities and Energy 
Losses in Mine Entries. By A. C. Callen and C. M. 
Smith. Bulletin No, 158, Engineeri Experiment 
Station. Published by the University of Illinoix [Price 
45 cents.] 
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while the velocity values on some sections did not 
deviate much from a mean value of about 500 ft. per 
minute, fluctuations between 69 and 335 were observed 
in one case, and values of 600 ft. per minute were 
occasionally exceeded. The Ellison gauge proved un- 
reliable for low velocities. The anemometer was useful, 
as an additional instrument, provided it was treated 
as a delicate apparatus and frequently recalibrated, 
though its values were mostly too high. In general, 
Pitot tubes appear to be preferable. For the energy- 
loss estimates, static-pressure determinations were 
taken at the ends of longitudinal unobstructed sections 
at least 150 ft. in length The actual behaviour of the 
air in passing cross-cuts was observed with the aid of 
fumes of ammonium chloride. The stream was 
generally seen to subdivide when it came to a cross- 
cut ; the major portion continued to flow along the 
entry, while a smaller portion entered the cross- 
cut and finally joined the main stream again. The 
increased turbulence caused by obstructions, such as 
dust troughs and overcasts, usually equivalent to the 
resistance of hundreds of feet of unobstructed entry, 
was hardly visible in the fumes, which seemed to be 
picked up by the direct air currents rather than by the 
small eddies. 

The air-flow, in any mine-ventilating current, will 
exceed the minimum above which it is turbulent. 
The formula given in 1854 by J. J. Atkinson in 
a@ paper on mine ventilation, read before the North 
of England Institution of Mining Engineers, is still 
used for calculations. The formula is R = keV’, 
where R is the total resistance of the mine expressed 
in pounds, s the rubbing surface (length of air way 
multiplied by perimeter, in square feet), V the 
velocity in feet per minute, and & the coefficient of 
friction (covering all losses of energy and com- 
prising turbulence). Atkinson assumed the value 
0-0000000217 for &, and that figure is still employed, 
as being on the safe side, although known to be too 
high. The work done at the National Physical 
Laboratory shows that the power exponent of V is 
a function of Vd/v (where d is the pipe diameter, 
and y the viscosity coefficient in absolute measure), 
and that it ranges between 1-62 and 2. The & values 
found in the Illinois experiments ranged from 
0-0000000046, for a stretch of straight, clear air course, 
with smooth roof and floor and occasional props only, 
to double that figure, viz., 0-0000000095, fos sinuous 
irregular courses with much debris on the floor. Heavy 
rock-dust barriers across an entry raised the k figure 
from 95 to 420 (leaving out the cyphers); frequent 
changes in the direction of the air current also led to 
high values of k. The total energy loss for an entire 
panel or a considerable length of entry was found to be 
decidedly smaller than that deduced from calculation 
based upon the shorter length of section measured. 
Thus the total pressure loss for 600 ft. of panel entry 
was 0-020 in., while the loss for the entire panel, about 
7,000 ft. of entry, was only 0-106 in. instead of the 
0-234 in. to be expected, 0:02 x 7,000/600 being 
0-234. This panel had practically no rooms; most 
of the difference between the actual and the expected 
loss may therefore be attributed to leakage through 
stoppings and doors, the leakage reducing the quantity 
of air in circulation. In another case, the loss 
for the entire panel of 10,000 ft. was only 0-046 in., 
against 0-167 in. calculated; in this case the panel 
comprised rooms, through which the air travelled in 
numerous currents at reduced velocity. We have 
pointed out that the isovels deduced from traverse 
observations indicated a greatly distorted velocity 
distribution, even in sections in which uniform 
airflow would be anticipated. These irregularities 
were further enhanced by the normal operation of the 
mine, the opening and closing of doors, and the obstruc- 
tion of the entries by cars. In spite of such inter- 
ferences it is considered that it is possible to measure 
the air quantities in airways with the aid of Pitot 
tubes with fair accuracy, provided that proper 
care be observed. 








COMPRESSED PAPER AS A CONSTRUCTIONAL MATERIAL.— 
In a recent issue of the Zeitschrift des Vereines deutscher 
Ingenieure, Mr. G. Oehler suggests the use of compressed- 
paper pulp and cardboard, particularly when impreg- 
nated with artificial resins, as a material for construc- 
tional uses. Resin papers are of greater strength than the 
untreated material and have the advantage that they 
are not hygroscopic. Under suitable conditions they 
may be machined, but their moulding is still a matter 
of difficulty. 


THe FEMERN CONTINENTAL Rovute.—The Danish 
Femern Route Committee is continuing its labours for 
the adoption of this route, the shortest and quickest 
between Scandinavia and the Continent. Femern is an 
island in the Baltic Sea off the north coast of Germany. An 
influential meeting was recently held at the Copenhagen 
Exchange, at which it was urged that the building of 
the Storstrém bridge should be undertaken. This work, 
as far as Denmark is concerned, is the principal feature 
of the scheme. 
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A THERMIONIC-VALVE TYPE CLOSE 
VOLTAGE REGULATOR.* 
By F. C. Turner, M.Eng., A.M.I.E.E. 


THis paper describes a method devised by the 
author of automatically maintaining the voltage of 
a generator steady within close limits over long 
periods. The employment of thermionic valves for 
this purpose is, in the author’s opinion, novel, and, 
if taken far enough, is capable of restricting the 
direct-current voltage variations of a generator 
within small fractions of a volt. For some time, the 
author has been conducting an investigation at the 
University of Sheffield into the properties of metals 
at high temperatures, and for this purpose uses a 
series of electric wire-wound furnaces which enclose 
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meniscus to make and break relay circuits. In the 
application of this method, the air was enclosed in 
a glass or silica vessel, but such a bulb was inadmissible 
in creep tests on account of cost and probability of 
breakage when fracture of the specimen occurred. 
The author tried to adapt the method by using a 
spirally-wound metal tube for the air bulb, but 
abandoned the idea partly owing to the comparatively 
large expansion of the metal tube. Further, the 
adoption of a furnace-temperature-operated device 
would require the installation of one for each furnace 
(of which there were several), and would in no way 
safeguard other machines supplied by the generator 
against voltage variations. 

Consider, now, the effect of a small change in supply 
voltage on the furnace and on a fatigue-testing machine. 
The temperature of the furnace will depend on the 
power supplied, and neglecting variations of the 
second order, such as temperature-resistance change 
in the windings and radiation of heat, the temperature 
is roughly proportional to the square of the furnace 
voltage. Thus a 1 per cent. change in pressure will 
cause a 2 per cent. change in temperature, and if 
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regulators, which are well known. The Tirrell has two 
controlling windings operating differentially, one on 
the generator volts and the other on the exciter field. 
The controller is constantly cutting in or out the full 
exciter rheostat, the mean generator voltage being 
determined by the comparative lengths of time the 
resistance is in or out of circuit. In the Metropolitan- 
Vickers’ regulator, the contact controlled by the 
magnetic field operates in conjunction with a contact 
kept vibrating at constant speed by an accumulator 
and interrupter. These have been termed “ direct 
acting’ as there is no magnifying or filtering device 
between the supply and the operating element; that 
is, they operate on values varying, for example, from 
198 to 202 volts. In view of the cost of these equip- 
ments and the small permissible change in voltage, 
an attempt has been made to devise a regulator to 

rmit a variation of not more than 1 volt in 200 at 
a reasonable first cost and a low running cost. 

A variation from 199 to 201 volts is small and can 
only give rise to small force changes, but a change from 
—1 through 0 to +1 volt is a different matter. The 
pressure variation can be arranged round any desired 
mean value by means of a balancing battery put in 
opposition to the supply. If any current flows through 
this balancing battery, the mean voltage will depend 
on the direction of the current. A mechanism is 
therefore required which will take practically no current 
and at the same time give a magnified effect. The 
thermionic valve meets this desideratum exactly, 
and gives an indirect regulator. 

Consider, at first, a single-element regulator. The 
balancing battery and the direct-current supply 
voltage, wired in opposition, are connected to the 
filament and grid of an ordinary radio receiving valve, 
asin Fig.1. Any change in generator voltage therefore 
causes an equal change in the relative potential of 
the grid, and the current flowing through the balancing 
battery, which depends on the utilised portion of the 
valve characteristic curve, will, at the most, be only 
a few microamperes. The balancing battery, which 
is thus practically on open circuit, need only be of 
small capacity, but must be capable of holding its 
charge for long periods. The generator is arranged to 
supply both filament heating and anode current. 
The plate circuit includes a sensitive polarised relay, R, 
shown diagrammatically in Fig. 1. 
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the test piece under load at some predetermined 
temperature. It has been shownj that in such tests 
the effect of a small change in temperature is as great 
as a large change in applied stress. At first, the 
furnaces were operated from the town alternating- 
current supply, but, in tests lasting for months at 
a time, it was not feasible to keep continuous watch 
on the operating conditions; consequently a rise in 
temperature might occur during the night, due to 
a rise in supply voltage, and disappear in the morning. 
The change in deformation of the specimen, however, 
might not entirely disappear, and very discordant 
results would be obtained. Several long-time creep 
tests were ruined from this cause. Later a 15-kw. 
motor-generator was installed, and the furnaces 
supplied with direct current. The same generator 
also supplies a series of continuously-running testing 
machines, such as the Haigh. 

The generator was designed for a full-load output 
at from 60 volts to 300 volts, and is normally used 
at 210 volts at the terminals. The problem requiring 
solution was automatically to adjust the furnace 
voltage independently of the load on the machine, 
in order to maintain a steady temperature at the 
specimen. This has been donet by using an air 
thermometer in the furnace, and by utilising the 
corresponding change of curvature of a mercury 
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_* Paper read before Section G of the British Associa- 
tion at Leeds, on September 5, 1927. 

+ Lea, Proc. I. Mech. E., 1924, “Effect of Low and 
High Temperatures on Materials,” See ENGINEERING, 
1924, vol. cxviii, pages 816, 843. 

~ Haughton and Hanson, Journ. Inst. Metals, 1917, 
vol. 2, See ENGINEERING, 1917, vol. civ, page 412, 
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the generator voltage be taken as/200 and the furnace 
be operating at 800 deg. C., a voltage movement 
from 198 to 202 will give a change of temperature 
of approximately 32 deg. C., which is too great. In 
the Haigh machine, the oscillating element is tuned 
to a definite frequency. Any change in supply voltage 
to the motor of the set will change the speed, and loss 
of resonance will result; also, the alternator field 
excitation will vary. Thus the steady desired range 
of stress in the specimen will be doubly affected. 
It is, therefore, essential that the voltage of the 
generator should be kept as constant as is practicable. 
This may be attempted in several ways. The 
generator, being shunt-wound with a large operating 
Tange, was very unsteady, and a small change in load 
caused a large voltage change, see Fig. 6, page 538. 
Rewinding the generator with compound excitation 
would prevent any large pressure variation; but on 
the one hand would not have restricted this variation 
to smaller limits than the example taken above, 
and, on the other, would prevent the generation at, 
say, 250 volts, which might be desired at some future 
date. The installation of a battery in parallel with 
the generator would similarly prevent large pressure 
changes, but the cost of a battery large enough to 
keep within the close regulation desired was prohibitive. 
The only solution left was an automatic voltage 
regulator on the generator. These, generally direct 
acting, are either magnetic or thermal; that is, the 
supply voltage either acts through a solenoid on a 
spring-controlled armature, or heats a wire, and 
changes in voltage cause movements of contacts which 
correspondingly control the field. In the magnetic 








class, we have the Tirrell and the Metropolitan-Vickers 


The relay used is a Post Office neutral B pattern. 
wired as in Fig. 2. This is wound with two coils 
which can be arranged in series, in parallel, or dif- 
ferentially, and can thus be used in alternative 
ways. The relay may be used differentially by 
including the D-circle, U-circle coil in the plate 
circuit and the D-U coil in series with a high 
resistance across the generator. When the controlled 
voltage is 200, the currents in the two coils are equal, 
and the tongue T is held in the neutral position by a 
small spring. If the voltage changes to say 201, 
the current through the D-U coil will increase by 
0-5 per cent., but the current through the D-circle 
U-circle coil will increase from say 3 milliamperes to 
4 milliamperes—a matter of 33 per cent. The relay 
being polarised, the armature will then swing over 
and the tongue will go over to the M contact. Should 
the voltage drop below normal, the tongue will conse- 
quently make contact on the S side. These two 
contacts M and S can be arranged, as shown later, 
— the exciter to raise or lower the generator 
volts. 

The sensitiveness of the system depends on the type 
of valve used, the resistance of the coils and the setting 
of the relay contacts. The relay at present in use is 
wound to a resistance of 5,000 ohms, and the valve used 
—_ Osram D.E. 53, having an impedance of 30,000 
ohms. 

This arrangement, whilst satisfactory in other 
respects, did not give the sensitiveness possible in the 
second method. In this case, the short neutralising 
spring is replaced by a longer one giving finer adjust- 
ment, which is set to hold the tongue in contact with S. 
The two coils are then connected in series in the plate 
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circuit, so that the plate current’ tends‘to pull the 
tongue over to M. With the voltage normal, the 
tongue floats between the two contacts; if the voltage 
drops, the spring pull preponderates, causing contact 
with S and the voltage is raised. Set with close 
contacts, the author has been able, with this method, 
using the above-mentioned type of valve, to obtain 
operation with a variation of 0-3 volt on each side 
of the normal. This adjustment could, however, 
hardly be considered reliable on account of the small 
tongue movement allowable, and normally double 
this variation obtains. No doubt, by experiment with 
other valves and windings, greater sensitivity could be 
obtained with this single-element control. 

If desired, the line voltage may be maintained by this 
method within much closer limits by adding a second 
element, as in Fig. 3. In this diagram, AB are the 
generator terminals, shunted by a_high-resistance 
potentiometer capable of carrying continuously 200 
volts across its terminals. The high-tension battery E 
is in opposition to the generator, and controls the 
voltage of the set. A suitable high-resistance CD is 
placed in the plate circuit of the first valve, its value 


Fig. 6. 
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depending on the valve used. The second valve 
requires a separate filament battery G, as the two 
filaments are at a difference of potential of approxi- 
mately 100 volts. The relay operating the mechanical 
portion of the device is shown at R. A second high- 
tension supply F is required for the second valve. The 
potentiometer AOB is necessary to obtain two points 
O and D at the same, or slightly different, potentials. 

With this circuit, the voltage variation has been 
kept within limits of plus and minus 0-03 volt, but it 
requires an extra valve with high and low-tension 
batteries ; also the insulation must be of the highest 
order. With a single or double element, operation is 
extremely rapid, the relay acting on the flicker of the 
generator voltage. This was not desired in the case 
in point, as the load was a flickering one, and rapid 
changes did not affect the testing-machine load ; 
further, it was desired to keep the current through 
the relay contacts at a minimum. A damped relay 
was therefore introduced, with heavier contacts coupled 
to the fine relay R. The damped relay, shown in 
Fig. 4, was designed so that it would not make a 
contact until the voltage had been high or low for, 
say, 30 sec. It consists of an armature H on a hori- 
zontal shaft, I, which also carries a contact arm J and 
a paddle P in an oil bath. Normally, the paddle is 
vertical. Movement of the tengue causes the arm to 
be pulled down on one side or the other, and the paddle 
slowly swings upward. Althouzh only slow movement 
of the paddle is desired in the middle positions, the 
change in section of the paddle box permits rapid 
movement at the extreme angular positions, so that 
the contacts K L are rapidly made and broken. The 
contacts are adjustable carbon brushes fixed to the 
arm, bearing on spring-supported carbons underneath. 
To reduce sparking at the contacts, condensers are 
fitted across the gaps, and the arc occurs in a permanent 
magnetic field. 

The movement of the rheostat arm over the studs 
may be operated from the ‘raise’? and ‘ lower” 
contacts K and L in several ways. The arm may be 
carried on a circular rack, which is rotated by ratchet 
pawls, operated electromagnetically, in either direction, 
as is accomplished in the usual ‘ distant control.” As 


this method incurs the use, and possible failure, of 


further contacts, another device is used by the author. 
A Ferodo-faced disc is carried on the extended shaft 
of the motor-generator. A cross-swivelling shaft 
carries cast-iron discs, which are normally just clear 
of the friction surface, and spaced on opposite sides of 
the main shaft axis, as shown in Fig. 5. A belt passes 
from this cross shaft to reduction gearing driving the 
rheostat arm. The contacts KL supply current to 
electromagnéts which cause a partial rotation of the 
swivelling shaft, forcing one or other of the driven 
discs into contact with the driving surface, and so 
giving clockwise or counter-clockwise rotation of the 
rheostat arm. To prevent overrunning, a brake is 
fitted, which is released when either contact is made. 
This controller, which is working under hot and dirty 
conditions, has been very satisfactory. 

The complete single-element regulator is shown 
diagrammatically in Fig. 5. The balancing battery E 
is connected to the potentiometer carrying the filament 
current. This permits coarse adjustment of the 
controlled voltage independently of any alteration in 
the number of cells in the battery. A fine control 
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is obtainable by the screw-adjusted bias of the relay R. 
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The current carried by the tongue and contacts MS 
operating the relay N, is determined by the position 
of Q, and, in this case, is limited to 25 milliamperes. 
The relay N deals with currents of the order of 
1 ampere. 

A subsidiary brush on the rheostat arm makes 
contact with a split contact ring. Should the arm 
go past the working limit of the studs, this contact, 
V in Fig. 5, is broken, and the regulator shut down. 
In such a case, it can be arranged that the generator 
voltage is either fixed at a mean value, or, as is done 
for this special case, the voltage is dropped to the 
lowest value possible with the rheostat, because a 
low supply voltage will not affect the tests as adversely 
as a high one might. As far as possible, lamps are 
used for resistances, as these give a visible indication 
of operation and are cheap. 

Fig. 6 shows the results of a load-voltage test on 
the generator, with and without the regulator. The 
full line of the controlled-voltage curve shows the 
variation due to the alteration in load, followed by 
the time lag, and the dotted portion shows the recovery 
of the voltage, due to the regulator, back to a mean 
value of 202-5 volts. For similar load changes, the 
chain-dotted curve gives the uncontrolled generator 
voltage. This regulator has been in service in the 
Materials Testing Laboratories of the University for the 
past nine months. During that period, useful experi- 
ence in the working has been obtained. Roughly, 
70 per cent. of the failures have been due to faulty 
contacts M and §, these having been purposely left 
without attention for long periods. It has been 
found that weekly cleaning of these contacts has 
prevented such faults. The other failures have, in 
the main, been mechanical, due to part of the apparatus 
being roughly made for experiment. Slipping of set 
screws and rubbing of the paddle are the chief of 
these. 

By using a Gulstad pattern relay at R, the extra 
winding gives two valuable possibilities. If this 
winding carries a current proportional to the load 
acting in the same direction as the spring, the controlled 
voltage may be given a rising characteristic to balance 
the feeder drop. On the other hand, if this winding 


supply, the tongue may be kept in a state of vibration 
to overcome any friction at the pivots, and greater 
reliability be obtained. For medium pressures, regu- 
lation within 0-5 volt on each side of the normal is 
obtainable with a single element and a_ balancing 
battery of the same voltage. The same percentage 
limits can be obtained with a medium-voltage battery 
and a single-element regulator, by working at a suitable 
position of the shunt in Fig. 5, for any generator 
pressure. For high supply voltages, a combination 
of medium balancing battery and a double-element 
regulator would be more economical for very close 
regulation. Although practically on open circuit, the 
battery E needs to be charged periodically. This 
has been done twice to date. The useful life of a 
valve varies, but this can be taken as from four to 
six months. The final failure of the valve is shown 
by the controlled voltage slowly rising. 





CATALOGUES. 


Electric Lighting.—A list of reflectors, projectors, flood 
lights, &c., is to hand from the A.E.G. Company, of 
—. through their London office, at 131, Victoria-street, 
S.W.1. 

Electric Meters.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancs, have sent us a leaf catalogue of 
single-phase meters, in pressed-steel cases, in 2}, 5 and 10 
ampere sizes. 


Motor-Car Accessories, d&c.—Messrs. Brown Brothers, 
Limited, Great Eastern-street, London, E.C.2, have issued 
a list of accessories, tools, fittings and supplies for users 
of cycles, motor-cars and wireless sets. 


Pulverised-Coal Firing.—Messrs. Alfred Herbert, 
Limited, Coventry, have issued a third edition of the 
catalogue of their Atritor machine for grinding and supply- 
ing coal dust into boiler furnaces, cement kilns, &c. 


Concrete Pipes.—The Stanton Ironworks Company, 
Limited, Nottingham, have sent us a copy of a list of 
concrete pipes in stock ready for delivery. The reinforced- 
concrete type ranges from 4 in. to 60 in., and the non- 
reinforced type from 4 in, to 48 in. in diameter. 


Steam Fittings —The Drayton Regulator and Instru- 
ment Company, Limited, West Drayton, have sent us 
copies of new catalogues dealing with a radiator steam 
trap for low-pressure and vacuum heating systems, a 
heat regulator, and a temperature recorder. 


Electrical Supplies.—Messrs. Veritys Limited, Aston. 
Birmingham, have issued a new complete catalogue of 
fittings for electric lighting, heating and fan installations, 
including outdoor and ship lighting. We have also 
received special catalogue sheets of reflectors and radiant 
fires. 

Iron and Steel_—The South Durham Steel and Iron 
Company, Limited, West Hartlepool, have issued a 
new edition of their list of products, with specifications 
and particulars. The products include plates, sheets, 
sections, pipes, roofing and gutters, pig-iron, slag for 
roads, &c. 

Cranes.—A catalogue of portable locomotive cranes for 

steam, hand and electric power, has come to hand from 
Messrs. Herbert Morris, Limited, Loughborough, showing 
a large range of types for special work. Leaf catalogues 
of lifting and stacking appliances for warehouse use have 
also been received. 
Chains.—A new priced list of chains, issued by Messrs. 
Hans Renold, Limited, Didsbury, Manchester, contains 
particulars of three types of chains for power transmission, 
conveying and elevating, and cutting. In each there is a 
range to meet all the usual requirements. 


Electric Locomotives.—We have received some recent 
issues of the bulletin published in English by the Swiss 
firm Oerlikon, Limited, whose London office is at 28, 
Essex-street, Strand, W.C.2. The bulletins contain 
descriptions of the electric locomotives on the Paris- 
Orleans Railway, an automatic sub-station with mercury- 
vapour rectifiers, and large turbo-alternators. 


Centrifugal Pumps.—A catalogue of centrifugal pumps 
in 2 in. to 8 in. sizes for low lifts, and in the same range of 
sizes for high lifts in multiple stages, is to hand from 
Messrs. Clayton and Shuttleworth, Limited, Lincoln. The 
low-lift type works against heads ranging from 20 ft. to 
60 ft., and the high-lift type against 80 ft. to 300 ft. 
heads. Directions for installing and operating are included. 


Gear Cutting.—Messrs. Sulzer Brothers, Limited, 
Winterthur, Switzerland, have issued a catalogue of 
their gear-tooth planing machines and grinding machines. 
The planer is of the rack-cutter generating-type suitable 
for spur and spiral gears. The grinding machines are 
for spur gears, and have two grinding discs operating 
simultaneously on different tooth-flanks. Some gauging 
machines for gear teeth are also shown. 


Electrical Machinery.—We have received a further 
batch of catalogues from the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, U.S.A., 
dealing with the following matters: Main drive motor 
equipments for rolling mills; synchronous motors for 
centrifugal pump drives; motors and controls for 
firey mines; an electric power shovel ; transformers 
for industrial applications; starters for squirrel-cage 
induction motors; starters for direct-current motors ; 
electric ovens; and flood-light projectors for lighting 
railway yards. All the catalogues are carefully prepared, 
and ample technical and commercial particulars are 





be excited from an alternating-current or interrupted 
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THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 
By Brysson CunnincHaM, D.Sc., M.Inst.C.E. 
Ill. Tse Port or PHILADELPHIA. 
(Continued from page 498.) 


Grain Elevators.—Philadelphia is well provided 
with facilities for the grain trade. It has three im- 


placed after being removed from the main dumper. 





portant elevators, capable jointly of storing 6,000,000 
bushels. One, with a capacity of 2,250,000 bushels, 
belongs to the Pennsylvania Railroad Company and 
is located at Girard’s Point. The second, with a 
capacity of 1,200,000 bushels, belongs to the Phila- 
delphia Grain Elevator Company, a branch of the 
Reading Railroad Company, and is located at Port 
Richmond. The third, also located at Port Rich- 
mond, belongs to the same company. (See Fig. 2, 
page 496 ante). It is a new building, and has a 
storage capacity of 2,500,000 bushels. As an ex- 
ample of modern construction on a large scale, 
its design will be of interest, and the following 
particulars, with the drawings and photographs 
from which Figs. 25 to 44, on pages 540 and 541 
and Plates XXXVI to XX XIX, have been prepared 
were supplied by the Reading Railroad Company, 
to whom the writer is also indebted for an oppor- 
tunity of inspecting the building and plant. 

The operating house, with its 91 bins, has a 
storage capacity of 500,000 bushels, and over 
2,000,000 bushels can be stored in the silo annexe, 
which consists of 110 circular bins, with a capacity 
of 15,400 bushels each, and 86 interstitial bins, with 
a capacity of 4,400 bushels each, thus bringing the 
total up to over 2,500,000 bushels. The elevator 
proper, with the yard space and track system, is so 
arranged that the storage capacity can be increased 
to 8,500,000 bushels, or more, without the necessity 
of enlarging the operating house or adding to its 
equipment. Cross-sections and plans of the plant 
are given in Figs. 25 to 28 on page 540, and a 
general view in Fig. 31 on Plate XXXVI. 

The installation is located on a site (Fig. 24) 
of considerable amplitude, covering an area of 224 
acres ; it has over a mile of water-front and sufficient 
track to store 8,000 cars. For the exclusive use of 
grain cars, there have been assigned certain tracks 
adjacent to the elevator, on which 1,232 cars can 
be placed. These grain-car tracks are arranged so 
that the shifting of cars on other tracks in the yard 
does not interfere with the movement of the grain 
traffic. There is space for 1,050 loaded cars, so 
divided that 135 cars can be placed on the elevator 
approach tracks ready to be inspected and picked up 
by the “ car-hauls ” and moved to the elevator for 
unloading. After the cars have been unloaded, 
they are moved by gravity to the empty car-storage 
tracks, used exclusively for this purpose. The 
approach tracks are covered, and the cars are 
allowed to drip during wet weather, before being 
placed over the unloading pits, thereby preventing 
water and dampness from getting in the grain 
while the cars are being unloaded. 


tion are received on the main dumper tracks, 
automatic shovel equipment has been provided at 
the sweeping pits for unloading in the usual manner 





conveyor which transfers the sweepings on to the 
main receiving belts. 
In case bulkhead cars or cars in defective condi- 
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Owing to the load to be supported and the nature 
of the ground, the structure is erected on a founda- 
tion of 10,800 piles, which were driven to an average 
depth of 25 ft. each. Part pile foundation plans 
of the operating house and storage annexe are given 
in Figs. 29 and 30. The operating house, the 
cleaner floor plan of which is shown in Fig. 28, is 
235 ft. high, 69 ft. wide, and 188 ft. long. The 
storage annexe, a part of the first floor plan of 
which is shown in Fig. 26, is 130 ft. high, 191 ft. long, 
and 182 ft. wide. The weight of these combined 
structures is 110,000 tons, exclusive of machinery 
and other equipment. The reinforced concrete, of 
which there is 50,000. cub. yards, contains 3,200 
tons of reinforcing steel, 300,000 bags of Portland 
cement, 29,600 cub. yards of sand, and 38,900 cub. 
yards of gravel. 

Grain delivered to the elevator is received over 
four tracks, three of which lead to the main car 
dumpers, the underside of one of which can be seen 
in Fig. 33. Each dumper is designed to handle and 
unload a car about every eight minutes, making it 
possible to unload 56,250 bushels per hour by means 
of three dumpers, assuming a load of 2,500 bushels 
per car. In connection with each dumper there is 











an auxiliary receiving pit, over which the cars are 


at these points. The grain unloaded in this way is 
transferred to the operating house over the same 
receiving belts as if received on the main car 
dumpers. 
known as the shovel pits, are provided on the 
fourth track. These pits are also equipped with 
automatic shovels, and are for the purpose of 
unloading bulkhead cars, bad order cars, or odd 
lots of grain, placed on this track. One of these 
pits will discharge grain on to a 36-in. auxiliary 
belt leading to an auxiliary elevator leg in the 
operating house. 
taneously with all the main dumpers. The other 
shovel pit can be used when one of the main 
dumpers is not in operation, as the grain from this 
pit is deposited on one of the main receiving belts. 


exhibited in the longitudinal section of the opera- 
ting house, Fig 25. There are three 48-in. receiving 
conveyor belts, shown at the lower left-hand corner, 
each of which will carry 25,000 bushels per hour, 
and a 36-in. auxiliary receiving belt to carry 15,000 
bushels per hour. 

at 800 ft. per minute. 
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Two additional auxiliary pits, which are 


This pit can be operated simul- 


The general arrangement of the installation is 


The grain left in the cars after leaving the dumpers, 
and also the grain doors, are removed over these 
auxiliary pits, while the following car is being 
dumped. This arrangement makes it possible to 
work two cars simultaneously, and avoids delay in 
the operation of the main dumper, which would 
occur if the cleaning of all the grain from the cars 
and the removing of the grain doors were done on 
the main dumpers. These auxiliary pits, known as 
the sweeping pits, are so arranged as to retain the 
identity of the sweepings, and to reunite them with 
the main load of the car by means of a 36-in. belt 


it into position. 


-| legs each have a capacity of 25,000 bushels per 


hour. At thé elevator heads, are located the 
eleven 2,500-bushel hopper scales (Figs. 25 and 41). 
Over each scale hopper there is a 3,000-bushel 
garner. The capacity of the scales makes it 
possible to weigh a full carload of grain in one 
operation. Under each scale there is a large hopper, 
or reservoir, which acts as a funnel and causes a 
steady flow of grain in the spout or belt below, as 
the case may be. This arrangement compensates 
for the intermittent operation of the scales, and 
assists in maintaining the full capacity of the car 
dumpers, elevator legs, &c. Three of the hopper 
seales are used principally for receiving the grain 
from cars. They can also be used for transferring, 
and other auxiliary purposes. The remainder of the 
scales are used for grain shipping and also auxiliary 
purposes. Below the scales on the distributing 
floor are the turn-heads (Figs. 34 and 35) for 
distributing in various directions, such as to the 
conveyors over the storage bins (Figs. 37 and 38). 
Located in the basement, under the circular 
storage bins, are six 36-in. belt conveyors (Figs. 27, 
42 and 44), which receive grain from the bins and 
deliver it to the boots of six shipping elevator 
legs (Figs. 28 and 40). Each of these basement 
belts and shipping legs has a capacity of 15,000 
bushels per hour. The spouting arrangement is 
such that grain from 48 bins can be delivered to 
each of four belts, and each of the other two belts 
can receive grain from 32 bins. After the grain 
passes through the shipping scales, it is spouted to 
two rows of shipping bins in the operating house, 
or to any other bin in the operating house for 
any other purpose, or to the driers or cleaning 
machines. There are 11 shipping bins in one row, 
and 17 in the other row (Fig. 25). Grain from one 
row of these bins can be spouted to any of five 
belts, and grain from the other row of shipping 
bins can be spouted to any of three belts. Six of 
these shipping belts extend from under the shipping 
bins to the far end of the gallery over the shipping 
pier (Fig. 32). 
There are two trippers on each belt, which makes 
it possible to operate 12 pier spouts at the same 
time. When only one tripper on each belt is 
operating, each belt will deliver 20,000 bushels an 
hour to one pier spout. When two trippers on each 
belt are operating, each belt will deliver 10,000 
bushels per hour to each of two pier spouts. The 
total capacity of all the shipping belts in the gallery 
is 120,000 bushels per hour. 
The design of the trippers is such that grain 
can be spouted to either side of the pier from any 
belt. Thisis the most flexible and speediest arrange- 
ment obtainable. Grain can leave the shipping 
bins by any route, and can be delivered to any 
hatch in any vessel alongside the pier. 
Introduced between the trippers, and each pier 
spout, is a hopper or reservoir, with a capacity of 
1,400 bushels. After the trimming and bagging 
has been started in a certain hatch, the grain can 
be drawn from the reservoir, and the belt which 
was used on that pier spout can fill the reservoir 
above, and then be put on to some other work while 
the operation of bagging is going on. If any 
surplus grain has been carried to the shipping pier, 
each spout is so arranged that it can deliver grain 
to a return belt which conveys the surplus back to 
the operating house, where it will be delivered to 
one of the auxiliary legs, weighed and returned 
to any bin in the operating house or storage annexe. 
The shipping arrangement is entirely distinct and 
separate from the receiving arrangement, and either 
operation can be carried on independently. 
The shipping pier shown in Figs. 24 and 32, is 
850ft.long. There are berths for two vessels on each 
side of the pier, and four vessels can be loaded 
simultaneously. The depth of water at each berth is 
35 ft. below low water. There are 26 shipping spouts 
installed, thirteen on each side of the pier. On account 
of the weight and the size of the shipping spouts, 
each is provided with a motor for quickly moving 
Provision is being made so that 
one or more additional shipping piers can be added 
te the equipment without making any alterations 
or additions to the elevator proper or without 
changing any of the present shipping facilities. The 
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pier is shown in course of construction in the view 
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given in Fig. 32. Included in the shipping facilities 
are two carloading spouts for shipment by rail. 

The shipping pier is provided with a marine leg 
for receiving grain which has been shipped to the 
elevator by water. Grain from the marine leg is 
carried to the operating house by means of thesame 
belt as that used for the surplus described above. 

Included in the equipment are Hess grain driers, 
capable of drying 30,000 bushels of damp grain in 
a ten-hour period and bringing it to a merchantable 
condition. Grain is spouted direct from any of 
nine scale hoppers to the drying house. After drying 
and cooling it is spouted direct to either of the 
two auxiliary elevator legs, thence to the scales, 
and from the scales to any bin in the operating 
house or storage annexe. 

In the grain cleaning and conditioning equipment 
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explosions, each one more violent than the preceding 
one. If the pressure can be relieved after the first 
explosion, there should be very little resulting 
damage. The windows, therefore, are equipped 
with a device which will allow them to be opened by 
the slightest pressure within the building, and they 
will remain open after the first explosion and thereby 
relieve the pressure and tend to prevent further 
explosions. These windows, in fact, will remain 
open until manually closed. 

A complete communicating system is installed 
connecting all the essential services, and consisting 
of telephones, pneumatic ticket carriers, and electric 
signalling devices. 

The plant is also equipped with a compressed air 
system used for the operation of the grain gates 
under the scale hoppers and those under the garners 
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there are six warehouse separators ; two machines 
for removing smut from wheat, these being also 
used as oat clippers; two machines for separating 
oats and straw from wheat; and one machine 
for separating cockle and small seeds from wheat, 
leaving only the perfect grains of wheat. All these 
cleaning and separating machines are located 
between bins, so that grain can be conditioned 
without operating any of the other equipment in 
the plant. It is spouted from the bins above into 
the machines, and after passing through the machine, 
it is spouted to the bins underneath, whence it is 
elevated, weighed, and put in the shipping bins, 
or into storage, all as required. All the bins in the 
workhouse, as well as in the storage annexe, are 
equipped with a temperature registering system, so 
that the temperature of the grain can be read at one 
central point for each 10 ft. in the depth of each 
bin. A complete laboratory is installed for the use 
of Federal and Commercial Exchange Inspectors. 
The plant is entirely electrically operated. There 
are about 165 motors, ranging in power from 200 
h.p. down. The connected load is about 6,000 h.p. 
Each motor can be stopped from several remote 
points, in case of a spill, or any other emergency. 
Every precaution has been taken to eliminate 
fires and dust explosions. The plant is equipped 
with a very complete pneumatic dust-collecting 
and floor-sweeping system. In connection with 
each fan there is a cyclone-type dust collector. 
The whole of the dust from the various dust collectors 
is exhausted by one relay fan, which conveys the 
dust to a large dust collector located on the roof 
of a dust house, separated from the elevator proper. 
In reference to dust explosions, the Reading 
Company’s technical staff state that they regard it 
as conclusively proved that in the first instance 
there is a comparatively slight explosion which 
commences to build up a pressure and does very 
little damage in itself ; but that this first explosion 
disturbs dust from ledges, &c. creating a denser 
cloud of dust. There will then be a succession of 
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over the scale hoppers. The compressed air piping 
is carried to all points throughout the plant, and a 
connection is provided near each motor for cleaning 
purposes. 

(To be continued.) 





THE BRITISH ASSOCIATION AT 
LEEDS. 
(Continued from page 510.) 
SECTIONS E., C. AND K. 
PoLtaR GEOGRAPHY. 

In his presidential address to Section E, Geo- 
graphy, on Some Problems of Polar Geography, 
Dr. R. N. Rudmose Brown, of Sheffield University, 
approached his subject from the broad standpoint 
which he advocates for geographical studies, and 
which lays stress also upon the human and social 
aspects of economic problems. Speaking as an 
explorer, both of Antarctic and Arctic seas, he 
pointed out that the expeditions of the twentieth 
century had merely modified Sir John Murray’s 
outline of 1886 of the Antarctic lands. The South 
American Andes could be traced, via the South 





Orkneys, Graham Land as far as Alexander Island, 
land Charcot Land, whilst Victoria Land, to the 
| south of New Zealand, bore the character of eastern. 
Australia. Yet the range of the Maud Mountains 
might link Victoria Land with the Andes. The 
great south polar ice sheet seemed to have been 
wasting, by the calving of icebergs, since Pleistocene 
days, but it was difficult to understand how the 
precipitation could ever have been sufficient for its 
formation in the heart of an anticyclone of low 
temperature, but of little moisture. There were no 
ice sheets over most of northern Canada and 
northern Siberia, and probably never had been. 
The discovery of a north polar Continent was 
not likely. Many of the lands discovered there 
had proved elusive, but there were certainly 
gaps to be filled. The polar pack-ice was still 











the greatest obstacle to the explorer. Little was 
learnt by rapid flying over ice or fog-covered ground ; 
landing on ice was very difficult, and a freezing pool 
had nearly proved disastrous to Amundsen in 1925. 
But aeroplane survey from a near base was possible, 
and machine-drawn sledges should be tried. Hunt- 
ing for food was unreliable ; stores would have to 
be transported, but scurvy had lost its terrors. 
Research stations could render great service to 
the explorer. The Danes had long ago founded 
one at Disko, Greenland, and the Norwegians 
had one in Spitsbergen, but the only permanent 
station in the Antarctic was the Argentine Obser- 
vatory at the South Orkneys, founded by W. S. 
Bruce in 1903. As regards settlement, the hunter 
and trapper had quickly devastated Greenland and 
Spitsbergen. Modern arms had made the Eskimo 
hunter prosperous for a time and then ruined him. 
Some of the deer (the reindeer, caribou and musk-ox) 
were now, to a certain extent, protected in Canada. 
The importation of reindeer from Norway into 
Hudson Bay territory for breeding had proved a 
total failure, as it had in Scotland, probably because 
the climate was too damp. : 

There were extensive pasturage grounds in many 
parts of the Arctic tundras, but pastures soon 
became exhausted in the short summer. Settle- 
ment required a climate fit not only for selected 
men, but for women and children, and such a climate 
was hardly to be found in the Arctic regions, 
though settlers were not cut off from civilisation now, 
as they had been when the Norsemen settled in 
Greenland about a.p. 1000. Those settlers had died 
out for want of new blood, among other reasons. 
There were, however, permanent settlers on 
Spitsbergen, and mine exploitation could generally 
be maintained in spite of climate, if it were 
profitable. The Arctic lands as a whole, how- 
ever, were not rich in minerals. The cryolite 
of Greenland had long been exploited. Whether 
the coal and gypsum of Spitsbergen, and the 
copper of Arctic Canada, could be mined on 
a large scale was chiefly an economic problem. 
The Antarctic had so far nothing but its fast- 
disappearing whale and walrus trade. 

We may briefly refer here to some of the other 
sections, beginning with the discussion on climates, 
in which polar geography was directly concerned. 


CLIMATES OF THE Past. 


The joint discussion of Sections A, Geology (C), 
and Botany (K), took place in the rooms of K and 
was opened by Professor A. C. Seward, of Cambridge. 
Referring to his having found plants, otherwise 
known only in the tropical East Indies, on the 
narrow sea-girt planes of Western Greenland during 
their short summer, and traces of fossil plants 
allied to other tropical plants on the ice plateau, 
he pointed out that too little allowance had been 
made in climatic retrospects for changes in habit. 
Tigers, now associated with the jungles of Asia, 
had probably immigrated from the snows of 
Eastern Siberia, where they were still found. 
Changes in the distribution of land and sea might 
account for climatic changes without having re- 
course to the continental drift, particularly of 
Greenland, proposed by Wegener, and to a shift 
of the poles. 

Somewhat different views were advocated by ~ 
Dr. G. C. Simpson, who classified the factors affect- 
ing the geographical distribution of climates under 
three headings, viz., changes in the distribution of 
land and sea, changes in the composition of the 
atmosphere, and changes in solar radiation. 
Reinhardus had recently computed the average 
temperature along zones parallel to degrees of 
latitude in the northern and southern hemispheres, 
and had found them not to differ by more than 
3 deg. C. (mostly less than 2 deg.), though the dis- 
tribution of land and sea was very different in the 
two hemispheres. Physicists would expect this from 
the general atmospheric circulation, which was 
regulated by temperature differences between the 
polar and equatorial regions. But the actual climate 
of a zone was, of course, much influenced by land 
and sea. Thus, in the southern hemisphere, the 
isothermals were found to run nearly parallel with 
the latitude circles between 40 deg. and 60 deg., 
whilst there were differences of 20 deg. on the 
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Norwegian coast, and the large Asiatic continent 
produced lower mean annual temperatures than 
the smaller American continent. The climatic zones 
had probably been much the same in the past as 
they were now. 

With regard to the atmosphere, water vapour 
was the most important constituent from the point 
of view of heat economy, because it radiated heat at 
atmospheric temperature and transferred heat from 
place to place. Water vapour, however, could not 
initiate a change of temperature, though it could 
modify a change if introduced in some other way. 
Importance had been attached to carbon dioxide, 
but its absorption band was of very limited wave- 
length in a part of the spectrum in which water 
vapour showed strong absorption. Ozone might, 
however, play an important part in modifying the 
temperature of the upper atmosphere, in which it 
was produced by solar radiation. Dust certainly 
reduced the solar radiation, and if geologists could 
show that volcanic action preceded and accom- 
panied each glacial age, the reduction of temperature 
in glacial periods could be understood. Solar radia- 
tion might vary in itself, or with the relative posi- 
tions of sun and earth. According to Abbot, solar 
radiation increased with increased sun-spot activity, 
but according to Humphreys, the earth’s tempera- 
ture then decreased. In any case, that effect should 
imply a general, not a zonal, lowering of our tem- 
perature. The belief in orbital changes of the 
relative positions of earth and sun had fallen into 
disrepute, but the hypothesis had recently been 
taken up again, and orbital changes, equivaleat to 
a shift of latitude and variation in the amount of 
radiation received, should certainly be taken into 
consideration. 


SECTION J.—PSYCHOLOGY. 


Dr. William Brown of London, dealt in his 
presidential address on Mental Unity and Mental 
Dissociation with plural personality and allied 
phenomena. The report of the Committee on 
Colour Vision and on Classification of Colour 
Blindness (Sir Charles Sherrington, Dr. H. E. 
Roaf and Dr. F. W. Edridge-Green), proposed 
to distinguish generally between colour blindness, 
such as red-blindness, as indicating decreased sensi- 
tivity to long-wave lengths, and colour confusion. 
Yellow-green confusion, for example, would indicate 
inability to discriminate between these two colours, 
and Dr. Edridge-Green classifies these conditions 
as achromic, dichromic, trichromic, and hepta- 
chromic. Dichromats are able to see two colours 
in addition to white. Other distinctions and new 
test methods were suggested. 


NaturaAL Rate OF WORKING. 


Mr. C. A. Mace, of St. Andrews, reported on the 
results of enquiries concerning the ratio of a 
natural or normal rate of mental or physical work 
to a prescribed rate under special effort, and to 
the efficiency relations. So far as could at present 
be stated, the natural rate seemed to be the more 
constant, but individuals differed enormously as 
to the ratio of natural to maximum rate. Con- 
strained rates of working were frequently more 
efficient than natural ores, but that did not 
warrant speeding-up in general. Even natural 
rates were frequently too rapid for high-quality 
work, and the increased efficiencies under forced 
conditions were transient and were not maintained. 
Simultaneous measurements of different phases of 
the operations were required. Marked efficiency 
in speed tests might partly be due to a willingness 
to sacrifice, for the time, the regulative vital 
function, and the test might actually favour 
subjects whose controls were weakest. 


Times AND Motion Stupy IN INDUSTRIAL 
PsYCHOLOGY. 


Dr. G. H. Miles, of the National Institute of 
Industrial Psychology, pleaded for the help of 
science in the human, as well as in the material, 
side of industrial problems. The worker had had 
very little help, for example, with regard to methods 
of assembling. It was much easier to draw a line 
upwards at 45 deg. to the right than downwards at 
the same angle, and in assembling parts should be 
placed in such a way that the hand travelled 





the easier way, i.e., up to the right. Help could 
often be given by very simple alterations. Time 
study was, of course, much older than industrial 
psychology. Engineers, however, were apt to 
study human activity with the idea of bringing it 
into line with their standards of mechanical output, 
as if the human mind could be redesigned like a 
machine. Pauses in operations were not mere 
waste of time. The setting of standard time made 
the worker nervous, and he might also be 
deliberately slow when timed by the rate-setter. 
The need of repeated decisions and choices would 
unduly strain the worker. Strain, due to un- 
necessarily divided attention, or to faulty supply 
at some stage, should be reduced before proceeding 
to detailed study of finger movements. On the 
other hand, the reduction of apparently unneces- 
sary movements could be overdone. Thus workers 
polishing metal on revolving buffs were found to 
press metal parts on a buff and to add vigorous, 
apparently superfluous, rubbing. Three slow 
movements, right to left and back again, were 
found to suffice. The effort of rubbing was thus 
saved, yet the workers tired more quickly. It 
was harmful to suppress some rhythmical move- 
ments of the operators, especially of old men. 
These movements assisted the blood circulation 
and involved less strain than rigid posture. Change 
of direction and of velocity of movement were 
refreshing. Every individual had hisown rhythm 
of activity, and standardisation of one best way 
of working should not be attempted. 


MaAcHINE SPEEDS AND OvTPUT. 


A paper by Mr. S. Wyatt, of the Industrial 
Fatigue Research Board, concerned the difficulties 
that operators find in accommodating themselves 
to the rate of working of machinery, and described 
experiments carried out for the purpose of obtaining 
information on the way in which an adjustment 
could be effected. In laboratory tests the subject 
was seated in front of a disc containing eight 
pairs of shafts on which were placed two links, 
for the manufacture of bicycle chains. The subject 
removed the nearest part of shafts and links from 
the disc, took off one of the links, dropped it into 
a box and replaced it by another taken from a 
supply on his left. The disc was then moved 
by the subject through one-eighth of the circum- 
ference for a new cycle of movements. Three 
male research workers took part in these experiments, 
working once a week for a spell of 2} hours. At 
the end of 18 weeks, when the effects of practice 
had disappeared, a new experimental series was 
begun. In this series, the subject first performed a 
test in his own time; afterwards the speed was 
controlled, by the beat of a metronome, at 28 per 
minute and subsequently raised to 30, 31, up to 36 
per minute; the cycle was finally repeated in the 
reversed sequence. Increased outputs were observed, 
the maxima for workers, A, B, C, being at speeds 
35, 37, and 36, after which the outputs of A and B fell 
off. These two subjects also reached the highest 
outputs when working at uncontrolled rate, whilst C 
accomplished most at accelerated speed. The per- 
centage efficiency (per cent. of the possible numbers) 
decreased in all the cases decidedly as the speed was 
increased, while the standard deviation (measure of 
variability) increased. The lower speeds (28 to 30) 
were objected to as imposing limitations, the higher 
speeds (34 to 36) caused fatigue, and the three 
subjects differed as to their optimum speeds. In 
the works, the speeds were generally fixed, but 
some adjustment to individual capacity was possible 
and profitable. 

For the industrial investigations, observations 
were made in the machine-wrapping department of 
a toffee factory. Slabs of the toffee, partially cut 
into small squares, were supplied on a large tray, 
broken up and fed into the slots of a rotating 
disc, moving in jerks. In the intervals between the 
movements, a plunger forced the piece through 
the slot into the wrapping mechanism below. The 
machines, running at slightly different speeds, could 
wrap, on an average, 70 pieces per minute. The 
operator had to transfer the toffee slabs from the 
tray to the slots in the disc, and his secondary 
duties included fetching supplies, changing the 
paper, removing broken pieces of toffee from the 





tray and machine, and weighing the skips contain- 
ing the wrapped toffee. When the operator could 
not keep pace with the machine, he had to stop it ; 
he then partially filled the slots before restarting. 
Higher outputs were obtained, mostly without undue 
fatigue, when the speed was raised, but not beyond 
81 pieces per minute. In these and similar cases, 
the rate of working had originally been fixed too low. 
Ideally, Mr. Wyatt suggested, machines should be 
arranged so as to constitute a progressive series ; 
novices should be assigned to the slowest machine 
and be promoted to faster machines as they acquired 
experience, until each found a machine adapted to 
his natural rate of working. In many factories the 
machines were found to run at too high a speed ; 
the output was between 65 and 70 per cent. of the 
possible, and rarely exceeded 80 per cent. There was 
much fatigue, and in the last hour of the day the 
output fell by 20 per cent., owing to the driving 
element in the rapid machinery. Mr. Wyatt quoted 
a case of automatic box-wiring. The man had to 
place the box in position at regular intervals, and 
when he could not keep time, material was spoiled 
and the machine had to be stopped. The machine 
speed was adjusted to the slower rate, and the 
actual output rose by 10 per cent. Such adjust- 
ments to the individual rate were easy with electric 
drives; a graded series of speeds on different 
machines would be the best arrangement. 


(Z'o be continued.) 








10,000-14,000 KW. LJUNGSTROM 
STEAM TURBINE. 


(Concluded from page 508.) 


THE generator rotors were made at the Finspong 
Works, because each is coupled directly to one-half 
of the steam turbine, and each of the units thus 
constituted must be in dynamic balance. A general 
view of one of these rotors ready for erection is 
reproduced in Fig. 41, page 544, whilst details of 
its construction are illustrated in Figs. 33 to 38, on 
page 543. A general view of one of the stators 
is given in Fig. 40, and an external view of 
the two machines coupled up to the turbine in 
Fig. 39. As shown in Fig. 33, the rotor is built 
up of three main forgings connected by hollow 
conical yokes UU. These yokes serve the same 
end as the expansion rings provided in the turbine 
rotors. Owing to the flexibility of these yokes, 
even large temperature differences between the 
central part of the rotor and the end shafts would 
give rise neither to heavy stresses nor to eccen- 
tricities in the alignment of the component parts 
of the rotor. These yokes are made of non-magnetic 
steel so that there is very little stray field. With 
this arrangement the whole of the field windings 
are completely embedded in the body of the rotor 
and the end connections between the coils are 
extremely simple and direct. These windings lie 
in deep rectangular slots, as best indicated on the 
right-hand side of Fig. 34. They are secured in 
place by grooved keys, and the insulation is fire- 
proof and non-hygroscopic. The coils are wound 
under tension and cannot shift either from centri- 
fugal effects or from a rise of temperature. In fact, 
in one instance of gross overload in a foreign country 
the temperature rose so high that the lead plugs 
used for balancing purposes were melted out, yet 
the rotor was otherwise uninjured. A running 
temperature of 165 deg. C. is, in fact, quite a safe 
one. An enlarged view of three of the winding 
slots is reproduced in Fig. 35. 

The slip ring arrangement is illustrated in Figs. 33, 
36 and 37 and is deserving of special note. As 
shown in Fig. 38, the connections are wholly internal 
so that no dust can collect on them, and the rings 
themselves are free from projecting bolts. They are 
shrunk into position on the top of mica. The end 
of the shaft is hollow and the leads to the windings 
consist of a central rod and a tube, which are 
connected to their corresponding slip rings as 
indicated. 

The ventilating fan is of the propeller type, and 
it is shown in position in the photograph reproduced 
in Fig. 41 and in part section in Fig. 33. A half 
elevation is reproduced in Fig. 34. 

Tests.—The boilér plant at Finspong is too 
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small to permit of a full-load test of a 10,000-kw. 
turbine. For their own information, however, the 
builders arranged for a series of trials of their latest 
pattern to be carried out there by Professor T. 
Lindmark and Mr. E. Alm. This machine had a 
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k of 463,000, although in external dimensions it 
is identical with that supplied to Leghorn. Owing 
to lack of steam, the maximum load at which it 
was possible to run the turbine was 4,164 kw., 
but very careful measurements and estimates were 
made of the parasitic losses. A somewhat abridged 
translation of their final report on these trials 
follows :— 

At the request of Svenska Turbinfabriks Aktiebo- 
laget Ljungstrém, the undersigned carried out on 
March 22, 1927, a test on a 10,000-kw. to 14,000-kw. 
steam turbo-generator, which they are informed 
was designed for working with steam supplied to 
the stop valve at an absolute pressure of 345-2 lb. 
per square inch and at a temperature of 450 deg. C. 
A very high vacuum was also provided for. 

The available quantity of steam was not greater 
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than 18,000 kg. per hour, so that the turbo- 
generator could not be tested at full load. The 
object of the test was principally to determine the 
thermo-dynamic efficiency of the steam turbine at 
different loads between 2,000 kw. and 4,200 kw. 
The Mechanical Measurements.—The steam con- 
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sumption was ascertained by measuring the con- 
densate from the surface condenser. This conden- 
sate was pumped alternately to the one or the 
other of two measuring tanks, which were built 
together in the usual manner with a vertical division 
plate. A couple of months before the test the 
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Fic. 39. GENERATORS COUPLED UP TO TURBINE. 


tanks had been calibrated by an impartial expert, | 
when the water contents were found to be as| 
tank No. 2,/| 
615-4kg. These weights refer to water at a tem- | 


follows: Tank No. 1, 617 kg.; 
perature of 4 deg. C. This calibration has been 
accepted for the present tests. q 


The measured condensate included the steam 


required for the air-jet pumps, which consisted of | 
According to the | 
company’s statement, these had nozzle diameters | 
The steam | 
flow through these nozzles was calculated from the | 
steam pressure and temperature in front of them. | 


two ejectors arranged in series. 


of 7-6 mm. and 7-1 mm. respectively. 


The amount of steam thus found was deducted 
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from the total condensate in order to obtain the | 


net consumption of the steam turbine. 


As it is of interest to krow the weight of steam | 


actually passing through the blading, 7.e., less the 
leakage through the gland, the net consumption 
and the steam supplied to this, including that for 
the air ejector, was also measured by passing the 
whole into a small surface condenser, in which the 
condensate from the main condenser was used as 
cooling-water. The heat of the ejector steam and 
of the shaft-leakage steam was thus recovered in 
the feed-water. The shaft leakuge was obtained as 
the difference between the total condensate in this 
auxiliary condenser, and the calculated quantity 
passed through the air ejector. The actual steam 
flow through the blading could thus be obtained 
and the thermo-dynamic efficiency of the blade 
system per se computed. 

The steam pressure at the turbine stop valve 
and in the by-pass chamber was measured with 
ordinary pressure gauges, but a precision gauge 


was used for determining the pressure below the | 
All the pressure gauges were | 
checked against a deadweight gauge, and the steam | 


governor valve. 


pressures given in the table below have been 
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corrected accordingly. A mercury column was used 
|for measuring the absolute back pressure. 

The steam temperatures were measured partly 
with thermocouples (at less important points) and 
partly with mercury thermometers. The most 
important temperature, namely that below the 
valve, was determined with a mercury thermometer, 
which after the test was calibrated at the Govern- 
ment Testing Bureau. The readings were corrected 
in the usual way for stem exposure. Radiation 
losses were found to be negligible. The temperature 
in the turbine exhaust was measured with a mercury 
thermometer and proved to be in close accord with 
the pressure measurements. 

Heat drops were deduced from the total heat- 





|tively. Three different steam consumption tests 
| were made with the results given in Table I. 


entropy charts of Knoblauch and Mollier respec- | 





LOLIELME 


THE Rotor. 


| The generator was loaded non-inductively with a- 
| water resistance. The watt meters used for measur- 
ing the generator output had been recently checked 
by the Siemens Co. and not used since. The volt 
and ampere meters had been checked at a previous 
test, partly by Siemens and partly by Mr. Alm, 
and a second check was thus considered unnecessary, 
the more so as the corrections at the last check were 
small and the agreement between the readings of 
the different instruments was good. The electrical 
readings were as follows :— 
Test No. 


a 2. 3. 
2,195 3,186 4,164 
5,370 5,392 5,320 
236-0 340-8 453-0 
148-4 150-8 152-4 
| ” 85-9 90:0 91-6 


| In deducing the brake load on the turbine, the 


Generator average load, kw. ... 
voltage, V... 
= ne current, amp. 
Average exciter current, amp.... 
voltage, V. 
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generator iron and frictional losses have been taken 
from Stal’s curve sheet E-708 presenting corre- 
sponding measurements on one of the two generators. 
The current heat losses in the stator with the corre- 
sponding additional losses have been determined 
from the Stal Company’s curve sheet E-709 showing 
frictional and short circuit losses on one of the 
generators. From this the effective stator resistance 
per phase and for one generator was found to be 
0-033 ohm. The exciter losses were derived from 
the company’s curve sheet E-467 being a summary of 
losses at an exciter of the same size. Finally, 36 kw. 
have been added for the losses in the bearings. 

On the above basis the following calculation as 
to the losses in the two generators have been 
made. 


Test No. 
& 2. 3. 
Iron and frictional losses, kw. 284-0 284-5 283-0 
Stator current heat losses, kw. 2-8 5-8 10-2 
Losses in the armature wind- 
ings, kw. ... sé 12-8 13-6 14-0 
Exciter losses, kw. 3-1 3-1 3-2 





Total losses, kw. 302-7 307-0 310-4 


By adding these losses to the electrical output the 
generator mechanical input, and the turbine mechani- 
cal output are obtained. The “ brake” load on the 
turbine was thus found to be 2498 kw. in test No. 1, 
3493 kw. in test No. 2 and 4474 kw. in test No. 3. 


TABLE I.—Results of Official Triale at Partial Load. 














Test No. 
t | 2 | 3. 
Duration of the test 50{min. | 45 min. | 52 min 
11 sec. | 26 sec. | 10 sec 
Steam pressure— 
Above the stop valve 
Ib. per sq. in. abs.| 267-4 243-8 135-1 
Below the governor valve 
Ib. per sq. in abs. 69-9 94°5 118-5 
In the by-pass Ib. per sq. in. abs. 28-5 38-0 48-2 
In the exhaust is a 0-203 0-259 0-295 
Steam temperature— 
Above the stop valve deg. C. | 434 433 453 
Below the governor valve _,, 424 427 452 
In the exhaust... me 12-5 15-6 18-1 
Revolutions per minute 3,000 3,000 3,000 
Electrical kilowatts .. 2,195 3,186 4,164 
Mechanical kilowatts pe --| 2,498 8,493 4,474 
Measured condensate at the test kg. 8,539 10,393] 14,673 
Steam quantity inclusive steam 
ejectors .. a g./h. | 10,208 | 18,726 | 16,876 
Steam quantity excluding steam 
ejectors .. ee kg./h 9,924 | 18,446 | 16,607 
(= turbine net steam consump- 
tion). 
Shaft leakage, approx. .. kg./h. 115 170 210 
Steam quantity excluding steam 
ejectors and shaft leakage kg. /h. 9,809 | 18,276 | 16,397 
Steam consumption per electrical 
kw.-hour. (Steam quantity ex- 
cluding steam ejectors) .. Ib. 9-96 9-30 8-80 
Steam consumption per mechanical 
kw.-hour. (Steam quantity ex- 
cluding steam ejectors) .. Ib. 8-75 8-44 8-18 
Adiabatic heat-drop in reference to 
steam conditions below the 
governor valve Ib./cal. | 255-5 259-0 270-0 
Ideal steam consumption per kw.- 
hour in reference to steam condi- 
tions below the governor valve 
Ib. 7-41 7-30 7:01 
Efficiency ratio in reference to 
steam conditions below the 
governor valve, the turbine net 
steam consumption and mechani- 
cal output aa ee --| 0-847 0-860 0-858 
Thermodynamic efficiency of the 
blade system per se. Steam 
quantity excluding steam ejec- 
tors and shaft leakage ..| 0-857 0-871 0-869 














As will be seen from the annexed table the steam 
turbine efficiency ratio is excellent at all the loads 
tested. 

E. ALM. 
T. LINDMARK. 

Stockholm, April, 1927. 








AMERICAN LocoMOTIVES AND Rotime Stocx.—We 
have received, from the Pennsylvania Railroad Company, 
an illustrated booklet entitled, ‘‘ Modern Cars and Loco- 
motives, 1926.” It contains reproductions of photo- 
graphs of all the types of locomotives, coaching and 
freight stock used on the Railway. In the case of the 
locomotives, the diameter of the cylinders, the length of 
the piston stroke, the diameter of and weight borne by 
the driving wheels, the total weight of locomotive and 
tender in working order, and the tractive power are 
given, under each plate. Four of the illustrations de- 
pict electric passenger, freight, and shunting locomotives. 
In these cases, the diameter of and the weight on 
the driving wheels, the tractive power and the total 
weight are quoted. The dimensions, seating or carrying 
capacity, and weight of each vehicle are set out under the 
illustrations of coaching and freight stock. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Presidential Address by SiR HENRY Fow ter, K.B.E.* 


To be elected to the chair once occupied by George 
Stephenson is an honour that every engineer, and 
especially every railway engineer, must covet, and I 
appreciate very deeply your having conferred this 
honour on me. 

Not only railway engineering, but all branches of our 
profession have changed greatly since Stephenson 
occupied this chair. There have been many great 
changes in the modes of life of the world, but none has 
been so far-reaching and rapid as that of railway 
transport, and in no case has posterity singled out so 
unanimously the one man chiefly responsible for it. 
We do not, perhaps, realise as often as we should the 
difficulties that had to be surmounted in the mechanical 
engineering side of Stephenson’s work, and it would 
be interesting if we could reconstruct the condition of 
mechanical engineering in those early days, so as to 
compare it with conditions at the present day. This is, 
however, not an easy matter when the diversity of our 
work is borne in mind; the very definition of mecha- 
nical engineering presents difficulties to-day. But we 
may say that in our branch of the great profession 
which ‘‘ adapts the forces of nature to the use of man,” 
we are concerned with that which makes use of 
mechanisms of any form to achieve our object, and which 
deals with their design, manufacture, and operation. 
These mechanisms may vary from simple types, such 
as a lever, or a means of rotation, to the very compli- 
cated forms used in automatic machines of complex 
structure. 

Long before the foundation of our Institution various 
astronomical and other instruments of intricate and 
beautiful design had been made, but the appliances in 
ordinary use eighty years ago were very simple and, 
from our present point of view, crude. Though it 
would be so difficult to describe the actual state of 
mechanical engineering, as defined above, when George 
Stephenson was our president, in the short time I 
wish to devote to this part of my subject, the few points 
I mention may enable you to visualise it for yourselves. 
In the first place, the general machine tools of the 
engineer’s shop were few in number, although most of 
the simple types of machines which we use to-day 
had been invented and were being developed. It was, 
in fact, the period of the great pioneers of the machine- 
tool industry. Only a few years before, Maudslay had 
died, and Clement lived until 1844. Working in the 
development of the industry were Nasmyth, Roberts, 
Fox of Derby, and the greatest of all these machinists, 
our past-president, Joseph Whitworth, whose address 
in the eighth year of the Institution dealt with defects 
in iron, Bessemer’s invention in steel manufacture, 
measurement, and increased production. He will live 
in our memories not only as one to whom so many of 
us are personally indebted for his interest in education, 
but for those wonderful general-purpose lathes of such 
good workmanship and design that many of his age 
were to be found in jobbing engineering shops not many 
years ago. These, however, like the drills, planing 
machines, shaping machines and slotting machines, 
which had just come into practical use, were simple in 
design and, according to our present ideas of produc- 
tion, slow in operation. Their slowness would probably 
impress us most, for they were dependent on cutting 
tools of plain carbon-steel, and we should find. the 
design restricted by the general use of wrought and 
cast-iron. 

In spite of these limitations, however, the work 
produced was extremely good. At Swannington, at 
the end of the Leicester and Swannington Railway 
which was constructed by George Stephenson, coal 
haulage was performed by a horizontal engine installed 
in 1833 at the top of an incline. The same engine is 
still employed about once a fortnight to lower coal to a 
drainage pump at the bottom of the incline, and to 
draw up the empty wagons. Until electric power is 
available I see no reason why it should not continue to 
function as an economical and commercial proposition. 
It is interesting to note that the first automatic lathe 
was invented by Christopher M. Spencer at Amherst, 
Mass., U.S.A., in 1874. 

Ideas we sometimes regard as new were passing 
through the minds of engineers in those early days. 
I will mention an example which is of particular interest 
at the present time. In 1848, Dr. Pole translated, 
from the German, Alban’s book on a high-pressure 
boiler, which was, in fact, an interesting and early 
type of water-tube boiler. Alban held that boiler 
pressures should not be less than 8 to 10 atmospheres, 
and mentioned in an almost casual way that he had 
worked an engine with steam at a pressure of 1,000 lb. 
per square inch. He said, “I firmly believe that these 
engines of great pressure would have produced good 
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results.” He found, however, that the steam generator 
was not perfect. 

I have always been impressed by the fact that George 
Stephenson seemed to be not only conversant with, 
but an expert on all that was known and of interest 
concerning mechanical engineering in his day. The 
present time is naturally one of specialisation, and 
even the ordinary course of three or four years at our 
Universities only covers a small part of the theoretical 
knowledge of our profession. I was impressed a few 
years ago by the fact that graduates with good honours 
degrees of various Universities who came for their 
practical training to the works of which I have control, 
had little knowledge of metallurgy, which is surely 
one of the essential matters that should be understood 
by every one who deals as we do with metals, their 
properties, and the effect of heat and fluids on them. 
This is only one instance that shows how impossible 
it is at the present day to cover completely, even with 
intensive study, the many branches of knowledge of our 
profession. We are expected to have a working 
acquaintance with many sides of science which have a 
distinct and important bearing on our work, and we 
may therefore truly say that progress in mechanical 
engineering, is and has been, to a large extent, depen- 
dent on advances made in various other sciences. 

Much of the work done in the furtherance of such 
science is dependent on mechanical engineering, as 
we are so often on the results. It is on this interdepen- 
dence of various sciences that I would like to speak, 
and to endeavour to show how progress has been made 
thereby in the past eighty years, particularly in the 
materials we use. - 

We are concerned chiefly with the development of 
discoveries and ideas on commercial lines for the use 
of man, and for this development we are largely depen- 
dent on a thorough knowledge of the principles and 
conditions of the materials and mechanisms with which 
we deal. 

I would speak of metallurgy first, because I think 
it will be agreed that it has probably played as great, 
if not a greater, part than any other in this development. 
Indeed, we are apt sometimes to forget how essentially 
metals, and the physical state in which we are able to 
use them, dominate our work. Our whole profession 
is dependent on them, and although many ingenious 
contrivances have been made from wood and stone, 
mechanical engineering only commenced when metal 
became available for our use. This has undoubtedly 
effected a great change in civilisation, for the various 
metals can now be obtained in quantity and at a reason- 
able price, whereas the knowledge of metals was very 
limited at the commencement of the period I am dealing 
with, and production was on what we now consider 
quite a small scale. 

It will be remembered that the growth of railways 
seemed likely to be held up about the year 1850 owing 
to the inability of the production of iron rails to cope 
with the demand, and I believe the same can be said 
of shipbuilding, the situation only being relieved when 
Bessemer invented his process of steel manufacture. 
At the time when the Rocket was being built, not 
only was there no large commercial production of metals 
and alloys of the quality and type which we look 
upon as commonplace to-day, but the actual production 
was, to our present-day ideas, infinitesimally small. 
Of the basic material, cast iron, the whole amount 
produced in the world in 1850 was only 43 million tons ; 
in 1926 this had grown to over 77 million tons. The 
amount of steel did not reach half a million tons per 
annum until 1870, whilst in 1926 it had reached over 
90 million tons. 

The Rocket was produced from ordinary cast and 
wrought iron, and a small amount of brass. Compare 
this with the varied and complex quantities used in 
the construction of a locomotive to-day. The con- 
stituents of the three metals mentioned were not then 
properly understood nor yet subdivided as they are 
now. Recently, standardizing the materials used on the 
10,000 locomotives of the railway I am engaged on, I 
found it necessary to provide specifications for :-— 
32 forged and wrought steels and cast steels, 4 wrought 
irons, 3 malleable and cast irons, 12 brasses and bronzes, 
4 other metals. Metals in which the tensile properties 
are the same, but which vary in method of manufacture 
or in chemical analysis, are counted as separate mate- 
rials. Certain small requirements, such as special 
steel for the scoops of the pick-up apparatus, &c., are 
included. 

It may also interest some members to know that the 
British Engineering Standards Association, on the 
basis stated above, legislate for well over 100 different 
classes of steel. 

Eighty years ago, as already stated, the world was 
approaching a crisis in the manufacture of iron and 
steel, and was about to enter what has been called the 
third great period of metallurgical progress. In 
the first period, t.e., to the fourteenth century iron and 
steel had been produced by deoxidising the ore. This 
was followed by the indirect method of first producing 
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a carbonised iron or cast iron, and then removing the 
superfluous carbon by somewhat tortuous methods at 
fairly low temperatures. Then came the Bessemer 
process in 1856, followed by the Siemens and Siemens- 
Martin processes, all dependent (like, in fact, Hunts- 
man’s production of steel in small quantities in a 
crucible) on a temperature which was sufficiently high 
to render the resulting product fluid enough to allow 
it to free itself from slag, &c. The time was ripe for 
this further advance, for the very extension of railways 
and shipping was being retarded by the difficulty of 
obtaining sufficient wrought iron for rails, plates, &c. 
The same difficulties would have occurred with other 
manufacturers, and it is interesting to note that before 
the first steel rails were laid in Crewe station in 1861, 
a steel boiler had been built by Mr. Daniel Adamson 
in 1860. Not until 1867, however, was steel used for 
fireboxes fitted to locomotive boilers on the Lancashire 
and Yorkshire Railway, and such material was not 
used for a complete locomotive boiler at Crewe 
until 1868. 

It may be said that Bessemer was not in the fuli sense 
of the term a metallurgist, but he was undoubtedly a 
scientific man. 
metallurgists of standing, and it was the work of these 
and other men at the same period which gave us that 
abundance of steel, which, once for all, made the question 
of quantity one which need not be considered any longer. 
More than once in the history of industry the difficulties 
of actual supply have been a predominating factor 
in the progress of the world. Another well-known 
instance is that period in the middle of the eighteenth 
century, when the eating up of the forests reduced the 
production of charcoal, and so of iron. However, 
the work done in the ‘fifties and ’sixties of last 
century definitely removed all anxiety with regard 
to the supply of steel. The question of quality was, 
and is, however, a very different matter. In 1920, I 
heard the late Sir Charles Wright tell the late Dr. 
Stead, that in 1865, working with the first small Siemens 
furnace in Birmingham, he had endeavoured to elimi- 
nate phosphorus and sulphur from steel, and that metal- 
lurgists were still working on the same problem. 
These impurities, which at times we engineers are in 
dread of, are capable of reduction to safe proportions, 
but in many cases at a cost we do not wish to pay. 
The first great step was taken in 1876, when S. G. 
Thomas announced the possibility of the reduction of 
phosphorus by using a furnace lining of basic material, 
which he and his cousin, Gilchrist, had discovered. 
The announcement was really of the greatest importance 
not only to engineers, but to the world at large, opening 
as it did so large a field of supplies of steel for engineering 
purposes. 

The supply of materials was assured by the processes 
I have mentioned, and these were devised in a com- 
paratively short time. But the improvements in those 
materials which have meant so much to us in pro- 
viding lighter structures with increased safety, more 
durable metal, and the capacity for carrying out more 
work with greater satisfaction and in less time, have 
been of somewhat slow growth, and, naturally, have 
not reached finality yet. There are three of these 
improvements that I would like to touch upon, namely, 
the effect of heat-treatment on metals ; the knowledge 
of their microstructure ; and the introduction of steel 
and other alloys, which have provided and are still 
providing better materials. 

The effects of simple heat treatment were known to 
our first President, but it was not until the pyrometer 
came into more general use that we were able, by its 
aid, together with that of micrography and macro- 
graphy, to get absolutely reliable information with 
regard to the steels produced. One should however, 
never forget the pioneer work done by’ scientists, 
which has led to what is now our everyday practice 
in the treatment of materials. It may be thought 
that I am giving a too special prominence to metal- 
lurgy, but the very platform from which I am 
speaking is the most historical spot in existence in 
connection with the co-operation of engineering and 
metallurgy. 

There have been few committees formed by an 
Institution like our own, which have been so successful 
in their work, not only for the nembers of the Institu- 
tion which formed them, but for the world at large, 
as the Alloys Research Committee formed by this 
Institution in October, 1889, I believe at the suggestion 
of Dr. William Anderson. 

The Committee desired that the first metal to be 
dealt with should be iron, but very wisely Professor 
Roberts-Austen deferred this work until certain 
elementary matters dealing with alloys generally 
should have *2en investigated. In the Sixth Report, 
read in Jarwary, 1904, the President, Mr. J. Hartley 
Wicksteed, quc.ed, at the conclusion of the discussion, 
the words of Sir William Roberts-Austen, and said, 
“In the future it will be realised how much the 
Institution of Mechanical Engineers has done to con- 


Siemens and the brothers Martin were | 


on the important industrial question of hardening 
steel.”’* 

The questions of heat-treatment and micrography 
were dealt with very fully in these reports. I shall 
speak later of the reports on non-ferrous metals. It 
is perhaps well to remember that we are still carrying 
on the work initiated by our Institution nearly forty 
years ago, and are associated with the Alloys of Iron 
Research Committee which is working under the 
chairmanship of our Past-President, Sir John Dew- 
rance. Referring to an actual example of heat-treat- 
ment, I would mention the table with micrographs of 
tyre steel which I showed at the Graduates’ Meeting 
on February 27, 1922. In this a piece of tyre steel 
was shown as having in one case a tenacity of 40-6 tons 
per square inch, with 34-0 per cent. elongation, and 
in another case raised to 79-8 tons per square inch 
with 14-5 per cent. elongation. 

The question of metallography is so closely asso- 
ciated with the heat-treatment which the metals 
receive, that.it is very difficult to separate them. It is 
owing to the possibility of examining the structure of 
metals under the microscope that we have been able 
to follow so closely the effect of heat-treatment upon 
jthem. Here we have to thank Dr. Sorby. In 1886 
and 1887, he read papers on “The Microscopical 
Structure of Iron and Steel,” + in which he showed the 
true structure of pearlite, and since that date the 
study and examination of metals through the micro- 
scope has become an everyday part of the work of 
the metallurgist. 

Work is still progressing in this direction. Some 
time ago, Dr. Rosenhain worked on the use of ultra- 
violet rays in connection with metallography with high 
magnifications. Recently I have seent some very 
remarkable photo-micrographs of steel taken in this 
way at a magnification of 3,500 on to the lantern plate. 
The picture on the screen represented an area of steel 
having a diameter of under 0-0017 in., or about one 
six-hundredth of an inch. 

This leads me to point out that much as micrography 
has helped us, we should never forget the very limited 
field to which it is, of necessity, confined, even with 
fairly low magnifications. Dr. Carpenter has pointed 
this out in his introduction to a recent book,§ and 
states very truly that macrography should precede 
micrography. This is a most important point for all 
engineers and in many cases the taking of a sulphur 
print, which for a large section can be obtained in a 
few minutes, will give interesting information. This is 
a process which I personally use very frequently. The 
limitation of the field of investigation by the use of 
a tensile test-bar 0-564 inch in diameter as against 
{one 0-798 inch in diameter is also a matter about 
which I am seriously concerned, as it halves our oppor- 
tunity of observing non-metallic enclosures or other 
imperfections. 

There is one point in the work of the Alloys Re- 
search Committee which might well be remembered. 
In the Fifth Report in 1899, Sir William C. Roberts- 
Austen said that the Research Committee of the 
| Institution of Mechanical Engineers had exerted a 
|noteworthy influence in connection with the pre- 
| liminary inquiry, the result of which led to the recom- 
|mendation that a National Physical Laboratory 
should be established. It is not necessary for me to 
emphasise what this great institution has done and 
is doing for us as engineers. We have only to imagine 
what our position would have been to-day if it had not 
been founded. 

The question of alloy, or special steels, is a very 
large one. In reality, all steel comes under the category 
of alloy steel, but general usage confines the term to 
steels containing a specially added substance other than 
carbon. 

As far back as 1821, Faraday published a work on 
| ‘* Alloys of Steel,” and experimented with alloys both 
|of nickel and chrome, but neither he not Berthier, 
| who worked afterwards in France on similar lines, 
|carried the work into the industrial world. The 
same may generally be said of other experimenters. 
| One exception is the work of the Mushets, who, about 
| 1857, brought out their self-hardening tool steel, 
| with tungsten as the essential alloying metal. It was 
not until many years afterwards that the work of White 
in America, about 1900, showed that by increasing the 
amount of tungsten and chromium, steel would not 
soften at high temperatures, and thus cutting speeds 
could be multiplied many times. Various improve- 











* Proc. I.Mech.E., 1904, vol. i, page 91. ENGINEER- 
ING, vol. lxvii, pp. 118, 138, 170, 184, 205, 239, 280. 

+ Journal of the Iron and Steel Institute, 1886, part 1, 
page 140; 1887, part 1, page 255. ENGINEERING, vol. xli, 
page 491. 

t International Testing Congress, Amsterdam, Sep- 
tember, 1927, F. F. Lucas, Bell Telephone Research 
Laboratory. “A Résumé of the Development and 
Application of High-power Metallography and _ the 
Ultra-violet Microscope.” 

§ Introduction to “* Metallography and Macrography,”’ 
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ments in tool steel have taken place since that time, 
especially with a view to ascertaining the best alloys 
for special purposes. 

The greatest distinct advance in alloys of iron took 
place in 1882, when Mr. (now Sir) Robert A. Hadfield 
started his experimental work with an investigation 
of steel and manganese, the early results of which were 
first published in the papers he read before the Institu- 
tion of Civil Engineers in 1888.* This historic paper 
was very shortly followedt by a paper on iron and 
silicon. Sir Robert Hadfield honoured us by reading 
a paper on the alloys of iron and molybdenum before 
our Institution in 1915.¢ The earlier papers referred 
to, marked another of the great metallurgical advances 
in connection with mechanical engineering, for they 
dealt with industrial as well as scientific questions. The 
investigations of Sir Robert A. Hadfield included also 
alloys of iron with aluminium, chromium, nickel, 
tungsten, &c. These are classical works, and are 
also valuable on account of the complete manner in 
which they deal with comparatively simple alloys, 
and not only placed metallurgists and engineers under 
the greatest obligation to Sir Robert A. Hadfield, 
but have placed this country in an enviable position 
in pioneer work done in this direction. 

The alloys of steel, notably those with chromium 
and nickel, have made possible the autocar and the 
aeroplane. There is now no difficulty in obtaining 
steels with a tenacity of over 100 tons per square inch 
with an elongation of 9 per cent. on 2 in. Our only 
difficulty is to decide when it is advantageous to use 
these from a commercial standpoint. Advance has 
also been made in higher carbon steels with high yield- 
points for shipbuilding and other purposes. We shall 
before long be considering the use of such steels, or else 
of nickel and other alloy steels, for boilers, since we 
have pressures up to 3,200 lb. per square inch in use 
for stationary boilers, and up to 1,400 Ib. per square 
inch in locomotive practice. In the latter case a 3 
per cent. nickel-steel is actually being used. 

In the use of high pressures, we have also to deal 
with a new phenomenon in the physical condition 
of steel under the temperatures that we are likely to 
have to use. As in many other cases, so in the case 
of the creep of steel at high temperatures, we find 
that it has been known and worked on for many years, 
but it is only now being investigated with the know- 
ledge of its practical value. In the last few years 
papers of great importance have been read by J. H. 8. 
Dickenson,§ and before our Institution in 1924 by Dr. 
F. C. Lea.|| An appreciation of the practical value 
of these investigations is shown by the reference to 
the subject by our Past-President, Mr. William H. 
Patchell, in his Presidential Address in 1924, and by 
the paper read before the Institution by Professor 
A. L. Mellanby and Dr. William Kerr last session.§ 
Dr. Kerr also read a paper on “‘ Failure of Metals by 
Creep” at Glasgow in 1926.** This year we have had 
two reassuring papers on the subject. In April, Mr. 
R. W. Bailey read a paper before the North Western 
Branch of our Institution and was led to the conclusion 
that creep always exists but that at ordinary 
temperatures the rate is too small to be detected. At 
the autumn meeting of the Iron and Steel Institute 
Dr. W. Rosehain and Dr. D. Hanson gave the results 
of their experiments in stressing mild steel for between 
five and six years at a temperature of 300 deg. C. 
and showed that little change took place. Although 
the subject is a difficult one, it is therefore probably 
one upon which we can look from an engineering stand- 
point without misgiving. 

There has been in the last few years a great advance 
in the use of chromium as an alloy of steel. We appre- 
ciate the non-oxidising advantages of this material, 
but the price prevents its general commercial employ- 
ment, though its uses for special purposes are growing 
rapidly. Its capability of resisting high temperatures 
makes it indispensable for valves in many internal- 
combustion engines. 

I would like to mention a minor use of alloy stee 
for that early mechanical engineering tool, the chisel. 
In 1916 the Institution allowed me to read a small 
contribution on this subject,tt in which I dealt with 
straight carbon steel. During the discussion, Sir 
Robert Hadfield suggested that a trial might be 
made with alloy steels. The war prevented these 





* Proc. Inst. C.E., vol. xciii, pages 1 and 61, ENGINEER- 
ING, vol. xlv. page 246. 

+ Journal, Iron and Steel Institute, 1889, part 2, page 
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t Proc. I. Mech. E., 1915, page 701. : 

§ Journal, Iron and Steel Institute, 1922, vol. evi, 
page 103. ENGINEERING, vol. cxiv, pages 326, 378. 

|| ENGINEERING, vol. ecxviii, pages 816, 843. 
I.Mech.E., 1924, vol. ii, page 1,053. 
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experiments being at once carried out, but at its 
conclusion the matter was put in hand. 

Many compositions of these steels were used in this 
research, and it was finally proved that a simple 
nickel steel of the following composition would best 
meet the conditions laid down :— 


Per Cent. 
Combined carbon 0-38-0-42 
Nickel sed 3-00-3 -50 
Manganese (max.) 0-60 


After forging, heat to 900 deg. to 925 deg. C. 
Quench in linseed oil (raw). 
No further treatment required. 


The cutting edge should be prepared with a file. 
This steel has now been in use in the Derby locomotive 
shops for the last two years, and has given every satis- 
faction. The following figures show how it compares 
with carbon steel :— 

Carbon-steel chisels issued per week in fitting shop 
for 1921-22-23. Average 18 per man per year (350 
fitters). 

Nickel-steel in same shop (all carbon-steel chisels 
having been removed or called in). After equipping 
the shop, during the first year, 434 chisels were issued 
to replace those coming in for repair. This equals 
1-2 per man per year. 

The cost of the chisels at present prices is about the 
same, whether made of plain carbon steel or of nickel- 
steel. 

The same steel has been successfully used for all 
classes of smiths’ and boilermakers’ sets and hand 
snaps, and for many other tools, and is the only one 
now used for these tools. Modified treatment renders 
it suitable for pneumatic riveting tools, and this use 
of the material is now receiving attention. The manu- 
facture of the steel was also considered. Hammered 
bars are much better than rolled material, particularly 
with regard to freedom from roaks and other sur- 
face defects, and this condition is now a part of the 
specification. 

An_ ever-increasing range of non-ferrous metals 
and their alloys has become available for our use. 
At the period taken as a basis, the work of Muntz 
was already known, but it was much later before full 
advantage was taken of the properties of the brass 
which goes by his name. In those days, when articles 
were produced in small quantities, a brass which could 
be easily hot-worked had not the commercial advantage 
it had when production became greater. Now intri- 
cate forms of stampings and complicated extruded 
sections are available for use in mass production. 
The use of non-ferrous alloys was for long retarded 
because in the majority of cases, although being practi- 
cally non-corrosive, their strength was less than that 
of ferrous materials, The advance in this direction 
is best shown by quoting the British Engineering 
Standard Association Specification No. 208-1924 for 
high-tensile brass castings, which calls for a tensile 
strength of 45 tons per square inch with 12 per cent. 
elongation, and for high-tensile brass bars which re- 
quires 28 tons per square inch with 25 per cent. 
elongation on a gauge length not less than four times 
the diameter. Even higher figures of tensile strength 
or elongation are available, and a whole range of differ- 
ent alloys comes in this class which includes the so- 
called manganese-bronze. 

Aluminium was not known commercially until about 
thirty-five years ago, and in 1913 the world’s production 
was only 64,000 tons. In 1926 this had risen to 235,000 
tons. Alloyed with small proportions of other metals 
it is becoming invaluable. The Reports of our Alloys 
Research Committee did much to show what wonderful 
properties can be obtained from these alloys to meet 
various requirements. The work of the Light Alloy 
Sub-Committee of the Aeronautical Advisory Com- 
mittee, in conjunction with these reports, shows what 
a wide range of requirements can be covered. One 
should perhaps specially refer to the monumental 
Eleventh Report of our Alloys Research Committee, 
which is one of the most complete and exhaustive 
research reports ever published. The qualities of the 
Y alloy, which Dr. Rosenhain described there, and 
of duralumin, have placed entirely new materials at 

our disposal. The Y alloy gives in the hot-rolled 
condition a tensile stress of 17-6 tons per square inch, 
with an elongation of 20-0 per cent. on 2 in., and when 
quenched a stress of 24-1 tons per square inch with an 
elongation of 23-0 per cent. Owing to its lightness 
this material is specially suitable for reciprocating 
parts and for aeronautical purposes. The specific 
gravity of duralumin is only 2-8 as compared with 
7-8 for steel, and in sheet form the tensile stress ranges 
from 25 tons to 35 tons per square inch, with a corre- 
sponding elongation of from 20 per cent. to 25 per 
cent. according to the normal or hard condition. In 
rod form duralumin will give a stress of 26 tons per 
square inch, with 18 per cent. elongation (normal) 
and a stress of 32 tons per square inch, with 
6 per cent. to 10 per cent. elongation (hard). It is 


is so far practically confined to aeronautical purposes, 
for certain parts of motor-car work, and in the case of 
the smaller internal-combustion high-speed engines 
have become universally employed for pistons. They 
can be used either as castings or forgings. 

In addition to the essentially light alloys, aluminium 
bronzes can also be employed either as castings or 
forgings, and gear-wheels of this material have found 
an extensive application. The recent development of 
centrifugally cast phosphor-bronze gears should also 
be noted. 

There are certain purposes for which a metal which 
will resist oxidation at high temperatures is advan- 
tageous. We now have certain alloys of chromium 
and nickel which are fairly easily cast and have this 
property to a marked degree. They are useful for 
cast hardening pots and other articles subjected to 
an oxidising flame. ‘Their only disadvantage is that 
at present their first cost seems high. In addition 
to their use in castings, these two metals in various 
percentages and combined in the former with copper 
and in the latter with chromium and iron, can be rolled 
and forged and should come into increasing use, 
The natural alloy of copper and nickel called after 
the late Col. Monel, was one of the first of this type of 
non-ferrous alloys put to practical use. 

Nickel by itself, in which Canada is interested, has 
not many uses at present. It is, however, being used 
to an increasing extent for deposition. New knowledge 
has enabled us to produce deposits of very great 
hardness which allow of the successful building up of 
worn parts, and this is especially useful in the smaller 
internal-combustion engines used in automobile and 
aeronautical work. 

There are also certain metals which we have been in 
the habit of looking upon as rare, or semi-rare, which 
are now coming into use for our work. Of recent years 
the manufacture of magnesium has taken place on such 
a scale as to allow it to be produced at a commercial 
price. In Germany great progress has been made in 
alloys in which the proportion of magnesium is in the 
neighbourhood of 90 per cent. It may be pointed out 
that, whilst the specific gravity of aluminium is 2-67, 
that of magnesium is only 1-74. I think that aluminium 
has for long suffered from having been pushed forward 
in early days as a pure metal for purposes for which 
it was not suitable. The knowledge we now have 
should prevent magnesium from being prejudiced in 
this way. In Germany, where magnesium alloys have 
been developed, they are being largely used in place of 
aluminium alloys for pistons and other parts of motor- 
cars. They are extremely easy to machine, they can 
be readily forged and extruded, and recent develop- 
ments have provided alloys of greatly improved 
strength compared with any magnesium alloys hitherto 
available, both in the cast and worked conditions. 

Cadmium has a great advantage as a metal to be 
used for plating, for it possesses high corrosion-resisting 
properties. It is also valuable for use as an alloy of 
copper in telephone wires, and for overhead conductors 
for tramways, where it adds considerably to the resis- 
tance to wear and has also good electrical conductivity. 
Cadmium is also coming into use for solders, and as a 
constituent of bearing metals. Its price at present is 
considerably lower than that of tin. 

When chromium is used for plating it gives greater 
resistance to an oxidising flame, and is finding applica- 
tions in industrial plant quite beyond the ordinary 
plating field. 

Cobalt, tungsten, vanadium, and molybdenum are 
chiefly used as alloys of steel, but it may be that before 
long they will be available for special uses in a basic 
form, and, in fact, tungsten is used in electric lamps 
at the present time. 

The science of measurement or metrology may seem 
to be part of our ordinary work, and the greatest step 
forward ever made was when Whitworth (to use the 
words of his Presidential Address in 1856*) first con- 
sidered ‘“‘the vast importance of attending to the 
two great elements in constructive mechanics—namely, 
a true plane and the power of measurement. “The 
latter,” he said, “cannot be attained without the 
former, which is, therefore, of primaryimportance. All 
excellence of workmanship depends onit.”” This matter 
of accurate measurement, on which all interchange- 
ability depends, received a great impetus during the 
war, and, through the work of Sir Richard Glazebrook 
and his colleagues at the National Physical Laboratory, 
it was placed on a far better commercial basis. 

In physics we are all interested in the general struc- 
ture of matter. We are fortunate in having this year 
for our Thomas Hawksley lecturer, Sir William H. 
Bragg, and we look forward to what he will have to 
tell us of his work in this direction. I believe we are 
on the threshold of some solution of the all-important 
problem of cohesion. In 1923, at the Liverpool meeting 
of the British Association, the Engineering Section 
joined with the Physical and Mathematical Sections 





in a discussion on “Cohesion.” Sir Oliver Lodge, 
referring to a remark, said he supposed my desire was 
to know why, when he lifted one end of his stick up, 
the other end followed, whereupon Dr. F. C. Lea 
pointed out that our trouble as engineers was not so 
much this as to know why, when the stick had been 
lifted, say, a hundred million times, it broke when an 
effort was made to lift it the hundred million and first 
time. Knowledge which would assure us of greater 
cohesion of matter as we use it, or of warning when it 
was going to cease to cohere, would in many cases be 
invaluable to us. 

A number of papers have been written on fatigue, 
and there are many different methods of applying 
repetition stresses to material. We are learning slowly 
why we cannot stress our materials to a higher limit 
than we do without such material finally ceasing to 
cohere, and we look to our physicists to enlighten us 
more on this point, and to allow us to assure ourselves 
of that perfect safety which is the first essential of all 
our work. 

Physics is also helping us in the science of radiology. 
What we cannot see, but know may exist, is frequently 
a trouble and anxiety to us who deal with metals, 
whether cast or forged. In 1918, the greatest thickness 
of steel which could be penetrated by radiography was 
1 in.; 4} in. can now be dealt with. Already radio- 
graphy is being extensively used for the inspection of 
welds and castings, and of completely assembled small 
parts, as is done at Woolwich, and also of glued wood, 
&c. It brings*to our notice again the question-of the 
commercial application of the facilities at our disposal. 

I think that one of the most remarkable papers read 
before the Institution in recent years on the lines of 
which I am speaking was that presented in 1917, by 
A. A. Griffith and G. I. Taylor. This was entitled 
“* The Use of Soap Films in Solving Torsion Problems.’’* 
The apparatus used has allowed us to determine without 
great expense the torsional stresses set up on compli- 
cated sections which could not be dealt with on mathe- 
matical lines. I wish we could determine in as simple 
a way the stresses in the various parts of the complicated 
section of a locomotive tyre when shrunk on to a wheel 
centre. 

Those very beautiful experiments that have led to 
our being able to determine the nature of the stresses on 
cutting tools, &c., by optical means, which have been 
developed by Professor Coker, are well known to all 
our members. On a somewhat similar principle 
there has recently been placed on the market for 
commercial use an instrument for examining glass and 
other opaque substances. This allows one to ascertain 
the inherent internal stresses in articles made of such 
material, and is being applied to the examination of 
gauge-glasses amongst other things. 

In such a review one becomes more and more con- 
vinced of the interdependence I have previously spoken 
of, and it is practically impossible to separate the 
work of various branches of science. This is perhaps 
nowhere more marked than in the case of chemistry. 
It is due to the advance in the accuracy of this science 
that we are able to determine the effect of minute 
quantities of various elements in our material. With 
what small proportions chemists deal is perhaps not 
so often recognised as it would be if instead of saying 
0-001 per cent. we said one hundred-thousandth part. 
I do not mean to suggest that actual analyses are accu- 
rate to within such narrow limits, but I know that we 
expect results of analyses to agree within three one 
hundred-thousandth parts when dealing with the 
determination of such important impurities as sulphur 
and phosphorus in steel. 

One of the greatest facilities received in practical 
work of recent years has been the development of means 
of easily cutting and welding the metals we deal with. 
This is now readily done by means of intense local heat 
generated in various ways. The first, and probably 
still the most generally used, is by means of the oxy- 
acetylene flame. Our ability to do this is the result 
of steady progressive work by chemists culminating 
in the production of calcium carbide in the electric 
furnace by Moissan in 1894. It was accidentally 
produced independently at the same time by T. L. 
Willson. Recent uses to which the flame has been put 
include the hardening of gear-wheel teeth under water. 
The chemist’s investigations in connection with 
crude oils, both from petroleum and shale, have resulted 
in the comprehensive range of liquid fuels and lubrica- 
ting oils which are available at the present day, and 
such fuels from natural sources have been supplemented 
by others which are synthetically prepared. 

Certain oils with other constituents give us protective 
paints, and it is often a lack of chemical knowledge 
or information which causes us to employ paints 
which are not absolutely suitable for the purpose and 
conditions under which they are used. 

Lubrication is a matter in which we have to work in 
close co-operation with the chemist and physicist. 
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Largely due to lack of this co-operation, many failures 
have occurred in the past. It is not always possible 
to design mechanism so that we can lubricate bearings 
in the best possible manner, but we should always have 
this in mind. We require also to have the knowledge, 
which is generally available, of the most suitable 
class of lubricant, and at what viscosity it is best for 
our purpose. Much discussion and research has taken 
place as to the means to be adopted to give true and 
economical lubrication, without the risk of failure of the 
mechanism, owing to metals being allowed to come in 
contact. The knowledge gained and the progress 
made have been considerable, and as a result we are 
now rarely seriously troubled in this respect. 

There are many other sciences which help us to 
achieve the objects of our profession in a more satis- 
factory way, which I can only mention. Thus, the 
benefits we have derived from the advances in mathe- 
matical knowledge in so many directions are not dealt 
with. The study of the effects of environment and the 
causes of fatigue have received much attention of recent 
years, whilst the analysis of the causation of accidents 
is likely to give us useful results. 

Closer attention is being given to the methods em- 
ployed in education, both technical and practical. 
Here, too, the Institution has recently played a great 
part, and has standardised at a high level much of 
the engineering education of this country. It is 
pleasing to notice that this is being followed in other 
branches of technical work. 

The subject of industrial psychology has received 
much and increasing attention in recent years. Some 
of our universities have chairs in the general subject, 
and much research work is being done. One can only 
trust that close touch will be kept with practical work 
in this direction, work which, although we may not 
always recognise it, we are doing every day in the ordi- 
nary course of our duties. There is no doubt that 
there is an improved feeling between men generally, 
if at times the rate of progress may seem to fluctuate, 
and one can only trust that the progress may be steady 
and at an increasing rate. 

As{we have always, if unconsciously, been psycho- 
logists, 80, too, we have been economists, and here also 
increasing attention is being given to methods by which 
we may accurately and readily ascertain our position 
in this respect. 

In this somewhat hasty and decidedly incomplete 
review of the assistance we have received as mechanical 
engineers, from work not directly connected with our 
own, I may seem to have given aot only the first, but 
by far the greatest, attention to metallurgy. This is 
to a large extent inevitable, for it is through the 
existence of the metals that we have ceased to be 
“hewers of wood and drawers of water.” We have 
advanced as the materials at our disposal have 
advanced. 

At the present time, we are at a period when one of 
the greatest practical steps forward ever made is that 
involving the use of much higher pressures and the 
employment of greatly increased temperatures. The 
materials in general use a few years ago are, or soon 
will be, unsuitable for our growing requirements. 

Sometimes one is apt to forget the large number of 
brilliant men who, in various positions, are working 
on problems whose solution will allow manufacturers 
of materials to get ahead of our requirements. Prac- 
tically all our steel and metal makers now employ metal- 
lurgists and metallurgical chemists who are engaged on 
research. I know of no body of men who are more 
earnestly endeavouring to co-ordinate industry with 
science, and I appeal to you to assist them by 
discussing not only your difficulties, but your successes, 
with them. 

The work done by individual firms is not only helpful 
but absolutely necessary, for one can then freely deal 
with the products of the firm, and the conditions under 
which they are employed. There is, however, the 
larger question of general research, and, if we are to 
make the greatest possible progress in the future, it is 
necessary that this should continue on a still larger 
scale. In the National Physical Laboratory, in con- 
junction with which we are working in the Alloys of 
Iron Research, we have probably the finest general 
research institution in the world. Many of our uni- 
versity laboratories are engagea on special work, and 
the results of some of this have formed the subjects 
of recent papers read before us, notably Dr. F. C. Lea’s 
papers on “ The Effect of Temperature on Materials.”* 
Yet in spite of this, one feels that research receives 
far greater attention in America and Germany. The 
Bell Testing Laboratory in New York, for instance, is a 
large building of ten floors, covering a block, and em- 
ploying 4,000 investigators and assistants. 

But valuable as researches are when conducted on 
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these lines, I feel that research of the kind that is 
conducted jointly by scientists and practical men 
should receive more attention than it does at present. 
It is under such conditions that a wide view may be 
taken, and that the whole issue can be dealt with on the 
broadest possible basis. I would like to call attention 
to the work done by the British Non-ferrous Metals 
Research Association, and by the more recently-formed 
British Cast Iron Research Association. These bodies, 
largely composed of and supported by manufacturers 
of the metals they deal with, and by engineers who 
use such products, are doing valuable work, but their 
activities are not so great as they deserve to be, owing 
to their not receiving the full support of the industry. 

I have endeavoured to show that the progress we 
have made during the past eighty years is largely due 
to work not directly connected with our own daily 
duties. Research will undoubtedly give us information 
which will allow our progress to continue, if not always 
as quickly as we would desire. It is, therefore, in- 
cumbent upon us to take advantage of the assistance 
at hand as quickly as possible. In the past this has 
not always been done. This may be due to the 
necessity of considering immediate commercial results, 
which may sometimes make us impatient with research. 
We make the mistake of expecting results similar to 
those from our machines, forgetting that mechanical 
production follows well-known laws long tried out. 
The research worker is the pioneer, often working in 
practically unknown lands and with little to guide him, 
and I think he must himself frequently be discouraged 
by not making the progress he desires. 

The assistance we receive from those not directly 
connected with engineering will always be great. It 
lies with us to use to the fullest extent the tools which 
they forge for us and the knowledge they place at our 
disposal. Their work must always differ from ours, 
and, appreciating this, we must for our own sakes give 
what assistance we can. We are chiefly concerned 
with design, production, and output, and, once having 
settled our course of action, we push forward on a 
definite path. The research worker must constantly 
be considering the next step he is to take. A fairly 
close simile of the searcher and the producer occurred 
to one who, writing over 2,000 years ago, said :— 

“This wisdom of the scribe cometh by the oppor- 

tunity of leisure; and he that hath little 
business shall become wise.’’* 


Whilst of those of us who are endeavouring to apply 
that wisdom, he said :— 


“They will maintain the fabric of the world; and 
in the handywork of their craft is their prayer.’’t 





NOTES ON NEW BOOKS. 


A PAMPHLET, which constitutes the second supple- 
ment to the Book of Standards, issued in 1924 by the 
American Society for Testing Materials, was published 
some time ago at the offices of the Society, 1315 
Spruce-street, Philadelphia, Pa., U.S.A. Bearing the 
title ‘ A.S.7.M. Standards Adopted in 1926,” it 
contains 16 newly adopted standard specifications and 
seven revised specifications. The Book of Standards 
is issued triennially, the latest edition having been 
published in 1924. Specifications adopted by the 
Society during the intervening years are published as 
supplements to the Book of Standards. In accordance 
with this policy, a first pamphlet entitled ‘‘.A.S.7.M. 
Standards Adopted in 1925,” was issued in that year. 
The pamphlet for 1926 contains standard specifications 
relating to carbon tool steel, high-speed tool steel, 
alloy-steel bolting material for high-temperature 
service, aluminium for use in the manufacture of iron 
and steel, hot-rolled copper rods for wire drawing, 
and white-metal bearing alloys. Bolting material, it 
should be explained, includes rolled, forged or cold- 
drawn bars, and also bolts, screws and studs. Specifi- 
cations and tests for Portland cement and quicklime, 
turpentine, shellac, lithopone and lampblack, and other 
miscellaneous materials are also included. The standards 
and tentative standards of the Society are well known, 
and the publications issued are always carefully 
prepared. The present pamphlet is priced at 1 dol. 
50 cents. 





The books of any period, whether technical or 
otherwise, reflect, to some extent, the trend of thought 
of the times, Until recently, those connected with 
industry have been largely of an economic character ; 
their burden has been mass production, costs, profit, 
efficiency, with comparatively little reference to the well- 
being of the individual; the latter was a unit in the 
production machine and little more. In many present 
books, however, a latter-day note is being struck; 
it is being recognised that industry has responsibilities 
towards those who depend upon it for their livelihood ; 
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To some extent, “Human Nature in Business,” by 
F. Creedy (Ernest Benn, Limited, Bouverie-street, 
London, E.C.4, price 12s, 6d. net) is a reflection 
of the new note in industrial politics, although the 
reader will probably find the treatment different from 
that which might be expected. Mr. Creedy sets out 
in a dispassionate manner to consider the ways in 
which human nature and business affect each other. 
Starting with the statement that the object of economic 
organisation is to supply the material wants of the 
people, he discusses the effect of economic influences 
upon the lives of the people. He shows that all disci- 
pline, ultimately, is of a financial character, taking the 
form of profits or good or regular wages, or of losses 
in business or loss of work and, consequently, wages, 
One of the causes of economic friction is said to be due 
to bargaining, the rules of which are given as selfishness, 
secrecy, deception and prudence, these leading to un- 
reliable information as to the real requirements of the 
world’s markets, He looks upon the selling staff as the 
agency through which the manufacturer is informed of 
the requirements of the masses, and the masses of the 
goods that are available for them. These he would 
help by the provision of economic surveys and statistics 
showing the actual requirements of the world, The 
object would be to regularise employment by preventing 
oscillations of trade. A picture is given of the time 
when production will be so highly developed that the 
whole requirements of the world will be produced in a 
few hours a day; when the workmen will be able to 
afford to live in the country, far away from the city 
and the factory, and when factories can be distributed 
over the country-side. On the whole, the book makes 
interesting reading. In some instances, perhaps, the 
obvious is recommended, but this, in some measure, 
is unavoidable in a work of this kind. The book is 
quite well-printed in good type; it has 345 pages, 
which some readers may think could have been reduced, 
a foreword by Mr. J. A. Hobson, a number of diagrams, 
and it is well indexed. 





The seventh volume of the “Jahrbuch der Brenn- 
krafttechnischen Gesellschaft, E.V.” (Halle; Wilhelm 
Knapp; price 4-80 marks] restricts itself, like the 
previous volumes of this year-book, to an account 
of the proceedings of the annual meeting of the society 
which is devoted to the technology of fuel and its 
utilisation, The meeting was held at Dresden on 
December 4, 1926, and discussed seven papers, 
mostly dealing with power and heat installations 
for textile and paper mills. The general economical 
aspect of these problems were treated by Mr. Lest, 
of Muskau. Mr. M. Biener, of the Sichsische 
Maschinenfabrik, Chemnitz, discussed the details of 
steam plants, boilers, etc., power generation and trans- 
mission, and heat and steam supply and consumption, 
from the general standpoint; while Dr. W. Anderhub, 
of Messrs. Escher, Wyss and Company, advocated high- 
pressure turbines for textile establishments, and Mr. 
O. Kessler and Mr. H. Schultz, both of the Siemens- 
Schuckertwerke, recommended electric power and 
individual motor drives for both textile and paper works, 
The latest super-pressure turbine of Messrs. Escher, 
Wyss, developing 3,700 h.p. at 6,000 r.p.m., works 
with steam of 180 atmospheres, at 420 deg. C., against 
a back pressure of 6:5 atmospheres. The pressure, 
in the first stage, is reduced to 34 atmospheres; the 
bulk of the steam is heated up again to 400 deg. C. 
and then enters the low-pressure stage for driving 
a three-phase generator through gearing at 3,000 r.p.m. 
after further bleeding. The reading of the paper induced 
Mr. F. Lésel, Director of the Erste Briinner Maschinen- 
fabrik Gesellschaft, to urge his claims as originator 
of the high-pressure, low steam-speed turbine. In 
the two remaining papers, Dr. M. Dolch, Director 
of the Institute for Chemical Industry of the University 
of Halle, reviewed the economical side of brown coal 
carbonisation, and Professor F. Seidenschnur, of the 
Brown Coal Research Institute of the Mining Academy 
at Freiberg, Saxony, dealt with those researches and 
his own method. Dr. Dolch’s summing-up in favour 
of carbonisation at higher temperatures than now 
used, though involving some waste of tar, called 
forth a protest by Mr. Vorbrodt. At present the 
brown coal is chiefly carbonised in vertical shaft 
retorts, up to 10 m. high, of the Rolle type, enclosing 
an inner cylinder of stacked-up bells of cast iron; 
the outer walls are heated, the coal trickles down 
the annular space, and the vapours are withdrawn 
from the inner cylinder. The Seidenschnur process 
aims at minimising the decomposition of tar and the gas 
generated during the carbonisation, and at facilitating 
the tar liberation, by working in currents of steam and 
flue gases. 





DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
ResearcH.—Sir William James Larke, K.B.E., has 
been appointed, by Order of Council dated October 5, 
to be a member of the Advisory Council to the Committee 
of the Privy Council for Scientific and Industrial Research. 
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LABOUR NOTES. 


EXPERIENCED negotiators of labour affairs, who are 
not first and foremost politicians, agree in the main 
with the view expressed by the Confederation of 
Employers’ Organisations in the resolution passed last 
week. According to the Confederation, it is in the 
individual works that the spirit of mutual under- 
standing must find its ultimate expression in practical 
results. ‘‘ The method for attaining these results,” it 
states, ‘‘ must vary from industry to industry, according 
to the problems which the particular industry has to 
face; and the Confederation would, therefore, wish to 
record its view that it is in the individual industries— 
in their organisations and in the day-to-day contact in 
the works—that the most ready and effective means 
present themselves for developing and applying the 
spirit of industrial goodwill which is so vital to the 
future welfare of this country and which the Confedera- 
tion will at all times be anxious to further and support.” 
The records of the engineering industry’s labour affairs 
for the past thirty years conclusively prove the sound- 
ness of the conclusion that the root of the whole trouble 
is in the districts. A very large proportion of the 
references to Central Conference ought never to have 
reached that stage. With the exercise of a little 
ordinary common sense, most of the differences could 
have been mutually adjusted at their sources. 





The award of the official arbitrator in the German 
brown coal dispute gave the miners a wage increase of 
11} per cent., amounting to 60 pfennigs per shift, on 
the average wage hitherto paid in the main areas 
around Halle. The wages in other districts were, it 
was decided, to be increased proportionately. At a 
delegate conference held on Sunday, the award was 
accepted by 381 votes to 36. Later, in accordance with 
German law, the Ministry of Labour formally declared 
the award binding. 





At the time this issue of ENGINEERING went to press, 
no official news was available of the result of yester- 
days’s miners’ conference, but at a meeting on Wednes- 
day, of the Executive Committee of the Federation, 
it is understood, a considerable difference of opinion 
developed regarding the course which should be followed 
in view of the position of affairs in Durham. The 
case of Durham had been made the basis by the extre- 
mists of an agitation for transforming the struggle in 
that area into one for a new national agreement, 
“ guaranteeing a minimum living wage for all those 
engaged in the industry.” The opposition of the 
moderate members of the executive was sufficiently 
strong, however, to prevent a drastic recommendation 
to that effect being adopted, and it was, in effect, left 
to the national delegate conference to decide the 
matter after it had heard a report by the Executive. 
Before the opening of yesterday’s meeting, there was 
a feeling that the question might be referred back to 
the districts for lodge decisions. 





The General Council of the Trades Union Congress, 
sitting in London on Wednesday, considered a com- 
munication from the Union of Post Office Workers, 
announcing that in consequence of the operation of 
Clause 5 of the Trade Unions and Trade Disputes Act, 
they were compelled to cease affiliation to Congress. 
The resignation was accepted with regret, and the 
Council expressed the hope that it would not be long 
before it would again become possible for the union 
to be associated with Congress. 





Acting on the resolution passed at the Edinburgh 
Trades Union Congress, the General Council decided 
to send a delegation to the forthcoming conference 
of the All India Trades Union Congress on November 26, 
and Mr. Ben Tillett and Mr. A. A. Purcell, M.P., were 
appointed. The visit involves an investigation of the 
conditions of Indian labour, and assistance to the 
trade union organisations there, and it is anticipated 
that this will entail an extended stay in India and pro- 
bably six months’ absence from England. 





Dr. Herman Bucher, in the course of a report to 
the eighth ordinary general meeting of the German 
Federation of Employers’ Associations, said that wages 
would always be a matter of dispute between employers 
and workers, as they were paid on the basis of the value 
of merchandise, which was subject to fluctuations. 
Employers should realise, he declared, the value of 
high wages. And workers should realise that increases 
were not always possible, and, in some cases, might 
involve unemployment or even the failure of the 
undertaking. 





The Bureau of Statistics and Information in the 
Department of the Industrial Commissioner of New York 
State discusses the question of eye injuries in a recent 





issue of the official Industrial Bulletin. In the search 
for causes of accidents of this character, one fact, it 
is stated, stands out. Of the 786 permanent injuries 
in the year under review, 410 were caused by flying 
particles, of which 266 were flying chips or other objects 
set in motion by hand tools. Most accidents on hand 
tools occurred to the worker handling the tools, but 
19 workers suffered permanent injury to their eyes from 
chips set off by tools in the hands of another worker. 
Metal chips alone, broken off by hand tools, caused 
105 permanent injuries in 1926-27, with on average 
award of 122 weeks per case, or two and one-half 
years of working time. Another serious accident from 
tools is the breaking or coming apart of the tool 
itself. Eighteen permanent injuries from this cause 
averaged over 100 weeks apiece. Altogether hand 
tools and the indefinite group of flying particles 
together accounted for 435 of the 786 permanent 
disablements. “If,” the Bureau states, ‘‘ means could be 
found to reduce the accidents from these one or two 
causes, permanent eye injuries in industry might be 
reduced about one-half.” 





At the end of September, 11,572 members of the 
United Society of Boiler Makers and Iron and Steel 
Shipbuilders were signing the books, as compared 
with 11,403 at the end of August. The number of 
members in receipt of superannuation benefit was 
4,238, as compared with 4,155, and the number in 
receipt of sick benefit 2,743, as compared with 2,874. 
The expenses for September were 12,0111. 1s. 7d., and 
those for August 9,776]. 19s. ld. There were five 
weekly payments in September. 





London Trades Council, which had decided ‘“ to 
render all possible assistance” to the miners who are 
to march from South Wales to London next month, 
has rescinded its resolution to that effect. ‘‘ Many 
reasons lie behind the decision of the Executive 
Committee,” said Mr. Wall, the secretary of the 
Council. ‘“ We were misled at the last delegate meeting 
of the Trades Council, but since then many facts 
have come to our knowledge. We have learned that 
the march is being organised entirely under the auspices 
of the Communist Party and its subsidiary,organisations, 
the National Minority Movement and the National 
Unemployed Workers’ Committee Movement. My 
executive feels that to encourage men to come on the 
road with no hope of official help in approaching the 
Government—which is the ostensible purpose of the 
march, but which is really for Communist Party 
recruiting purposes—is not in the interests of the miners, 
and is unfair to the men who would have to face the 
rigours of the road.” 





‘“* Relative Levels of Rates of Wages at August, 
1914, and September, 1927 ” is the title of an interesting 
article in the October issue of The Ministry of Labour 
Gazette. The writer points out, by way of preface, 
that the particulars given, while based on a careful 
examination of such material as is available to the 
Department, should not be regarded as furnishing 
more than an approximate indication of the relative 
levels of wage rates at the two dates. Caution should 
especially be observed in drawing from them conclu- 
sions which depend upon small margins of difference 
between one figure and another. In the engineering 
industry, it is stated, the general advance over pre- 
war rates for men on time work now amounts to 
19s. a week, except in certain districts where the men 
are paid at hourly rates, in which it is 19s. 103d. In 
the shipbuilding industry the general advance on time 
rates ranges from 14s. or 14s. 104d. a week in the case 
of skilled men, to 15s. or 16s. a week for lower-paid 
labourers. In some cases, however, further advances 
have been granted to particular classes in both indus- 
tries. 





A table is given showing the unweighted averages 
of the district time rates of wages of men in certain 
representative occupations in 16 of the principal 
engineering centres, and 9 of the principal shipbuilding 
centres at August 4, 1914, and at September 30, 1927, 
with the percentage increase over pre-war rates. The 
figures relate to a full ordinary week of 53 hours in 
some districts and 54 in others in 1914, and of 47 hours 
generally at September, 1927. The percentage increase 
in hourly rates ranges from about 65 to 70 per cent. for 
skilled workers to a little under 105 per cent. for 
labourers in the engineering trade, and from about 
55 to 65 per cent. for skilled men to 90 per cent. for 
labourers in the shipbuilding trade. For semi-skilled 
classes the percentages range between those shown for 
skilled men and those for labourers. 





In the case of pieceworkers, the general advance 
over pre-war rates in the engineering industry amounts 
to 10 per cent. on basis piece rates, plus a flat rate 








advance of 10s. a week. In the shipbuilding industry 
the general advance is 10 per cent. on basis piece rates, 
plus a flat rate advance of 7s. a week; in addition, a 
portion of certain special advances, granted during the 
war under the “Standard Ship Cycle” of awards 
and consequential extensions, is still paid to some 
classes of men. The information is not sufficient for 
calculation to be made of the average percentage in- 
crease in the wages of pieceworkers in these industries. 





The average of the recognised time rates of wages of 
wiremen employed by electrical contractors in 12 of the 
largest towns at the end of September, 1927, was 
75s. 3d. a week, compared with 39s. 4d. a week at 
August, 1914, showing an average increase of 91 per 
cent. As the normal weekly hours of labour, which 
were usually 53 or 54 in 1914, were reduced to 47 in 
1919, without any reduction in weekly wages, the 
increase in hourly rates since 1914 is greater, being 
about 113 per cent., on the average, in these towns. 





In the heavy iron and steel trades (smelting, puddling, 
rolling, forging, &c.), in which wages fluctuate in corre- 
spondence with the selling price of the finished products, 
the increases over pre-war rates vary very widely, 
being in some cases (e.g., with certain blastfurnace 
labourers) equivalent to over 70 per cent. over the pre- 
war weekly rates, while at the other extreme the rates 
for iron and steel workers in South Wales show increases 
of less than 20 per cent. on pre-war weekly wages. In 
the tinplate and steel sheet trade in South Wales, the 
increase over pre-war rates amounts to about 30 to 
35 per cent., and in addition special advances have 
been granted to particular classes of workpeople. 
Among other metal-working industries, the general 
increases over pre-war rates of wages at the end of 
September (for male timeworkers) were 19s. a week in 
the sheet-metal working trade, 19s. 6d. a week in the 
spring, tube and various other industries in the Midlands, 
and 21s. 6d. a week in the light castings industry. 


The Ministry of Labour states that on October 17, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,071,300, of whom 855,100 were men, 32,000 
boys, 153,300 women, and 30,900 girls. Of the total 
number, 733,300 were wholly unemployed, 275,200 
temporarily stopped, and 62,800 normally in casual 
employment. On October 10, 1927, the number of 
unemployed persons was 1,073,000. Of these, 729,483 
were wholly unemployed, 278,549 temporarily stopped, 
and 64,968 normally in casual employment; 857,203 
were men, 31,750 boys, 152,227 women, and 31,820 
girls. On October 18, 1926—when, of course, the 
figures were affected by the dispute in the coal-mining 
industry—the number of unemployed persons was 
1,520,475, of whom 1,171,600 were men, 41,296 boys, 
267,623 women, and 39,956 girls. 








At a conference convened by the Russian Central 
Trade Union Council for the purpose of examining 
wage questions and the part played by the trade 
unions in economic matters, it was reported that 
collective agreements continued to grow in number 
during 1926, and on January 1, 1927, there were in 
existence 89,272 agreements affecting 7,872,000 
workers. At the beginning of the year, 87 per cent. 
of the wage earners were covered by such agreements ; 
on January 1, 1927, the proportion had risen to 89 per 
cent., being highest in the industrial unions. The 
proportion of workers covered by agreements also 
increased considerably in the non-manual unions (from 
69-4 per cent. to 79-1 per cent. on an average for 
the four largest unions. Individual contracts of service 
to the number of 376,625, covering 466,800 persons, 
were also in force during the year, the majority relating 
to agricultural workers (249,095 contracts for 301,800 
workers). 





Recent trade union congresses in Russia had recom- 
mended, the report went on to say, that the conclusion 
of collective agreements should be brought to the 
notice of the organised working masses. In the 
first place more workers were attending meetings 
held for the discussion of draft agreements, and from 
7 per cent. to 12 per cent. of those ’present were taking 
part in the discussions. One of the main objects of 
the existing wage policy being to raise the remuneration 
of the lower-paid classes of workers, it had been 
noticed that workers of such categories were attending 
meetings in much greater numbers. The manner 
of discussing collective agreements has not been satis- 
factory to the workers, Discussions have turned on the 
legal aspects of agreements; wage questions, of supreme 
importance to the workers, were neglected. Strife was 
incessant between the unions and the Government 
Departments; the result had been an increase in the 
disputes over the conclusion of collective agreements, 
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SINGLE-CYLINDER EXTRACTION 
ENGINE. 

THE necessity, at the present time, for economy in 
the generation of power by steam engines and the 
equal necessity of utilising the heat in the steam 
employed for process purposes in certain industries, 
have led to several suggestions for the combination of 
power generation and heat extraction, so as to obtain 
the highest possible overall efficiency. It may be 
predicated that, in such cases, to use steam for 
generating power alone, without relation to its other 
applications, is uneconomical, and, where new plant is 
concerned, care must therefore be taken to combine 
the requirements for power and heat, i.e., to consider 
the thermal problem as a whole. A single-cylinder 
extraction engine, designed to meet a wide varia- 
tion in conditions, by the Maschinenbau A.G., 
vormals Starke and Hoffmann, of Hirschberg, Silesia, 
is illustrated in Figs. 1 to 3, on page 554, but before 
describing this in detail we may deal with some of the 
general aspects of the problem which has to be solved. 

The main difficulty in utilising the waste heat from 
an engine which is being employed to generate power, 
lies in the fact that the amount of waste heat avail- 
able and the demand for heating steam frequently 
do not follow parallel courses. Some means are 
needed for adjusting either the amount of waste heat 
supplied or the amount required, or both. The extent 
to which the amount of heat required can be adjusted 
is mainly a commercial consideration, but there are 
various ways in which the design of the engine can be 
modified so as to control the amount of heat supplied. 

Briefly, it may be said that, up till now, the types of 
engine mentioned below have been used for this purpose. 
Simple single-cylinder, back-pressure engines, which 
can only be employed when the demand for waste 
heat is both large and constant and exceeds the amount 
of steam required by the engine. A second method is 
to use a twin engine, one cylinder of which works 
condensing and the other exhausts into the process 
mains. The same result is obtained by using one 
double-acting cylinder, one end of which works con- 
densing and the other exhausts into the process mains. 
In this case, the amount of heat can be regulated as 
desired, by altering the cut-off on the process side, so 
that the condensing side automatically takes up the 
rest of the load. When no steam is being extracted, 
however, the output is reduced to one-half the normal, 
as only one cylinder, or one end of the cylinder, is then 
in operation. A third method is to use a compound 
engine with intermediate extraction. Steam for heating 
purposes, up to 75 per cent. of the whole, can then be 
easily drawn off, but when the quantities thus extracted 
are large, the low-pressure cylinder is very lightly loaded. 

The engine which the Maschinenbau Aktiengesell- 
schaft have constructed to deal with this problem, is of 
the single-cylinder type, and allows anything up to 
100 per cent. of the steam to be extracted. As shown 
in Figs. 1 to 3 the engine is of the drop-valve type. 
Its distinctive feature is the use of two exhaust valves, 
arranged in series one below the other, as shown in 
Fig. 3. Of these, the lower valve opens into a pipe 
leading to the condenser, whilst the space between 
the two valves communicates through a non-return 
valve with the extraction main. The upper exhaust 
valve is set to open with a lead of 10 per cent. and to 
close when nine-tenths of the return stroke has been 
completed. The lower exhaust valve is provided with 
a variable cut-off and may, in fact, be kept closed during 
the whole of the exhaust stroke of the engine. The 
whole of the exhaust steam is, in this case, passed into 
the extraction mains, and none enters the condenser. 
In the engine illustrated, the variable cut-off is designed 
to provide for a variation in the demand for extraction 
steam, ranging from 0 to 100 per cent. of the total 
required for power production. The non-return valve, 
already mentioned, prevents any return flow into the 
cylinder of steam from the extraction mains. Hence, 
under no conditions of working is there any excessive 
amount of compression. This is well shown by the 
indicator diagrams reproduced in Fig. 4, where it will be 
seen that in no case does the pressure at the end of the 
exhaust stroke rise above the admission pressure. 

By slight modifications the engine can be arranged so 
that opposite ends of the cylirder supply independent 
extraction mains working under different pressures, and 
it can, of course, also be arranged that the steam not 
required for heating purposes shall be exhausted to the 
atmosphere instead of into a condenser. 

The engine of which diagrams are given in Fig. 4, has 
a normal output of 350 h.p. and an overload capacity of 
400 h.p. The cylinder diameter is 550 mm., the stroke 
650 mm., and the speed 150 r.p.m. The stop-valve 
pressure is 9-4 atmospheres and the temperature 
275 deg. C. The pressure of the extracted steam is 2-4 
atmospheres. In Figs. 5 and 6 are reproduced a series of 
diagrams for a 120-h.p. engine of similar type, with an 
overload capacity of 170 h.p. The cylinder diameter 
is 370 mm., the stroke 750 mm., and the speed 
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102 r.p.m. The live steam pressure, in this case, is 
10-5 atmospheres, at a temperature of 300 deg. C., 
and the extracted steam pressure is 0-95 atmosphere. 
In a report on the engine, made by the Technische 
Hochschule at Breslau, it is stated that the transition 
from condensing operation to partial, and even com- 
plete, extraction working proved highly satisfactory. 








OPTICAL PYROMETER AND DIS- 
TANCE THERMOMETERS. 


THE optical pyrometer and the electric distance 
thermometer which we illustrate in Figs. 1 and 
2, above, were among the exhibits of Messrs. 
Siemens Brothers and Company, Limited, of Woolwich, 
at the exhibition of scientific instruments held in 
connection with the British Association meeting at 
Leeds. The portable pyrometer, shown in Fig. 1, is of 
the disappearing-filament type. The heated object to 
be examined is observed through a telescope, and its 
brightness is compared with that of a standard lamp 
fitted inside the telescope; the filament current is 
varied by means of a milled head controlling a resist- 
ance of circular form, mounted on the telescope. The 
outfit comprises the telescope, complete with two red 
screens for the eye-piece, an absorption screen (to be 
fitted over the objective), for measurements at tem- 
peratures above 1,400 deg. C., two lamps and scales, 
connecting leads, a milliammeter in a special box, a 
carrying case and a 4-volt accumulator in a separate 
box. The shoulder strap for the milliammeter box, 
which also contains the screens, can be seen in the case. 
Each of the two lamps is separately calibrated, direct in 
deg. C., and has it own scale which can be pushed into 
its slot in the milliammeter in a few moments after 
opening the flap at the side of the box. The maxi- 
mum lamp current is 0-6 amp. These pyrometers are 
intended for use at temperatures above 600 deg. C. 

The other figure illustrates one of several simple 
forms of distance thermometers for cold stores, power 
stations, ships and factories. The arrangement con- 
sists of a coil enclosed in a protecting sheath closed 
at one end and fitted with a terminal head at the 
other. For temperatures up to about 100 deg. C., nickel 
wire, silk-covered, varnished and baked, is used, bare 
platinum wire being used for temperatures up to 500 deg. 
The wire is wound on a mica former and is provided 
with a sheath of brass, copper or steel. The terminal 
heads are so arranged that the connections are 
completely enclosed. The leads are joined to a 
Wheatstone bridge, three arms of which are wound 
with wire of a very small temperature coefficient. 
The complete outfit comprises the thermometer, an 
indicator or recorder, a switchboard, the cable and 
dry cells. The tripod form, illustrated in Fig. 2, is 
designed for measuring air temperatures in cold stores. 
The nickel wire is provided with a water-tight brass 
case, which encloses the terminals and is fixed to the 
ceiling or wall by means of the tripod shown. Other 
convenient forms of distance thermometers are of rod 
type, the outer tubular brass case being perforated. 
For refrigerated holds on board ship, a flexible metallic 
connection and a water-tight plug and socket are 
supplied, by means of which the thermometer may be 
fixed in any desired position and actual cargo tem- 
peratures can be measured. When the temperature of 
@ flat surface is to be determined, a small disc of copper, 
attached to the end of a stem, is pressed against the 
surface ; in this case, the flat resistance coil is mounted 
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on the back of the disc. A common feature! of these 
instruments is that they are easily mounted and 
taken down for inspection, and are not affected by 
vibrations. 





THE PARWINAC OIL-BURNING 
APPARATUS. 


Ir may be remembered that, on page 738 of our 
last volume, we dealt in a leading article with the 
use of oil-fuel for domestic-heating purposes, referring 
to some investigations carried out by the United 
States Department of Agriculture. The conclusion 
reached was that while oil fuel offered certain advant- 
ages for heating an average-sized house, on the grounds 
of convenience, comfort and cleanliness, there was 
little torecommendit from the point of view of economy. 
Since that time, claims have been made in our corres- 
pondence columns that a considerable saving can be 
effected in the cost of fuel by using oil firing in place 
of solid fuel for heating installations. Whether these 
claims can be substantiated or not, there are doubtless 
many cases where the use of oil fuel may be preferable 
on account of the advantages previously mentioned, as 
well as from the circumstance that the oil-fired system 
lends itself more readily to thermostatic control and 
can, therefore, be made automatic in action. 

For this reason, it may be of interest to describe the 
apparatus recently introduced into this country by 
Messrs. Parker, Winder and Achurch, Limited, Broad- 
street, Birmingham, and sold by them uhder the trade 
name ‘“ Parwinac.” The apparatus, which is illus- 
trated in Figs. 1 to 5 on page 551, is that for which 
the claims for fuel economy above referred to have 
been made, but, in addition to this feature, the makers 
state that it is practically noiseless in action, can be 
used with any form of central-heating installation, and 
is entirely automatic. The general arrangement of 
the apparatus is shown in the sectional elevations, 
Figs. 1 and 2, on page 551, and Fig. 3 illustrates the 
complete equipment. It should, however, be men- 
tioned that a rectangular sheet-metal cover is provided 
to enclose the working parts, but this cover was re- 
moved -before the photograph from which Fig. 3 has 
been reproduced was taken. 

The equipment, as will be seen from the illustrations, 
comprises a cast-iron base plate mounted on three 
tubular pedestals, the height of which can be arranged 
to suit the particular furnace with which it is to be 
employed. On the base plate is mounted an electric 
motor, that varies in size from ,};-h.p. to }-h.p., accord- 
ing to the capacity of the oil-burner, the motor being 
directly coupled at one end to a rotary oil pump, 
and at the other end to a blower of the Sirocco 
type, from which a sheet-steel tube, 28 in. long 
and 5 in. in diameter, leads to the furnace. A 
light fuel oil, haygng a specific gravity of 28 deg. to 
32 deg. Baumé and a flashpoint of 100 deg. Fahr., or 
over, is used with the apparatus, the oil being stored 
preferably in an underground tank, from which it 
is supplied to the rotary pump, above referred to, 
through a constant-level chamber and strainer shown 
in Fig. 1. The oil flow to the constant-level chamber 
is controlled by a float and the float chamber is pro- 
vided with an overflow pipe, which, if the float should 
fail to operate, leads the oil into a bucket attached to a 
trip valve in the oil-supply pipe, arranged so that the 
weight of the oil collected in the bucket closes the valve 
and shuts off the supply. The oil is drawn from the 
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Fie. 4. Nozzuz AND DEFLECTOR. 


constant level chamber into the rotary pump, through | delivered through a pipe to an atomising nozzle situated 
a control valve which can be adjusted by hand to | at the outlet end of the blower-discharge pipe, as shown 
regulate the supply. Air is also admitted to the pump |in Fig. 2. Surrounding the atomising nozzle is an 
through the port shown in Fig. 1, which also shows | air deflector, the form of which is most clearly shown in 
the pump in section, and the mixture of oil and air is Fig. 4. Its object is, of course, to impart a helical 


Fia. 5. AuvToMATIC STARTER. 


motion to the air as it enters the furnace, and to form 
an intimate mixture with the atomised oil issuing from 
the nozzle. The whole of the air necessary for com- 
bustion is supplied by the blower, no additional air 
being admitted to the furnace. The latter, it may be 
mentioned, is fitted with a substantial firebrick lining 
to protect the metal parts from the intense heat of the 
flame, and also to render the working of the apparatus 
more uniform by acting as a heat reservoir. 

In normal working, the apparatus is controlled by a 
thermostat located at some suitable point in the house, 
the thermostat starting up the motor driving the pump 
and blower when the temperature falls below a pre- 
determined value, and closing it down when the tem- 
perature rises above that value. It is thus inter- 
mittent in action and means must be provided for 
igniting the oil automatically each time the apparatus 
is started up. This can be effected by electrical means 
alone, if necessary, but, if a supply of gas is available, 
a gas pilot jet is employed for the purpose, and is 
actually used in the apparatus illustrated. The ther- 
mostat is connected to the terminals of a relay enclosed 
in the box shown on the right of Fig. 5, and the relay 
closes the circuit of a small auxiliary motor shown in 
that illustration, and also visible in Fig. 3. The 
auxiliary motor operates the starter for the main motor, 
turns on the gas to the pilot jet, and supplies current 
to an induction coil, the spark from which ignites the 
gas, the latter, in turn, igniting the oil. Fig. 5 shows 
the contacts for the main motor and induction coil ; 
the gas valve, which is of the plate type, is enclosed 
in a separate chamber on the outer end of the spindle 
carrying the contacts, so that the operations are all 
performed in the proper sequence. Actually, in 
starting up, the flow of gas is allowed to continue for 
about 20 seconds, during which time a stream of sparks 
is also maintained by the induction coil, both then being 
turned off by the continued movement of the auxiliary 
motor. Ifin this time the oil is not ignited, the arrange- 
ments are such that the main motor is shut down, so 
that there is no possibility of unburned oil being dis- 
charged into the furnace. It should also be mentioned 
that a manually-operated switch is provided to enable 
the main motor to be started up after it has been shut 
down by the thermostat. . 

The safety devices employed differ somewhat, 
according to the nature of the heating installation 
with which the apparatus is employed, but a form of 
thermostat known as a “stackstat”’ is usually fitted 
in the flue to shut down the main motor in the event 
of overheating and another on the boiler to perform 
the same function if the pressure or temperature 
become too high. The apparatus, which is made in 
six sizes to suit requirements, ranging from those of 
a small house to those of a large hotel, can be 
easily fitted to an existing heating installation, and 
there are doubtless many cases in which the resulting 
cleanliness, convenience and saving in labour would 
amply justify its use. The makers, however, as already 
stated, claim for their system a very material reduction 
in the actual cost of fuel. 











PRESENTATION TO Sim Basi ZAHAROFF.—As a token 
of their sincere gratitude and high esteem, the chairman 
and directors of Messrs. Vickers Limited, presented a 
handsome cup to Sir Basil Zaharoff, G.C.B., G.B.E., on 
the eve of his departure for Paris, after his recent visit 
to England. The presentation marks the completion of 
50 years’ connection with the company. 
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THE LATE COLONEL T. H. YABBICOM. 


THE death of Colonel Thomas Henry Yabbicom, 
which occurred on October 17 last, at his residence, 
23, Oakfield-road, Clifton, Bristol, removes a well- 
known figure from Gloucestershire engineering circles. 
For many years City Engineer, and latterly consulting 
engineer to the Corporation of Bristol, Colonel Yabbicom 
was born in the city in which he was to spend all his life 
on December 29, 1841. He was the son of the late 
Mr. Henry Yabbicom, a stoneware manufacturer of 
Bristol, and received his general education in his native 
city, at Dr. Keal’s private school. In 1859, at the age 
of 18, he was articled to Mr. F. Ashmead, then Borough 
Engineer and Surveyor of Bristol. On the completion 
of his articles, in 1862, he received an appointment 
under the Bristol Corporation; this position, it is 
interesting to note, carried with it a salary of 651. 
per annum. Two years later he was appointed 
District Surveyor, and in 1868 he became assistant 
to Mr. Ashmead. He was resident engineer on the main- 
drainage works of the city from 1870 to 1871, and, in 
the following year, designed and supervised the erec- 
tion of Deanery-road bridge and Park-street viaduct. 
During the years which followed he was also respon- 
sible for the design and the carrying out of the works 
in connection with Peel-street, St. Philips, Bedminster, 
Laughton-street, and Totterdown bridges. 

In 1891, Colonel Yabbicom was promoted to the 
position of Deputy City Engineer, and, three years later, 
when Mr. Ashmead retired, he was appointed City 
Engineer. During the early years of his tenure of office 
he was responsible for the design and construction 
of buildings to be used in connection with refuse 
destruction, public lavatories, large corporation stables, 
depots and plant, and isolation hospitals. In 1897, 
upon the death of Mr. Josiah Thomas, Colonel Yabbicom 
succeeded to the position of City Surveyor. From 
this date until 1911, when he retired from active work, 
he was engaged upon the preparation of designs for 
drainage and sewerage works, street-improvement and 
widening schemes, and other operations of a similar 
nature ; he was also responsible for the laying out of 
several public parks. A progressive engineer, he 
did much to encourage the putting down of wood 
paving in all the main thoroughfares of Bristol, to 
improve street lighting, and to introduce reforms in 
matters affecting cleansing operations and sanitation. 
After his retirement, his services were retained in an 
advisory capacity, and he continued to render valuable 
assistance to the authorities of his native city until 
the end of his life. 

Colonel Yabbicom became an associate member 
of the Institution of Civil Engineers on March 4, 
1879, and was elected to full membership on November 
29, 1898. He was a past president and a member of the 
council of the Institution of Municipal and County 
Engineers, which body he joined as a member in 
January, 1895. For many years a member of the 
Bristol Association of Engineers, he occupied the 
presidential chair in 1898. In this same year he was 
received into the membership of the Royal Sanitary 
Institute, and was elected to a fellowship in February, 
1903. Joining the Gloucestershire Volunteer Artillery 
in 1860, as a-gunner, he rose steadily, rank by rank, 
until he occupied the position of Lieutenant-Colonel. 
He was awarded the Volunteer Officers’ Decoration, 

and retired, in 1897, with the rank. of Colonel. 





THE INSTITUTION OF MECHANICAL ENGINEERS.—Prizes 
have been awarded by the council of the Institution of 
Mechanical Engineers for the following papers read before 
the graduates sections during the session 1926-27 :— 
An Investigation into the Cylinder Losses of the Loco- 
motive Engine, by E. L. Diamond ; The Latest Advances 
in Aero Engine Design, by R. M. Hayes; The Screw 
Propeller, by F. C. Johansen; Parcel and Package 
Conveying Machinery, by H. W. Cadman; and The 
Control of Continuous Current Traction Vehicles, by 
R. F, Clarke. The papers by Mr. Diamond and Mr. 
Johansen have also been approved for publication, in 
abstract, in the Institution Proceedings. 


CoRROSION BY O1ts: ADDENDUM.—By the courtesy 
of the Institution of Petroleum T>chnologists we are 
able to make an addition to the report on Mr. Young’s 
paper, which we gave on page 526 cf last week’s issue. 
As we expected, the paper was subjected to various, 
not unduly severe, criticisms. An important fact, 
which Mr. Young had not stated in his paper, only came 
out in his reply to the discussion, viz., that the normal 
sulphur content of the oil had little bearing on the subject, 
but that, so far as internal-combustion engines were 
concerned, the sulphates in those products of com- 
bustion were the chief source of the trouble. Chlorides, 
to which several speakers drew attention, did not do 
much harm. The sulphates came from the _ inter- 
coolers and compressors, and also from the fuel oil. 
It may, perhaps, be said that the subject itself was not 
so new as Mr. Young assumed, but his method of 
presenting his studies was new. The perusal of the 
revised paper and of the full discussion will be of interest 
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PrerRsonAL.—We are informed that Eng.-Rear Admiral 
Scott Hill has joined the staff of Sir J. H. Biles and 
Company, Broadway Chambers, 40, Broadway, S.W.1.— 
Arrangements have been completed by which Messrs. 
Reynolds and Wilson, Abbey House, Victoria-street, 
S.W.1, will represent Messrs. Snow and Company, 
Limited, Stanley-street, Sheffield, in London and the 
south of England.—Messrs. Alfred Herbert, Limited, 
Coventry, have purchased the goodwill, drawings, pat- 
terns and other assets of Messrs. The Hey Engineering 
Company, of Hendon, Middlesex, who have specialised in 
drilling machines, milling machines, multiple drill heads, 
&c. Mr. George Hey has joined the staff of Messrs. Alfred 
Herbert, Limited.—Mr. Robert J. Anderson, consulting 
metallurgist, has removed from 2416-38, Beekman- 
street, Cincinnati, Ohio, U.S.A. His new address is, care 
of the Fairmont Manufacturing Company, Fairmont, 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 

MiIpDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Sales of Cleveland pig-iron 
are slower than they have been, but the reduction in buy- 
ing is expected to be of brief duration, and the restricted 
make continues to be fully absorbed. Stocks have been 
reduced to a low ebb and values are still well maintained. 
The bulk of the output is going into consumption at 
local steelworks and foundries. For home purposes, 
No. 1 grade is 70s.; No. 3 g.m.b., 67s. 6d.; No. 4 
foundry, 66s. 6d.; and No. 4 forge, 66s. Makers’ fixed 
rates for shipment to Scotland and overseas are half-a- 

crown below the foregoing figures. 


Hematite.—East Coast hematite quotations are un- 
steady. It is difficult to ascertain on what terms sub- 
stantial contracts might be arranged, but the position 
appears to be no weaker, despite the increased output. 
Producers ask up to 73s. for Nos. 1, 2 and 3, both for 
home use and for export, but customers state that they 
can place orders at below 72s. 6d, 


Foreign Ore.—Though inactivity still characterises 
the foreign-ore market, sellers adhere firmly to rates on 
the basis of best rubio at 21s. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke pro- 
ducers are less disposed to make price concessions, but 
local users are still unwilling to purchase good average 
descriptions at 18s. delivered, at which unprofitable 
figure parcels are offered. 


Manufactured Iron and Steel.—Most branches of 
finished iron and steel are well employed, but new busi- 
ness is not readily put through. Rivets are down 10s., 
and sheets are a little cheaper. Common iron bars are 
101. 15s.; iron rivets, 111. 5s.; packing (parallel), 81. ; 
packing (tapered), 11/.; steel billets (soft), 71. 2s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel ship plates, 81. 2s. 6d.; steel angles, 
7l. 12s, 6d.; steel joists, 71, 12s. 6d.; heavy steel rails, 
81. 10s.; black sheets (No. 24 gauge), 101. 5s.; and 
galvanised corrugated sheets (No. 24 gauge), 131. 15s. 


Blast-Furnaces in Operation.—Two blast-furnaces have 
been re-kindled at the Ayresome Ironworks of Messrs. 
Gjers, Mills and Company, Limited—one on hematite 
iron and the other on ferro-silicon. There are five 
furnaces at the Ayresome Works, which have been idle 
for several months past. The number of blast-furnaces 
in operation on the North-East Coast is now 41, as com- 
pared with 72 in 1914. 


Cleveland Ironstone Miners’ Wages.—At a conference 
of Cleveland ironstone mine owners and employees’ 
representatives this week, a reduction of 6-3 per cent. 
in miners’ wages was agreed to. The miners are still 
receiving 14 per cent. above what they are strictly 
entitled to under the sliding scale, 





NOTES FROM THE NORTH. 


Guiasaow, Wednesday. 


Scottish Steel Trade.—Nothing of any note has occurred 
during the past week to brighten the outlook in the 
Scottish steel trade. Makers are badly in need of 
specifications to keep their plant running, and in few 
cases is there sufficient work on hand to maintain a 
reasonable output. Fresh orders are exceedingly scarce, 
and buyers are very little in evidence. Inquiries are 
poor, and those recently sent out have not resulted in 
much booking, with the result that the prospects in the 
steel industry are as unfavourable as they have been for 
the past few months. The hoped-for revival in buying, 
with the institution of the rebate system, has not yet 
made its appearance, but producers are aware that the 
general trade of the country is still at a low ebb, and 
until conditions improve generally they cannot anti- 
cipate any material improvement. Prices are unchanged. 
In the black-sheet trade, light and galvanised sorts are 
still the mainstay of the industry, and while order books 
contain quite a fair tonnage of these, the demand for the 
heavier gauges is of the poorest description. The follow- 
ing are the market quotations :—Boiler plates, 10/. 10s. 
per ton; ship plates, 81. 2s. 6d. per ton; sections, 
71, 12s. 6d. per ton ; and sheets, } in., 81. 15s. to 81. 17s. 6d. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—The state of the malleable- 
iron trade of the West of Scotland is as unsatisfactory 
as ever. Fresh orders are very difficult to secure, and 
even those received are of little account, Not only is 
there a poor demand for bar iron, but the steel re-rolling 
departments are exceedingly quiet also. Prices are un- 
changed at 10/. 15s. per ton for Crown bars delivered at 
Glasgow stations, and 10]. 5s. per ton for export. 
Re-rolled steel bars are called 7/. 15s. per ton for home 
delivery, and 7/. 7s. 6d. per ton for export. 


Scottish Pig-Iron Trade.—Little change has taken 

lace in the pig-iron trade of Scotland over the week. 
uyers are specifying for little material, either on home or 
export account, and stocks continue to increase. The 
following are the current market quotations :—Hema- 
tite, 76s. per ton, delivered at the steel works ; foundry 
iron, No. 1, 79s. per ton; and No. 3, 74s. per ton; both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, October 22, amounted to 890 tons. Of that 
total, 851 tons went overseas, and the remaining 39 tons 
went coastwise. For the corresponding week of last 
year the figures were 272 tons overseas, and only 5 tons 
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coastwise, making the total shipment 277 tons. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The position generally shows little 
change. In some of the steelmaking and engineering 
sections, notably those connected with the transport 
services, ‘and ; electrical engineering, orders are more 
numerous and inquiries are fairly widespread. On the 
other hand, some of the longest established steelmaking 
and manipulating sections are running much below 
capacity, and are having considerable difficulty in 
showing a profit on restricted output. The same 
remarks apply to the bulk steel trade, where capacity 
is much in excess of the current demand. Home .trade 
in this class of steel is seriously weakened by Continental 
imports of surpluses, at prices which bear little relation 
to economic cost, and which are only made possible by 
the State assistance given to foreign competitors. Whereas 
Continental steel is being offered at nearly 2/. per ton 
less than the Sheffield product, exports from this district 
to the Continent, in addition to bearing increased local 
taxation, railway rates, &c., averaging about 35s. per 
ton of steel produced, have to bear a tax of about ll. per 
ton before admission to Continental markets. Railway 
steel has slightly improved. Inquiries are reported to 
be in circulation from India, South Africa, Egypt and 
Burma for various classes of railway furnishings. The 
forward movement in ship steel and marine forgings and 
castings is maintained, but further headway has to be 
made before plants are regularly engaged. The Admiralty 
have ordered Britannia metal locally, the War Office, 
alloy-steel bars, the Air Ministry, bombs, the Post Office, 
battery stores and electric cables, and the Crown Agents 
for the Colonies, carriage ironwork and tyres. 


South Yorkshire Coal Trade.—Though house coal 
prices are officially unchanged, collieries are having 
difficulty in securing the advances last reported. For 
the time of the year the demand for best house coal is 
regarded as unusually sluggish, while supplies of secondary 
and inferior sorts are much in excess of requirements, 
In industrial fuels the inland demand is unsatisfactory 
owing to the lack of confidence shown by the big steel- 
makers, resulting from their shortage of forward bookings, 
Export business is a shade better, but only at keenly 
competitive rates. Foundry and furnace coke have 
hardened. Quotations :—Best hand-picked branch, 
20s. to 30s. 6d. ; best house coal, 22s. 6d. to 23s. ; screened 
house coal, 19s. to 20s.; screened house nuts, 16s. to 
17s, 6d.; Yorkshire hards, 14s, 6d, to 16s, 6d.; Derby- 
shire hards, 15s. to 17s.; rough slacks, 9s. to 10s. ; 
nutty slacks, 7s. to 8s.; smalls, 3s. to 4s, 6d. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—South Wales coalowners are con- 
sidering a scheme for the stabilisation of prices on 
remunerative basis, A sub-committee of the commercial 
committee of the South Wales Coalowners’ Association 
was appointed to go into the matter some time ago. The 
sub-committee has completed its labours, and on Monday 
next will submit a scheme, which takes the form of a 
legally drafted document, before the commercial com- 
mittee. The scheme will afterwards be considered by 
the Association. Buyers, though naturally keenly 
interested in the question, are not at all alarmed at the 
possibility of the coalowners fixing a schedule of minimum 
selling prices, as they generally are of the opinion that 
values cannot be artificially regulated, but will be deter- 
mined by the law of supply and demand. Meanwhile, 
business continues to mature very slowly, and the general 
demand is insufficient to absorb available supplies. The 
result is that prices continue irregular on the basis of 
19s. to 20s, for best Admiralty large and 12s, 6d. to 13s. 
for best bunker smalls, with other classes at relative 
figures. Sized coals, however, are relatively scarce and 
steady, with large dry nuts up to 2ls. 6d. Chartering 
has been more active of late, which is an encouraging 
sign, and arrivals of shipping have been on a better scale, 
with the result that a number of collieries are, for the 
time being, more comfortably situated and able to clear 
loaded wagons more regularly. Exports as cargo foreign 
in the past week totalled 455,830 tons of eoal, which was 
73,600 tons more than the quantity shipped a fortnight 
ago, and the highest total since the first week in Sep- 
tember. At Cardiff, exports were raised from 222,310 
tons to 262,360 tons, at Newport, from 73,490 tons to 
75,900 tons, at Port Talbot, from 41,330 tons to 42,160 
tons, and at Llanelly, from 4,770 tons to 7,300 tons, but 
reduced at Swansea, from 77,350 tons to 68,110 tons. 
Shipments to France were raised from 94,600 tons, a 
week ago, to 122,120 tons in the past six days. 


Iron and Steel_—Important developments are pending 
in the Welsh iron and steel trade as a result of the 
progress made in America with the production of tin- 
plates on the continuous rolling system. American 
tinplate makers are being supplied with strips yy in. 
thick against the }-in. bars of Welsh sheet makers, which, 
it is stated, will result in cheapening cost of production by 
about 27. perton. Welsh tinplate makers have appointed 
& committee to go into the question, and it is contem- 
plated that the United States fight for export trade will 
be met by increased combination by Welsh bar and 
tinplate makers and new machinery. The committee 
appointed consists of Mr. Frank Rees, J.P., of the Llanelly 
Steel Company, Limited, chairman of the South Wales 
Siemens-Steel Association; Mr. Frank W. Gilbertson, of 
Messrs, W. Gilbertson, Limited, Pontardawe, tinplate 
and steel manufacturers ; Sir Edgar Jones, of the Welsh 
Plate and Sheet Manufacturers’ Association ; Mr. L. D. 
Williams, chartered accountant ; and Mr. Hugh Ingledew, 





NOTICES OF MEETINGS. 





THE Puysican Socrety.—To-night, at 5 p.m., at the 
Imperial College of Science, Imperial Institute-road, 
South Kensington, 8.W.7. ‘Theory of Liquid Flow 
Through Cones,” by Dr. W. N. Bond. ‘“ The Structure 
of Smoke Particles from a Cadmium Are,” by Mr. H. P. 
Walmsley. A Demonstration of an Improved Mercu 
Vapour Trap will be given by Captain G. I. Finch. 


Tue INSTITUTION OF CHEMICAL ENGINEERS.—To-night, 
at 6.30 p.m., at the Institution of Civil Engineers, 
Great George-street, S.W.1. Lecture, “ Crystallisation,” 
by Sir William Bragg. 


THe InstrituTION oF MECHANICAL ENGINEERS.— 
To-night, at 7 p.m., at Storey’s-gate, St. James’s-park, 
8.W.1. Informal Meeting. Discussion on ‘‘ Engineering 
in the United States of America,” introduced by 
Mr. Loughnan Pendred. Friday, November 4, at 6 p.m, 
Thomas Hawksley Lecture. ‘‘ Application of X-rays 
to the Study of the Crystalline Structure of Materials,” 
by Sir William Bragg. 


THE JUNIOR INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Informal 
Meeting. Technical film illustrating the production 
of cotton goods. Friday, November 4, at 7.30 p.m, 
Extraordinary General Meeting. ‘“ Engineering Sales- 
manship,” by Mr. R. Lowe. 


THe NortH oF ENGLAND INSTITUTE OF MINING ANP 
MECHANICAL ENGINEERS: ASSOCIATES AND STUDENTS’ 
SEcTiIon.—Saturday, October 29, at 3 p.m., at Neville 
Hall, Newcastle-upon-Tyne. ‘‘ Variable-Speed Gears 
and their Application for Colliery Purposes,” by Mr. 
W.S. Armstrong. ‘‘ Feeding and Treatment of Animals 
below Ground, and Stabling,” by Mr. W. S. Rider. 


THE Mrnine InstTITuTE or ScoTLaANpD.—Saturday, 
October 29, at 3 p.m., at the Heriot Watt College, 
Chambers-street, Edinburgh. ‘‘ Experiments concerning 
the Relationship between Ventilating Pressure and 
Air Volumes ‘in Mines, and the Effect of Natural 
Ventilation,” by Professor H. Briggs, Dr. J. M. William- 
son, Mr. J. S. Penman and Mr. H. Hyde. ‘“ Miners’ 


Nystagmus,” by Dr. J. S. Haldane and Dr. T. L. 
Llewellyn. ‘‘An Improved Face Conveyor,’ by Mr. 
A. V. Reis. ‘‘The Transport of Injured Persons 


Underground,” by Mr. D. Davidson. 


THe Hui AssocraTIoN oF ENGINEERS.—Saturday, 
October 29, at 7.15 p.m., at the Technical College, 
Park-street, Hull. Lecture, “‘ Notes on the Develop- 
ment of an Oil Engine,’’ by Mr. W. S. Burn. 


THE BRADFORD ENGINEERING Socirety—Monday, 
October 31, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture, ‘“ Pyrometers 
for Boiler Flues, &c.,”” by Mr. W. Bowen. 


THe InstiTuUTE or TRANSPORT: WESTERN LocaL 
Section.—Tuesday, November. 1, at 5.30 p.m., at the 
University, Bristol. “‘'The Early Use of Petrol Vehicles 
for Army Manceuvres,” by Mr. F. H. Wort. 


Tue InstiruTIon or Crvit ENGINEERS.—Tuesday, 
November 1, at 6 p.m., at Great George-street, S.W.1. 
Opening Meeting. Address by the President, Mr. Ernest 
Frederic Crosbie Trench. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS : NORTH 
MrpLanpD CENTRE.—Tuesday, November 1, at 7 p.m., 
at the Hotel Metropole, Leeds. Inaugural Address by 
Mr. J. E. Storr. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MripLAND StupENTs’ SEcTION.—Tuesday, November 1, 
at 7 p.m., at the University, Edmund-street, Birmingham. 
** Standardisation,’’ by Mr. D. G. Sandeman. 


Tue Instirute or Merats: Nortu-East Coast 
Locat Section.—Tuesday, November 1, at 7.30 p.m., at 
the Armstrong College, Newcastle-upon-Tyne. ‘* Mecha- 
nical Properties of Metals at High Temperatures,” by 
Mr. G. Burns. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: WIRE- 
LESS SECTION.—Wednesday, November 2, at 6 p.m., at 
Savoy-place, Victoria Embankment, W.C.2. Inaugural 
Address by the Chairman, Lieut.-Colonel A. G. Lee. 


THE MANCHESTER METALLURGICAL SocleTy.—Wednes- 
day, November 2, at 7 p.m., at the Engineer’s Club, 
Albert-square, Manchester. ‘‘ The Engineering Aspect 
of the Special Steels,” by Professor F. C. Thompson. 


THE INSTITUTION oF HEATING. AND VENTILATING 
ENGINEERS.—Wednesday, November 2, at 7 p.m., at 
Caxton Hall, Broadway, Westminster, S.W.1. “The 
Production and Modern Applications of Dissolved 
Acetylene,”’ with demonstrations, by Mr. W. C. Freeman. 


Tue Roya Society or Arts.—Wednesday, Novem- 
ber 2, at 8 p.m., at John-street, Adelphi, W.C.2. Inau- 
gural Meeting. ‘The Royal Society of Arts: its 
Services to Trade and Training,’ by Sir Philip Magnus. 


Tue InstTITuUTION oF ELECTRICAL ENGINEERS.— 
Thursday, November 3, at 6 p.m., at Savoy-place, 
Victoria Embankment, W.C.2. ‘‘ Higher Steam Pres- 
sures and their Application to the Steam Turbine,” by 
Mr. A. H. Law and Mr. J. P. Chittenden. 


Tue Institution or Locomotive ENGINEERS 
(Lonpon).—Thursday, November 3, at 6 p.m., at Denison 
House, 296, Vauxhall Bridge-road, S.W.1. ‘“‘ Some 
Notes on Canadian and American Railway Locomotive 
Practice,’’ by Mr. N. A. Shove. 


Tue INSTITUTE OF BritisH FOUNDRYMEN: BIRMING- 
HAM, COVENTRY AND West Miptanps BrancH.— 
Thursday, November 3, at 7.30 p.m., at the Engineers’ 
Club, 13, Waterloo-street, Birmingham, ‘* Aluminium 


Tue InstTrruTion oF MECHANICAL ENGINEERS: 
Gtaseow AnD West oF Scortanp Brancu.—Thursday, 
November 3, at 7.30 p.m., at the Royal Technical > 
Glasgow. ‘‘ Surface Condensing Plant,” by Mr. G. K. 
Nichol. ; 

THe Royat AERONAUTICAL Socrety.—Thursday, 
November 3, at 7.45 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. Joint meeting with the 
Institution of Automobile Engineers. ‘‘ High-Speed 
Compression—Ignition Engine Research,” by Mr. H. B. 
Taylor. 

Tue Institute oF British FOUNDRYMEN: LONDON 
BrancH.—Thursday, November 3, at 8 p.m., at the 
Engineers’ Club, Coventry-street, W.1. ‘* Steel making, 
with Special Reference to the Manufacture of Steel 
Castings,’’ by Mr. J. Deschamps. 


Tae Institution or Locomotive ENGINEERS: 
NortH-EASTERN CENTRE.—Friday, November 4, at 3 
p.m. Inspection of ‘“ Kitson-Still” Locomotive at 
Airedale Foundry, Hunslet, Leeds. At 7 p.m., at the 
Hotel Metropole, Leeds. Chairman’s Address. ‘‘ Evolu- 
tion of the Locomotive,” by Mr. G. A. Musgrave. 


THe INstITuTION oF ELECTRICAL ENGINEERS: 
LonpDon Stupents’ SEction.—Friday, November 4, at 
6.15 p.m., at Savoy-placa, Victoria-embankment. W.C.2. 
‘** From the Grid to the Consumer.’”’ Opening Address by 
Captain J. M. Donaldson. 


Tue INsTITUTE OF TRANSPORT: YORKSHIRE SECTION, 
—Friday, November 4, at 7 p.m., at the Town Hall. 
Leeds. ‘‘ Road and Rail Traction—A Comparison,” by 
Sir John Eaglesome. 


THE INSTITUTION OF MUNICIPAL AND County EN- 
GINEERS: NortH WALES District.—Saturday, Novem- 
ber 5, at 10 a.m., at the Town Hall, Lloyd-street, Llan- 
dudno. Paper by Mr. W. T. Ward. At 2.30 p.m. 
“* Ferro-Concrete,” by Mr. Hodgson. 


Tue Institute oF British FouNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, November 5, at 2.30 p.m. 
Joint Meeting with the West Riding and Lancashire 
Branches. Visits to Works of Messrs. David Brown and 
Sons, Limited, Huddersfield. Lecture. ‘ Metallurgy in 
Gear Manufacture,” by Mr. F. W. Rowe. 








Contracts.—The Westinghouse Brake and Saxby 
Signal Company, Limited, have received an order from 
the Southern Railway Company for power-signalling 
material for London Bridge and Borough Market Junc- 
tion. The contract includes a 311 lever all-electric 
locking frame, a 35 lever locking frame, and 155 electric 
points lay-out. 





THE LUBRICATION OF SURFACES UNDER HicH Loaps 
AND TEMPERATURES: Erratum.—We regret to find 
that in our reprint of a paper bearing the above title, 
read before Section G of the British Association at Leeds 
on September 1 last, by Dr. T. E. Stanton, an incorrect 
reference was given in @ footnote on page 313 ante. 
The footnote, which had reference to the work of Mr. H. A. 
Thomas in measuring the relative displacement of a 
bearing and journal by his electrical-inductance method, 
stated that the work had been described in ENGINEERING, 
1923, vol. cxxxv, page 138, whereas the reference should 
have been to our contemporary, The Engineer, Some 
particulars of Mr. Thomas’ methods will, however, be 
found on page 24 of our issue of July 1 last. 


TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—Tenders are invited by the Argentine National 
Sanitation Works Department for the supply, delivery 
and erection of extensive hydro-electric plant, including 
Pelton-type turbines, three-phase generators, trans- 
formers, switchboard and connections, etc., etc. Tenders 
to be received by January 17; (Ref. No. BX 3921).— 
Five separate calls are reported from the Public Works 
Department, New Zealand, in connection with the Ara- 
puni power scheme :—(1) for the supply of 11,000-volt 
switch-gear and metering equipment for Section 261; 
tenders close January 17; (Ref. No. BX 3918); (2) for 
the supply and delivery, c. and f. Auckland, of two com- 
bined runner and worm blocks, with traversing hand- 
operated gear, Section 269; tenders close December 6. 
(Ref. No, AX 5376); (3) for the supply of 50 kv. 
switchgear and steelwork, Section 260; tenders close 
January 17; (Ref. No. BX 3917); (4) for the supply of 
50 kv. lightning arresters ; Sections 256 and 263 ; (Ref. 
No, BX 3919); tenders close on December 13; (5) for 
the supply of 11,000-volt switch-gear and metering equip- 
ment; Section 254; tenders close on January 24; (Ref. 
No, BX. 3920.—The Municipality of Tulbagh, South 
Africa, is calling for tenders, to be presented by 
December 12, for the supply, delivery and erection of 
an electric-lighting power station, and distribution 
network (Ref No. Bx 3911).—The New Zealand Public 
Works Department is inviting tenders, to reach 
Wellington by December 13, for the supply and delivery, 
c. and f. Auckland, of three 10-ton overhead travelling 
double-girder cranes, Section 257. (Ref. No. AX. 
5378).—His Majesty’s Consul-General at Antwerp has 
forwarded to the Department a copy of Cahier des 
Charges No, 615 respecting an Antwerp municipal 
contract for the construction of three metal hangars. 
Tenders, on stamped paper, and under registered cover, 
much reach the Burgomaster of Antwerp by November 17, 
and a deposit of 135,000 francs must accompany each 








of Messrs, Ingledew and Sons, solicitors. 





Bronze,” by Dr. R. C. Reader. 





offer. (Ref. No. A 5403.) 
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Fig. 31. GENERAL VIEW OF ELEVATOR AND SHIPPING GALLERY. 
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Fig. 32. Grain SHIPPING GALLERIES UNDER CONSTRUCTION. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W 0.2. 
We desire to call the attention of our readers 
the fact that the above is our SO fa ADDRESS, 
and that no connection exists "Sane this 
Journal and any other publications bearing 
somewhat similar titles 


TELEGRAPHIO | “ ENGINEERING, *”” WESTRAND, 
ADDEESS LONDON. 
TrLePHons NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for pe months, payable 
in advance :— 

For the United Kingdom £3 & O 

For Canada— 

Thin paper copies 
Thick paper copies 
For all other places abroad— 
Thin paper copies 
Thick paper copies 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven Sole. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The es are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “« ENGINEERING,” Ltd. 
Cheques should be crossed ‘* The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen-street East. 

EDINBURGH: John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For advertisements, Office de Publications Commerciales 
167, Rue Montmartre, Paris (2e). 

GERMANY: Hermann H. Fromm, Liitzowstrasse 84, Berlin, 
W.35. 
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GLasGow: William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

InpDIA, Calcutta: Thacker, Spink and Company, 
Thacker and Company, Limited. 

IraLy: U. Hoepli, Milan. Anonima Libraria Italiano, Torino, 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

New ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 
lington, Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43 

RoTrERDAM: H. A. Kramar and Son, Limited. 

SoutH AFrica: Central News Agency, Limited. Head Office— 

mi Johannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANIA: Gordon and Gotch Proprietary, Limited, Laun- 
ceston, Hobart. 

UNITED STATES: = ag veer tions, New York: John Wiley 
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THE PROPOSED METROPOLITAN 
TRAFFIC TRUST. 


In concluding their report, advocating the 
establishment of a Metropolitan Traffic Trust, 
the London and Home Counties Traffic Advisory 
Committee state that ‘‘ they feel convinced that no 
substantial improvement in the travelling facilities 
in Greater London can be effected until some such 
scheme as is outlined in this report can be made 
effective.” If this view be correct London is indeed 
to be pitied. No evidence in support of this claim 
is, however, to be found either in the present 
report or its predecessors, and the proposals now 
made promise to do little or nothing to improve 
traffic facilities in the very areas, in which, according 
to the previous reports of the committee, conditions 
are at their very worst. It is conceivable that some 
improvement might result in West End areas from 
the adoption of the plan. The Committee are 
probably rather more familiar with conditions 
here, where, moreover, any scheme for an enhance- 
ment of the amenities of leisured ease is certain of 
influential support, whether it be for the abolition of 
useful and necessary but possibly ungraceful 
bridges, or for speeding the progress through the 
streets of the private car. The previous reports of 
the Committee, however, have shown very conclu- 
sively that the greatest need for an improvement in 
passenger transport facilities is to be found 
elsewhere. Thus, in the case of the East London 
district, the Railway Companies concerned were 
compelled to admit that during rush hours, the 
number of passengers demanding transport was 
in excess of the accommodation they were in a 
position to provide. The Committee reported that 
an electrification of the lines in question would 
multiply two or three-fold their traffic-handling 
capacity, but under existing conditions the capital 
required for this could not be raised. In another 
report they emphasised the pressing need for an 
electrification of the railways in the north-eastern 
area, and the desirability of new railway construction 
here. None of these much needed improvements 
would be forwarded in the least by the formation 





of the proposed trust, from which the main line 
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railways are definitely excluded. site it is 
difficult to see in the Committee’s proposals any 
appreciable alleviation of transportation difficulties 
in the south-eastern area. Possibly the scheme 
might forward the short extension of the Bakerloo 
line beyond its existing terminus, which was noted 
as desirable in a previous report, but it would 
hardly make possible the construction of tubes in 
the area in question, since it appears that the 
geological conditions are very unfavourable so that 
capital costs would be inordinately high. This is, 
no doubt, unfortunate, since the tubes do remove 
traffic from the streets, whilst tramways not merely 
attract fresh traffic thereto, but reduce the traffic 
capacity of these streets by obstructing the thorough- 
fare. 

Since the formation of the proposed trust would 
do little or nothing to improve transportation where 
the improvement is most required, it is evident that 
the proposals of the committee must have originated 
elsewhere than in a single-minded desire to this end. 
It can, in fact, hardly be doubted that the genesis 
of the scheme is to be found in the dislike of the 
General Omnibus Company to outside competition, 
to the poor return reaped by the tubes on the 
capital expenditure by which the public has so greatly 
benefitted, and in the economic failure of the L.C.C. 
trams. Itis perhaps difficult to sympathise with 
either the first or last of the sufferers, but the tubes 
are in a different position. As matters stand at present 
the tramways are heavily subsidised out of the rates. 
In a letter published in The Times last year Mr. 
Robert Donaldsaid thatthe London Municipal Tram- 
ways lost over 550,000/. in the year 1925. Had 
this subsidy been devoted instead to electrifying 
certain main line railways, or to further tube 
construction, not a little would have been done 
towards relieving transportation difficulties in 
Greater London. Being expended on the trams, 
however, traffic is not only unnecessarily kept on the 
streets, but as already noted, the useful area of 
these is very materially diminished. 

Not the least of the objections to the Committee’s 
proposals lies in the fact that they will tend to keep 
this obsolescent method of transport permanently in 
being. No one, of course, would counsel the immedi- 
ate cessation of tram traffic, but those who realise’ 
the superiority of competing methods had hoped for 
a gradual stage-by-stage demolition of the existing 
lines as circumstances warranted. It has, of course, 
been claimed that a tramcar is more capable of 
dealing with peak loads than is the motorbus, but the 
evidence published in a previous report of the 
Committee does not give support to this contention. 
The statistics then given showed that at rush hours 
80 to 85 per cent. of the seating capacity of the 
*buses was utilised, whereas the best figure for any 
tram route was 79 per cent. and on one route it was 
as low as 33 per cent. 

Co-ordination of traffic facilities is a phrase nearly 
as soothing to the ear as was the word Mesopotamia, 
to that of the old lady of pious memory. Had the 
policy covered by the term been in vogue in the 
past, however, the stage coach would still be 
pursuing its leisurely path. 

The scheme advocated in the Committee’s Report* 
involves the setting up of a common fund, and the 
establishment of a common management for the 
whole of the Metropolitan transport undertakings 
with the exception of main-line suburban services. 
The common fund is to be built-up of the balances 
of the gross revenues of the several undertakings 
after meeting their respective revenue liabilities, 
in which are included depreciation renewals and 
all prior charges. The balance would be pooled 
and applied in the first instance to meeting 
the deficiency of any party unable to meet the 
whole of its revenue liabilities. Municipal capital 
invested in the undertakings concerned should, 
it is suggested, be regarded as equivalent to 
the ordinary stock of the other partners in the 
scheme. To facilitate adjustments it is further 
suggested that authority should be obtained for 
extending the period for repayment of Municipal 
loans. For mutual protection it is suggested 





* Report of the London and Home Counties Traffic 
Advisory Committee to the Ministry of Transport, giving 

articulars of a scheme for the co-ordination of Passenger 

ransport Facilities in the London Traffic Area, is 
Majesty’s Stationery Office. 1927. [Price, 4d. net.] 
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that no party to the scheme should be allowed to 
increase its revenue liabilities except by agreement 
with the other constituents of the trust. Failing 
agreement, the matter should be settled by arbitra- 
tion. Similar provisions are made concerning 
depreciations and renewals, and agreements with 
transport agencies outside of the trust. To start 
the scheme it is proposed that 1,000,000/. should 
be borrowed from the banks. 

Dividends from the common fund should, it is 
proposed, be based upon some standard year. If 
any undertaking earns more than in this standard 
year the surplus is to go to help the dividends of 
the less prosperous partners, until, finally, it is 
hoped that all will receive the same return. It is 
further suggested that dividends should be re- 
stricted to a “reasonable” return on the capital 
concerned. This proposal to restrict the rate of 
dividend is open to the objection that it will cer- 
tainly promote waste and check progress. It 
would seem far preferable to adopt the precedent 
of the gas Acts, and to permit of dividends being 
raised in return for corresponding concessions to 
customers. The advantages claimed for the above 
proposals are that it would facilitate exchange of 
traffic, give passengers a greater choice of routes, 
and simplify book-keeping. 

The undertakings are to remain in their present 
ownership, but be under a common management. 
From this it is claimed that considerable economies 
would result. ‘‘ It would be possible to reduce the 
number of higher administrative posts, to con- 
solidate the work of overhaul and repair, and so 
eliminate marginal waste.” Unfortunately, claims of 
this kind have been made too often in the past for 
them to be unreservedly accepted in the present in- 
stance. When the Government took over the tele- 
graph companies, vast promises were made about the 
economies to be effected, but the actual result has 
been that the telegraphs have as a whole been worked 
ataloss, Again, when the Metropolitan Water Board 
was established we were informed that by the aboli- 
tion of eight boards and the reduction of the number 
of the higher administrative posts, vast savings 
would be effected. The actual result was that 
in the course of a very short time the administrative 
expenses were far in excess of what had sufficed 
for the eight companies. As the result of “ abo- 
lishing the higher administrative posts,” the 
engineering department became overworked and 
undermanned, whilst simultaneously there was an 
extraordinary increase in the personnel of the 
statistical and clerical departments. These merely 
record, whilst “‘the ‘higher administrative posts ” 
think and create, and it may well be doubted if 
the problem of passenger transportation in London 
will be simplified by reducing both the quality and 
quantity of thought expended upon it. The very 
fact that competition is to be abolished will tend 
to favour the appointment and promotion of second- 
rate men, steady and industrious it may be, but 
lacking in courage and initiative. 

The public, it is proposed, should have the right 
of appeal from the decisions of the board of manage- 
ment to the Ministry of Transport, which will then 
occupy a somewhat similar position to that of the 
Board of Trade in regard to certain other under- 
takings, 


SMOKE ABATEMENT: AMENDMENT 
OF THE LAW. 


ALTHOUGH there can be little doubt that, generally 
speaking, nuisance from coal smoke is much less 
frequent than it used to be, it was thought necessary 
to pass an Act last year which gives enlarged powers 
to local authorities to deal with the matter in the 
interests of the public health. This measure came 
into force on July 1. A short summary of its 
leading provisions may be of interest at the present 
time. 

The chief statutory provision relating to smoke 
nuisance is the Public Health Act, 1875, Section 91 

. ‘ 
(7) of which provides that any fireplace or furnace 
which does not as far as practicable consume the 
smoke arising from the combustible used therein 
and which is used for working engines by steam 
or in any mill, factory, &c., or in any manufacturing 
process whatsoever, and any chimney (not being 
the chimney of a private dwelling-house) sending 





forth black smoke in such quantity as to be a 
nuisance, are liable to be dealt with summarily. 
A proviso to this sub-section enables an accused 
person to escape a penalty upon showing (a) that 
such fireplace or furnace is constructed in such a 
manner as to consume its smoke as far as practicable 
having regard to the nature of the manufacture, and 
(6) that the fireplace or furnace has been carefully 
tended by the person having charge thereof. This 
proviso, however, has been held not to apply to 
any person allowing black smoke to come from his 
chimney. 

By Section 1 (1) of the new Act, a person may be 
held liable notwithstanding that smoke is not black 
smoke, and the expression smoke is to include “ soot, 
ash, grit, and gritty particles.” It is conceived, 
therefore, that a person using powdered coal as 
fuel might be held liable for depositing silicious 
dust in the surrounding district. Again, the 
expression ‘‘ chimney ”’ is (by Section 3) to include 
any structure or opening of any kind whatsoever 
capable of emitting smoke. But in any proceedings 
for sending forth smoke, other than black smoke, 
in such quantity as to be a nuisance, it is to be a 
defence for the person charged to show that he 
has used the best practicable means for preventing 
the nuisance, having regard to the cost and to local 
conditions and circumstances ; and for this purpose 
“best practicable means” refers not only to the 
provision and efficient maintenance of adequate 
and proper plant for preventing the creation and 
emission of smoke, but also to the manner in which 
such plant is used. It will be observed that the 
owner of the “ chimney of a private dwelling-house ” 
is still left unhampered by statutory restrictions. 

But the private coal consumer was not the only 
person excepted from the operation of the Public 
Health Act, 1875. By Section 334 of that measure, 
certain’ mines and processes, such as the smelting 
of ores and minerals, the calcining, puddling and 
rolling of iron and other metals, and the conversion 
of pig into wrought-iron, were excepted from the 
smoke clauses, so far as they might obstruct or 
interfere with the efficient working of such mines 
or processes. The new Act (by Section 1 (1) (e)) 
extends this list of processes by adding thereto the 
processes of re-heating, annealing, hardening, 
forging, converting and carburising iron and other 
metals, and if the Minister of Health makes a provi- 
sional order to that effect, any other industrial 
process specified in the order. There is a proviso, 
however, which gives the Minister power to exclude 
from the application of that section any of the 
processes mentioned in that section as amended by 
this paragraph, so far as smoke nuisances are 
concerned. It is presumed that this is a power 
which the Minister might exercise if he came to the 
conclusion that, having regard to improved methods 
of manufacture, he was of opinion that it would 
be reasonable to enforce the employment of a 
process which did not necessitate the production 
of excessive smoke. Incidentally, we may notice 
here another example of that modern tendency to 
give Government departments power to modify Acts 
of Parliament. 

Other sections of the new Act equip local autho- 
rities with added powers to enforce obedience to 
the law. Thus, a local authority may, and if so 
required by the Ministry of Health must, make 
by-laws regulating the emission of smoke, and also 
in respect of new buildings other than private 
dwelling-houses, requiring the provision of such 
arrangements for heating and cooking as are calcu- 
lated to prevent or reduce the amount of smoke. 
Again, while the Act of 1875 imposed upon each 
local authority the duty of causing inspection of 
their district from time to time with a view to 
ascertaining what nuisances existed calling for abate- 
ment, the old Act contained no provisions by which 
performance of this duty could be enforced. Now, 
however, if a County Council resolves that a local 
authority has failed in this regard, the Minister of 
Health, after due inquiry, may authorise the County 
Council to undertake the duty, and any expense 
incurred by that body in so doing may be recovered 
as a debt from the defaulting local authority. 

These are the main provisions of the new Act. 
It is well to point out that the measure does not 





in any way affect or modify the common law 


liability of a person who causes a nuisance by smoke. 
Actions for nuisance so caused are, of course, very 
rare, because long use has accustomed persons to 
a certain amount of smoke from their neighbours’ 
chimneys. Although the Act may to a certain 
extent hamper those who are engaged in manufac- 
ture, we do not anticipate that it will be fraught 
with any very serious results. 





THE MINES AND METALLURGICAL 
INDUSTRIES OF CANADA. 


ProBaBLy the lure of mineral riches has been 
a more potent factor in the colonisation and settle- 
ment of new countries than any other circumstance 
of history. Since the dawn of civilisation, man has 
travelled into distant lands in the unceasing quest 
for gold, silver, tin, and more recently for coal, oil, 
and other natural treasures of the earth. Mining 
has thus from time immemorial been the pioneer 
industry. At a period when the inhabitants of 
Great Britain were little more than uncultured 
savages, a superior civilisation, represented by the 
Phoenicians, was attracted to Cornwall by the 
Cassiterite, for which they bartered manufactured 
goods. 

But mining has done far more than serve as an 
incentive in the settlement or development of new 
lands, for not infrequently the prosperity of a 
country may be founded upon its mineral resources. 
It would be no exaggeration to say that this applies 
to Great Britain at the present day. For although 
the tin which attracted the Phoenicians is now 
approaching exhaustion, mineral riches in the form 
of coal have enabled the country to maintain its 
reputation as one of the leading mining countries 
of the world. Although the day when our reserves 
of coal will be exhausted is sufficiently far distant 
not to cause us any immediate misgivings, it is 
nevertheless somewhat of a comfort to think 
that the Empire possesses within its borders large 
reserves not only of coal, but of practically all 
other minerals essential to man’s welfare and to 
the advancement of civilisation. 

The resources of Canada are not yet fully known. 
So vast is the area—as large as Europe—and so 
comparatively sparsely populated, that thorough 
investigation has hitherto only been possible in 
those districts where transportation facilities are 
available. More than half the population is con- 
centrated in the St. Lawrence region, and one-fourth 
is distributed over the southern parts of Manitoba, 
Saskatchewan and Alberta, whereas in those regions 
covered by the Canadian Shield and the Cordillera, 
from which such quantities of mincrals are obtained, 
the total population does not exceed 200,000, and 
railways are confined to a small number of trunk 
lines. 

Yet, during the past twenty-five years the output 
of minerals has assumed such dimensions as to place 
Canada amongst the foremost of the world’s pro- 
ducers. The rapid growth and importance of these 
industries will be realised when it is mentioned that 
the annual production of minerals in 1886 was 
valued at approximately two million pounds sterling, 
whereas, in 1925, statistics show an output worth 
over forty-five million pounds sterling. Canada is, 
therefore, in the fortunate position not only of being 
able to offer the incentive of untold mineral riches 
to her pioneers, but also of founding her prosperity 
for an indefinitely long time to come on the mineral 
industries—irrespective of her well-known resources 
as an agricultural country. 

This year has been marked by the Second (Trien- 
nial) Empire Mining and Metallurgical Congress, 
whose itinerary was arranged to include all the 
more important mining and metallurgical centres 
in the Dominion. An excellent handbook, entitled 
‘Canada ; Geology, Mines and Metallurgical Indus- 
tries,’ by Wyatt Malcolm and A. H. A. Robinson, 
was specially prepared to provide those attending 
the Congress from overseas, with information in 
concise and readily accessible form, concerning the 
centres visited. The work, published by the De- 
partment of Mines, Ottawa, also provides a general 
handbook concerning the development of these 
important industries in the Dominion. 

The most remarkable feature in the geology of 





Canada is the vast area underlain by formations of 
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Precambrian age, which include the oldest known 
rocks, and are the foundation of a part of the North 
American continent which has existed as a land mass 
at intervals throughout all that part of geological 
time recorded in sedimentary formations exposed 
on the face of the earth. 

Almost entirely surrounding the Precambrian 
area is a wide extent of nearly flat-lying sedimentary 
formations of Palzozoic, Mesozoic, and Cenozoic age, 
which form a mantle on a sloping shelf of Pre- 
cambrian rocks and at one time probably extended 
over a great part of the Precambrian area. Seldom 
was there even fairly continuous sedimentation 
throughout the three great geological periods, and 
the succession of strata is mostly broken and 
incomplete. Towards the sea coasts, the flat-lying 
sedimentary series are replaced by extensive 
agglomerations of folded sedimentary and volcanic 
rocks, penetrated by granitic bodies, and forming the 
Appalachian system of mountains on the Atlantic 
coast, and the great Cordillera on the Pacific or west 
coast of the Dominion. Precambrian rocks are 
again brought to the surface in the folding. An 
analogous mountain range in the extreme north 
stretches westward from Greenland into Ellesmere 
Island. 

Mineral riches are prolific in each of the great 
geological regions, but differ both in quantity and 
kind according to the geological region in which they 

occur. On the Eastern side of the Continent, 
in the Appalachian and Acadian regions are 
situated the important coal fields of Nova Scotia 
and in south-eastern Quebec, the asbestos deposits, 
which supply the bulk of the world’s demand for 
this material. In Ontario, there are salt beds and 
petroleum fields. The famous nickel-copper deposits, 
of Sudbury, which are the world’s chief source of 
nickel, are located in the Canadian Shield (underlain 
by rocks of Precambrian age); as also the gold 
mines of Porcupine and Kirkland Lake, and the rich 
silver deposits of Cobalt district. 

The Interior Plains are underlain by coal over 
hundreds of square miles. In the Cordillera region 
are extensive coal-fields, important placer gold- 
fields, large deposits of copper-gold ores and of 
silver-lead-zine ores. Extensive deposits of coal 
are also known to exist in the Arctic Archipelago. 
Many other types of mineral wealth occur in the 
various regions, and a list of all the Canadian mineral 
products would include nearly all those at present in 
demand, except precious stones and the ores of tin 
and aluminium. 

Mineral deposits of great number, variety, and 
extent are to be found in the Precambrian forma- 
tions, and occur usually at or near the contact of 
the intrusives with the intruded rocks. The gold 
deposits of Porcupine and Kirkland Lake are 
included in this category and are associated with 
intrusions of porphyry. The silver deposits of 
Cobalt, South Lorrain and Gowganda are associated 
with diabase sills. Other important deposits are 
those of nickel-copper in the Sudbury district, asso- 
ciated with norite ; the auriferous copper sulphides 
of Western Quebec; the copper-zinc sulphides of 
Flinflon ; and the iron ores and iron pyrites of many 
parts of Ontario. And in the Grenville-Hastings 
area are found deposits of galena, mica, graphite, 
felspar, magnesite, fluorite, kaolin, molybdenite, 
talc, and apatite. 

It is only possible for us here to mention very 
briefly a few of the most important mines. The coal 
mining industry in Nova Scotia and iron mining in 
Quebec are the oldest mining industries of Canada. 
The first printed reference to the existence of the 
former was made in 1672, in a report by M. Denys, 
the Lieut. Governor-General at that time for the 
King of France. Systematic mining was first 
attempted in 1720, but no considerable quantity 
was mined until about 1820. Coal mining deve- 
loped with considerable rapidity from about the 
middle of the nineteenth century. In 1880 the out- 
put had reached 1,177,669 tons, and it steadily 
increased to 6,431,142 tons in 1910. The normal 
production in recent years has remained at about 
6,000,000 tons. Nova Scotia and New Brunswick 
are the only provinces in which coal seams of the 
carboniferous system occur, and these formations 

consist mainly of conglomerates, shales, and 
sandstones of continental deposition. The sedi- 





i 


t 


r 


t 
a 


5 


S 
P. 








though chain cutters are now being employed to 
some extent. 


their entire output from submarine workings lying 
200 to 1,500 ft. below the sea bed. 


owned by the same company as the Sydney 
coalfield. The ore reserves are contained in three 
beds, 6 ft., 8 ft. and 16 ft. in thickness, respectively. 
The ore averages about 90 million tons to the 
square mile, and it is estimated that the Wabana 
trough, contains at least 4,000 million tons of 
recoverable ore. Up till the present about 20 million 
tons have been mined. 


sing the most important asbestos mines in the world, 
but, in addition to these, there are new copper-gold 
fields in the Rouyn district, and the only producing 
zine mine in Eastern Canada—the Tetreault Mine 


tiferous lead. 


province in Canada, and is specially remarkable for 
the Porcupine and Kirkland Lake gold fields, Cobalt, 
with its silver mines and their by-product metals, 
cobalt, nickel, arsenic, bismuth and antimony, and 


panying output of copper and platinum-group 
metals. 
worked. 


America of talc, feldspar, mica, and graphite are 
being mined in south-eastern Ontario. 


th 


largely of agricultural land, divided into farms, and 
is well settled. Nickel was first reported from the 


magnetic needle, and was found carrying some nickel 
an 
is now the Creighton mine. Little notice was taken of 
the matter, however, since, at that time, nickel was 
of small commercial importance. 
1883, when the Canadian Pacific Railway was being 
built through the district and chalcopyrite was ex- 


ments of Mississippian Age are partly of marine 
origin, and carry numerous and extensive deposits 
of salt and gypsum. Gypsum is the most valuable 
mineral product after coal in the two provinces ; 
most of it is exported in the crude state to the 
United States. Salt, gold and barytes are also 
produced in Nova Scotia, whilst in New Brunswick, 
petroleum, natural gas and some antimony are 
obtained, although only on a small scale. 

Sydney, Cape Breton, thanks to its favourable 
situation, with large coal fields separated only by 
400 miles of deep water from the immense iron ore 
deposits of Wabana, Newfoundland, has become 
the centre of an important coal and iron industry, 
the ramifications of which extend into a number 
of other related industrial fields covering a con- 
siderable area of eastern Canada. This is controlled 
virtually by the British Empire Steel Corporation, 
which was formed in 1921 by the amalgamation of 
the Dominion Steel Corporation and the Nova 
Scotia Steel and Coal Company. This concern 
employs about 25,000 men, and is the largest 
industrial organisation of its kind in Canada, 
supplying, as it does, from its own resources all 
requirements for its own operations. The Sydney 
coal field, on which the iron and steel works at 
Sydney and the Sydney mines depend, is the most 
valuable and extensive in the Province. About 
130 million tons of coal have already been extracted 
from this field, and workable reserves are estimated 
at 2,500 million tons. Hitherto most of the coal 
has been obtained from the three thickest of the 
upper seams, which are 4 ft. 7 in., 5 ft. 10 in. and 
7 ft. 6 in. in thickness, respectively. There are, 
however, at least nine known seams in the Glace Bay 
basin that are 3 ft. thick and over. Both room and 
pillar and long-wall methods are used, the latter 
having been introduced comparatively recently. 
Radial machines are used mostly for cutting coal, 


Nine of the fifteen collieries of the 
British Empire Steel Corporation at Sydney draw 


The Wabana iron ore field in Newfoundland is 


The Province of Quebec is remarkable for posses- 


n Portneuf district, which also produces argen- 


Ontario is the most important mineral-producing 


he great Sudbury nickel mines, with their accom- 
At Galetta, near Ottawa, Galena is also 


As regards non-metallic minerals, what are 
eputed to be the largest single deposits known in 


Besides 
hese, actinolite, fluorspar, garnet, gypsum, pyrite 
nd quartz are also worked at various localities in 


e province. 
The whole nickel district includes an area of 
50 square miles; its central valley consists 


udbury region in 1856, when magnetic pyrites— 
yrrhotite—caused disturbance to a land surveyor’s 


d copper disseminated in the rock near to which 


It was not until 


posed in a cutting, that serious attention was given 
to the mineral possibilities of the region. In the fol- 
lowing year, prospecting was in full swing, and in 
1886 the first attempt at mining was made at Copper 
Cliff by the Canadian Copper Company, which after- 
wards became the International Nickel Company. 
When nickel mining in Canada commenced, the 
world’s consumption of that metal was only about 
1,000 tons per annum, and no processes were then 
known for separating it from copper or for extract- 
ing it from ores such as those of Sudbury. These 
difficulties were finally overcome, and the industry 
has grown to be one of the big metal industries of 
the world. The International Nickel Company and 
the Mond Nickel Company now supply nearly 90 per 
cent. of the world’s nickel, and their combined 
maximum annual output (1918) was 46,000 tons, or 46 
times as much as the whole world’s production when 
the Sudbury mines were discovered. A conserva- 
tive estimate of reserves of proved ore made by 
the Royal Ontario Nickel Commission in 1916 
placed the figure at 70 million tons. But since then 
diamond drilling has proved the existence of a very 
much larger tonnage. 

Porcupine is the most productive gold field of 
Canada, and the largest of its mines, the Hollinger, 
ranks with the great gold mines of the world, both 
in quantity of gold produced and in tonnage of ore 
treated. It was indirectly as a result of the silver 
discoveries made at Cobalt, about five years before, 
that gold was discovered at Porcupine. The 
vast number of prospectors attracted to northern 
Ontario by the wonderful discoveries at Cobalt, 
spread northwest as the older field became more 
thoroughly explored, and in the course of their 
advance a number of finds were made, of which 
Porcupine has proved to be the most important. 
In 16 years (to 1925), Porcupine has produced over 
160 million dollars’ worth of gold, and paid nearly 
45 million dollars in dividends. The Hollinger mine 
is being equipped to mine and mill 8,000 tons of ore 
per day. 

The province of British Columbia is the chief 
source in the Dominion of lead, zinc, and copper, 
and now leads in the production of silver. The 
Sullivan mine, which is now one of the largest lead 
mines in the world, supplies most of the lead and 
zinc, and is also the largest silver producer. Gold 
is mined in both placer and lode deposits. The 
chief non-metallic mineral product is coal, of which 
2? million tons were produced in British Columbia 
in 1925. 

The coal fields of Alberta and British Columbia 
are the most extensive in the Dominion, and coal 
mining is one of the most important industries of 
Western Canada. The total production of bitu- 
minous coals and lignite for the provinces of 
Saskatchewan, Alberta, British Columbia, and 
Yukon for 1925 was over 9 million tons. The coal- 
bearing formations in these regions are of cretaceous 
and tertiary age; no seams are known to occur in 
‘the sedimentary formations of carboniferous age. 





A YEAR’S SHIPBUILDING. 


As was predicted in the annual report of Lloyd’s 
Register of Shipping, which dealt with the Society’s 
operations for the year 1925-26, the effects of 
the disastrous coal dispute were felt most severely 
in the shipbuilding industry in the following twelve 
months just elapsed, the report for which has now 
been issued. During 1926-27, the number and ton- 
nage of ships, to which the Society’s classification was 
assigned, fell off considerably, and amounted 
to 323 vessels, with an aggregate gross tonnage 
of 978,146, as compared with the tonnage of 
1,330,507 classified in the previous year. It is 
satisfactory to note, however, that while the 
tonnage of vessels completed is so low, a substantial 
increase is shown in the new tonnage ordered, 
and now in course of construction, It appears 
that during 1926-27, plans were passed by 


the committee for 490 vessels, making 1,831,920 
gross tons in all. ‘These figures are not only 
considerably higher than those for the previous 
year, but are, in fact, the highest recorded since 
1920. About two-thirds of the new tonnage are 
to be built in this country, and the remainder 
abroad, 
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Of the vessels completed during the year and 
classified by the Society, 13, including two motor- 
ships, were of over 10,000 gross tons each. The 
largest ship was the S.S. Roma, of 32,583 tons, 
for the Navigazione Generale Italiana, while 
five steamers of about 12,800 tons, and four of 
about 10,600 tons, were completed for the Blue 
Star Line (1920), Limited. The two motorships 
referred to were the M.S. Gulfpride, 12,510 tons, 
for the Gulf Refining Company, Incorporated, and 
the M.S. Shropshire, 10,560 tons, for the Bibby 
Steam Ship Company, Limited ; the other steamer, 
which completes the list of vessels exceeding 10,000 
gross tons, was the S.S. Llandaff Castle, 10,786 
tons, for the Union-Castle Mail Steamship Company, 
Limited. The Isherwood system of longitudinal 
framing was used in the construction of 20 
new vessels, with a total tonnage of 121,168, 
most of which are intended for the transport of 
oil in bulk, and the combined longitudinal and 
transverse system of framing was used in the 
case of 18 vessels, having an aggregate tonnage 
of 84,894. It is interesting to note that there 
has been an increased demand during the year 
for oil tankers to be constructed on the “ bracketless 
system,” which is a modification of the well-known 
Isherwood system, and was described on page 614 
of our 12Ist volume. The report states that 
five tankers, one of which is of over 12,000 gross 
tons, have been completed on this system to the 
Society’s classification, and have so far proved to be 
satisfactory. At the present time, 24 other vessels, 
with an aggregate gross tonnage of about 200,000, 
are being built on the same lines. Excluding ships 
of less than 1,000 tons, 30 vessels, aggregating 
173,227 gross tons and intended for carrying oil 
in bulk, have been classed by the Society during 
the period under review, the tonnage figure 
representing 17-7 per cent. of the total. Among 
other types of vessels classed may be mentioned 
the steel four-masted barque Padua of 3,064 tons. 
This is the largest sailing vessel built since the 
war, 

With regard to the propelling machinery employed 
on the new vessels classed, it appears that 15 
ships, of 168,557 gross tons, have been fitted with 
steam turbines, two with double-reduction and the 
remainder with single-reduction gearing. The 
increasing importance of the oil engine for marine 
propulsion is, however, strikingly illustrated by 
the fact that 92 of the vessels, having a total 
gross tonnage of 392,939, have been fitted with 
machinery of this type. Of this number, 46 
vessels exceed 5,000 gross tons each and 12, 
including the Gulfpride and Shropshire, already 
mentioned, are of over 8,000 tons. Double-acting 
Diesel engines have been fitted in the twin-screw 
motorships Accra and Apapa of 9,337 tons and 
9,333 tons, respectively, the engines developing 
a total of 9,000 ich.p. in each ship. In addition, 
29 sets of double-acting Diesel engines, of about 
175,200 ih.p. in the aggregate, are now being 
built under the superintendence of Lloyd’s Register, 
including four sets, developing 31,000 i.h.p. together, 
for the quadruple-screw M.S. Augustus and two sets 
each for the M.S. Saturnia and Vulcania, developing 
24,000 i.h.p. in each ship. We notice, from an 
interesting table, included in the report, that of 
the new tonnage classed in 1926-27 only 30-8 per 
cent. is entirely dependent upon the use of coal 
as fuel, this proportion being lower than ever 
previously recorded. The remaining 69-2 per cent. 
employs oil as fuel, either in internal-combustion 
engines or for boiler firing. It should perhaps 
be explained that the figures for oil-burning 
steamers include all vessels equipped for this 
purpose, although several of them are capable 
of employing coal for fuel, if economic or other 
considerations render it desirable. It is interesting 
to mention, in passing, that the current proportions 
of oil-burning and coal-burning tonnage are 
practically reversed, in comparison with those for 
the year 1918-19, when, of the 3,760,806 tons classed, 
2,491,213 tons, or 66-2 per cent., were coal-burning 
and 1,269,593 tons, or 33-8 per cent., oil-burning. 
In that year, however, the tonnage of motorships 
only amounted to 75,934. 

To improve the efficiency of steam-propelling 
machinery, there is, as is well known, a distinct 





tendency to employ increased pressures. This 
has given rise to a demand for an increase in the 
tensile strength of steel plates for the shells of 
cylindrical boilers. The committee of the Society 
have consequently approved certain special-quality 
steel plates, having a higher tensile strength than 
that usually employed for marine boilers, as well 
as a higher limit of proportionality. They have 
also had under consideration the manufacture of 
forged seamless-steel drums for high-pressure 
water-tube boilers. Other branches of the Society’s 
work include the inspection of marine refrigerating 
machinery and insulation, as well as of cold stores 
on land, and this work has shown a material 
increase during the year. Cables and anchors, and 
steel for shipbuilding and boiler construction, are 
also tested by Lloyd’s Register, the total quantity 
dealt with in the year under review amounting 
to 871,381 tons, of which 52,877 tons were for 
boiler work. The total, it may be mentioned, is 
higher than for any year since 1920-21, in which 
period the tonnage of steel tested was 1,451,311. 

In conclusion, we may mention, as an indication 
of the magnitude of the activities of the Society, 
that, at the end of June last, the merchant vessels 
afloat classed by Lloyd’s Register had an aggregate 
gross tonnage of 29,528,629, which is the highest 
figure so far reached. In addition, 409 vessels, 
making 2,016,897 tons, were under construction 
to same classification, and of this tonnage 
1,287,913 tons were being built in Great Britain 
and Ireland. The last-mentioned figure constituted 
nearly 93 per cent. of the total tonnage under 
construction in this country. 
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epics, 
Chemical Engineering Economics. By CHAPLIN TYLER. 

London: McGraw-Hill Publishing Company, Limited, 

6 and 8, Bouverie-street, E.C. 4. [Price 17s. 6d. net.] 
Some technical colleges now offer lecture courses 
on the economy of industrial undertakings. Sum- 
ming up the results of his investigation of engineering 
education Mr. W. E. Wickenden, whom Mr. Tyler 
quotes in his preface, recently pleaded for the 
creation of a better balance between the technical 
and economical bias of the curricula. That would be 
desirable. The question is whether the task should 
be imposed on the colleges. How is the student 
of chemical engineering to find time for the serious 
consideration of those complex problems, when his 
general edueation (the need of which is now fortu- 
nately recognised), the fundamental grounding in 
mathematics and physics, the general problems of 
materials and power, and the special studies of his 
own branch, not to mention languages and the 
initiation into business methods make almost 
impossible demands. And where to find the com- 
petent teachers? Successful business men are 
not attracted by such appointments. The econo- 
mic part of the training would perhaps better be 
left to the period when the young man has made 
a start in a special branch, which will not always 
be that of his own selection, and when he can con- 
centrate upon economic aspects, as his horizon 
expands and his experience matures. 

Mr. Tyler does not discuss these questions. As 
he wishes to help the advanced student to bridge 
the abrupt gap that usually separates class-room 
instruction from industrial practice, he would 
probably recommend books rather than lectures 
as aid to economic study. His volume is also 
planned for the many non-technical executives 
who hold responsible positions in the chemical engi- 
neering industries ; he wants technical men for the 
administration. Acknowledging the assistance of 
his colleagues on the staff of the journal, Chemical 
and Metallurgical Engineering, of New York, and 
of other experts, he opens his volume with a statis- 
tical analysis of the chemical engineering industries, 
the productions of which he classifies as chemicals, 
ceramics, fuels and fuel derivatives, metals, and 
colloidal and refined natural products. This 
analysis is restricted to the industries of the United 
States, and the references at the ends of his chapters 
are likewise practically limited to American books 
and to papers, published in the columns of his own 
journal. Development of projects, plant location 





and lay-out and design are the headings of the 
next group of chapters. The last chapters are 
devoted to cost accounting, unit-operation, costs 
management, utilisation of fuel and energy, and 
operation and control. One of the points he 
stresses, in dealing with the development of pro- 
jects, is an early careful inquiry into patent 
and trade mark protection; a patent application 
should not as a rule be filed before a semi-com- 
mercial plant has been designed or erected. The 
ground covered in the 271 pages is too vast for 
brief general comment. Much of the matter is 
sound. But we can only wonder how statements 
like the following—taken from a paper of 1926— 
found a place in the book :—‘“‘ A new process for 
producing the substance known as fused quartz 
glass, which has the peculiar capability of passing 
unchanged the ultra-violet ray (sic /), the invisible 
element at the end of the solar spectrum.” 





The New Leadership in Industry. By Sam A. LEWIsoHN. 

London: Sir Isaac Pitman and Son. [7s. 6d. net.] 
Tue purpose of this book is not to give ‘“‘ an exhaus- 
tive or even a symmetrical discussion of any one 
phase of the subject,” but to suggest, what the 
author describes as, “‘some new points of emphasis 
in the labour problem.” The questions, with which 
it deals, are considered from many aspects, and at 
times the treatment wanders into matters as remote 
from practical industry as psycho-analysis and 
the inferiority complex and persecution mania of 
workers. Mr. Lewisohn’s intention is, however, 
essentially practical, and his thesis is plain and defi- 
nite. The ultimate purpose of industrial leadership 
is to increase material well-being. Taking a recent 
year at random, he finds that over 70 per cent. of the 
products of mines, factories and land transportation 
went in wages to non-salaried employees without 
yielding them a really satisfactory living. On even 
the impossible supposition that the whole of the 
remainder could be added to wages, without 
diminishing the extent of production, there would 
still not be enough to give the workers a really 
comfortable living according to present American 
standards. From the point of view of wage earners, 
therefore, no less than of the other parties to industry, 
the problem of industrial leadership is to organise 
its forces so as to get the largest production from 
the available energy. 

In a series of interesting chapters the author 
discusses the prepossessions that must be removed 
before such an organisation is possible, and the 
influences that must be introduced, in order to give 
it the prospect of success. From whatever point of 
view the subject is regarded, it is indispensable, in 
his judgment, that it should be considered rationally, 
and that measures should not be framed at the 
dictation either of emotion or of politics. The 
obsession that industrial unrest is due to the 
peculiar defects of capitalism must be dismissed, 
partly because the same defects have appeared in 
the operations of non-capitalist enterprises, such 
as trade-unions, co-operative societies, mines and 
the public services, and partly because non-capitalist 
working, if ever it became possible, would be 
absolutely impracticable for many decades to 
come. The solution of the problem is therefore a 
matter for the capitalists, who control industry, 
and they will not find it, until they make a 
better use than is customary at present of the 
managerial and directive elements of their staff; 
and probably also until they secure more general 
co-operation from the rank and file, with the help 
of works’ or shops’ committees or perhaps also the 
collaboration of trade unions. 

In respect to the directing staff Mr. Lewisohn’s 
conviction is curiously like that which in this country 
was expressed recently with much emphasis by 
Mr. Legros. Under existing conditions a large and 
increasing part of the industrial leadership of the 
country must come from engineer-managers in 
succession to owner-managers. Already it is 
estimated that in the United States 75 per cent. of 
the graduates of engineering colleges subsequently 
occupied managerial positions in industry, and this 
tendency is likely to increase as methods of large 
scale production with their more elaborate tech- 
nique become more general. The graduates, 
however, who are being supplied for this important 
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work have had no training in the management of 
men or even in modern methods of organisation. 
Thus, while engineers are becoming increasingly 
numerous as industrial “executives”? and the 
overwhelmingly important management of labour 
relations is largely in their hands, engineer- 
executives are not fitted by their training to handle 
these matters properly. This, in brief, is Mr. 
Lewisohn’s position in respect to the education of 
managers, which it will be seen is substantially the 
same as that of Mr. Legros. The remedy that he 
proposes, however, seems to be to enlarge the curricu- 
lum of technical colleges by including courses on the 
theory and practise of management and such like 
subjects ; and even those who are at one with him, 
in recognising that engineers must be prepared in 
the future to take a greater part in management than 
they have done in the past, may have grave doubts 
whether what is needful can be taught wholly in 
classes, except in the very rare cases when he has 
this knowledge by intuition, the college-trained 
graduate, who is put into a directive position ina 
works without first having learnt by experience how 
workmen look at things, is usually a_pestilent 
nuisance, of the same order as the scientific theorist 
who sets out to reform the practice of a works 
without having had works’ experience. In most 
instances, indeed, he is worse, for whereas under 
appropriate arrangements a technical college can 
give some training at least in works discipline, it 
may be questioned whether any efficient training in 
the habits of men can be obtained otherwise than 
by working with them. Among the measures Mr. 
Lewisohn recommends for improving the co-opera- 
tion between employers and men he lays most stress 
on those within the individual works or shop. A 
large part of the book is given up to the discussion 
of such measures and of those that extend to the 
entire industry. These are illustrated by a consider- 
able amount of interesting and well-informed detail. 
As a general comment it may perhaps be said that 
the author does not seem to realise the full import- 
ance of simplicity in the administrative mechanism 
he recommends, nor the cost and danger of compli- 
cations. From his book he does not appear to be 
himself an engineer, but that he is an able man of 
business may be inferred not only from the tone of 
what he writes, but from the fact that he is vice- 
president of an important copper mining company 
and chairman of the board of the American Manage- 
ment Association. The latter body, which with its 
predecessors has been in existence for over ten 
years, is in effect a clearing house for information on 
the subject of management, and it is noted that 
American companies are much more willing than 
British or European to make their experience 
mutually accessible. Mr. Lewisohn has, moreover, 
evidently had a variety of experience in organisation, 
extending to the often very practical methods of 
philanthropic institutions. The book is a good 
sample of the better class of American writings on the 
subject, and in this country should be found useful 
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Tus book is written upon a subject, which is 
certainly unusual, and its treatment will, we believe, 
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Agenda Métallurgie for engineers, forge-masters, 
managers and foremen of metallurgical plants and 
foundries. The Metallurgist’s Manual devotes over 
one-third of its pages to methods of assay and 
chemical analysis, and almost one-third to metallo- 
graphy and tables. Hiitte, aiming at a succinct 
presentation of the fundamental laws and practical 
experience of iron and steel metallurgy, devotes 
just under one-third of its pages to scientific 
foundations and tables, one-fifth each to fuel, &c., 
iron and steel manufacture and founding, and 
further treatment, and the remainder to the mecha- 
nical aspects of iron and steel works and their 
equipment. These allocations of subject matter, 
roughly correspond with the strength of the academi- 
cally trained staffs in the works of the two countries. 
Metallurgical chemists are usually graduates in 
this country, whereas the steel-works engineers in 
Germany are almost invariably men holding degrees. 

Turning to the Manual itself, the first two sections 
are excellent. A description of the bomb calori- 
meter might, perhaps, have been included in the 
section on fuels. The section on smelting will 
doubtless be extended to include the essential data 
on steel furnaces, both open-hearth and electric, 
gas producers, and further matter on the iron blast- 
furnace. The practical side of pyrometry is well 
treated. The section on metallography could be 
made far more valuable by the addition of series of 
equilibrium diagrams, if lack of space prevents a 
more extensive treatment of alloys: The technical 
data on the iron-carbon diagram form a happy and 
valuable feature of the book. Somewhat insuffi- 
cient space appears to have been devoted to indus- 
trial steels, irons, and alloys. For example, no 
reference is made to the low chromium steels, yet 
in the table of typical analyses chrome-steel balls 
with 1-2 per cent. chromium can be noted. Space 
should be given to constructional and tool steels, 
even if it only were some tabulated statement as 
to analysis, treatment, mechanical properties, and 
typical uses. A section on the mechanical properties 
of metals and alloys would form a valuable addition. 
The authors are, however, to be thoroughly 
congratulated on having made a good start, and 
have produced a manual, which promises to be of 
definite service. Its value will be considerably 
increased if what we feel to be a few really essential 
additions, such as we have noted above, are made. 
Professor Thomas Turner has contributed a gracious 
foreword to the volume. 
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der Elektrizitat. By  Pkor. 
[Price 


SreFran JELLINEK. Leipzig: Franz Deuticke. 


12 marks. ] 


be entirely new to the electrical engineers of this 
Briefly, it deals with the alterations, 
which electricity causes in, and the traces which 
As 


and suggestive. 





By T. G. Bamrorp, M.Sc., 
and Harotp Harris, M.Sc., F.C.S. ; with a Foreword 
by Proressor THomas TuRNER, M.Sc., A.R.S.M., 
Chapman and Hall, 


The Metallurgist’s Manual. 


[Price 15s. net.] 
Aw English manual for metallurgists has long been 
needed. Excellent examples, such as Hiitte, Taschen- 
buch fiir Eisenhiittenleute, for iron and steel metal- 
lurgists, and the Metalltechnischer Kalender Tasch- 
enbuch fir Stoffkunde, and almost one-half of Hiitte, 


for non-ferrous metallurgists, exist in German, and 
the less pretentious Agenda—Dunod-Meétallurgie, 
in French. The present volume is_ therefore 
welcome, as we have had nothing hitherto to 
correspond with these foreign works. Doubtless in 
future editions it will be amended‘and expanded to 
meet more fully the requirements of its readers. 

It is of interest to compare the tables of 
contents of these various books and to note the 
types of readers to whom they are intended respec- 
tively to appeal. An insight into the education 
and outlook of the metallurgists in the three coun- 
tries is thus obtained. The English book is for the 
use of students and engineers, and is intended to 
refresh the memory of skilled men. AHiitte is 


shown by a case cited by Dr. Jellinek; where a 
young woman, who had been killed by coming into 
accidental contact with a faulty electric lamp, was 
suspected, from other circumstantial evidence, to 
have been the victim of a serious crime. 
cion was, however, fortunately removed by the dis- 
covery on one finger of a “current mark,” which 
clearly showed how death had actually occurred. 
In the same way, charges of arson against innocent 
persons have been prevented by the discovery, after 
some difficulty, of the path of a lightning discharge 
near a destroyed rick. 


no means easy. 


the author correctly points out in his preface, there 
are plenty of data available on this subject, but their 
systematic investigation has hitherto been lacking. 
While from the purely scientific point of view this 
argues a not easily explicable neglect, from the point 
of view of jurisprudence it is of even greater impor- 
tance. The omission is also the more surprising in 
that the medical profession are by now well 
acquainted with the pathological effects of elec- 
tricity, whether it be in the form of lightning or of 
the comparatively large currents at high pressures 
to which we are accustomed on power networks. 
That this ignorance may lead to gross injustice is 





This suspi- 


The collection of such evidence is, however, by 
Traces of the current path must be 


The R.I.B.A. Fourth and Fifth 


or near where fires or explosions have obviously 
occurred, but, as Dr. Jellinek shows, in altogether un- 
expected places, and on objects which at first sight 
appear to have suffered no damage. To discover 
and recognise these traces requires considerable 
practice, and experience has shown that attention 
must be directed to purely mechanical or dynamical 
indications, and that of these the larger results, 
such as the severance of a branch of a tree, are not 
always so important as small changes which can 
only be found by microscopical examination. 
Many of the purely mechanical results are, however, 
caused by other forms of energy, such as the 
compression forces of air pressure, and too much 
attention to them may lead to error. 

Dr. Jellinek has, therefore, collected a series of 

photographs of the lesions caused to human beings 
and the damage effected on material objects by 
lightning and other electrical phenomena, so as to 
give the medical man and the engineer who may 
be called upon to deal with such cases some founda- 
tion for the deductions which they may be called 
upon tomake. All of these are interesting, especially 
those which indicate the depth and severity of the 
wounds that may be caused by coming in contact 
with a high-tension conductor, and those which 
show the way in which the range of shis damage 
may be mysteriously limited by clothing or more 
extraneous articles. When contact does not actually 
occur, but the safe limit of approach to such 
conductors is over-stepped, the resulting phenomena 
are more analogous to those which follow a lightning 
stroke, and of these many examples are also given. 
The examples shown are divided into “‘ common 
electric traces,’ which include those, such as burns, 
in which the thermal or chemical effects of electricity 
are predominant. Attention is called to an unusual 
series of lesions, where the skin of the scalp was 
severely burned, though the hair covering it was 
undamaged. The “special traces” include those, 
on the other hand, which exhibit a pure morpho- 
logical element and where the electrical effect is 
entirely mechanical or dynamical. Traces of this 
kind are to be found on all sorts of both organic 
and inorganic material, and on both combustible 
and incombustible bodies. For instance, lightning 
may give rise to a rash or high-tension current to 
wounds on the finger, such as might have been 
produced by a knife. Some very informative 
photographs of similar damage which has been 
caused to clothing are also given, and the same 
adjective applies to the effects on electrical equip- 
ment itself, which are illustrated. Though most of 
these illustrations are from the original, there are, in 
addition, a number of reproductions of water-colour 
sketches on which Professor W. Dietz is to be 
congratulated. 
The immediate use of the researches to the 
electrical engineer is not very clear. They may 
stimulate him to increase the efforts he is already 
making to render his equipment as safe as possible, 
and they may, on occasion, reveal reasons for break- 
down for which he might not otherwise be able to 
discover a cause. Apart from that, however, the 
book forms a contribution to physiological science, 
which will be of considerable value. 





Tue Royat Institute or British ArcHITEcTs.—The 
Board of Architectural Education of the Royal Institute 
of British Architects announce the following awards of 
R.I.B.A. maintenance scholarships in architecture :— 
Year Maintenance 
Scholarship to Mr. C. J. Bartlett, of the School of Archi- 


tecture, Technical College, Cardiff; and the A.G.B.TI. 
Maintenance Scholarship to Mr. J. F. D. Wylson, of 
Whitstable, Kent. 


RoyYAL SCHOLARSHIPS AND FREE STUDENTSHIPS, 1927. 


—The awards made 4s a result of the competition for 
Royal Scholarships and Free Studentships, held in 
Board of Education. 
engineering group, and Royal Scholarships have been 
gained by Messrs. W. H. Lewis and E, Dickson, appren- 
tices at H.M. Dockyard, Chatham ; 
a student at Halifax Municipal Technical College ; 
Messrs. R. A. Manthei and W. J. E. Tobin, apprentices at 
H.M. Dockyard, Portsmouth ; 
apprentice at H.M. Dockyard, Plymouth ; and Mr. A. E. 
Beer, a student at the Imperial College of Science and 
Téchnology, 
awarded to Mr. F. E. Phillips, apprentice at H.M. 
Dockyard, Plymouth ; 
H.M. Dockyard, Devonport ; and Mr. L. Rockliffe, 


April and May last, were recently made public by the 
There were 64 competitors in the 


Mr. A. Ormerod, 


Mr. C. H. Crocker, an 


London. Free Studentships have been 


Mr. 8. C. Luke, apprentice at 
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intended for practising steel-works engineers, and: 





ought}for, not only in the neighbourhood. of fuses, 





student at Gillingham Technical - Institute. 
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THE LATE SIR GERARD A. MUNTZ, 
BART. 

THE news of the sudden death of Sir Gerard 
Albert Muntz, Bart., at his home, Tiddington 
House, near Stratford-on-Avon, on October 22 last, 
will be received with great regret by engineers 
and metallurgists throughout the world. Sir Gerard, 
who had been for many years managing director 
of Messrs. Muntz’s Metal Company, Limited, and 
had latterly been consultant director of the firm, 
was born on November 27, 1864, at Radford, 
Leamington, Warwickshire. He was the eldest 
son of the late Sir Philip 
Albert Muntz, M.P., the first 
baronet, and grandson of Mr. 
George Frederick Muntz, who, 
in 1832, originated the now 
well-known 60: 40 __ brass, 
which bears the family name. 
Of Polish origin, and at one 
time members of the aristo- 
cracy of that country, the 
Muntz family migrated to 
France probably during the 
eighteenth century. They were 
driven from their adopted 
country, as a result of the 
great revolution of 1789, and 
a member of the family, Peter 
Frederick Muntz, settled in 
Amsterdam and began busi- 
ness as a merchant; subse- 
quently he removed to Bir- 
mingham. The long-continued 
wars on the Continent, and 
the unsettled state of Europe 
generally, impaired the pros- 
perity of his business; and, 
having decided to strike out 
into a new sphere, he pur- 
chased a small brass works in 
Water-street, Birmingham. In 
1809 this concern passed into 
the hands of his eldest son, 
George Frederick Muntz, who, 
from these small beginnings, 
laid the foundations of the 
great firm now known as 
Messrs. Muntz’s Metal Com- 
pany, Limited. 

Sir Gerard, who succeeded 
to the baronetcy upon his 
father’s death in 1908, received 
his education partly in this 
country, and partly in Ger- 
many. He entered Harrow 
School in 1879, when fifteen 
years of age, and a year later 
proceeded to Victoria College, 
Neuwied-am-Rhein, where he 
remained for some _ twelve 
months. He returned to this 
country in 1881, and con- 
tinued his studies at the 
Applied Science Department 
of King’s College, London. He 
devoted his attention to me- 
chanics, machine drawing, 
electricity and chemistry, but 
left in 1883, before completing 
the course of instruction, and 
entered upon an apprenticeship of six years in the 
works of Messrs. Muntz’s Metal Company at French 
Walls, near Birmingham. During this period of train- 
ing he was engaged upon practical work in all the 
departments of the firm, and founded a laboratory 
at the French Walls works. In 1889 he became 
assistant general manager and works manager of 
the company, a position he continued to occupy 
until 1896, when he was appointed general manager 
and joint managing director of the firm. During 
the years from 1890 to 1897 he was personally 
responsible for the installation and subsequent 
working of all the machinery and mechanical 
appliances at the French Walls works. In 1908 


he became sole managing director of the company ; 
he retired from this position in 1921, and was 
appointed consultant director of the firm. He was 








also a director of Messrs. Elliott’s Metal Company, 
Limited ; Messrs. Hughes Stubbs, Limited; and 
Messrs. William Cooper and Goode, Limited. 

A foundation member of the Institute of Metals, 
and a vice-president from 1909 to 1910, he was the 
second president of that body, and held office 
from 1910 to 1912. It will be of interest to remind 
our readers that the Institute of Metals was formally 
constituted on June 10, 1908, at a meeting held 
at the Institution of Mechanical Engineers, London, 
and‘during the course of which the late Sir William 
Henry White was elected president. The new 
institute was intended to fill a position, in the 
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THE LATE SiR GERARD A, Muntz. 


non-ferrous metal world, identical with that held 
by the Iron and Steel Institute in the ferrous metal 
industry. The first general meeting of the members 
was held at Birmingham, on November 11, 1908. 
Sir Gerard Muntz, who was a member of the Council 
of the new body, was also a prominent member of 
the reception committee at this meeting. The 
first annual general meeting of the Institute was 
held in London on January 19 and 20, 1909, and 
one of the papers presented for discussion was by 
Sir Gerard. Owing to the death of his father, 
however, he was unable to be present, and the 
paper was read by the secretary. The contribution 
was entitled, ‘‘ The Relation between Science and 
Practice,” and dealt with the great possibilities of 
usefulness of the Institute of Metals in the investi- 





the manufacture and application of non-ferrous 
metals. The paper was discussed at great length 
by the members present. Sir Gerard remained an 
enthusiastic member of the Institute to the very 
end, and was always closely associated with all its 
activities. 

He was chairman of the Corrosion Committee 
of the Institute of Metals when it was first 
formed in 1910, and was, throughout his active 
life, intimately connected with research work on 
the subject of corrosion. He was particularly in- 
terested in the corrosion and protection of brass 








gation and elucidation of problems connected with 





condenser tubes, and, at the annual meeting of the 
Institute of Metals, held in 
London, on March 8, 1922, 
spoke at some length during 
thediscussion on the pamphlet- 
report by Dr. G. D. Bengough, 
dealing with this subject. 
Delivered in his bluff and 
direct manner, this speech was 
characteristic of Sir Gerard, 
and, in his concluding remarks, 
he gave the point of view of 
the tube maker in a very defi- 
nite way. He stated that the - 
investigation under discussion 
had shown that, out of eighteen 
possible cases of failure of con- 
denser tubes, only four were 
attributable to any fault in the 
tube ; the remaining fourteen 
lay on the shoulders of the 
user. Hitherto, all condenser 
failures had been laid to the 
blame of the unfortunate tube 
maker, who had thus, over 
and over again, been heavily 
penalised for something en- 
tirely beyond his control. Sir 
Gerard was elected a member 
of the Institution of Mechan- 
ical Engineers in 1910, and 
became a member of the 
Council of the Institution in 
December, 1912. He was ap- 
pointed a vice-president in 
February, 1921, and retired 
from that position in Febru- 
ary, 1925; he served for many 
years on the Alloys Research 
Committee of the Institution. 

During the European war, 
and the years immediately 
following it, Sir Gerard was 
called upon to fill many im- 
portant appointments. He 
was chairman of the Non- 
Ferrous Metal Committee of 
the Board of Trade from 
1916 to 1917, and chairman 
of the Metallurgical Committee 
(Ferrous and Non-Ferrous) of 
the Department of Scientific 
and Industrial Research from 
1916 to 1919. In 1920, he was 
asked to become a member 
of the Copper, Zinc, and Lead 
Sectional Committees of the 
Imperial Mineral Resources 
Bureau. He had been a 
member of the Council of the 
British Non-Ferrous Metals Research Association 
since its formation in 1920, and, in addition to 
acting as vice-president for some years, served on 
several of its sub-committees. 

At this juncture, it is interesting to recall that, 
in 1926, he was awarded the Thomas Turner Gold 
Medal, by the authorities of the University of 
Birmingham, in recognition of “‘ Exceptional merit 
in the service of metallurgy.” He was no less 
active in other than purely technical spheres, having 
held the office of chairman of the Associated Manu- 
facturers of Brass and Copper Tubes of Great 
Britain. He also acted as chairman of the Brass 
and Copper Tube Association from 1911 until 1921, 
and was for some time a member of the Council 
of the Birmingham Chamber of Commerce. 

Sir Gerard had a serious heart attack in April, 
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1924, and was confined to his room for some months 
afterwards. Although, eventually, he recovered 
sufficiently to resume some of his activities, he never 
became quite his old self again; moreover, his 
increasing deafness was a source of great trouble 
to him. Notwithstanding his physical disabilities, 
he frequently attended the meetings of the technical 
institutions of which he was a member ; he was, in 
fact, present at the meeting of the Institution of 
Mechanical Engineers, held at the London head- 
quarters, at Storey’s-gate, on Friday last, October 
21. He often took part in the discussions, and 
remained a straightforward and somewhat forcible 
speaker to the end. His tall form and his bluff and 
hearty manner will long be remembered by all 
those with whom he came into contact. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Tue first general meeting of the winter session of 
the Institution of Mechanical Engineers was held 
at Storey’s-gate, Westminster, on Friday, October 
21, at 6 p.m., the President, Sir Henry Fowler, 
K.B.E., occupying the chair. 


Minutes oF Last MEETING, &c. 


The proceedings commenced with the reading, 
by the Secretary, of the minutes of the Summer 
Meeting held at Birmingham. After these had 
been approved, the President announced that at a 
meeting of the Council just concluded, it had been 
decided to make Sir R. A. Hadfield an honorary 
life member. Of Sir Robert’s eminent scientific 
services there was no need to speak ; neither was it 
necessary to recapitulate his work for the Institu- 
tion, of which he had been a member for thirty-nine 
years. He had become a member of the Council 
in 1908, and had later occupied the position of 
Vice-President. The announcement was received 
with acclamation. 


PRESIDENTIAL ADDRESS. 


Sir Henry Fowler then delivered his presidential 
address, which will be found, in abstract, on page 
545 of this issue. During the course of it, in refer- 
ring to the necessity for accurate measurements, he 
stated that, by the courtesy of the President of the 
Whitworth Society, Dr. H. 8S. Hele-Shaw, he was 
able to exhibit a pair of the actual surface planes 
used by Sir Joseph Whitworth. Members were 
able to inspect these at the end of the meeting ; 
they proved to be beautifully finished and in 
excellent condition. 

At the conclusion of the address, a vote of thanks 
was proposed by Sir John Aspinall. He remarked 
that as senior past-president, it was his privilege 
to propose the vote of thanks, and he trusted he 
might be pardoned for expressing his gratification 
at seeing Sir Henry Fowler, who came to him at 
Horwich as a young man, now occupying the Presi- 
dential Chair. Since the days of George Stephen- 
son, eighty years ago, 42 presidents had given their 
official address. Often the subject had been con- 
nected with the president’s own life work, and he 
thought it was an advantage to get accounts of 
different branches of the profession. Of the 42 
presidents, he had known 33 personally. Seven, of 
the 42, were locomotive engineers, and naturally 
locomotive engineering was specially referred to in 
several addresses. But there should be no bounds to 
science, and he was not surprised that Sir Henry had 
taken a wide field, particularly dwelling on metal- 
lurgy, for in his early days he was eager to learn all 
he could which touched on his profession. He was 
also always willing to impart his knowledge to 
young engineers, and had done much in that direc- 
tion. About forty years ago, the head engineer of 
a railway was known as the locomotive superin- 
tendent; now he was more rightly entitled chief 
mechanical engineer, because many more activities 
than that implied by the former title were involved. 
Sir Henry Fowler, as Chief Mechanical Engineer of 
the London, Midland and Scottish Railway Com- 
pany, had under his control works at Derby, Crewe, 
Norwich, St. Rollox, and elsewhere, and was conse- 
quently able to add to his already great knowledge, 
particularly as each works was now equipped with 
chemical laboratories. This should enable him to 








present interesting papers in the future. For some 
reason or other, the general public took little interest 
in railway engineering work, yet it was largely 
to men employed in this that the extraordinary 
decrease in the number of accidents was due. 

Dr. H. S. Hele-Shaw expressed regret that the 
only other two past-presidents senior to him had not 
been present to hear the paper, but he was pleased 
that this left him the privilege of seconding the 
vote of thanks. He had known Sir Henry Fowler 
for the thirty years and over that he had been 
connected with the Institution, and had evidence 
of his industry in acquiring knowledge and of his 
generosity in imparting it while he had taken part 
in various movements such as the development 
of the automobile. He, Dr. Hele-Shaw, thought 
that no other living man could speak of so many 
subjects resulting from personal experience as Sir 
Henry, and was certain that during the war no 
one had done greater service to his country in the 
time of her need. The title and degree he had 
earned proved how his services were appreciated, 
not only by the country but by a great university. 

The vote was then put to the meeting by Sir John 
Aspinall, and carried unanimously. In expressing 
his appreciation, Sir Henry Fowler said he thought 
his address had been listened to with very great 
patience. He had certainly worked hard in his 
young days, but his first chief had been one of the 
finest of men, and he had also been fortunate in 
making many friends. 

It was then announced that there would be an 
informal meeting on October 28 (to-day), at 7 p.m., 
the subject being “ Engineering in the United 
States of America,” introduced by Mr. Loughnan 
Pendred, Vice-President. A ballot for members 
of the Informal Meetings Sub-Committee for the 
session 1927-28 would take place at this meeting. 
On Friday, November 4, at 6 p.m., a general meet- 
ing would be held, at which the Thomas Hawksley 
Lecture would be given by Sir William H. Bragg, 
K.B.E., F.R.S., the subject being “ Application of 
X-Rays to the Study of the Crystalline Structure 
of Materials,” 





NOTES. 
Tue British Evectricat INpustry. 


Those who remember the cheerful pessimism, 
which characterised Colonel R. K. Morcom’s 
speech on the condition of the electrical industry 
in the spring of this year, will welcome the change 
of tone, which is evident in the analysis that appears 
in the current issue of Trade Survey. Micawber, in 
the meantime, seems to have given place to Mark 
Tapley. It is stated that the electricity supply 
industry is now producing at a higher rate than at 
any previous time; and it is interesting to note 
that one of the most active districts is the North 
East Coast, in spite of the continued depression 
in shipbuilding. The losses of 1926 have been 
more than made good. Statistics seem to support 
the view that trade is moving southward, for 
London is the most active area in Great Britain, 
and the opinion is expressed that it will become 
still more active as the forthcoming re-organisation 
begins to take effect. Incidentally, this re-organi- 
sation is probably the root cause of the complaint 
that the orders for plant during the twelve months 
ended August last, were less than the total which 
should be required if the natural increase in the 
consumption of electricity is to be met. Caution 
is a wise policy during periods of uncertainty, 
though there is considerable force in the argument 
that more energey in selling is required. Much 
potential talent of high grade will shortly be set 
free for this purpose ; it is to be hoped that it will 
be vigorously applied. It is pleasant to read that 
we are gradually overhauling the Germans in the 
electrical manufacturing field. In 1925, the German 
output was 105,000,000/., or 50 per cent. higher 
than the British total for 1924. The British 
output this year will probably exceed 85,000,000/., 
while the German is estimated to be less than 
120,000,000. German competition has been most 
effective in those industries where a higher degree 
of electrification obtains than in Britain, above all 
in coal mining, iron and steel, non-ferrous metals, 
pottery and leather, while in engineering and 


electrical manufacture we have more than held our 
own. The same applies to exports, for while, 
during the first eight months of 1926, our figure in- 
creased by 1,300,000/., America’s, in the first seven 
months, fell by 200,000/., and Germany also lost 
ground. American predominance in the East and 
South America is beginning to disappear, while 
Germany, so far, has been unable to improve her 
credit position so as to develop export trade to any 
great extent. The British Electrical and Allied 
Manufacturers’ Association are to be congratulated 
on the excellence of this publication, for the care 
taken in its compilation and the clear sightedness 
of its comments render it of the greatest vaiue. 


Motor Lorry witH Heavy O1 ENGINE. 


An official report has been issued by Mr. Bonnier, 
of the National Research and Experiment Station, 
Bellevue, near Paris, giving particulars of a trial 
trip made recently under his supervision, from 
Turin to Bellevue, of a lorry equipped with a 
Bagnulo heavy oil engine. The lorry is built to 
carry 4 tons; it made the journey empty, except 
for the provision of liquid fuel, lubricating oil, 
spare parts and. a few articles of luggage. It 
weighed 4 tons on arrival at its destination. The 
tyres were of the solid type, much worn on starting. 
In this particular lorry, the driving wheels are 
900 mm. (35-5 in.) in diameter. A foot brake acts 
on the differential gear and a hand brake on the 
rear wheels. The drive is by chain gear. The 
gear-wheel ratios are such that when the engine 
runs at a speed of 1,200 r.p.m. the lorry travels 
7:25 km. per hour at first speed ; 10 km. per hour 
at second speed ; 16-5 km. per hour at third speed, 
and 24 km. per hour—direct drive—at fourth speed 
(4:5, 6-2, 10-3 and 14-9 miles per hour). The oil 
fuel tank is located under the driver’s seat and 
contains about 65 kg. (143 lb.). The lorry is equipped 
with a Bagnulo 4-cylinder, 30 h.p. engine, having 
cylinders 120 mm. (4-724 in.) in diameter and a 
170 mm. (6-692 in.) stroke. It is driven by oil 
fuel. The specific gravity of the oil used on the 
trip was measured on starting and found to be 
0-8505 at 17-5 deg. C. The oil in question is 
called ‘‘Carburol” and has the following char- 
acteristic features:—Specific gravity at 15 deg., 
0-850 to 0-860; flashpoint, enclosed, 70 to 75 deg. ; 
Engler viscosity value at 50 deg., 1-15 and at 20 
deg. 1-25; calorific value, 11,000 calories ; sulphur 
content, 0-2 to 0-8 per cent.; water content, 
traces. On leaving Turin, the lorry crossed Mont- 
Cenis and travelled through Modane to Bellevue. 
The start was made at Turin at 5.35 a.m. on Octo- 
ber 8, actual starting occupying 9 minutes. Belle- 
vue was reached at 7 p.m. on October 11. The 
whole distance, 759-4 km. (472 miles) was covered 
in four stages. The provision of oil fuel taken at 
Turin was contained in five sealed cans, the total 
gross weight of which was 410 kg. (903-6 lb.). The 
cans were sealed up afresh on the journey when oil 
was poured into the engine tank; this latter was 
also duly sealed up again also. The total oil fuel 
consumed for the journey was 237 kg. (522-3 Ib.). 
The consumption between Turin and the Customs 
Bureau at the frontier on Mont-Cenis, was 54 kg. 
(119 lb.). The lubricating oil, “‘ Mobiloil,” used on 
the journey is stated to have been 20 kg. (44 Ib.), . 
No incident worth mentioning occurred during the 
run, notwithstanding a number of bad country roads 
and several very indifferently paved streets traversed. 
The stoppages can be said to have been made exclu- 
sively for filling-up with oil, lighting-up and for 
meals. It is remarked, however, in the report that 
the lorry travelled empty ; a large reserve of power 
was thus rendered available and the engine was 
able to start very easily, The engine was found 
to emit a little smoke in cold weather. It smoked 
heavily when a stress was suddenly put upon it, 
as, for instance, in running up on the direct drive 
a short but steep gradient, or when accelerating 
before changing speed. On slowing down, the 
behaviour of the engine in this respect was good. 
Whei crossing towns the lorry ran on the direct 
drive. The engine was taken to pieces on the day 
following arrival at Bellevue. The top of the 
pistons was found to be covered by a thin layer of 
carbon, easily removed. The cylinders were in 








good order, as also were the explosion bulbs. The 
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cylinder heads were somewhat dirty, but the carbon 
deposit was easily removed. The valves were 
clean. The report, of which the above is an 
abstract, was placed at our disposal by the Société 
Bagnulo, 23, Rue St. Lazare, Paris. 


Tue MINERAL WEALTH Or ROUMANIA. 


Although essentially an agriculiural and pastoral 
country, Roumania is rich in minerals. In addition 
to her extensive oil fields, she possesses important 
coal and natural gas resources. The full extent 
of the oil deposits has not, yet been established ; 
this is mainly due to the fact that outputs from 
the present workings are of such abundance that 
the authorities have not considered it necessary 
to undertake further prospecting. The production 
of petroleum during 1924 amounted to 1,851,256 
metric tons, and that during 1925, to 2,316,979 
metric tons. In spite of the fact that over 50 
per cent. of the oil produced is consumed within 
the country, petroleum comes next in importance 
to cereals in the list of Roumanian exports. A 
statistical study of the mineral resources of the 
country, recently drawn up by the Union of Rou- 
manian Mining and Metallurgical Industries, Buca- 
rest, demonstrates that the production of coal is 
increasing year by year. The fact, however, 
that out of the 2,928,850 metric tons extracted 
during 1925, only a relatively small proportion is 
suitable for the manufacture of coke, constitutes 
a difficulty in so far as the iron and steel industries 
of the country are concerned. This difficulty has 
been met, to some extent, by utilising charcoal, 


derived from the immense Carpathian forests,. 


for the manufacture of pig iron. This material 
is stated to be of exceptional quality. Some 
two-thirds of the coal mined in the country is 
consumed by the railways, and imports of foreign 
solid fuel are. relatively insignificant. Natural 
gas exists in considerable quantities in Transylvania, 
and in the oil-field region ; it contains 99 per cent. 
of methane and has a high calorific value. Needless 
to say it constitutes a source of great potential 
wealth and will prove a powerful factor in the 
development of industries on the Transylvanian 
Plateau. Refractory material factories and glass 
works have been installed in that region, which is 
steadily growing in importance. During 1925, 
throughout Roumania, the total consumption of 
natural gas amounted to over 369 million cubic 
metres, which amount is calculated to be only 9 per 
cent. of the possible output. The iron and steel 
industry, although on a comparatively small scale 
at present, is increasing in importance. During 
1925, some 107,000 metric tons of iron ore were 
mined, and 64,013 tons of pig iron, and 100,638 tons 
of steel ingots, manufactured. The figures for the 
previous year were, respectively, 102,537 tons, 
68,241 tons, and 86,688 tons. Deposits of manga- 
nese ore have been located and are worked to some 
extent, but their development is somewhat ham- 
pered by the distance which separates them from the 
sea. Speaking generally, the low purchasing power 
of the Roumanian leu on foreign markets has 
contributed not a little to the development of 
the various national industries during the past few 
years. 


LETTERS TO THE EDITOR. 


PUBLIC v. PRIVATE ELECTRICITY 
SUPPLY. 
To THE Eprror oF ENGINEERING. 

Sir,—I have read the leading article in ENGINEERING, 
dated October 21, with very considerable interest, and, 
with your kind permission, I shoulc like to reply to the 
criticism on the paper which I read on Monday, 
October 17, before the Bradford and Leeds Engineering 
Societies, upon a pamphlet which I had previously 
written entitled ‘‘ A Word in Favour of the Indepen- 
dent Power Plant.” 

I know from actual experience that many con- 
sumers can, and do, produce electric current from 
independent power plants at prices very much lower 
than any power company could possibly give the 
supply, due to the heavy cost of distribution and not 
having waste heat in some form or other available, and 
it is therefore no use shutting one’s eyes to this position 
and endeavouring to ignore it. 

The next reference in the article is to the points 











that I have raised in connection with power companies’ 
agreements. I have been responsible for completing 
a very large number of agreements between consumers 
and power companies, and this experience has extended 
over a period of from 20 to 25 years, and I know, as a 
positive fact, that a very large number of consumers 
are to-day complaining very bitterly about the terms 
demanded for a renewal of their agreements, and also 
the rates proposed to new consumers. 

In making an agreement with a power company, 
there are the following important points to consider :— 
(1) Period of agreement. (2) Voltage of supply by 
power company. (3) Voltage required by consumers. 
(4) Provision of transformers either by power com- 
pany or consumer. (5) The measuring of the current 
on the high-tension incoming side or the low-tension 
side of the transformers. (6) Provision of substation 
for transformers and switchgear. Who bears the cost, 
power company or consumer? (7) The tariff, which 
is generally upon one or other of the following condi- 
tions :—(a) Current supplied by maximum demand, 
plus unit charge, plus coal adjustment. (5) Current 
supplied by maximum demand, plus graduated unit 
charge, plus coal adjustment. (c) Flat rate per unit, 
plus coal adjustment. (d) Graduated flat rate based 
on consumption, plus coal adjustment. (e) Basis of 
coal adjustment. (8) Period over which maximum 
demand is measured. (9) Minimum fixed payment 
required monthly, quarterly or annually. (10) Terms 
under which shortages due to strikes, lockouts or 
temporary closing of works can be taken out at a later 
date by consumers. 

There are other conditions, of course, applying to 
the agreement itself as regards equality clause, terms 
upon which the supply could be discontinued if found 
unsatisfactory, and also the power factor of the motors, 
&e. 

I must confess that I fail to see any reason why the 
consideration of an agreement proposed by monopolists 
should not be discussed in a perfectly friendly way 
with the object of satisfying the consumer and ulti- 
mately increasing the demand for supply, but there 
appears to be a kind of veiled threat that in acting for 
consumers I shall lose my friends. Fortunately, [ am 
entirely independent of any power company ; neither 
have I any financial interest in them, and therefore I 
can, I think, give unbiassed advice, and shall, I hope, 
continue to do so. 

I have never suggested that a single unit installed 
in a consumer’s works is desirable, and my practice 
has always been to instal plant in duplicate ultimately, 
unless we could obtain a stand-by supply, available 
also for night load, from the power station upon reason- 
able terms. 

Objection appears to be raised to the number of 
failures of public supply systems which I referred to, 
but the fact still remains, and as my consulting practice 
brings under my notice a large number of claims against 
fire insurance companies for damaged switchgear in 
high-tension substations, and also damage due to 
lightning and other causes, I feel that I am quite 
justified in expressing the opinion that we have yet 
something to learn in connection with the general 
distribution of current, at any rate at very high pressure. 

I feel that I have trespassed upon your space, but 
I think it is only right that I should have the oppor- 
tunity of adding the following extracts from The 
Engineer and ENGINEERING in connection with the 
supply of current to consumers. 

ENGINEERING published an article on November 3, 
1922, entitled ‘‘ The Effect of Load Factor on Power 
Station Costs,’’ and made the following statement :— 

“The right thing for the British electricity supply 
undertakings to do, is to increase the sale of electricity 
by every means in their power, and they will find that 
the load factor will take care of itself. Complicated 
tariffs designed to encourage consumers with high 
load factors, however scientific they may be, are repel- 
lent to the consumer because they are not understood. 
Nor, indeed, is their necessity universally admitted. 
To take a humble analogy, no man would buy eggs 
from a grocer who insisted that the consumer should 
pay a fixed charge per annum for the privilege of 
entering his shop, or alternatively per saucepan in- 
stalled in the consumer’s residence, plus so much per 
egg delivered. The ordinary purchaser likes to pay 
for what he gets, whether it be eggs, kilowatt-hours, 
or even therms, and he expects the cost of service to 
be distributed over the whole output, exactly as is 
done by retail merchants. The large consumer is 
reasonably entitled to a discount proportional to his 
account, and he therefore pays less per unit than the 
small consumer, which is right and proper, as the 
unit cost of serving him is less. But to try to arrive 
at the same results by exacting a fixed annual charge 
for the privilege of being served, is contrary to custom 
in ordinary trading, and is not conducive to that 
extension of supply which alone can materially reduce 
the cost of electricity.” 


entitled ‘Tariffs for Electricity,” stated :—“ The 
only reason why many of the complicated charges 
for electricity can exist is that the supply of electricity 
is a monopoly. The consumer does not like them and 
does not understand them, but he has no option, but 
to pay them or go without his service. Every trades- 
man suffers from capital charges on his business, bad 
load factor, and varying costs of delivery in relation 
to value of orders, but he has to bear those troubles on 
his own shoulders. If a grocer, in an endeavour to 
charge ‘ scientifically’ were to say to his customers : 
‘You must first pay xl. per quarter for the privilege 
of dealing at my shop, this sum depending on the size 
of your house, and then every pound of cheese you 
buy will cost you y pence, but if you promise only to 
ask for cheese during my slack hours, you shall have 
it at a special rate. Furthermore, if you live beyond 
a certain radius, you must contribute to the cost of 
my delivery van, he would soon find his trade go to 
his rival, who said: ‘ Cheese at my shop is z pence per 
pound at any hour of the day. You can use it for 
what you like. I give large discounts on large quan- 
tities as I can sell and deliver a ton more cheaply than 
a pound.’ The fact that whenever there is competi- 
tion the principle of a simple definite price per unit, 
with discounts on a sliding scale for quantity, the 
price being unaffected by the use made of the purchase, 
is universal, shows that it is what the public wants 
and understands, and electricity undertakings might 
well reflect upon this point of view. The consumer 
likes to know beforehand what he will have to pay 
per unit, and as, when all is said and done, his bill 
eventually works out to a certain price per unit, it 
would be well if some such figure could be quoted to 
him plainly in the first place.” 

I finally desire to state what my views are as regards 
electric supply from central power stations based 
upon my reply to the discussion on my paper on 
‘** Electric Winding,” read before The Institution of 
Electrical Engineers on March 22, 1906, which was 
as follows :—‘‘In collieries generally, particularly 
those in which electric winding is adopted, colliery 
owners will be well advised to take their current from 
the supply companies, assuming that they can purchase 
it at a reasonable price, even if this price is slightly 
in excess of what they can make the current them- 
selves. The amount of capital required for the gene- 
rating plant being so heavy, it could usually be applied 
to much greater advantage in increasing the electric 
plant or improving other machinery about the 
collieries.” 

These remarks can be applied to all industries, but 
it calls upon the power companies to deliver current 
to the consumers upon such terms that they can be 
readily understood by the consumers, and at prices 
which will not handicap the industry. 

Yours faithfully, 
W. C. Moontatn. 

Sun Building, Newcastle-on-Tyne, October 25, 1927. 

[Much of Mr. Mountain’s letter does not appear to be 
germane to anything in our article. We did not dis- 
pute the rigidity of some power companies’ conditions. 
We merely said that if such conditions were too onerous 
the fact would appear to favour the private plant. 
In connection with a single unit in a consumer’s works, 
Mr. Mountain’s paper contained figures for the single- 
unit colliery installation to which we referred. The 
final quotations from our columns and those of The 
Engineer, suggest that the simplification of tariffs 
would be an advantage. About the value of such 
simplification, our opinion has not altered since 1922, 
and we are interested to see that our contemporary 
is dealing with the same grocer’s shop five years 
later.—Ep. E.] 





A CASE FOR ELECTRIC TRACTION. 
To THE EprToR oF ENGINEERING. 
Srr,—In your sympathetic and admirable résumé 
of the Inaugural Address which I delivered before the 
Institute of Transport on October 10, appearing as 
the leading article in your issue of the 14th instant, 
there was a serious mistake in the figure given for the 
cost per route mile of the electrification of a British 
main line railway. This figure, exclusive of generating 
stations and long transmission lines, was given as 
60,0002. per mile of route, whereas it should be 6,000/. 
per mile. This error arose from bad proof correcting, 
and this mistake, and the deduction drawn from it, will, 
of course, be put right when the address is published 
in the Proceedings of the Institute of Transport, but 
t his is so important that I regret that I did not have 
an opportunity of correcting the mistake in the proof 
which was handed to your representative, since it 
was copied in your article. 
Yours faithfully, 
Rocer T. Sira, 
The Institute of Transport, President. 
15, Savoy-street, Victoria Embankment, 
London, W.C.2. October 20, 1927. 





The Engineer, on September 23, 1927, in an article 
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TAR EXTRACTOR FOR GAS PLANTS. 


CONSTRUCTED BY MESSRS. HAKOL, LIMITED, ENGINEERS, LONDON. 




















cleaned gas at a pressure of 4 to 5 lbs. per square inch. 
The gas is led up into the extractor drum by a port 
in the top of the main, and then through the dia- 
phragm, descending by a similar port into the outlet 
main. The gas in its passage through the diaphragm, 
of course, undergoes a drop in pressure, of from 2 |b. to 
4 lb. per square inch, and, as explained above, is 
also stripped of its tar, which after passing the 
diaphragm, falls in large drops on the sides and bottom 
of the main, and thence flows to a sump, The drum 
in Fig. 1 is shown in its normal working position, that 
is, with its axis parallel with that of the gasmain. Itis 
joined to the main by a machined flange, held down 
by four clamps. By loosening the clamp bolts and 
rotating the drum through an angle of 90 deg., the ports 
in the main are automatically closed, and the extrac- 
tor is then out of action and may be opened up for 
examination. The extractors in the centre and at the 
right hand of Fig. 2, are in the latter position. The 
normal practice of making use of this facility is to 
provide one spare unit in all batteries, so that one could 
be put out of service for any purpose without affecting 














Fia. 1. 


THE SMITH TAR EXTRACTOR. 


One of the most difficult problems in certain phases 
of industry is that of cleaning gases from the minute 
particles of tar which condense in the form of a very fine 
mist as the gases cool, so fine a mist indeed that some 
gases contain anything between 10,000,000 to 20,000,000 
particles per cubic inch. This minuteness of size, and 
the small ratios of mass to external surface, result in 
the suspension of the particle in the gas for quite an 
appreciable time, so that settlement by the action 
of gravity is quite out of the question. To effect the 
separation of the tar mist, fine as it is, in a laboratory | the working of the plant. 
is sufficiently easy by one of several methods. The| The diaphragm is made up of the spun glass, or glass 
difficulty arises when very large volumes of gas are | wool, carefully packed, to a thickness of 2 in., between 
concerned, this being the problem the engineer has to | two perforated steel discs, which in turn are held in 
deal with. | place by a cast-iron grid on each side. The several 

In the Smith tar extractor, which is illustrated in | elements are bolted together and the whole diaphragm 
Figs. 1 and 2 above, the principle adopted consists of | is held in place, against an internal flange of the drum, 
obtaining control of the extremely small particles so | by a bolt in the centre tightened up by a nut on the 
that they may be caused to coalesce in drops large | end of the drum. This arrangement will be clear from 
enough to be handled by ordinary methods. This | Fig. 2, and Fig. 1 may be referred to for the appearance 
coalescence is effected by forcing the gas to be cleansed | of the assembled diaphragm. In the latter figure it 
through the minute tortuous passages existing between | may be pointed out that the vertical slot cut in the 
the fibres of a mass of spun glass. The passages | machined face of the gas main is to prevent any tarry 
approximate in size to the dimensions of the particles | gas passing into the clean gas passage. The actual 
of tar mists, and it is possible that during the transit | extraction of the tar is usually practically completed in 
of the particles very small electric charges are induced | a single passage through the diaphragm, the efficiency 
by the resulting friction, which in some obscure manner | being in practice 99-5 per cent. This may be considered 
cause them to coalesce on emergence. That this | a reasonable standard, though higher extraction efficien- 
electrical action is what actually takes place has not | cies up to 99-98 per cent. have been obtained on occa- 
been definitely proved. The rationale of the operation | sion. Taking into account the extremely simple 
is thus somewhat speculative; but it is quite clear | nature of the apparatus and the rapidity of operation 
that the mist forms into large drops which, under | consequent on the passage through a relatively thin 
ordinary gravitational influence, make their way into a | screen only, the latter figure at least seems a remarkable 
sump. It is equally clear that the action of the spun | performance. It is possible that complete extraction 
glass diaphragm is not that of a filter—that is, the|can be obtained by increasing the thickness of the 
solid particles do not adhere to the arresting medium. | diaphragm; any advantage of this kind would be off- 
To all appearance the glass remains unaffected by the | set by the expense of the increased power required to 
passage of the tar mist, and the operation is therefore | force the gases through it. 
continuous and not intermittent, as a pure filtering| As the process is a dry one, the only water in the tar 
process would have to be. To maintain continuity, | is that which may be carried over with it. This water 
however, the temperature of the gases must be such | can be readily separated out, and the tar can then be used 
that the tar is kept in a fluid condition. Further, | as fuel. Any water vapour remaining in the gases is 
they must not contain solid matter, such as lampblack | removed during the process of cooling, for, as pointed 
or soot, as this would cohere and form a paste on the out above, it is necessary to keep up the temperature 
diaphragm. of the gases under treatment, and as they leave the 

The construction of the apparatus will be understood | extractor they are usually too warm for distribution. 
from the figures, of which Fig. 1 shows one extracting | The Smith tar extractor is manufactured in this country 
unit, with the diaphragm in place and the cover re- | by Messrs. Hakol, Limited, 115, High Holborn, W.C.1. 
moved, mounted upon the combined inlet and outlet | It is made in a range of units having diaphragms of | 
gas mains, and Fig. 2, shows three units in place, one | 4 in. in diameter to 20 in. in diameter, the gas through- 
of which is dismantled to illustrate its component | puts being 2,500 cub. ft. per hour and 40,000 cub. ft. 
parts. The Smith tar extractors are always arranged | per hour respectively for these sizes. A throughput 
in parallel. The square passage to the right in Fig. 1 is of any volume required is obtained by arranging a 
a part of the inlet main, through which passes the un- | suitable number of units in parallel. In the United 
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States, where the Smith tar extractor is widely used, 
installations running into very large figures are 
fitted. In Cincinnati, for example, 8,000,000 cub. ft. 
of gas per day are dealt with. The extractor is not 
only used for extracting tar mist from town gas, pro- 
ducer, and other gases, but is an integral part of the 
cleaning equipment supplied with the Hakol gas 
generators for continuous gasification of liquid fuels, 
an apparatus we propose to describe in a later issue, 





EXPERIMENTS ON SHEARING 
STRENGTH OF REINFORCED- 
CONCRETE BEAMS.* 

By James Griucurist, B.Sc., Assoc.M.Inst.C.E. 


IN a paper printed in ENGINEERING in 1915+, the 
author showed that, given two reinforced beams, one 
with straight tension reinforcement hooked at the ends 
with no shear reinforcement, and another with the same 
tension reinforcement and vertical stirrups in addition, 
the strength added by putting in the vertical reinforce- 
ment bars could be calculated by a formula stated. 
Also, as a conclusion from certain published experi- 
ments,t the author found that in beams made of a 
concrete having a compression strength of 1-4 tons per 
square inch, and with horizontal tension members 
hooked at their ends, but with no verticals, the failing 
shear would be 275 lb. per square inch. The experi- 
ments to be discussed in the present paper were made 
to find out how the shearing strength of beams varied 
with the strength of the concrete, this figure of 275 Ib. 
per square inch serving as a convenient connecting-link. 

The beams were of T section, with a flange 5 in. wide 
by 1 in. thick, a web 2 in. wide and a total depth of 
4in., approximately. The span was 30 in., and the load 
was applied at two points, 10 in. and 20 in. from the 
end. There were reinforcing bars near the bottom of 
the beams with large hooks at the ends, and there was no 
web reinforcement in any of the beams. The bars were 
8-in. diameter, of mild steel, and the number varied 
from two to four, corresponding to from 1 per cent. to 
2 per cent. of the rectangle enclosing the cross-section 
of the beam. With each beam were made compression 
test pieces of 4-in. cube, and tension test pieces 1 in. 
square at the middle and tapering outwards to the 
ends in the usual way. Compression and tensile tests 





were made at the same time aseach beam test. The 
cement used was a quick-hardening aluminous cement, 
the trade name being Ciment Fondu. The aggregate 
was crushed millstone grit passing through a }-in. 
riddle, and there was no sand except the small grains 
of the crushed rock passing through the riddle as stated. 
The proportions used were 8 to 1, 5 to 1, and 3 to 1. 
With this range of mixtures, the compression strength 
varied from 1,000 lb. to about 8,000 lb. per square inch. 





* Paper read before Section G of the British Associa- 


tion, at Leeds, September 7, 1927. 


t See ENGINEERING, vol. c., page 293. 


t Deutscher Ausschuss fiir Hisenbeton, Versuche mit 


Eisenbeton-balken zur Ermittlung der Widerstandsfahigkeit 
verschiedener Bewehrung gegen Schubkrafte. 


Bericht von 


Dr.-Ing. C. Bach and O. Graf; Heft 10,1911; Heft 12, 
1911; Heft 20,1912. Berlin: Verlag von Wilhelm Ernst 
and Sohn. 
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The proportion of water used was 13} per cent. of the 
total weight of cement and crushed stone. 
Accompanying the shearing stress at the neutral 
axis there is a tensile stress of equal intensity, the 
effect of which is to produce cracks in the web at 
45 degrees to the horizontal. In order to observe 
these effects, the sides of the web at the ends of the 
beam were covered with a thin layer of plaster of Paris. 
Fig. 1 shows the positions of the cracks as they first 
appeared, and Fig. 2 shows the final cracks when the 
beam had been broken. The photograph reproduced 
in Fig. 3 also shows the condition of the beam when 
broken. The diagonal cracks started near the neutral 
axis and spread upwards and downwards at 45 degrees. 
Sometimes the crack would open over a length of } in., 
at which it would remain for a few seconds and then 
extend suddenly another 4 in. or so with no increase in 
load. The crack might be open a tenth of an inch near 
the neutral axis and decrease to nothing at 1 in. on 
each side; this dying out of a crack to nothing within 
a short distance indicates a certain quality of ductility 








which may be of importance in considering the be- 


Fig. /. FIRST DIAGONAL CRACKS IN BEAMS WITH 2 HORIZ.BARS. NO VERTS, AND 





compressive strength, a straight line can be drawn 
representing the mean of all the results, giving a rela- 
tion between the compressive and tensile strength 
of the concrete represented by the following formula :— 


Tensile strengths = 100 + 1/12 compression 


strength. The same relation is, of course given by the 
formula:— 


Compression strength = 12 (T — 100) 


where T is the tensile strength of the concrete in pounds 
per square inch. The compressive and tensile tests 
of the beams discussed in the present paper give a 
relation coinciding more closely with the formula than 
appears in Fig. 5. Beyond 5,000 lb. per square inch 
compressive strength, the tensile strength did not 
appreciably increase, 

The most suitable basis for discussing these tests 
is the relation between the strength of the concrete 
and the calculated shearing stress at the end of the 
beam. Also, since the cracks which ultimately give 
rise to failure of the beams are due to the tensile 











first diagonal crack and at the breaking load, are 
affected by the amount of the tension reinforcement. 
Having selected the relation between the tensile 
strength of the concrete and the calculated shearing 
stress as our standard method of presenting the 
results, Fig. 6 is a diagram in which the tensile strengths 
of the concrete have been plotted horizontally and 
the calculated shears for the corresponding beams 
vertically. There is one line for the beams with two 
bars and another line for the beams with three bars. 
These results can be studied in detail, but since it is 
of importance to obtain some quite definite statement, 
it is proposed to take practical minimum values of 
the calculated stresses as represented by an imaginary 
line joining the points marked A, B and C in Fig. 6 
for the two-bar beams, and marked D, E, F for the 
three-bar beams. This gives us a range of tensile 
strengths from 183 lb. to 520 lb. per square inch, 
and according to the rule proposed for the relation 
between tension and compression, this corresponds 
to a range of compressive strengths between 1,000 lb. 
and 5,000 Ib. per square inch. Taking then the values 
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haviour of concrete generally. On further loading, the 
diagonal crack extended upwards into the flange near 
the first loading point and downwards to about } in. 
from the bottom of the beam, from which point the 
crack would go horizontally towards the end of the 
beam and finish at the lower surface close to the end 
support where, however, it was only just open. 

With the beam in this crecked condition, it had not 
actually fallen to pieces, but the load would continue 
to rise to a certain maximum value, after which the 
lever could be again raised by running the jockey 
weight back 1,000 Ib. or so, and the beam would carry 
the reduced load quite easily. To make the beam 
actually fall to pieces, the load was kept high and the 
beam gradually pressed down until the deflection was 
34 in. or more; the flange then broke completely 
through its depth, after which the beam would carry 
nothing. Fig. 4 shows the mann?r in which the cracks 
frequently began near the bottom of the beam and the 
particular point to be noticed is that the crack, in its 
initial stages, was not a single opening parallel with the 
length of the beam, but there were several cracks 
starting independently, making an angle less than 
45 degress with the horizontal. This may be interpreted 
as indicating the existence of a diagonal tension accom- 
panying the shearing stress which exists immediately 
above the reinforcing bars. These cracks gradually 
ran together and formed one crack only. 

There were many more compressive and tensile 
tests made than those for the beams we are discussing 
at present, and for the whole series a diagram has 
been drawn in Fig. 5, in which the compressive strengths 
are on the horizontal base line and the tensile strengths 
are drawn upwards. Up to 5,000 lb. per square inch 
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strength of the concrete being exceeded by the tension 
associated with the shear, it is clear that it is the 
tensile strength of the concrete which should be 
compared with the calculated shear. Strictly speaking, 
from the point of view of theory there ought to be 
a quite definite relation between the tensile strength 
of the concrete and the calculated failing shear, but 
neither the methods of determining the tensile strength 
with the peculiar-shaped test pieces, nor the methods 
of calculation are perfect; they might be described 
as conventional, and we must therefore be prepared 
to find calculated stresses differing widely from the 
tensile strength of the concrete. 

Before giving the actual figures, it will be useful 
to state the general conclusions which have been 
drawn from the tests, as considered in many different 
ways. These conclusions are : 

(1) The calculated shearing stress at the first 
diagonal crack may be less than the tensile strength, 
and the calculated shearing stress at the breaking 
load may be greater than the tensile strength of the 
concrete. 

(2) The calculated shearing stress at the first diagonal 
crack, or at the breaking load, does not vary in the 
same proportion as either the tensile strength or the 
compressive strength. If we take the beams of high- 
compression concrete as our standard of comparison, 
then the beams made of the weak concrete are very 
much stronger than would be expected; or, again, 
if we take the beams made of the weak concrete as 
our standard, then any increase in the strength of the 
concrete does not give a proportionately greater 
strength of beam. 

(3) The calculated shearing stress, both at the 
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of the calculated shears at the first diagonal crack 
for the two extreme strengths we have the figures 
in Table I, in which the calculated shearing stress 
is that for the load at which the first diagonal crack, 
appeared. All the figures are in pounds per square 
inch. These figures support the conclusions (1), (2) 
and (3), previously stated. For example, increasing 
the tensile strength nearly three times—that is, from 
183 to 520—does not increase the calculated shearing 
stress to more than double—that is, from 210 to 420. 
The strength of the beam in shear, therefore, does 


T aBLE I.—Calculated Shearing Stress. 
First Diagonal Cracking. 











Calculated Shearing Stress for 
Compressive | Tensile Beams with : 
Strength Strength 
(Concrete). | (Concrete). 
Two Bars. | Three Bars. 
1000 183 160 210 
5000 520 290 420 











not increase in proportion to the tensile strength 
of the concrete. Again, the calculated shears for 
the three-bar beams are greater than those for the 
two-bar beams, indicating that the shearing strength 
of the beam is influenced by the amount of tension 
reinforcement; also the calculated shears at the first 
diagonal crack are sometimes less and sometimes more 
than the tensile strengths. 

Coming now to the question of the relation between 
the strength of the concrete and the failing shear 


stress of the beams, Fig. 7 shows the tensile strength 
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horizontally and the calculated shearing stresses at 
the breaking load vertically, the points for the beams 
with two bars being joined together for one line and 
those for the three bar beams for a second line, and 
they are so marked on the figure. We can again 
imagine lines drawn through the points marked 
A, B, C and D, E F as representing what may be 
termed practical minimum values of the calculated 
stresses. Taking the results for compressive strengths 
between 1,000 lb. and 5,000 lb. per square inch, we 
obtain the figures given in Table II, in which the 
calculated shearing stress given is that at the neutral 
axis near the end of the beam for the breaking load. 
All the figures are in pounds per square inch. 

These results again support the conclusions stated 
above, and, in particular, we notice that in one case 
the calculated shearing stress at the breaking load 
is nearly double the tensile strength of the concrete. 
Again the stresses for the three-bar beams are always 
greater than for the two-bar beams. In particular, 
the calculated failing shear does not increase in 
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square inch for the two-bar beams. This seems to be 
a fair agreement, considering the differences in size, 
aggregate, cement, &c. 

In order to facilitate the study of the tests in detail, 
the diagram in Fig. 8 has been prepared, in which, 
along the horizontal base line, are arranged the beam 
numbers, first in the order of the different mixtures 
of concrete, each class of concrete being again sub- 
divided into the beams with two, three and four bars. 
At each beam number there are set up as ordinates, 
the breaking load of the beam and the compressive 
and tensile strengths of the concrete. The com- 
pressive and tensile strengths were usually obtained 
as the average of three tests, and, in general, the 
individual results followed closely the line of the 
averages. There are two points to which attention 
is drawn with regard to this diagram. Amongst the 
8 to 1 concrete beams there are three, namely, Nos. 65, 
66 and 67, which have a compression and tension 
strength greater than the other 8 to 1 beams, whereas 
the breaking load is not very much different. These 








} of 
as obtained fron the 
Rudle:- T-100+ Gz 





(3) The modulus of elasticity for the concrete is 
assumed to be constant, and to be the same for 
compression and tension. 

Let us consider the equilibrium of a portion of the 
beam above the neutral axis and lying between two 
cross-sections the distance apart of which is dx. Calling 
Cl and C2 the total compressions at the two cross- 
sections, s the shearing stress at the neutral axis, and 
b the breadth of the web, we have the following 
equation :— 





Cl— C2=s.b.dz. 


If a is the arm of the internal stress couple, and dM 
the difference of the bending moments at the two 
cross-sections, then 
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TABLE II.—Calculated Shearing Stress. 
Breaking Load. 








the results, and it was finally found that they had 
been accidentally mixed with a smaller proportion of 
water than the others; no other difference could be 
found. When, however, these beams are classified 
according to the compressive strengths, they come 
much more into line with the others. 

Another point is that the beams with four bars 
are included in the diagram, while they have not 








Calculated Shearing Stress for 
Compressive | Tensile Beams with : 
Strength Strength 
(Concrete). | (Concrete). 
Two Bars. | Three Bars. 
1000 183 290 350 
5000 520 350 500 














anything like the same proportion as the strength 
of the concrete for the two-bar beams. 

Seeing that the beams of the present experiments 
were comparatively small, with small aggregate, it is 
of importance to see how they agree with larger beams, 
and an opportunity of judging this is obtained by 
reference to the beams discussed in the paper published 
in ENGINEERING already referred to. These beams 
were of a span of about 10 ft., and were correspondingly 
large in cross section with big aggregate. For these 
beams it was stated in the paper just mentioned 
that, for a concrete having a compressive strength 
of 1-4 tons per square inch, the failing shear was 
275 lb. per square inch. The results for the beams 
under discussion show that, for a concrete of 1-4 tons 
per square inch compressive strength, the calculated 


been discussed in connection with the shearing 
stresses. Attention is drawn to the increase of the 
breaking load from the two- to the four-bar beams. 
For the 3 to 1 concrete, the compressive strength 
for the four-bar beams was higher than for the two-bar 
beams, although the mixture of concrete was the 
same. On the other hand, the tension is not very 
much different so that the increase in the breaking 
load must be attributed to the increase in the number 
of tension bars. 


METHODS OF CALCULATING THE SHEARING 
STRESSES. 


Assumptions.—(1) The stresses in the concrete are 
proportional to the distance from the neutral axis. 

(2) Tension in the concrete is included, because 
near the end of the beam where the shear is greatest, 
and for which the calculations are made, the tensile 
stresses are very small. In any case, as will be shown 
later, the effect of including or excluding the tension 
in the concrete is very small indeed, so far as the 








shearing stress at the breaking load is about 320 lb. per 





shearing stresses are concerned. 





dz 
at the section, we find that 

Pee total shear at section 

ba 3 

To obtain the value a, we may divide the moment of 
inertia of the whole section by the moment of either 
the tension or compression area, but for our particular 
purpose it is better to consider separately the moment 
of inertia of the compression and tension areas. If 
I, is the moment of inertia of the compression area 
about the neutral axis and I; is the moment of inertia 
of the tension area, then :— 


anlkeyle 
n ™ 





where m is the moment of that part of the area of 
the beam above or below the neutral axis. 

Ie 

m 
the neutral axis and i is the distance of the centre 
of tension below the neutral axis, and the arm of the 
internal stress couple is the sum of these two distances. 

The immediate effect of neglecting the tension is 
to raise the neutral axis. This reduces the distance of 
the centre of compression from the neutral axis, but 
to a small amount, since the beam is of T-section. 
Further, if we imagined the beam to have no rein- 
forcement at all, we should find that the distance of 
the centre of tension from the neutral axis would be 


is the distance of the centre of compression above 
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approximately the same as the distance of the hori- 
zontal bars from the neutral axis, when they are 
provided in the beam. Thus, in our case, including or 
excluding the tension in the concrete does not affect 
the position of the centre of tension to any great 
extent. The sum of the distances of the centre of tension 
and compression from the neutral axis will thus remain 
very nearly constant and that the shearing stress will 
be almost independent of the tension in the concrete. 

Suppose the modulus ratio of steel to concrete to be 
diminished from 15 to 7:65, as, for example, in the 
3 to 1 mixture. This reduces the equivalent area of 
the steel, and the neutral axis rises. The centre of 
compression also rises, but by a smaller amount, this 
being due to the T-shape of the beam. Likewise, the 
centre of tension rises, and by an amount almost equal 
to the rise of the centre of compression, so that the 
ultimate effect of the change in the modulus ratio on 
the shearing stress is very small. If we use the experi- 
mental value of the modulus ratio instead of its usual 
value, namely 15, the shearing stress is rarely altered 
by more than 2 per cent. whether the beams are of a 
3 to 1, 5 to 1, or 8 to 1 mixture.* 

As the number of horizontal bars is increased, the 
neutral axis is lowered, since the equivalent area of 
the steel is increased. It follows that.the centre of 
compression moves away from the neutral axis and 
the centre of tension moves towards the neutral axis. 
The ultimate effect is that the distance between the 
centres of compression and tension decreases slowly 
as the number of bars is increased, and the shearing 
stress increases slowly. In a particular case, the 
calculated shearing stress for a given load was increased 
by 1-8 per cent. when the number of bars was increased 
from 2 to 3, and by 3-6 per cent. when four bars were 
substituted for two. 

The tests made for this paper were carried out in 
the University of Leeds, and the author has been very 
ably assisted by Mr. R. H. Evans, B.Sc., especially in 
regard to the calculations. 





THE WIRE SAW IN SLATE 
QUARRYING. 


THE remarkable development that has taken place 
in the American slate industry within the past five 
years, has drawn attention to the high percentage 
of waste, which is estimated to reach 75 and even 
94 per cent. of the gross slate production. Much of 
the waste is due to rock imperfection, and is beyond 
human control, but a great deal of marketable slate 
is also wasted by the actual processes of quarrying 
and manufacture. The first step in quarrying slate is 
to separate blocks of a size convenient for removal 
from the solid ledge, and the American methods of 
making the primary cuts on the quarry floor entail 
great waste. While, in European slate quarries wire 
saws have been adopted, America is still using the 
channelling machines, originally designed for opening 
up benches in limestones and sandstones. These 
machines operate on tracks, and the cutting tool is of 
the type employed in rock drills; it shatters the slate 
by its heavy blows for a distance of a foot or more on 
both sides of the cut. In order to avoid this main 
source of waste, the Bureau of Mines decided last year 
to experiment with wire saws. The equipment was 
purchased in Belgium, and installed in a quarry of 
the Colonial Slate Company, near Wind Gap, Pennsyl- 
vania. The favourable trial results are described by 
Mr. O. Bowles in Investigation Report, Serial No. 2,820. 

The wire saw consists of a three-strand steel cable, 
a little more than 4 in. in diameter, with a length of 
600 ft. to 900 ft., running as an endless belt ; tension is 
put on the wire by loading it with 600 to 1,000 Ib. 
The driving pulley is a double-grooved 40-in. iron 
casting; in addition to orienting pulleys, two 28-in. 
guiding pulleys are so mounted on standards near the 
ends of the intended cut that they can be fed down- 
wards by a worm gear as the cut becomes deeper. 
Sharp-edged sand is carried to the wire by a stream 
of water. The fixing of the standards required most 
time and labour. Holes or open benches must be 
provided for the standards, in order that the movable 
pulleys may descend as the cu’ progresses. For this 
purpose, a welded steel drum, 3-{t. in diameter and 6 ft. 
long, fitted with teeth at the lower edge, had been 
supplied ; it was driven by a 15-h.p. motor at 70 r.p.m. 
to cut a hole sufficiently large for the standard and 
pulley. 
paThis gear was not found to work to entire satis- 
faction, and improved devices are being tested, but 





* The exact proportions of the concrete, by weight, were : 


Concrete Cement Sand Crushed Stone 
8—1 1 3 5 
5—1 1 2 3 
3—1 1 0 3 


The sand was the small material resulting from the 
sawing of grit sandstone, and the crushed stone was the 
same material broken to pass through a }-in. mesh. 
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the wire-cutting method proved advantageous in 
several respects. The cut of the channelling machine, 
8 ft. deep, was 3 in. wide at the top and 1} in. wide 
at the bottom, while the wire saw gave a uniform cut 
of }-in. width, and the cut was so smooth that the 
separated blocks could be split up without any prepara- 
tion. The channelling machine produced about nine 
times as much waste material in cutting as the wire 
and required much more power; it was also four times 
as expensive in first cost and it worked less rapidly. 
The machine required two men continuously, while 
the saw could be operated by one man. The drilling 
operations with the latter, however, occupied, in one 
case, one man for five days and another for four days, 
while placing the wire kept one man engaged for two 
days, and another for half-a-day. In the experiments, 
cuts about 90 ft. in length were made to depths of 12 ft., 
and blocks of 660 sq. ft. area were cleared in 45 to 55 
hours ; the average cutting rate exceeded 12 sq. ft. per 
hour. The saw cut about twice as fast as the channelling 
machine at two-fifths the cost per square foot of slate 
area obtained. It had been objected that the wire 
would not remain straight in cutting its groove, but 
would arch upwards ; a rise of from 6 in. to 1 ft. was 
actually observed, and consequently the saw had to 
be kept working for 3 or 4 hours after bottom had 
been reached at the ends. Another objection is that 
the cable has to be taken from the power-house over 
the quarry bank, and may interfere with hoisting and 
other operations. Precautions have to be taken, but 
the company mentioned is adopting wire saws. 





LOW-LIFT AXIAL-FLOW AND 
CENTRIFUGAL PUMPS.* 
By H. R. Lupton and J. H. W. GI... 
(Concluded from page 536.) 


In order to explain these characteristics, and gener- 
ally to contrast the behaviour of the axial and axial- 
radial pumps with that of the ordinary low-lift centri- 
fugal, the following graphical analysis is introduced :— 


DETERMINATION OF CHARACTERISTICS AND LOSSES 
In AXIAL-FLOW AND CENTRIFUGAL Pumps. 


It is convenient to treat this part of the subject in 
two sections :— 

(i) A comparison of the simple velocity diagrams, 

in general neglecting losses. 

(ii) An assessment of losses and discrepancies 

involved. 

From (i) and (ii) it is possible to foretell, to a certain 
extent, the characteristics of each pump, and a com- 
parison can be made between actual and expected 
results. 

(i) Comparison of Simple Velocity Diagrams, neglecting 
Losses.—The diagrams, Figs. 7 and 8, on page 567, are 
drawn for impeller exit, and, in the case of the axial- 
flow pumps, represent the mid-section streamline. 
This is taken as representative of the pump character 
as a whole, since the effects of the departures on either 
side from the conditions represented are substantially 
equal and opposite. It is assumed that entry to the 
impeller is free from whirl imposed by guide-vanes. 

‘In the diagrams u, or OB, represents the tangential 
velocity of the blade at the point chosen; z, or BC, 
represents the relative velocity of the water with respect 
to the blades ; v, or OC, represents the absolute 
velocity of the water ; w, or OA, represents the whirl, or 
tangential component of the ‘‘ absolute” velocity v; 
8, or £ CBA, represents the inclination of the impeller 
blade at impeller exit to the tangent in the plane of u, 
z and v; and 8, or Z COA, represents the inclination of 
the guide-vane (or of the outflowing water velocity) to 
the tangent in the plane of u,zandv. 7 represents the 
hydraulic efficiency. 

The head (there being no pre-whirl) is then given by 
uv cos 6, or OA x OB, and, since OB is constant, 
varies as OA, or w, the whirl. The unaccented letters 
represent normal running conditions, and those 
accented the conditions corresponding to a small 
reduction in imposed head. Since, near the point of 
maximum efficiency, we may assume 7 to be sensibly 
constant, a reduction in imposed head involves a 
proportional reduction in the head to be generated, 
and therefore in the whirl to be communicated by the 
impeller. Hence the velocities at exit from the 
impeller must be according to the triangle OBC’, 
there being a shock (for the moment neglected) on 
entering the guide vanes. Since the form of the 
triangle ABC is not affected by the change, the ratio 
AB: AC is constant, and the through flow velocity AC 
is proportional to AB. AB can therefore be taken to 
represent, on a certain scale, the quantity delivered 
(neglecting clearance leakage) by the pump. The water 
horse-power, the product of head and quantity 





* Paper read before Section G of the British Associa 
tion at Leeds, on September 6, 1927. Abridged. 





delivered, is therefore measured by OA x AB, and is 
proportional to AD*, where AD is drawn perpendicularly 
to meet the semi-circle on OB. Further, since 7, 
is assumed constant for the small change considered, 
AD? will also represent, though to a different scale, the 
brake horse-power required by the pump. 

Characteristic (a), page 536, ante, that of the diminution 
of power with decreasing head, now becomes obvious, 
for AD can be seen to diminish with the head (compare 
AD and A!D*) in the case of the axial and axial-radial 
pumps, whereas the reverse is the case in the ordinary 
centrifugal pump. This is not strictly peculiar to 
axial-flow pumps, being dependent merely on the 
relation of the impeller and guide-vane angles. It is, 
however, an inherent property of the type. It might, 
perhaps, be roughly explained by saying that the 
increase in delivery consequent on a decrease in head 
is not enough, as in the ordinary centrifugal pump, 
to demand an increase in power. 

With regard to characteristic (6), broadly speaking, 
at small deliveries, the point C moves over near to B. 
The percentage increase in the product OA x OB, 
which determines the head, is obviously far greater in 
Fig. 8 than in Fig. 7. 

As regards (c), the accented points represent, in 
each case, a 25 per cent. reduction in head. The 
consequent alteration in the shape of the triangle is 
seen to be far less in Fig. 8 than in Fig. 7, and there 
is therefore a correspondingly smaller increase in 
shock losses due to the change. Further, the propor- 
tional alteration in quantity (AC: A'C*) being less 
for the axial than for the centrifugal pump, suction 
conditions too are less altered from the normal and less 
shock losses are introduced there also. This is made 
clearer in Figs. 9 and 10, where the relative losses are 
estimated. 

Characteristic (d), the higher specific speed, or speed 
at which the pump runs to deliver unit quantity against 
unit head, is obvious from the diagrams, Figs. 7 and 
8, which are drawn to give the same head in either case, 
the peripheral velocities being represented by the two 
values of OB. Moreover, the difference in the r.p.m. of 
the two types is greater than this, because, in addition, 
the effective radius of the axial pump is less than that 
of the centrifugal. 

Characteristic (e), the comparatively low values of 
the absolute velocities to be converted by the guide- 
vanes into pressure energy, is evident on comparing the 
relative values of OC in the two diagrams, Figs. 7 
and 8. The kinetic energies to be converted are, of 
course, as the squares of these velocities. 

(ii) Discrepancies and Losses.—In the discussions of 
the pump characteristics up to this point, it has been 
assumed that all velocities have been as indicated by 
the velocity diagrams, and that there have been no 
losses. For this purpose, perfect guidance of the 
water has been assumed, the blades being indefinitely 
close together, thin and frictionless, and the guide- 
blade angles being always adjusted to correspond with 
the duty of the pump at the moment. In what follows, 
the velocities, heads, powers, and other quantities 
corresponding to such conditions will be referred to as 
perfect velocity, perfect head, &c. In an actual 
pump, the behaviour of the water is far from perfect, 
partly due to the fact that water itself is not a perfect 
fluid, but much more to the imperfection of the 
guidance provided by the fixed and moving vanes. 
The departures from the perfect values of the variables 
are not themselves all direct causes of loss, however, 
and these departures are therefore divided into two 
classes termed, respectively, discrepancies—which do 
not directly entail loss of energy, but merely cause 
departure from the perfect values—and losses. The 
quantities as modified by non-energy-destroying causes, 
are termed generated head, generated quantity, &c., 
while the effective head and quantity pumped are 
termed the terminal head and terminal quantity. 

The actual conditions obtaining inside a centrifugal 
or axial-flow pump are exceedingly complicated, and 
the suggestions given below are intended rather to 
indicate how far from the perfect state these conditions 
may stray than to describe what actually happens. 
They are put forward to form a basis on which tc 
frame experimental investigations and also to provide 
matter for discussion, whence more accurate concep- 
tions may be evolved. At the outset it should be 
pointed out that, in such of the following theoretical 
investigations in which water is treated as a perfect 
fluid, this assumption is made, not with the idea that 
the results deduced will be accurately reproduced in 
practice, but as being the only procedure practicable. 
Nevertheless, it is thought that such investigations 
should give a nearer idea of actual occurrences than 
is often supposed to be the case. The water is also 
assumed to be, as it very nearly is, homogeneous and 
incompressible. 

(a) Discrepancies.—The principal cause of departure 
from the perfect values in an ordinary pump with a 
limited number of vanes, whether of the centrifugal 
or axial type, is the impossibility of guiding every 
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particle in a perfect course. The actual courses taken 
by the particles depend on internal relative motions 
and rotations within each cell of the impeller and 
guide-vanes. The impellerinternal motions are affected 
by the interference of the water flows subsequent to 
exit from the impeller, and this interference is 
reciprocal, The investigations therefore become ex- 
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Now, neglecting guide-vane interference, (or in a 
pump with a wide vortex-space), stream-lines within 
the impeller may be taken as steady relatively to the 
impeller. Hence the head generated along each 
stream tube is the same as would be generated-in the 
passage between two blades of the same form as the 
stream-tube boundaries, #.e., the total head generated 


Fig.8. VELOCITY DIAGRAM FOR 
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SHOCK LOSSES DIAGRAMS FOR AXIAL-FLOW‘B” AND AXIAL-RADIAL PUMPS. 
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tremely complicated, and the tendencies only, not the 
complete resultant phenomena, can as yet be dealt 
with. 

It is a characteristic of irrotational motion in an 
incompressible homogeneous perfect fluid that it 
cannot, under mechanical conditions such as those 
obtaining in a pump, become rotational. Now the 
water in a pump-suction tank has, in general, no 
rotational motion, and therefore the motion in a cell 
of the impeller must be similarly irrotational.. The 
circulation, or line-integral of the velocity round any 
circuit, must therefore be zero.* Hence any increase 
in whirl which the water experiences in its onward 
course must be neutralised by a velocity difference 
as between one point on a circumference and another. 
This is seen to involve a greater relative velocity 
through the impeller behind a blade than in front of it, 
and, in consequence, for all pumps with ordinary 
blade angles, a less whirl velocity. The whirl is, in 
fact, seen to increase continuously from the back of 
one blade to the front of the next. 





* If the circulation round such a circuit as the paral- 
lelogram, shown in Fig. 11, is to be zero, it is plain that 
the higher whirl along the upper side of the parallelogram 
(marked with a thick arrow) must be compensated for 
by a corresponding higher value, up the left side of the 
parallelogram, of the line integral of the resolved part 
along that side of the absolute velocity. Since the 
absolute velocity is compounded of the tangential and 
relative velocities, and since the tangential velocities are 
the same at either end of the parallelogram, it follows 
that the whole of the discrepancy must be accounted for 
by the difference in relative velocity, as between the ends 
of the parallelogram. There is therefore a higher relative 
velocity along the left side of the parallelogram (i.e., 
behind a blade) than along the right side (i.e., along the 
front of the blade). The arrows are marked thick and 
thin, respectively, to indicate this. As regards the 
difference between an axial-flow pump and a centrifugal 
pump in respect of discrepancy, inspection of the lower 
diagram in Fig. 11 will show that not only is the whirl 
greater along the upper side of the circuit, but also the 
length-element is increased by the greater circum- 
ference. The discrepancy as between the back and 
front of a blade is therefore enhanced, and the arrows are 


there would be no pressure gradient throughout the 
water to produce the tangential acceleration. 

The above remarks apply both to an ordinary centri- 
fugal pump and to one employing axial flow. ‘In 
the latter case, it is necessary to treat each cylindrical 
layer of the pump separately. It was mentioned 
in the description of the axial-radial pump that the 
vortex generated was, as nearly as possible, a free 
vortex—t.e., that the whirl was nearly inversely 
proportional to the radius. If this could be main- 
tained throughout the pump, there would be no ten- 
dency for water to move from one cylindrical shell to 
another. Such isolation of layers is assumed in what 
follows, but, since the whirl varies as between the front 
of one blade and the back of the next, the vortex 
cannot be a true one, and error may be introduced. 
At high heads particularly, the motion becomes erratic. 


In the ordinary centrifugal pump, the discrepancy 
in an impeller cell is far greater per unit of circum- 
ference than it is in an axial-flow pump. In taking, 
for a centrifugal pump, the line-integral of the velocity 
round a circuit formed by two circumferences and two 
portions of blade-surface, not only is the whirl greater 
along the outer circumference, but the length element 
also is increased. Hence the compensating difference 
in velocity along the blade surfaces is greater for 
centrifugal than for an axial-flow pump, where all 
circumferences are equal. The whirl and head dis- 
crepancies per unit of circumference are therefore 
greater; or, to put it another way, more blades 
are required in a centrifugal than in an axial-flow 
pump to give equally accurate guidance. This is one 
cause of the excellent results obtained with axial-flow 
pumps with four, three, and even two, impeller blades, 
and it is this possibility of using few blades which 
facilitates the design of pumps that are not easily 
choked. 

The amount of the above-mentioned whirl-dis- 
crepancy can be approximately 
estimated, provided we know 
the relationship of the circum- 
ferential distance from blade to 
blade and the axial distance 
through the pump. For a screw 
pump, the blades of which just 
cover *, the difference in whirl 
in front of and behind a blade 
is about equal to the value of 








B 0 


VELOCITY DISCREPANCIES IN IMPELLER CELLS. 
AXIAL FLOW PUMP. 








Z Relative 


CENTRIFUGAL PUMP. 
Z Relative 





$- 





Tangential 





“ENGINEERING” 


would be proportional to the whirl imparted. Thus, 
in an impeller free from guide-vane interference, the 
head generated at every point of the circumference of 
an impeller-cell is proportional to the whirl at that 
point. 

It was pointed out above that the whirl increases 
from the back of one blade to the front of the next, 
and therefore the total head increases similarly. The 
pressure, which is got by subtracting the kinetic energy 
from the total head, can be seen from the velocity 
diagrams to increase likewise. Indeed, this is other- 
wise obvious, since, if it did not do so, not only would 
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the mean whirl generated at that layer. The effect is, 
therefore, very considerable. It increases in proportion 
to the rate of increase of whirl with respect to progress 
through the pump, and therefore increases with increas- 
ing head. Similar discrepancies take place in the guide 
passages, due to the retardation of the whirl therein, 
but here, if we could ignore impeller-blade interference, 
the motion would be steady and Bernoulli’s relation 
would hold. Total head would, therefore, be the same 
throughout, velocities would be lowest along the front 
or weather surface of a blade, and‘a falling pressure- 
gradient would exist from this surface across each 
guide passage. 

The above is all based on the assumption that 
impeller streamlines are steady relatively to the im- 
peller. Interference by the fixed guide vanes will, 
however, cause additional discrepancies. Moreover, 
similar additional discrepancies are caused in the 
guide-vane cells by the impeller blades. In both 
cases, the less the original discrepancies the less will 
be the interference. Some idea of the effect of impeller- 
blade interference on the flow in the guide vanes, and, 
mutatis mutandis, of guide-blade interference with 
impeller flow, can be obtained by imagining an observer 
stationed on a guide-vane pick-up edge. He will 
experience, not the steady flow assumed in the perfect 
pump, but a fluctuating flow as follows :—As an im- 
peller blade approaches, he will experience an increasing 
velocity, a velocity becoming more and more nearly 
tangential, striking the leading face of the guide vane. 
The pressure also will rise, and acceleration will take 
place both through the guide passage and also towards 
the vane next behind. As the blade passes, the 
velocity will change suddenly, and will begin to impinge 
on the leeward side of the guide vane. The pressure 
also will fall suddenly, and the velocity through the 
guide passage will diminish until such time as a portion 
of the impeller cell arrives in which the imposed 
head is once more equilibrated. 

There exists, therefore, in the guide passages, and 





* Actually, experiment has so far shown that the best 
efficiencies are obtained with about 80 per cent of com- 
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also within the seinen itself, an a: velocity 
imposed on the normal flow. The head generating this 
velocity in any streamline is a function of the dis- 
crepancy from the mean whirl of the whirl at the 
impeller rim, but, owing to the fact that the stream- 
lines themselves are nowhere steady, it is difficult 
to determine the precise nature of the oscillation. 
Since, however, the whirl discrepancy is not far different 
in extent from the mean whirl imparted, it is plain 
that the oscillations are of considerable magnitude. 
As soon as the imposed head is such that the point A 
in Fig. 12 reaches a position roughly two-thirds of the 
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imposed change in velocity)? and the changes in velocity 
(see Fig. 12) will be proportional to the generated head. 
Hence the losses from this cause will vary roughly as 
the square of the head. The velocity through the 
clearance rings will vary as the square root of the 


(d) For all duties amen from the mnie value 


of , shocks due to the blade and vane angles 





having no longer the correct mean value. 
The generated quantity will fall short of the perfect 


quantity owing to :— pressure at impeller rim, or roughly as ./H. Further 


investigation of the oscillations is required. The 
increase in torque will, however, begin when the head 
is slightly above normal, and will soon become very 
great as the head increases. This is, of course, found 
to be the case in practice. 


(e) Blade-edge ineffectiveness. 

The terminal quantity will fall short of the generated 
quantity owing to :— 

(f) Leakage through impeller clearance rings. 





Fig. 12. VELOCITY DIAGRAMS FOR AXIAL FLOW PUMP ILLUSTRATING IMPELLER CELL WHIRL DISCREPANCIES. 
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distance along OB, an internal circulation, involving 
an actual reversal of flow, will begin, and water will 
re-enter the impeller from the guide vanes. This 
condition is only reached when the pumping head is 
approximately double the normal, which, it should be 
noted, is a condition beyond the range of an ordinary 
centrifugal pump altogether. The conditions of such 
counter-flow are exceedingly complicated, but it is 
evident that, owing to the inclination of the guide 
vanes, the returning water must, on impinging on the 
impeller blades, have its velocity suddenly reversed. 
This gives rise to the increase in torque, above the 
value given by the circle in Fig. 8, with rising head. 
In a screw pump, the back-flow will begin at different 
heads in the different cylindrical layers. There should 
ultimately be a continuous return, through the inner 
layers, of the water pumped by the outer. The effect 
would be still further to increase the torque for high 
heads. - 

The above discrepancies are, in some ways, analogous 
to armature cross-magnetisation in a simple dynamo. 
They do not directly cause any diminution of the 
generated head or quantity. Deficits, comparable 
with armature demagnetisation, are, however, caused 
by the comparative ineffectiveness of the impeller- 
blade edges, as follows :—Since no pressure difference 
can exist between contiguous surfaces of a fluid, there 
must be an equalisation of pressure, as between the 
front and back of a blade, as the water approaches the 
discharge edge. There must, therefore, be, toward 
that edge, a falling-off of pressure in front of an impeller 
blade, a corresponding fall of tangential acceleration, 
and an increase in relative velocity. On the back, 
there will be a rise of pressure, a falling-off of tangential 
acceleration, and a decrease in relative velocity. The 
work done as the blade edge is approached, therefore, 
gets less and less; in other words, the blade really 
behaves as a perfect blade with part of the edge cut off. 
Now in the case of the impeller of an axial-flow pump, 
the effective blade angle increases from suction to 
delivery, this increase being the source of the whirl 
imparted, and therefore to truncate the blade is 
equivalent to flattening the angle. Inspection of 
the diagrams will show that both generated head and 
quantity are reduced by such flattening, and that the 
reductions are proportional. In fact, the blades fail 
properly to “ get hold”’ of all the water in each cell. 
Impeller entrance edges and guide-vane inlet edges 
must be similarly ineftective, but to a lesser extent. 
This discrepancy, often taken in the ordinary centri- 
fugal pump as equivalent to a reduction in effective 
impeller diameter, is very important in axial-flow 
pumps with few blades. In a three-bladed axial- 
radial pump, it causes a reduction of approximately 
15 per cent. in both head and quantity at normal 
duty, as compared with the perfect diagram predictions. 
The discrepancy should evidently decrease as the 
blade interval is lessened, and, in fact, a many-bladed 
impeller will generate a uigher head, though not 
necessarily more efficiently, than one with a smaller 
number of similar blades. This discrepancy is not a 
direct source of loss, the torque being reduced as well 
as quantity and head. 

(b) Losses of Energy.—It has already been pointed 
out that the generated head falls short, though without 
energy loss, of the perfect head owing to :— 

(a) Blade-edge ineffectiveness. 

The terminal head in an actual pump will fall short 
also of the generated head, on account of :— 

(5) Fluid friction throughout pump passages. 

(c) Shocks due to varying directions of impinging 

velocity consequent upon the discrepancies and 
blade thicknesses. 
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A view of two axial-flow B-type pumps under con- 
struction is given in Fig. 13. These pumps, which are 
to be electrically driven, are for fen drainage work. 
They will lift, respectively, 200 tons and 100 tons per 
minute to a height of 6 ft. 


The generating torque will be less than the perfect 
torque owing to :— 

(g) Blade-edge ineffectiveness. 

The terminal torque will, however, be increased by 

(A) Re-entering water resulting from interference 

oscillations. 

(t) Skin and mechanical friction. 

Of these items, the fluid friction throughout the 
pump passages is probably only small in an axial-flow 
pump. It is nearly proportional to Q?. In the case 
of characteristic (c), previously referred to, the losses are, 





THE PropvuctTiIon oF Pia-IRON AND STEEL DURING 
SEPTEMBER, 1927.—We have received a report from the 
National Federation of Iron and Steel Manufacturers, 
Caxton House, Tothill-street, S.W.1, according to which 
the number of furnaces in blast at the end of September 
} | was 160, or a net decrease of five since the beginning of 
as usual, taken as the sum of — x (shock- -imposed | the month. The production of pig-iron, which includes 

195,900 tons of hematite, 205,400 tons of basic, 146,000 
tons of foundry, and 20,500 tons of forge pig-iron, 
amounted to 591,500 tons, compared with 596,100 tons 
in August, and 645,800 tons in July. The production of 
steel ingots and castings amounted to 777,000 tons in 
September, compared with 643,100 tons in August, and 
| 687,100 tons in July. 





change in velocity)* both at entrance and at exit, assum- | 
ing no pre-whirl. The said shock-imposed velocities | 
are taken as the difference C’¢ in the velocities which 
would obtain were the guidance entirely due (1) to 
impeller blades: (2) to the fixed vanes. The losses | 
in head (Figs. 9 and 10, which are plotted to the same 


¢ | 
ve But the | 


velocity scale) are then equal to oy DenTaL SERVICE IN INDUsTRY.—We have received 
p OB ve | from the Industrial Welfare Society, 51, Palace-street, 
total head generated is OA x ——, and is represented | Westminster, London, 8.W.1, a copy of their latest 


brochure entitled, ‘‘ Dental Service in Industry.” In 
addition to prov iding a guide to firms about to establish 
| dental services, the aim of the compilers of the book has 
been to offer suggestions for directing the attention of 
staffs and workpeople to the need for oral hygiene. The 
text of the body of the work is free from technical matter, 
while an appendix covers the essential details of a 
dental clinic. The headings of the various sections 
| include, The Value of Works’ Dental Clinics; Applying 
a Scheme to the Different Kinds of Employees; The 
Main Types of Schemes; The Position of the Dentist ; 
Organising the Work of the Clinic ; Finance ; Instructing 
the Worker; and Recording the Work of the Clinic. 


by OA. To the same ~— therefore, the shock loss | 


x OB, or Tf. and the | 


lengths are scan with thick lines. The comparison 
is rather striking and helps to explain the flat efficiency | | 
curves of the axial-flow pumps. The losses vary as | 
the square of the departure of the head from the 
normal. The shocks due to varying directions of 
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impinging velocity also approximate to 25 x (shock- 
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THE NAPIER LION, SERIES V, AERO- 
ENGINE. 


THE power unit of the modern aeroplane, the 
manufacture of which, in view of the peculiar and 
very trying conditions under which it operates, 
calls for greater accuracy, study of materials used 
and attention to details, than is found in most 
trades, is developing in this country along various 
lines, amongst which are the simple four-cylinder 
in-line air-cooled engine, an example of which is 
the 27/60 h.p. Cirrus engine; the Vee type air- 
cooled engine, such as the eight-cylinder 120/140 
h.p. Airdisco; the multi-cylinder double-row 
static radial air-cooled engine, a type which has 
been brought into prominence by Sir Alan Cobham’s 
successful flight to Australia and back with a 
385-h.p. Armstrong-Siddeley Jaguar engine, and 
the regular running of the single-row Bristol Jupiter 
static radial engines in the service of Messrs. Imperial 
Airways, Limited. Lastly, before leaving air-cooled 
engines, mention should be made of the now prac- 
tically extinct rotating radial type. Modern water- 
cooled engines may be divided into three distinct 
types, viz., the simple single line of vertical cylinders, 
such as the six-cylinder 300/330-h.p. Nimbus engine ; 
the Vee type, such as the various Rolls-Royce 
engines; and those engines with three or more 
banks of cylinders, such as the Napier Lion and 
Cub engines. 

The engine to be adopted in any particular case, 
depends, of course, entirely on the size, desired 
speed and carrying capacity of the aeroplane, and 
the atmospheric and geographical conditions under 
which it is proposed to operate ; but, as an example 
of a modern aero-engine which meets a fair range 
of requirements, we propose to describe, in some 
detail, the Lion, Series V, 450-h.p. engine, as manu- 
factured by Messrs. D. Napier and Son, Limited, 
Acton, London, W. 

Although this engine was not produced in suffi- 
cient numbers to be of very great service to the 
Allies during the war, it has won an excellent reputa- 
tion during the last seven years, some of the most 
distinctive achievements being the recent flight of 
four Fairey III. F machines, fitted with Lion 
engines, from Cairo to Cape Town and back, under 
Air Commodore C. R. Samson, C.M.G., D.S.O., 
A.F.C., this being the second occasion that this 
flight has been accomplished by aeroplanes fitted 
with this type of engine ; the winning of the Aerial 
Derby Scratch Races in 1921, 1922 and 1923; the 
British victory in the Schneider Trophy seaplane 
race in 1922 by a Supermarine flying boat with a 
Napier Lion engine, and the recovery of the Trophy 
this year at Venice, when all three machines of the 
British team were fitted with Napier Lion special 
racing engines. In addition to their very consider- 
able use in the Royal Air Force, Lion engines are 
employed extensively by Messrs. Imperial Airways, 
Limited, on their Continental services, where, we 
understand, they are giving complete satisfaction, 
running practically regularly for 300 hours between 
overhauls. 

The success of the engine is very largely due 
to the extreme care taken by the builders to ensure 
that all incoming material is as free from flaws as 
is humanly possible, and also to the very strict 
watch which is kept over all the component parts 
as they pass through the various machining opera- 
tions, to their final stages, ready for assembly. 
In addition to the standard specification for 
materials as laid down by the Air Ministry, Messrs. 
Napier superimpose further requirements, which 
have to be complied with before acceptance. For 
example, practically the whole of the steel used in 
the engine is first submitted to Messrs. Napier for 
approval, whilst it is still in ingot form. From a 
selected ingot, test pieces are prepared by the steel 
maker, by whom a certain proportion are tested, 
the others being forwarded to Messrs. Napier for 
their check tests, which include analyses, heat 
treatment, physical tests and micro-examination. 
The two sets of results are afterwards compared, 
and it is then decided whether that cast of steel shall 
be worked up into forgings for the engine. 

With such vital parts as connecting-rods and valve 
springs, each ingot of the cast is split vertically into 
four equal parts ; one surface, and, in the case of 











ENGINEERING. 





valve springs, all sixteen surfaces, are then carefully 
polished and etched, and investigations are carried 
out in order to determine the amount of material 
to be removed because of surface imperfections or 
piping. When the removal of this imperfect material 
has been accomplished, the remainder is worked up 
into billets in the usual manner. Special precau- 
tions of the same character are taken after the 
receipt of the drop stampings from the steel maker. 
In the case of connecting-rods, crankshaft gears and 
airscrew shaft gears, for example, the forgings from 
each billet are kept separate, and test-pieces from 
each billet are supplied with the forgings for heat 
treatment along with the forgings. Connecting-rods 
are heat treated in small batches, together with 
one of the test-pieces from each billet from which 
the rods were forged. After heat treatment, the rods 
and test-piece are first Brinell tested ; the test-piece 
is then machined into tensile and Izod test-pieces, 
and when these have been found to conform with 
the specification, a final Izod test-piece is machined 
from each of the connecting-rods. Finally, a definite 
percentage of rods is cut up and tested, to ensure 
that the shanks of the rods themselves conform truly 
to specification requirements. With regard to the 
gears mentioned above, in addition to the usual 
checks for the depth of the case after carburizing, 
every gear, before being put into service, is etched 
and examined under the microscope. Similar careful 
testing is carried out in the case of crankshafts, 
gudgeon pins, camshafts, airscrew shafts, etc., and 
it is of interest to note that such was the confidence 
of the firm in the thoroughness of their acceptance 
tests, that the material used for all the essential 
parts of the engines built for the Schneider Trophy 
Race, were taken from ordinary standard stock. 

With the object not only of ensuring the finest 
workmanship, but also of assisting outside suppliers 
of aluminium castings, Messrs. Napier have, at their 
works, a small foundry in which a substantial 
proportion of their more intricate castings is made. 
In this foundry, a great deal of experimental work 
and investigations of the difficulties of casting 
intricate parts, are carried out more or less as 
matters of ordinary routine. An extensive and 
well-equipped engine test house is also included in 
the works lay-out, in which are mounted a number 
of separate testing plants of the Froude dynamo- 
meter type, to which Messrs. Napier have added a 
special Evershed and Vignoles electric tachometer. 
One of the beds is fitted with an elevated table for 
the testing of Cub engines, while another has a 
foundation which may be tilted as desired, in order 
to try out engines under conditions similar to 
that encountered in climbing and descending. The 
tests carried out are usually in excess of, and in no 
circumstances less than, those laid down by the Air 
Ministry. 

Drawings and photographs of the Napier Lion, 
Series V, engine are reproduced on Plate XL, 
and on pages 570 to 572, and 584. As will be seen 
from these, it has 12 cylinders, arranged in three 
blocks of four each, the central block being in the 
vertical plane, with the port and starboard blocks 
at an angle of 60 degrees to the vertical. The 
overall dimensions of the engine are :—Length, 
4 ft. 10 in.; width, 3 ft. 6 in.; and height, 3 ft. 
The benefits accruing from this form of construction 
are fairly obvious, a shorter crankcase is obtained 
with a stiffer and simpler crankshaft than would be 
possible if the same number of cylinders were 
arranged in the form of a simple vee. At the 
same time, at least an equally uniform turning 
moment is obtained, as well as a satisfactory dynamic 
balance. The weight of the complete engine, when 
dry, is approximately 940 lb. The high-compression 
engine, of which the ratio is 5-8 to 1, when running 
on open exhaust and under standard barometric 
and atmospheric conditions, develops 480 h.p. at 
the normal speed of 2,000 r.p.m., and in this case 
the weight works out at a fraction under 2 lb. per 
horse-power ; at the maximum permissible speed 
of 2,200 r.p.m., the brake horse-power developed is 
well in excess of 500. 

Of the photographs reproduced on page 584, 
Fig. 18, is a view taken of the airscrew end of 
the engine, and shows the two special Napier 
Claudel-Hobson carburettors, with their connect- 
ing pipes to the cast-aluminium inlet manifolds 








bolted to the cylinder blocks. It will be noticed 
that the port carburettor is of the duplex 
type, supplying both the vertical and port side 
cylinder blocks. The outlet end of the cooling- 
water system should also be noticed in the upper 
part of the figure, as, in addition to the, pipes con- 
necting the cylinder blocks with the radiator, the 
smaller pipes, leading the water at its highest 
temperature to the induction pipe jackets, together 
with the return pipes thence direct to the pump, are 
clearly seen. A rear end view is given in Fig. 20, 
which shows the position of the two B.T.H. 
magnetos and the centrifugal cooling-water pump, 
pipes from which can be seen for conveying the 
water to the headers and to two connections on 
each block of cylinders. The hand-operated start- 
ing gear, together with the automatic throw-out 
device, which will be described later, should also 
be noticed in this illustration, as also should be the 
position of the primer pump, with its connections 
to the inlet manifolds. A view of the engine from 
the port side is given in Fig. 19, which shows several 
of the above general features, a further point shown 
being the sloping away, both forward and aft, of 
the crankcase, which, as described later, is done 
with the object of collecting the oil for the suction 
pumps to draw from, whether the aeroplane is 
climbing or descending in a steep glide. Fig. 21, 
on the same page, is reproduced from a photograph 
of one of the Napier Lion engines specially designed 
for the Schneider ‘Trophy Race, but technical 
particulars of this engine are not yet available for 
publication. 

From th2 longitudinal section given in Fig. 1 
on Plate XL, it will be seen that each cylinder is a 
separate forging, and that the head is integral with 
the barrel ; the bore and stroke are 54 in. and 5} in., 
respectively. The cooling-water jacket is of sheet 
steel, welded at the top and bottom to flanges 
machined on the outside of the cylinder ; the lower 
flange is situated slightly above the piston top at the 
bottom dead centre. Four openings for the valves, 
of which there are two exhaust and two inlet, are 
formed symmetrically in the head, and three holes 
are tapped in the cylinder barrel, approximately 
midway between the head and the piston top at top 
dead centre, for the dual ignition plugs and the 
inlet valve of the gas starter. A point of interest, 
clearly illustrated in this figure, is the method of 
attaching the headers to the cylinders by means of 
the valve seats. Each of the 16 seats is machined 
with a flange on its inner end to grip the cylinder 
head, while the other end is threaded to screw well 
into a boss cast in the aluminium header. The 
joint between the cylinder and the header is metal 
to metal, and is lapped and scraped by hand to 
ensure perfect contact, in order that the heat from 
the cylinder head may be effectively transmitted to 
the cooling water in the header. The unobstructed 
passage for the cooling-water through the whole 
length of the header is also well illustrated. 

Both the inlet and exhaust valves are of the 
ordinary mushroom type, but the method of ad- 
justing the cam clearance is, we believe, unique ; 
it can be followed with reference to the two valves 
shown in section in Fig. 1. The valve stem, which 
about one valve diameter above the head is increased 
to approximately one-and-a-half times the original 
diameter, is drilled out and threaded internally to 
take the screwed stem of the tappet head. A plain 
ring, held in position round the tappet head by a 
friction grip, has an inward flange on its lower 
edge, which acts as an intermediary between the top 
of the valve springs and the under side of the tappet 
head, the lower end of the springs bearing on a 
flange machined on the valve guide, which is a 
push fit in the header. The advantages of this 
arrangement, in which the tappet-locking device 
does not depend for security on the valve springs, 
are, firstly, the ease of adjustment, it being only 
necessary to grip the locking ring and rotate the 
tappet head by means of a special tool fitting into 
holes drilled near its periphery ; and, secondly, it is 
impossible, in the event of the springs breaking, for 
the tappet head to become entirely unscrewed and 
thus allow the valve to fall into the cylinder, owing 
to the fact that a tongue of the locking ring enters 
into a slot in the valve stem. 





The valves in each block of cylinders are actuated 
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by two parallel overhead camshafts, the inlet 
camshaft in the port and starboard blocks being 
driven by a spur wheel off the exhaust camshaft, | 
while in the central bank, the exhaust camshaft is | 
driven by the inlet camshaft. The drive, in all 
three cases, is obtained by shafts, through evita 
gearing, from the auxiliary drive shaft. The latter, | 
together with its connections, is an important feature | 
of the engine, and its general arrangement will be | 
understood from an examination of Figs. 1 and 4, | 
on Plate XL, and the photograph reproduced in | 
Fig. 12 on this page. It will be noticed that it is | 
driven directly from the crankshaft through dogs. | 
This arrangement allows the crankshaft to be kept 
as short as possible. To the rear end of the auxiliary | 
shaft is attached the hand-starting gear, with its | 
automatic throw-out device, operating through a 
dog clutch. This gear is illustrated separately in 
Figs. 5, 6 and 7, opposite. The engine is 
turned over by a crank handle operating through a | 
worm and worm-wheel, and, referring to Fig. 1, on | 
Plate XL, it will be noticed that the faces of the dogs, 
through which the drive is transmitted to the | 
auxiliary shaft, are cut at an angle, and that the 
longitudinal force holding the parts in contact is 
governed entirely by the state of compression of the 
spring in the automatic throw-out, actuating through 
a system of levers as shown in the figures. The 
arrangement ensures safety both for the starting 
gear and the mechanic, since as soon as the engine 
fires regularly, or in the event of a backfire, the 


central shaft slides back longitudinally overcoming | 


the compression of the spring, and the whole of the 
starting gear is thus thrown out of action. 

The arrangement of bevel wheels for the camshaft- 
drive shafts, &c., is shown in Figs. 1 and 4, on 
Plate XL, and in Fig. 12, above. A double-bevel 
wheel, lettered a in Fig. 1, is keyed to the auxiliary- 
drive shaft and held longitudinally by means of a 
flange, machined on the shaft, and a nut. The 
forward bevel drives the two camshaft-drive shafts 
for the port and starboard blocks directly, as is 
most clearly shown in Fig. 4, while the drive shaft 
of the central block is provided by a second bevel 
mounted on the drive shaft of the port block. The 
centrifugal cooling-water pump, and the suction and 
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pressure pumps for the lubricating oil, are driven by 
|a further vertical shaft situated immediately below 
|the auxiliary shaft, and also driven by the forward 
bevel. The after portion of the double bevel drives 
|the two magnetos at one-and-a-half times the 
jengine speed. The magnetos are mounted on the 
| same level, and on either side of, the auxiliary-drive 
|shaft, as shown in Figs. 2 and 20. The tachometer 
|is driven by a small worm gear from the central 
camshaft drive-shaft, the gear for this purpose being 
| visible in Fig. 4. 

The design and construction of the crankshaft 
|can be followed from the section given in Fig. 1, 
jon Plate XL, while some idea of the high-class 
| workmanship employed on it can be gathered from 
|the photograph reproduced in Fig. 15, annexed. 
It is, of course, a single forging, and it will be 
noticed that, in order to lighten it, all excess metal 
has been cut away as far as is permissible without 
reducing its strength. The crankpins and journals 
are all drilled out, and the ends of the openings are 
made oil-tight by means of light steel caps, which, 
after being lapped into their respective seatings, 
are held in position by tie-rods ; they are pressure- 
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tested to 100 lb. per square inch, with ¥ paraffin, 
after assembly. The crankshaft is supported in 
five main roller bearings, with a plain bearing at 
the extreme forward end, as clearly shown in the 
illustrations referred to. It will be seen that 
bearings Nos. 2, 3 and 4, counting from the after 
end, are similar in construction and mounting, in 
that they are held in position by split keyed bushes, 
made necessary by the fact that the internal 
diameter of the bearings is too large for them to be 
fitted directly on to the shaft, since they have to 
be threaded on over the shoulders of the crank 
throws. The upper half of the housing is, in each 
case, integral with the aluminium crankcase, while 
the lower half is a steel cap, diametrically bolted 
down, and made a good push fit into the crank- 
case; this is most clearly shown in Fig. 3, on 
Plate XL. Bearings Nos. 1 and 5, the housings 
of which are similar to those of the three central 
bearings, although the inner and outer diameters 
of the bearing races are considerably smaller, have 
no split bushes, No. 1 bearing being held between 
a shoulder machined on the crankshaft and a nut 
and washer, while No. 5 bearing is gripped between 
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the shoulder on No. 4 crank throw front web and 
an oil thrower, which, in turn, is held by set screws 
in the reduction-gear pinion. The front-end plain 
bearing is of the usual pattern and needs no special 
comment beyond the fact that }-in. holes are drilled 
in line with the oil groove to supply oil to a jet 
directed on to the reduction gears at the point of 
contact, as will be explained later. 

The connecting rod assembly, shown in Fig. 3, 
on Plate XL, and in Fig. 13 on page 571, has several 
points of interest. It will be seen, at once, that the 
master rods are connected to the pistons in the 
central block of cylinders, and that the big-end 
bearing is of the ordinary plain white-metal type. 
The lower half is a good push fit into the upper half, 
and is locked in position by four studs. Each wing 
rod, both ends of which are bushed with phosphor 
bronze, is attached to the master rod by a wrist pin 
and two lugs forged solid with the big-end bearing. 
The wrist pin, which is prevented from rotating 
by a dowel fitting into a recess cut in one of the 
lugs, is pressed home against a taper, and held 
longitudinally by means of a screwed plug, which 
can be seen in Fig. 1, being finally locked by a tab- 
washer. Each wrist pin, one end of which is 
blanked off, thus forms a small oiltight cylinder 
through which the oil passes on its way to the 
gudgeon pins of the wing pistons. The connecting 
rods, and the master rods, are of the usual H section. 
The oil pipes shown in Figs. 1 and 3 are clamped 
to the rods by eyebolts, whereas in the latest 
engines, the arrangements have been modified 
and a central oil hole is drilled through the length 
of the rod. The rods shown in Fig. 13 are of this 
design, which is not only neater and simpler, but 
also increases the strength of the cross section. 

The piston is shown in section in Fig. 1, which 
should be examined in conjunction with the photo- 
graph reproduced in Fig. 14, on page 571. It 
consists of a simple aluminium alloy casting, with 
internal horizontal strengthening webs. Two gas 
rings and two scraper rings are fitted, one of the 
latter being at the extreme lower edge of the 
skirt, while the other is immediately below the gas 
rings. Between the top scraper ring and the 
gudgeon pin boss, a ring of small holes is drilled 
through the piston to allow surplus oil from the 
cylinder walls to drain back to the crankcase. 
With regard to the gudgeon-pin bushes, which 
are of mild steel, it is of interest to mention that 
they are placed in position in the mould in which 
the piston is cast, and the metal is then cast round 
them. ‘To fix them securely, a series of holes is 
previously drilled through the bushes, which are, 
of course, filled by the molten metal. The gudgeon 
pin is locked in position by a hard-steel pin, as 
shown in Fig. 5 

Figs. 8 and 9 are a cross section and an end 
elevation, respectively, of the airscrew shaft and 
boss, and it will be seen that the former is bored 
centrally for lightness and runs in two roller bearings 
in an aluminium cover. The reduction gear, the 
number of teeth on which is 41, while that on the 
pinion is 27, is spigotted to a flange forged integral 
with the shaft at the rear end, and held in position 
by a ring of twelve }-in. belts, the truth of the gear 
on all surfaces relative to the shaft being checked to 
within 0-00l-in. The outer race of the rear-end 
roller bearing is retained between a shoulder on the 
aluminium cover and a locking ring held in position 
by set screws, while a shoulder machined on the 
shaft, and a washer and nut threaded into the end 
of the shaft, grip the inner race. The actual thrust 
of the airscrew is transmitted to the cover through 
a shoulder forged on the shaft and a double-thrust 
race, which are clearly shown in Fig. 8. The 
housing of the double-thrust race consists of a sleeve 
bolted at its forward end to the cover by six flange 
nuts, the thrust being transmitted through the 
front single-thrust race to a shoulder on the sleeve 
when the engine is driving a tractor screw, and 
through the other single-thrust race to the inner end 
of the sleeve, in the case of a pusher screw. The 
hub for the airscrew is a good push fit on the end 
of the shaft, and is driven by means of splines, being 
held longitudinally by a nut threaded on the outside 
of the shaft, which, in turn, is locked by a thin steel 
plate fitting over the flats and held by set screws. 
As previously stated, two special Napier Claudel- 








Hobson carburettors are fitted to each engine, and 
a longitudinal section and sectional plan of the 
port carburettor, which is of the duplex type, are 
given in Figs. 16 and 17, annexed. It supplies 
both the port and central blocks of cylinders, and, 
like the single starboard carburettor, is carried by 
the steel induction pipes and also stayed to the 
crankcase. The petrol enters the carburettor by a 
connection shown in the bottom right-hand corner 
of Fig. 16, and, after passing through a hemi- 
spherical gauze filter, enters the float chamber 
through the needle valve; its level in the float 
chamber is governed by the usual method of float 
and balance weights. From the float chamber, the 
petrol flows into a special form of jet termed the 
diffuser. When the engine is running slow with 
the throttle practically closed, the petrol enters the 
throat of the carburettor through the small central 
tube, or pilot jet only. When the throttle is opened, 
however, thus increasing the suction, the petrol rises 
in the annular space round the pilot jet, where it is 
met and thoroughly disintegrated by air entering 
the diffuser through small holes in the bottom of 
the outer wall, passing out into the throat in a 
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chamber, both the cage and the needle being held 
down by suitable weights. A small quantity of 
petrol or paraffin is poured into the float chamber 
and no leakage of air must take place, even when 
the needle is slowly rotated. Any possible leakage 
between the altitude-control cock and the body 
is checked by assembling the complete carburettor, 
except for the throttle barrel and water-jacket doors, 
and, after blanking off the petrol union and fitting 
dummy jets, the whole is immersed, base upwards 
in a tank containing clean paraffin. Under these 
conditions, with the cock closed and an internal 
pressure of 1 lb. per square inch applied through a 
rubber tube attached to the air-leak tube, no 
leakage of any kind must be observed. The method 
used for the adjustment of the petrol level is of 
interest, and is carried out as follows :—The collar 
is fitted to the needle and assembled in its cage, 
complete with the balance weights. After screwing 
a service guard tube firmly into position in the 
diffuser, using a standard fibre washer on the base, 
the float and needle are assembled, using a suitable 
weight to keep the cage from rising when the float 
rises. A petrol supply, under a pressure of 1} to 


SECTION A-A 
LOOKING IN DIRECTION OF ARROW. 





N Ny 


poe SSS Soy 
* = es ES 













S.S,, N Ly 
a UMMM eS 


SSS 7 


Pet ee 


Zz ZR KKH 
SSS Sy 
Lddbdddddddddddddsdsss) 










per square inch, is then 
attached to the petrol union, 

















( <a 





(343.6) 


finely-divided state, through the upward-inclined | 
holes shown in Fig. 16. In the throat, the petrol | 
vapour mixes with the main air supply, and the 
mixture is drawn into the engine cylinders through 
the induction manifold. ‘The body of the carburettor | 
is jacketted with hot water from the circulating | 
system, as already mentioned. An altitude-control | 
cock is fitted to compensate for the rarer atmosphere 
at high altitudes, the control being effected by the 
opening and closing of a valve situated in a connec- 
tion between the throat and the top of the float | 
chamber and clearly shown in Figs. 16 and 17. The | 
petrol consumption averages about 0-52 pint per 
brake horse-power hour on full throttle at normal | 
speed, or about 31 gallons per hour. 
While referring to the carburettors, 


mention 
should be made of the very thorough tests which 
Messrs. Napier carry out to ensure their satisfactory 
working in practice. The petrol consumption, and | 
the functioning of the pilot jet and diffuser assembly, | 
are investigated by attaching the carburettor to a 
tank, the pressure in which is reduced to a value | 
which represents the suction of the engine at any 
desired speed of rotation. The petrol consumption | 
is indicated by a gauge mounted on the side of the | 
tank. The seating of the needle valve is tested to 
a pressure of 4 lb. per square inch ; that is to say, | 
air pressure of that amount is applied to the filter 


and the position of the collar 
on the needle is adjusted to give 
a petrol level 8 to 10 mm. below 
the top of the guard tube under 
these conditions. 

The cooling-water circuit is a 
very simple one, and can be 
followed from the rear-end ele- 
vation, Fig. 2, on Plate XL, 
and the photograph reproduced 
in Fig. 20, on page 584. The 
pump, which is of the centri- 
fugal type and is shown in detail 
in Figs. 10 and 11, on page 570, 
is driven off the auxiliary drive 
shaft, as previously mentioned. The water is 
delivered to the headers and cylinder jackets 
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|through two connections at the rear end, the 


outlet being at the extreme forward end of each 
cylinder block. At this point, where the water is 
hottest, a small portion of it is tapped to the induc- 
tion pipe and carburettor jackets, whence it returns 
direct to the pump; the remainder is taken to the 


| radiator from which the pump draws its main supply. 


Before the final assembly, each block of cylinders is 
attached to its respective header and immersed in a 
tank of water, where the whole is tested for leaks 
in the cooling-water system, by means of com- 
pressed air. 

The forced-lubrication system, which is designed 
on the dry sump principle, is rather more compli- 
cated, and should be followed with reference to the 


| longitudinal section given in Fig. 1, on Plate XL. 


The two suction pumps, and the pressure pump, all 
of which are of the gear type, are situated in the rear 


}end cover immediately below the auxiliary drive 
| shaft, and are driven off the same vertical shaft as 
| the water pump. The capacity of the suction pumps 


is such that either working alone will keep the sump 
dry, thus ensuring that there is no danger of exces- 
sive accumulation of oil when the machine is at an 
angle ; they draw from both ends of the crankcase 


‘sump, which is sloped away both forward and aft, as 
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previously stated. The oil, after passing through the 
suction pump strainer, is delivered to the main oil 
tank, whence the supply to the pressure pump is 
drawn through a second strainer, and is finally 
delivered to the moving parts of the engine through 
three separate connections, two of which can be 
seen in Fig. 1. 

The first connection supplies oil to the rear 
end of the crankshaft through the auxiliary 
drive shaft, and, in its passage forward, through 


the hollow crankpins and journals, it lubricates | 


the big-end bearings and is forced outwards through 
the connecting-rods to the gudgeon-pins ; the main 
bearings and cylinder walls are lubricated on the 
splash system. The second connection is carried 
right through the crankcase oil sump to the plain 
bearing at the forward end of the crankshaft, whence 
the greater proportion of the oil enters the hollow 
crankshaft and passes aft to augment the first 
supply. The remainder, after lubricating the front 
end plain bearing, is forced through a j-in. hole, 
previously mentioned, and is delivered through a 
jet on to the reduction gearing, as explained above. 
The third and last connection is made by external 
pipes to each header, where the oil passes along one 
camshaft and lubricates the bearings, cams and 
valve stems. Drain pipes are provided to take away 
surplus oil at the front end of the headers, and a 
port is cut at the rear end to allow oil to drain 
away through the camshaft-drive-shaft cover to the 
rear end cover, where it lubricates the gears, and 
whence it eventually finds its way back to the sump. 
The system is provided with a relief valve, which is 
adjusted to give a pressure of 55 to 60 lb. per square 
inch at 2,000 r.p.m. with the oil at 60 deg. C. at 
the outlet from the engine. An oil-pressure gauge 
is also fitted, and a connection for this is taken from 
the annular space round the rear end of the auxiliary 
drive shaft, where the oil is delivered to the three 
connections, already mentioned. The total oil 
consumption ranges from 6 to 12 pints per hour. 
In conclusion, we may acknowledge our indebted- 
ness to Messrs. Napier for supplying us with the 
drawings and photographs from which our illus- 
trations have been prepared, and also for the infor- 
mation upon which the article has been based. 








THE BRITISH ASSOCIATION AT 
LEEDS. 


(Continued from page 542.) 
SECTION H.—ANTHROPOLOGY. 


In his address to the above Section, on the 
Englishman of the Future, Professor F. G. Parsons 
dealt with the development of the body, in 
which heredity seemed to have a lesser share than 
reaction to environment. We refer below to one 
of the many interesting papers brought before 
the Section. 


Roman ROADS IN THE VALLEY OF THE TIBER. 


This paper, by Dr. T. Ashby, of Rome, may be 
regarded as supplementary to his presidential 
address, delivered before the same section at South- 
ampton in 1925, which we printed in our issues of 
October 16, 23, and 30, of that year, on pages 491, 
527, and 560. The paper dealt more particularly with 
certain problems connected with the site of Rome 
itself. Dr. Ashby pointed out at Southampton, 
that one of the principal factors in the growth of 
the power of Rome was her command of the only 
permanent crossing of the lower Tiber. This 
crossing, he said, must have existed in the form 
of a ferry or ford long before the foundation of 
Rome, and must have been used extensively. The 
Tiber barred the way between North and South 
Italy, the difficult and then dangerous Apennines 
taking up most of the land east of Rome, and the 
founders of Rome showed surprising prescience in 
occupying the site of the city as the key, from the 
commercial and military point of view, to the rest 
of the peninsula. The place of the crossing was 
undoubtedly in the slack water below the island, 
where the Pons Sublicius, the first bridge, was 
erected. It started from the part of the left bank 
which lay within the area enclosed by the Servian 
walls of the city, and did not, as Mommsen believed, 
pass over that island; neither was it on the 
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site of the later Pons Milvius, three miles north of 
the city in ground exposed to floods and difficult to 
defend. This latter bridge was only constructed in 
220 B.c. for the Via Flaminia, a military highway 
over the Etruria; the great embankment of this 
road, the Muro del Peccato, was mentioned in 
Dr. Ashley’s address. The Pons Sublicius continued 
to exist after the construction of the first stone 
bridge, the Pons Aemilius, and, until the Imperial 
| period, these bridges were the only ones within the 
city (apart from the two bridges of the Via 
| Flaminia), the traffic above and below being en- 
| tirely by ferries. 

The oldest of these ferries was probably that 
situated near Fidenae, a few miles up the river, the 
existence of which explained the continued struggles 
between Veii and Rome.  Fidenae further com- 
manded the Via Salaria which, some 18 miles out of 
Rome, left the Tiber and turned eastward. When 
the ferry fell into disuse was uncertain ; a map of the 
Sabine country of the 16th century did not show it, 
though other old ferries were marked. All these 
ferries were liable to interruption by floods inundat- 
ing the modern city, largely by the backwash up the 
ancient drains, such as the Cloaca Maxima, until 
quite recent years, when the main sewers were 
carried inside the new embankment. 


SUB-SECTION K.*—FORESTRY. 


| Forestry and the Empire, the world’s timber 
supply and the dearth of soft woods were the chief 
problems discussed in the Forestry Sub-Section of 
Section K, Botany, which, though certainly not 
less active than last year, did not again claim the 
status of an independent section. 








FORESTRY AND THE EMPIRE. 


Sir Peter Clutterbuck, Inspector-General of 
Forests to the Indian Government, Chairman of the 
Sub-Section, remarked, in introducing his address, 
that two factors obscured the need of maintaining 
the productive forest area in this country, the Gulf 
Stream, and the mild equable climate which we owed 
to it, and the coalfields which enabled us to import 
all the timber needed. Only one-tenth of the 
timber used in this country was home-grown, and 
one-fifth Empire-grown. Countries like Mesopo- 
tamia had once been covered with forests, and the 
destruction of the forests was possibly one of the 
causes which had turned the land into a desert. It 
was similar in the Indus valley, Palestine and South 
Africa. Canada and the United States could not 
have developed without their large forests. Trees 
were the great soil-makers ; the leaves fell, aerated 
the ground and produced much of the fine silt 
necessary for plant growth. The Japanese did not 
let the land lie fallow, but carried out a regular 
policy of re-afforestation. The soft-wood outlook 
was bad, even in America. Professor Fraser Story 
had estimated that the United States would 
soon experience a shortage; Canada already ex- 
ported 83 per cent. of her forest produce to the 
United States. 

In the Empire, the threatened timber famine had 
been recognised during the war. Periodical Empire 
Forestry Conferences had been held since 1920. 
The next two would be in New Zealand, in 1928, 
and in South Africa, in 1933. An Empire Forestry 
Association had also been established ; the Imperial 
Forestry Institution at Oxford had been opened 
in 1924, while most of the Dominions had had 
their Forest Services for many years. Here 
in England the Forestry Commission had _ been 
nearly able to carry its afforestation programme 
through, but the census of woodland production 
was disappointing. The soft woods of the Himalaya 
were too far from the coast for exporting. The 
position of hard woods was more satisfactory. Teak 
and other hard woods were exported from India and 
Burma, and also from Australia, Malaya, Africa, 
Honduras and British Guiana. But it was difficult 
to find near markets, and in England much could 
be done to stave off the threatened famine of soft 
woods by afforestation, economising in soft woods, 
and by using the lighter hard woods, wherever 
possible, bamboo and other substitutes should be 
used for paper pulp. A resolution urging as a 
matter of grave concern, the encouragement of 








afforestation and re-afforestation and financial 





support of silvicultural research was passed and 
subsequently endorsed by the General Committee 
of the Association. 


THE Wortp’s TIMBER SupeLy. Sorr Woops. 


Professor Fraser Story pointed out in his paper on 
the World’s Timber Supply and Consumption that 
over 80 per cent. of the demand for timber was for 
soft wood. The conifers which produced soft woods 
were practically confined to temperate zones and 
to North America, Northern Europe and Siberia. 
In the United States, the lumbering activity centred 
in the west, and the resources could not hold out for 
more than twenty to thirty years. The once heavily- 
timbered regions of Eastern Canada had been cleared 
of almost all large-sized timber, and the small soft 
woods were seriously threatened by the demand for 
paper pulp. According to official statistics, three- 
quarters of the merchantable timber of Canada had 
already gone. Apart from America, 75 per cent. of 
the world’s soft-wood area was located in Northern 
Europe and Siberia. In Europe as a whole, the 
annual consumption of 9,000 million cub. ft. 
exceeded the growth by about 3,000 million cub. ft. 
Most of the coniferous forests of Northern Russia 
were in sparsely populated, inaccessbile regions, 
and the difficulties of economic exploitation were 
equally great in Siberia. The newsprint of the world 
had demanded 350,000 tons of timber in 1913, and 
now consumed little short of 2,000,000 tons a year. 
The growth of timber was slow and uncertain. 
At the present rate, the virgin coniferous forests of 
the world could not last more than 37 years. Even 
with improved forest protection and timber utilisa- 
tion, serious shortage of soft woods and rises in 
prices were threatening and might develop suddenly, 
and Great Britain would be one of the first countries 
to suffer. 

Similar considerations were submitted by Mr. R. 8. 
Pearsons, director of Forest Products Research, in his 
paper on Utilisation of Soft Woods; Developments 
and Improved Methods. Mr. Pearson also examined 
the reasons which prevented architects and builders 
from favouring home timber, i.e., the quality of 
the timber, the scattered nature of the forests, their 
limited areas and the consequent difficulties of secur- 
ing large supplies of uniform grades. To meet these 
difficulties, large forest areas would have to be 
created in this country, and the intense utilisation of 
suitable timbers should further be studied in Forest 
Product Research Laboratories by investigating 
the anatomical structure of wood, its strength 
factors, working properties and protection against 
deterioration. A further contribution to the problem 
was made by Mr. A. C. Forbes, director of Forest 
Research, Ireland, in his paper on the Maintenance 
of Permanent Soft Wood Supplies in North Western 
Europe. Among his suggestions were better 
protection of forests against fires, &c., the conversion 
of unprofitable hard-wood areas into coniferous 
forests, the afforestation of land of low agricultural 
value, the substitution of ferro-concrete, ply woods 
and pulp-wood from hard timber for soft wood and 
an adequate State control of all forest land. 


Minor Forest Propucts. 


A paper on this subject by Mr. W. Dallimore, 
of Kew Gardens, dealt with minor forest products 
generally. Those products deserved more atten- 
tion than they received from forest officers and 
the public, and they could materially help towards 
the financial success of silvicultural undertakings. 
Mr. Dallimore made suggestions with regard to 
oils, resins, tans, dyes, drugs, maple sugar, nuts and 
other products. Another paper on the same subject 
by Mr. S. K. Mukerji, of the University of Lucknow, 
concerned India and the forests of the Himalayas, 
where valuable drug plants, the products of which 
had to be imported at high cost, were either neg- 
lected, or destroyed as weeds or, at the best crudely 
exploited. 


Forest Sorts, CLIMATE, RAINFALL AND WATER 
CATCHMENT AREAS. 


With regard to forest soils, Professor G. W. 
Robinson, of Bangor, stated that methods of soil 
analysis were undergoing reorganisation at present 
in the light of the advanced knowledge of soil con- 
stitution—a statement which agricultural chemists 
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fully confirmed in Section M, Agriculture. The 
amount of organic matter in a soil was more 
important, perhaps, than the inorganic salts of 
artificial fertilisérs, and the potentiality of afforest- 
able land depended essentially upon the organic 
constituents. Dr. T. F. Chipp, Kew Gardens, 
discussed the general problems of forestry in rela- 
tion to climate and erosion, and Dr. C. E. P. 
Brooks dealt with the influence of forests on 
rainfall, distinguishing between general and local 
effects. 

Professor A. W. Borthwick, of Aberdeen, secretary 
of the Forestry Sub-Section, pleaded in his paper on 
Forestry in Relation to Water Catchment Areas, for 
afforestation of such areas. Climates, he stated, 
controlled forest growth, but the forest reacted 
on the climate. The forest was perennial ; the leaf 
canopy killed other vegetation underneath, except 
some shrubs and mosses ; the falling leaves covered 
the soil with a humus layer. A rain gauge placed 
under the trees would catch 75 to 85 per cent. of the 
precipitations ; the rest would trickle down the 
trees or evaporate. We could not really say whether 
more rain fell over a forest than over open ground. 
But an area of meadow grass consumed more water 
daily than a forest area. The crowns of the trees 
broke the rainfall and prevented run off, and the 
crowns, as well as the humus, kept the water in, 
so that the canopy and leaf mould lost only one- 
quarter or one-fifth of the water evaporated from 
open ground. Those figures changed little with the 
season owing to the comparatively still atmosphere 
inside a forest. The humus layer retained the water 
like a sponge, mitigating the effects of alternating 
droughts and floods on springs and the flow of 
water courses. The water running off the surface 
might be turbid, but could be rendered clear by 
filtering. The soil underneath the mould was usually 
very dry. Dr. Borthwick expressed a preference 
for coniferous over broad-leaved deciduous trees. 


PAPER PuLP FROM BAMBOO. 


Mr. W. Raitt, cellulose expert to the Government 
of India, presenting a paper on this subject, to which 
several speakers had referred, said that the paper 
mill had, next to the saw mill, become the largest 
contributor to the shortage of soft wood. The 
production of a ton of paper pulp now cost 71. 
against 2/. 10s. forty years ago, and the 60,000,000 
tons of paper pulp, that would be required twenty 
years hence, could certainly not come from wood. 
Six years ago the Government of India had, after 
due enquiries, supplied him with a factory plant 
for pulp production on a commercial scale; the 
investigation had cost 30,000. up to date. Only 
a few graminacee had proved suitable materials, 
but they were most prolific, and the locality was 
frequently convenient for water transport. Of these 
grasses, bamboo offered the greatest advantages. 
The greatest difficulty, the bleaching of the product, 
had been overcome at no greater cost than was 
involved in wood pulp bleaching. Bamboo pulp 
could be delivered in England at 2/. or 3/. a ton 
less than wood pulp, and 40,000,000 tons of bamboo 
pulp could be supplied in the near future. The 
three essentials for economical manufacture, raw 
material, lime and water transport, were present in 
profusion all over North-West Burma and the 
Malay States. 

(To be continued.) 





LAUNCH OF THE §.S. “‘ GLocLiFFE.”—Built to the 
order of Messrs. The Globe Shipping Company, Limited 
(Messrs. Humphries (Cardiff), “uimited), Cardiff, the 
8.8. Glocliffe, was launched recensly from the Thornaby 
yard, Stockton-on-Tees, of Messrs. Craig, Taylor and 
Company, Limited. The vessel is of the open-shelter 
type, with top-gallant forecastle; she has a length 
of 414 ft., a beam of 53 ft. 6 in., and a depth, to shelter 
deck, of 35 ft. 6 in. A direct-steam windlass with 
quick warping ends has been installed, together with 
steam steering gear, ten special steam winches, double 
derricks and large hatches, and all modern improvements 
for rapid loading and discharging of cargo. The masts 
and funnel have been arranged to suit Manchester Ship 
Canal requirements. The propelling machinery has been 
constructed by Messrs, Blair and Company, Limited, 
Stockton-on-Tees ; it consists of triple-expansion engines 
having cylinders 254 in., 42 in., and 70 in. in diameter, 
with a piston stroke of 48 in, Steam is supplied by 





three large boilers working at a pressure of 180 Ib. per 
square inch, 
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Spectroscopy. By E. C. C. Baty, M.Sce., F.R.S., Grant 


Professor of Inorganic Chemistry, University of 
Liverpool. Third Edition. Vol. II. London: 
Longmans, Green and Company, Limited. [Price 
18s. net. ] 


WueEn Professor Baly wrote the preface to the 
first volume of the third edition of his “‘ Spectro- 
scopy,’ which we noticed on page 342 of our 
issue of September 5, 1924, he stated that it had 
been found necessary to subdivide into two the 
original single volume of the first two editions of 
1905 and 1912. One additional volume proved, 
however, insufficient to deal with the development 
of the science, and it is now announced that the 
complete book will comprise four volumes ; some 
teferences to chapters of these have indeed been 
made in this second volume. In the main the 
treatment is, as in the first volume, experimental 
and descriptive of methods of investigation rather 
than theoretical. There are five chapters on 
application of interference methods of spectroscopy, 
methods of illumination, the nature of spectra, 
fluorescence and phosphorescence, and the photo- 
graphy of the spectrum. The second and fourth 
of these chapters each occupy about 120 pages 
out of a total of 400 pages. The third chapter 
discusses the classification of emission spectra, 
characteristics of lines, and the plurality of spectra, 
leaving the theory to the further volumes. As 
regards the spectra of isotopes, which were at first 
thought to be practically identical, the exact 
measurements of Merton and others disclosed far 
greater differences than Bohr’s theory suggested ; 
the extension of the theory proposed by Ehrenfest 
in explanation is only indicated. 

In the chapter on fluorescence and phosphorescence 
observation and theory are dealt with together. 
The luminescence developed by many substances 
under the influence of radiations is generally called 
fluorescence when it ceases with the excitation, 
and phosphorescence when it persists, after the 
excitation has dropped, for a fraction of a second 
or many minutes. That distinction has been 
considered to be merely quantitative. But 
Professor Baly maintains that the two phenomena 
are really distinct, though they may overlap in 
the same substance, and though both are influenced 
by heat. The term phosphorescence he would 
limit to the glow of solids, so-called phosphors ; 
that would rule out the glow of phosphorus vapours 
which are not referred to; thermal and chemi- 
luminescence, and _ tribo-luminescence are not 
considered in the chapter. In both fluorescence 
and phosphorescence the excited rays are of longer 
wave-length than the exciting radiations; when 
both occur together, the phosphorescence is of 
the greater wave-length. According to Lenard 
and Klatt, who studied many phosphors between 
— 180 deg. and + 400 deg. C., Urbain, Kowalski, 
Borissow and others, no pure substance can 
phosphoresce. At least two substances are required, 
though the one—the phosphorogen—need only be 
present in traces. Going back mainly to Schmieder, 
Professor Baly, who is particularly investigating 
the connection between fluorescence and chemical 
constitution, suggests that the absorption of 
radiant energy leads to an activation of molecules, 
followed by de-activation. Under ordinary con- 
ditions all the absorbed energy is radiated in the 
infra-red without visible effects; if the excess 
energy is radiated during the activation period, 
fluorescence is observed which naturally cannot 
last longer than the excitation. When radiation 
takes place during de-activation phosphorescence 
appears. 

The last chapter reviews the means available 
for photographing the spectrum with particular 
regard to the sensitation of the plates, first 
obtained in 1873 by H. M. Vogel with the aid 
of dyes, and by Abney 1880 by modifying the 
emulsions. Professor Baly acknowledges his 
indebtedness to Dr. Kenneth Mees, of the Eastman 
Kodak Company, for information on the recent 
developments of these arts, and he reproduces 
some very striking photographs taken by Professor 
W. H. Wright in the Lick Observatory, on the 
top of Mount Hamilton (1,480 m. above sea level). 








An ordinary photograph of the landscape shows 
the foothills and beyond them nothing but a 
uniform grey haze, with the skyline in the far 
distance. The kryptocyanin plate shows between 
the hills and the sky quite distinctly the valley 
with the town of San Juan and the Yosemite 
Valley, 120 miles away. The other photographs 
concern the planet Mars taken by an ordinary 
plate (sensitive to violet) and by a kryptocyanin 
plate (sensitive in the infra-red). The latter image 
shows dark and light parts; on the former 
hardly any detail can be distinguished, but this 
image is by about one-sixth diameter larger than 
the other. It is concluded that in opposition 
to previously-held views, Mars has an atmosphere 
like the earth, though of lesser thickness because 
Mars is much smaller, and containing little water 
vapour and much dust. The book is rich in 
interesting detail and in useful hints for the 
experimenter, and has been thoroughly revised 
throughout. 


The Theory and Practice of Rolling Steel. By WILHELM 


TareL, Translated by Richard Rimbach, S8.B. 
London: Penton Publishing Company. [Price 30s. 
post free. ] 


THERE are so few useful books in the English 
language on rolling-mill engineering that this 
translation of a treatise on the subject by Professor 
Tafel is especially welcome. As stated in the 
translator’s preface, Continental engineers have 
been more liberal in publishing their knowledge 
and experience for the benefit of others than the 
English and Americans; consequently, whilst the 
original suffers to some extent in the translation, 
this book will no doubt prove a useful addition 
to English literature on the subject. The author 
is an authority on the science of rolling, and his 
work is well known through the many articles 
which he had published from time to time in the 
technical press of his country. 

Professor Tafel has contrived to present in 
comparatively small space a very comprehensive 
outline of the theory and practice of roll pass 
design, not only as based on his own investigations, 
but on the result of the work of other experts and 
writers. Frequent reference is made to the work 
of C. Fink, particularly to his article on the 
“Theory of Rolling Work,” published in 1874, 
also to the well-known experimental work by 
Puppé. As already mentioned, however, the 
translation scarcely does justice to the original, 
and suffers from the defect, rather common to 
translations from German, of being too literal, 
with the result that the English is in many places 
obscure. The difficulty of translating from technical 
German into English is well known to those who 
have attempted the task, but in a treatise of this 
nature, any failure to express the exact meaning 
of the author in lucid English is a very serious 
defect. This lack of clarity in translation, together 
with one or two obvious errors, renders the reasoning 
set forth in some sections difficult to follow. On 
this account, whilst the book will be of considerable 
value and interest to those readers who have 
sufficient knowledge of the subject to enable them 
to obtain a clear understanding of the author’s 
meaning, those new to the subject will need to 
exercise care to avoid receiving mistaken ideas. 
Apart from this, the book should be of considerable 
value, not only to students, but to practical men 
in the rolling industry. For the former, the prin- 
ciples involved in the calculations of roll passes, 
estimation of power, &c., are explained very fully, 
and assume little previous knowledge of the subject, 
whilst the latter will no doubt find the details of 
calculations and actual examples of roll design 
of great assistance. 

The author’s conceptions of the action of rolls 
on metal, the factors influencing spread, &c., are 
probably as near actuality as can be stated, in 
view of the very complex nature of the problem ; 
and the mathematics involved, whilst sufficient, 
are so simple as to demand from the reader no 
advanced knowledge of this science. The first two 
chapters dealing mainly with the general theory 
of the rolling process, are headed “Theory and 
Rules of Rolling” and ‘Technical Conceptions 
of Rolling.” The first is explanatory of the purpose 
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of rolling, with reference to the various pass shapes 
and of the usual terms relating to reduction, draft 
elongation, direct and indirect draft, &c., besides 
containing some remarks on the use of guides and 
strippers. The second chapter is mainly theoretical 
and discusses the question of the nature of rolling 
as compared with pressing and drawing, with an 
interesting reference to a book entitled “‘ The Design 
of Rolls,” by Brovot, in which it is stated that the 
action of rolling is similar to that of the rolling pin 
on dough, or a steam-roller on the road, the author 
being of the opinion that these illustrate most 
clearly the work of rolls on metal. The determination 
of the work done in rolling and the effects of spread 
are studied in detail, particularly the latter, together 
with the relation between the actual speed of the 
metal as it issues from the rolls and the surface 
speed of the rolls themselves. 

The problem of calculating spread is one of great 
importance in the design of roll passes, but it is 
generally admitted that any exact mathematical 
determination from first principles is impossible. 
Professor Tafel appears to agree with this, and 
refers to the empirical formula due to Geuze, which 
assumes that the amount of spread is a simple 
function of the draft or reduction in thickness ; 
corrected values of the numerical factor in the 
Geuze formula are given as applicable for certain 
qualities of steel and temperature conditions. That 
there are other factors besides draft which have 
influence on the spreading of metal in rolling is 
accepted, and an explanatory summary of these 
factors, enumerating, initial width, draft, roll dia- 
meter, shape of pass, and rolling speed is given; of 
these, the second has clearly the greatest influence, 
although the effect of others must be taken into 
consideration when applying the empirical formula 
to any particular case. The third, fourth and fifth 
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chapters, which comprise the greater part of the 
book, are mainly devoted to roll pass design, and 
it is this section which will be of greatest interest 
to roll designers and turners, including, as it does, 
many actual examples of the calculation of dimen- 
sions for roll grooves for most of the sections 
commonly produced in the rolling mill. No details 
of rolling mill construction, apart from the rolls 
themselves are given, but the relative advantages 
of the several arrangements of rolls in use, viz., two 
high, three high, double two high, are fully discussed 
as are also the advantages of continuous and semi- 
continuous mills. Useful tables illustrating the 
method of calculating series of passes and rolling 
speed, for rod and section mills are included, these 
details, in reference to wire rod rolling being 
especially interesting. Guides and strippers are 
frequently neglected in text-books on this subject, 
but are here considered in connection with the effect 
of ‘“‘ over draft and under draft,” that is the pro- 
vision of a greater diameter for the upper and lower 
rolls respectively, in order to ensure straight 
delivery of material from the rolls. 

The last chapter is devoted to the question of 
power requirements and the methods of driving roll 
trains, and begins with calculations for the estima- 
tion of power required for elongation, based on dis- 
placed volume, concluding with some general notes 
on the alternatives of steam, gas engine and electric 
power driving for mills; the advantages obtained 
by the provisiow of a flywheel, &c. The space 
allotted to this branch of rolling mill engineering is 
inadequate to deal with this very large subject at 
all fully, or in detail, but the conclusions and advice 
contained are helpful. 

The majority of the illustrations, in the form of 
diagrams and sketches, are clearly produced, but 
in some instances the reference letters and figures in 











diagrams illustrating the mathematical reasonings 
are so indistinct as to render them extremely difficult 
to read correctly. The sub-headings, interposed in 
the letterpress, which are of the abbreviated and 
interjectory type favoured by American journalists, 
are in some rather inexplicable way irritating to 
the English reader, and it is difficult to see in what 
way these add to the usefulness of the book. Some 
sub-division of a long chapter does, no doubt, 
facilitate reference to any particular subject, but the 
wording of these headings is so abbreviated and 
abrupt as to be almost incomprehensible without 
reference to the following text. The index is fully 
detailed, and is a good feature. In spite of the 
deficiences of the translation, the book should be 
included in the library of all mill engineers, and 
roll designers, and although it deals entirely with 
the rolling of steel, it could be studied with advan- 
tage by those concerned in the rolling of non-ferrous 
metals and alloys, both in the hot and cold states. 





THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 

By Brysson Cunnincuam, D.Sc., M.Inst.C.E. 
Ill. Tue Port or PHILADELPHIA. 
(Concluded from page 541.) 

Giant Crane-—The League Island Navy Yard, 
which the writer had the privilege of inspecting at 
the courteous invitation of the Commandant, Rear- 
Admiral Magruder, U.S.N., possesses a very remark- 
able electrically-operated crane, with a lifting 
capacity which probably exceeds that of any other 
harbour crane in the world. It is able to lift a load 
of 350 tons and was tested to 25 per cent. in excess 
of this. Measured in U.S. “ short tons ” of 2,000 Ib., 
the working capacity of the crane is 392 tons, 
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The crane is of the stationary type and of the 
revolving cantilever pintle design. It is mounted 
on a pier, and is used for fitting out men of war 
and other Government vessels. It enables the 
placing of massive and weighty pieces, such as gun 
turrets, to be done with the pieces intact and 


complete, instead of handling them in detail and | 


assembling them on the vessel. A general view of 
the crane is given in Fig. 45, and an enlarged view 
of the lower portion of the structure in Fig. 46, 


whilst the current conductor rings for transmitting | 


the current from the stationary portion to the 
revolving portion of the crane are shown in Fig. 47. 
The pintle bearing for the revolving structure is 
shown in Fig. 48. 

The hook for the main hoist is about 9 ft. 
high and weighs about 7,500 lb. It can be raised 
to a height of 170 ft. above quay level and rotated 
at a radius of 115 ft. from the crane axis. The main 


hoist mechanism consists of two units, each having | 
a working capacity of 175 tons, which can be used | 


separately when the load to be handled comes 
within that limit. 


through a proper compensating device, and the 
main hoist hooks carry an equaliser bar, which, in 
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When a load greater than 175 | 
tons is handled, the two units are operated jointly | 
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turn, is fitted with the maximum capacity hoisting | 


hook. 


In addition to the main hoist, there is an | 


auxiliary lift with a working capacity of 50 tons, | 
which can be racked backwards and forwards on the | 


horizontal cantilever arm of the crane to a maximum 
radius of 195 ft., with a clear lift of 195 ft. 


The crane is fitted with a passenger lift giving | 
access to the crane structure at various levels right | 
up to the top, where there is an observation tower | 


at about 250 ft. above quay level. The crane com- 
prises about 3,000 tons of st ructural steel and about 
1,000 tons of machinery, &c. 
1922 by the McMyler Interstate Company of 
Cleveland, Ohio, under contract for the U.S. Navy 
Department at a cost of some one million dollars. 

The Delaware River Bridge.—Although there is an 
absence on the Delaware of any imposing series of 


It was constructed in | 
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yet Philadelphia has reason to be proud of the 
structure, recently opened to traffic, which connects 
| it with the town of Camden, New Jersey. Next to 
| the Quebec Bridge, it has the largest single span 
| (1,750 ft.) in the world, and is actually the longest 
span suspension bridge at the present time. The 
| total length of the bridge is 9,570 ft. or nearly 


47. 


| 3,534 ft., and their weight about 7.000 tons. 
|cable has a diameter of 30 in. and comprises 18,666 


|roadway 57 ft. 
|The clearance from the water surface to the under- 


bridges, such as span the East River at New York, | 
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2 miles. It was begun in 1922 and took 43 years 


| to construct, at a cost of 37,196,971 dollars. 


The length of the two suspension cables is 
Each 


wires, making a total length of 25,100 miles of wire. 


|The quantity of structural steel in the bridge is 
| 61,700 tons, of which 10,000 tons are in the towers 
;and 18,600 tons in the suspended truss, while the 


anchorages account for 7,300 tons. The total 
weight of the bridge is 720,000 tons. The width 
of the structure is 128 ft., and of the central 
The footwalks are 10 ft. wide. 


side of the bridge is 135 ft. The towers rise to a 
height of 385 ft. The traffic capacity of the bridge 


|is rated at 6,000 vehicles per hour: there are six 


traffic lanes. In addition, the bridge is built to 
accommodate four lines of track for street cars, 


| &c., should these become necessary. 


In his general survey of the harbour, during his 


'recent visit, the writer had the esteemed guidance 


of Mr. Carroll R. Thompson, the Chief Engineer of 


'the Department of Wharves, Docks and Ferries. 
| Mr. Sproule, the Director of the Department, to 
| whom the port owes so much for his capable and 


experienced management, was unavoidably absent, 


| but had kindly made all arrangements for the writer’s 


| convenience. 
| No. 84, described in the issue of the 14th October, 


The plans and photographs of Pier 


were courteously supplied by Mr. Thompson. 








SupeR-TENSION CABLES: ADDENDUM.—Major A. M. 
Taylor calls our attention to an omission, which occurs 
in the last sentence of the penultimate paragraph of the 
letter, which was published on page 526 of our issue of 
October 21. The words ‘‘embodying two lines of 
towers ’’ should have appeared after ‘‘ overhead trans- 
mission system.’’ The point Major Taylor wished to 
make was that where two lines of towers have to be 
provided, the cost of a 220-kv. overhead transmission 
system would be substantially as great as that of an 
underground system with intersheath cables, if about 
75,000 to 100,000 kw. had to be transmitted, 
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OF AN END-GAUGE 
INTER- 


CALIBRATION 
COMPARATOR BY THE 
FERENCE METHOD. 


REFERENCE has been made in our comments on the 
work of the National Physical Laboratory to the 
optical-interference methods of measurement developed 
in the Metrology Department. We now illustrate, in 
Figs. 1 to 4, on this page, the arrangement adopted 
by Messrs. F. H. Rolt and H. Barrell for the calibration 
of an instrument measuring to one millionth of an inch, 
and called a millionth machine, or minimeter, an ex- 
ample of which was described on page 33 of our issue 
of July 4, 1919. This machine, of Messrs. E. M. Eden 
and Rolt, was especially intended for measuring 
between spherical point contacts. The millionth com- 
parator with which we are now concerned is of a 
different type, and was designed by Mr. J. E. Sears 
for measurement between flat faces which must be 
maintained in perfect parallelism. Our diagrams 
show only the essential parts and the optical devices. 

The machine consists of two headstocks, of which only 
the left one is shown in Fig. 1. The barrel B is supported 
on two vertical steel strips, S, introduced into such 
machines by Mr. Eden, to permit only of motion parallel 
to the bed. The end A of the barrel forms one of the 
measuring faces. Pressure is derived from the weight 
Wand transmitted to the barrel by two bell-crank levers, 
one of which L, can be seen. The lever L and the cam 
C move the barrel to the left. The indicating gear 
comprises the mechanical lever La, Figs. 1 and 2, 
the virtual axis of rotation of which is formed by the 
intersection of the planes of two pairs of steel strips, 
one horizontal and the other vertical. Small horizontal 
movements of the barrel aretransformed by the lever into 
magnified vertical movements of the long arm, which, 
in turn, operates the tilting mirror M. This mirror 
consists of a plano-convex lens, silvered on the plane 
surface, mounted on a thin brass disc to which three 
steel balls are soldered, the middle one a of which is 
off the centre line bc by 0-1 in.; a rests between 
steel cylinders, 4 in. in diameter, fixed horizontally to 
the end of L., while 6 and ¢ are similarly supported on 
the bracket K. The image of the cross wire I of the 
Pointolite lamp X is thrown by the plane mirrors M 
and R on to the scale I’. Previously the comparator 
had been calibrated by a series of measurements made 
at one setting upon five slip gauges, nominally differing 
by 0-0001 in. 

For the purpose of the optical calibration, a glass 
proof-plane P, Fig. 3, is mounted in a frame which can 
be turned about vertical and horizontal axes under 
the control of small micrometers. A 4-in. Johansson 
gauge G is wrung to the measuring face A, and 
the proof plane is so adjusted that a wedge-shaped 
air film of about 0-5 mm. is left between the gauge and 
the glass; the gauge is introduced mainly for the pur- 
pose of reducing the distance and the air space between 
these parts. Green light from a quartz mercury lamp 
is focussed by the lens N,, and the beam passes through 
the green filter F to the pinhole H, 0-08 in. in diameter, 
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It is then collimated by the lens 


in a metal disc. 
N, and passes through the tube of the right headstock, 
on to P and the air film. The tube mentioned normally 
carries the plunger and the right-hand fixed measuring 
face, which, however, are temporarily removed for the 


calibration. The interference fringes take the form of 
dark bands on a green background; they are examined 
with the aid of the eye-piece E after having been re- 
flected by the total-reflection prism p mounted near the 
pin-hole plate. The eye sees an image of the surface of 
G, crossed by the dark bands as shown in Fig. 4. A 
movement of the gauge surface through a distance 
equal to half the wave-length of the green light used 
causes a shift of one dark band across the central cross 
wire t. To make the wire ¢t traverse the whole scale, 
the end of the lever L, Fig. 1, has to be moved through 
4in. A fine adjustment to within a millionth of an 
inch is obtained by means of a micrometer, which is 
connected with the end of the lever by the wire passing 
over the pulleys Y. The measurements are very con- 
cordant when the mirror M is tapped occasionally. The 
scale was found to have a small progressive error 
amounting to 1 part in 400 over the whole range of 
4 x 10*in., an error which is negligible for all practical 
purposes. 





THE INSTITUTION OF CIVIL 
ENGINEERS. 


Presidential Address* by Ernest F. C. TRENCH, 
C.B.E., M.A. 


Ir is probably known to most of the members present 
that it is owing to special and unfortunate circum- 
stances that I am called upon to fill the Presidential 
chair to-night. Sir Archibald Denny was, in fact, 
nominated to the Presidency by the Council. Un- 
fortunately, owing to the state of his health, he felt 
unable to allow his name to go forward for election. 

The first Charter of the Institution of Civil Engineers 
was granted to Thomas Telford, of Abingdon-street, 
Westminster, on June 3, 1828. In the session which 
opens to-night we shall, therefore, celebrate the 
hundredth anniversary of the incorporation of our 
Institution. Our Charter President was the son of 
a Dumfriesshire shepherd, and, when a young man, 
worked as a mason on the construction of Somerset 
House, whilst at the date of the granting of our Charter 
he was established as an engineer in Westminster, 
and was engaged in supervising the construction of 
St. Katherine’s Dock. It is mainly, however, in 
connection with roads, bridges, and canals that his 
name is remembered, and it is difficult to over estimate 
the far-reaching effects produced by these works. ‘ 

The 100 years which have elapsed since our incor- 
poration may fairly be described as a century of engi- 
neering. In it have occurred greater industrial changes 
and developments than in any previous century in our 
history. Great Britain has changed from a country 
mainiy agricultural and pastoral, supporting with 





* Delivered on November, 1, 1927. Abridged. 
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difficulty a population of about 15 million people, to 
a country largely industrial, with a population of about 
44 millions. That change has been due largely to the 
work of engineers, first in the application of power to 
industrial undertakings, and, secondly, in improving 
the means of transport without which industrial 
development cannot take place. 

A century ago, the Liverpool & Manchester Railway 
was under construction, but it had not been decided 
whether the traffic was to be worked by locomotive 
engines or by fixed engines and ropes, as the trials, 
at which the success of the Rocket decided the 
question, did not take place unti! October 6, 1829, 
so that, apart from the recently-opened Stockton and 
Darlington Railway, and a number of short tramways 
worked by horses, the internal transportation of the 
country was entirely dependent on the roads and 
canals. 

The Romans laid down a system of great military 
roads, the lines of which are still followed by some of 
our best and straightest highways. These roads were 
made and maintained by the State, but with the 
departure of the legions in the fifth century this 
central control vanished, never to return in the succeed- 
ing 1,500 years. During most of these years, the roads 
in England were probably some of the worst in Europe. 
In the middle ages such repairs as were made were 
done by the Church and the large landowners, but later 
each parish was charged with this work. An Act 
of 1555 required all occupiers of land to supply at 
midsummer for four days, and in proportion to their 
holdings, wains and carts furnished with oxen, horses 
or other cattle, in charge of two able men. Other 
inhabitants had to supply four days’ work in their own 
persons. 

Down to that time, the saddle horse for travellers, 
and the pack horse for goods, were almost the only 
means of inland transport, but about the middle of the 
sixteenth century the stage wagon came into use. 
These cumbrous covered vehicles, fitted with broad 
wheels, were capable of accommodating about 20 
passengers and some merchandise. They were drawn 
by six or more horses at a walking pace, and for about 
200 years they were almost the only wheeled vehicles 
in regular use. Many of them survived to a much 
later date, and some were still in use only 100 years 
ago. These wagons made regular stages from London, 
but so bad were the roads that, in the middle of the 
seventeenth century, it took either three or four days 
to reach Dover from London, whilst six days were 
required for the journey to Bristol; even as late 
as 1753 the journey to Liverpool occupied 10 days in 
the summer and 11 in the winter. 

The repair of roads by the forced labour of parishioners 
was so ineffectual that the principle of levying a toll 
on road users to pay for road repair, although at first 
strongly opposed, was gradually accepted, and was 
established by the first turnpike Act of 1663. A 
contemporary writer comments on this Act as follows :— 
“The ancient fund for keeping the roads of England 
repaired was a rate levied on the land holders in 
proportion to their rents, together with the actual 
service of the men, the carts and horses of the neigh- 
bourhood for a limited number of days. But now by 
the increase of inland trade, heavy carriages and pack 
horses were so exceedingly multiplied that these means 
of repairing the roads were found totally inadequate ; 
neither was it just that a neighbourhood should be 
burdened with the support of roads for the service of a 
distant quarter of the kingdom. It was, therefore, 
necessary to devise more effective, and, at the same 
time, more equitable means of supporting the public 
roads, and the present method of making and repairing 
the roads at the expense of those who actually wear 
them and reap the benefit of them was now first estab- 
lished by an Act of Parliament.” 

About the time of the passing of this Act, the first 
stage coaches were introduced. They were heavy 
vehicles without springs, but no doubt an improvement 
on the long wagons. The development of the coaching 
system and the improvement of the roads under 
various turnpike Acts proceeded side by side, until, at 
the dawn of the Railway era 1,500 coaches plied regularly 
from London, and were able to run at average speeds 
as high as 10 m.p.h., thanks to the better methods of 
road construction and repair introduced by Telford 
and Macadam. 

An immense impetus was thus given to inland travel 
and to trade, but the cost of road transport remained 
extremely high. For example, the road carriage of 
merchandise between Liverpool and Manchester cost 
40s. a ton; Liverpool to Birmingham 5l. a ton; and 
Manchester to Leicester 6/. a ton. Passenger fares 
by coach were necessarily high, not only on account of 
the heavy cost of /horsing and running the coaches, 
but also because of the heavy taxation and the cost of 
road repairing borne by these vehicles. 

Coach proprietors were assessed for duty under eight 
different heads, and so heavy was the burden of taxation 
that, in 1830, a petition drawn up by some Lancashire 
post-masters showed that for 33 coaches they paid each 











year 14,496]. in Government duties, and in addition 
8,0051. 13s. 4d. in turnpike tolls. 

Sheffield iron and steel have been famous since the 
middle ages, yet so late as 1726 the products of the 
Sheffield forges had to be conveyed by pack horse or 
wagon for 20 miles by road to Bawtry, thence by small 
boats down the little river Idle to Stockwith on the 
Trent, and so by way of the Humber to Hull and 
London. 

Just as the last 100 years have seen the development 
of rail-borne transport, so the previous 100 years saw 
the construction of the canal system, which preceded 
pari passu with the improvement of the roads under 
the turnpike Acts. The first Canal Act was passed in 
1755. This was for the construction of the Sankey 
canal, which had for its object the connection of the 
Wigan coalfield with the River Weaver, and so to 
provide water transport for coal to Liverpool and the 
salt works of Cheshire. Other canal undertakings soon 
followed, due to the enterprise of the Duke of Bridge- 
water. His first canal gave a waterway for coal from 
his pits at Worsley to Manchester, and the opening 
of this canal is said to have reduced the cost of coal in 
Manchester by one half. The next project was a canal 
from Manchester to Runcorn on the Mersey, whence 
Liverpool could easily be reached by water. This 
project was strenuously opposed by vested interests, 
but the canal, 24 miles long, was eventually made, 
and the greater part of it was opened for traffic in 
1767. The work was a costly one and included a flight 
of locks at Runcorn, the first to be constructed in this 
country. Then followed the Trent and Mersey, a canal 
which, passing from Runcorn through the Potteries, 
connected with the River Trent eset Mitingion, and 
provided water transport across England from sea to 
sea. This great work, 90 miles long, involved rising 
by locks to a height of 395 feet above sea-level, and the 
construction, at the summit, of the Harecastle tunnel, 
more than a mile long. 

These early canal works were carried out by that 
great pioneer engineer, James Brindley. The son of a 
Derbyshire wheelwright, he had had little education and 
no technical training, but undoubtedly possessed a 
flair for engineering. Although he was engaged on 
works upon which, according to Pratt’s ‘‘ Inland Trans- 
port,” the Duke of Bridgewater had spent 220,0001., 
the rate of pay which he, the chief engineer, received 
never exceeded 3s. 6d. a day, and was often only 
28. 6d. 

The canal system allowed, for the first time, of the 
easy and cheap transport of heavy goods and minerals 
between the principal inland towns, and is stated by 
Phillips in his ‘‘ General History of Inland Navigation” 
to have extended, in 1803, to 2,896 miles and to have 
cost over 13,000,0001. 

That the reduction of transport costs was substantial 
is shown by a quotation from “‘ Williamson’s Liverpool 
Advertiser’ of 1777. The cost of goods transport per 
ton was :— 


Between By Road. By Water. 


£e d, £ a d. 
Liverpool and Etruria 210 0 013 4 
Liverpool and Birmingham... 5 0 0 110 0 
Manchester and Derby 3.0 «0 110 0 
Manchester and Leicester 6 0 0 110 0 


Looking at the canals as they are to-day, we are apt 
to forget that they were not only an immense advance 
on earlier forms of transport, but also exceedingly 
profitable to their promoters. 

Wetenhall’s ‘‘ Commercial List”? of December 10, 
1824, gives the prices at which various shares then 
stood, and the dividends paid. The Grand Junction 
1001. shares stood at 200/. and paid 10 per cent; the 
Leicester Canal 140]. shares, on which 14 per cent. 
was paid, stood at 390/.; whilst the 100/. half-shares 
of the Trent and Mersey earned dividends of 75 per 
cent. and were selling at 2,300/. 

The decline of canal transport was due to a number 
of causes. The horse-drawn barge is necessarily 
slow-moving, but further delays were caused by con- 
gestion of traffic, transhipping, traversing the various 
flights of locks, and waiting for water. These delays, 
coupled with the somewhat uncompromising attitude 
of the canal proprietors, gave rise to such dissatisfac- 
tion that the traders of the country were eager to 
welcome a new form of transport not subject to these 
disabilities. 

The immediate success of the Liverpool and Man- 
chester Railway, which was opened on September 15, 
1830, led to the promotion of railways all over the 
country. Unfortunately, the development of our 
railway system proceeded, in characteristically British 
fashion, on somewhat haphazard lines. No general 
scheme of railway communication was ever formulated. 
Anyone who could raise the money and overcome or 
buy off local opposition, was empowered to make a 
railway. The result was a large number of discon- 
nected railways, constructed to serve local needs but 
planned without reference to the transport requirements 
of the country as a whole. By the end of 1843, 2,036 
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according to Professor Hadley’s ‘‘ Railroad Transporta- 
tion,” in the following year, the average length of line 
of English railway undertakings was 15 miles. At that 
date, Parliament was strenuously opposed to railway 
amalgamations, and every encouragement was given 
to the construction of competing lines. 

At one moment there seemed a possibility that better 
counsels would prevail, for, in 1844, a select Committee, 
presided over by Mr. Gladstone, declared that “ each 
new line should be viewed as a member of a great 
system of communication binding together the various 
districts of the country with a closeness and intimacy 
of relations hitherto unknown.” In accord- 
ance with the recommendations of this committee, 
a special department of the Board of Trade was set 
up whose duty it was to examine and report upon all 
railway Bills before they were submitted to Parliament. 
The report was to deal with: (1) ability and bona-fide 
intentions of the promoters; (2) the national advan- 
tage to be gained; (3) local advantages; (4) engi- 
neering conditions ; and (5) cost of construction and 
probable return. 

Some reports on these lines were made, but the 
procedure does not seem to have found acceptance with 
either railway promoters or Parliamentary Committees, 
and in the following year the Government announced 
its intention of leaving railway Bills to the judgment 
of the Private Bills Committee. Thus ended what 
appeared to be a promising scheme for directing the 
construction of railways so that they might form a 
great system of national communications. 

As the need for through services grew insistent, it 
became inevitable that the short and isolated railways 
hitherto constructed should coalesce, and, in this way, 
despite the opposition of Parliament to amalgamations, 
the first trunk lines were built up. Mr. Simnett, in 
“ Railway Amalgamation in Great Britain,” estimates 
that, from the early days of railways up to 1914, over 
1,000 railway companies had disappeared, chiefly by 
consolidation. By 1875, the number of separate com- 
panies had been reduced to about 247, whilst the 
Railways Act of 1921 deals with only 120. 

The first through railway connecting London with 
the provinces was completed in 1838, in which year the 
London and Birmingham Railway was opened. At 
Birmingham it connected with the Grand Junction 
Railway, completed in the previous year, which joined 
Birmingham with Warrington, and also made a junction 
with the Liverpool and Manchester line at Newton-le- 
Willows. From this point there was also connection, 
by the Wigan line and North Union Railway, to Preston. 
From Hampton-in-Arden, near Coventry, the Birming- 
ham and Derby Junction Railway gave connections to 
Derby and Nottingham. At this early date, then, it 
was possible to travel by railway from London to 
Liverpool or Manchester in 114 hours and also to reach 
Preston, 218 miles from Euston. The London and 
Birmingham Railway was laid out with a ruling gradient 
of 1 in 320, except for the first mile between Euston and 
Chalk Farm, a portion of which is as steep as 1 in 70. 
This gradient was too severe for the original locomotives, 
so that for the first seven years after the opening of 
Euston Station, all trains were worked to and from 
Chalk Farm by means of stationary engines and 
endless ropes. The opening of other railways having 
London termini followed within the next few years. 
The Great Western, built on the broad gauge, was 
opened to Bristol in 1841. This was, at that time, the 
longest main line constructed by one company. The 
Brighton Line, which was an extension of the older 
Croydon Railway, was completed in the same year. 
The London and Southampton Railway was early in 
the field, and was subsequently extended by various 
amalgamations to form the London and South-Western 
Railway. The Eastern Counties Line, after a some- 
what chequered career, was opened between London 
and Colchester in 1843, and subsequently by an 
extension of the Bishop’s Stortford Line gave access 
to Norwich and Yarmouth, but the amalgamated 
undertaking, known until recently as the Great Eastern 
Railway, did not come into existence until 1862. The 
Midland Railway grew out of the amalgamation of 
four different companies, giving a through route between 
Bristol and Leeds, and of the Midland Counties Railway 
which served the Derby, Nottingham and Leicester 
areas, but it was not until 1868 that it was extended to 
London, as a separate railway. 

These were only a few of the many amalgamations 
which took place in the early days of railways, but the 
tendency to coalesce was viewed with such disfavour 
by Parliament that, in 1853, Mr. Cardwell carried in the 
House of Commons a resolution that no Railway Bill 
containing any powers of amalgamation, purchase, 
lease, working arrangement or other combination of 
interests between different companies be read a second 
time unless all such powers were struck out of the Bill. 
From the foregoing it will be appreciated that the 
Railway Act of 1921, by which the railways outside 
London were grouped into four large companies, 
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was it the culmination of a movement which had been 
going on ever since railways began. The only real 
change was in the attitude of the Legislature, for, 
whilst in the past amalgamations had generally been 
discouraged and often vetoed, they were now insisted 


upon. 

If the benetits of the Act foretold by its sanguine 
authors have not yet all materialised, it should be 
remembered that the railways, at the date of its enact- 
ment, had just passed through a period of-quite excep- 
tional difficulties. Weakened by the four years of war, 
when all men who could be spared, and many who 
could not be spared, were released to join the colours ; 
when the quota of renewals had to be cut down to 
the lowest possible point, and railway workshops were 
turned over to the manufacture of munitions ; when the 
very management of the railways was handed over to 
a committee controlled by the Government; when, 
in short, every interest was subordinated to the supreme 
need of winning the war—it is not surprising that the 
time required to re-establish normal and efficient 
working under entirely new conditions has been 
somewhat protracted. 

The Government control of the railways did not 
come to an end until 1921, and the companies then 
found themselves saddled with an enormously increased 
wages bill, a working week reduced from 54 to 48 hours, 
materials costing about double the prices for which 
they were obtainable before the war, and, in addition, 
a new and formidable competitor for their business— 
the road motor vehicle. 

In pre-amalgamation days, each railway had its own 
loading gauge, limiting the size of vehicles and the loads 
carried, so that they should conform with the structure 
gauge used on that particular system. There were 
some thirty-six of these structure gauges then in 
existence. This meant that the rolling-stock in regular 
use on some railways could not pass freely over the 
lines of other companies. Again, some companies had 
adopted the policy of the big engine, and had 
strengthened their bridges, whilst other companies were 
satisfied to use smaller engines, and their bridges, whilst 
suitable for the latter, could not safely carry the 
former. 

What are the lines along which the development of 
railway facilities are likely to proceed ? As traffic grows 
it will be necessary either to increase the number of 
trains or to increase the carrying capacity of the existing 
number. Each alternative has its advocates. If 
bigger trains are to be hauled, it will mean increasing 
the weight and number of heavy engines. This, again, 
means strengthening a very large number of bridges, 
providing longer lie-by sidings, increasing the size of 
marshalling yards for goods trains, and providing longer 
platforms for passenger trains. On the other hand, 
if a more frequent traffic can be worked by moderate- 
sized engines, the existing bridges, yards, platforms, 
&c., will suffice for some years, and the public will get 
the benefit of a more frequent passenger service and 
more rapid delivery of their goods. At the moment, 
among traffic experts, the big-train and big-engine 
school seems to be in the ascendant, but it would 
appear that in a small country like Great Britain there 
may be something to be said for a more frequent service 
of smaller trains. A more intense service cannot, 
however, be attained without expenditure of money, 
for already on some lines, owing to the fact that trains 
travel over them at very varying speeds, no additional 
trains can be accommodated. The London railways 
have, however, demonstrated that where all trains move 
at approximately the same speed, and where automatic 
light signals and train controls have been installed, 
it is possible to move as many as forty trains an hour 
over a single track. No such intensity of traffic is 
likely to be required on the main lines of the country, 
but there is a wide gulf between this number and the 
number deemed to constitute intense traffic outside 
the London area. 

It is, of course, impossible for all trains on a trunk 
line to move at the same velocity, but many of our 
trunk lines now have four tracks, and in other places 
alternative routes are available. If, then, two standard 
speeds were aimed at, and all express passenger and 
goods trains ran over one pair of lines, and all stopping 
trains, whether passenger or goods, ran at approxi- 
mately uniform speed over the other pair of lines, it 
would seem that a vastly greater traffic than now 
exists could be accommodated on existing lines, and 
their earning capacity correspondingly increased. 

The high capital cost involved would seem to pre- 
clude the electrification of main lines for some years, 
but when the lately constituted Central Electricity 
Board succeeds in covering the country with a network 
of power lines from which a supply of current can be 
obtained in all districts at a reasonable price, a great 
service will be rendered to the railway companies. 
The electrification of suburban lines will be encouraged, 
electric power will be available for all works and 
warehouses, and it will be possible for stations to 
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substituted for semaphores, which will tend to’ mitigate 
the delays so often experienced in time of fog. The 
extended use of signals controlled by track circuits, 
which now have to depend for their motive power on 
primary batteries, will also become possible. 

Under the heading of economies in working and main- 
tenance, good headway is being made by the engineer- 
ing departments, more efficient locomotives are being 
developed, and the number of types is being reduced. 
Engine, carriage and wagon shops are being remodelled 
and each one is being devoted to its special class of 
work, whilst in carriage and wagon building mass 
production methods are being adopted, with con- 
spicuous success, ’ 

Before the war, each railway company had its own 
special type of permanent way, and, in some cases, 
many different types. Rails varied in design, weight, 
length and chemical composition; chairs, fishplates, 
fastenings, points and crossings, and signalling plant, 
all varied to a greater or lessextent. The first advance 
from this unsatisfactory state of affairs was made in 
October, 1904, when the British Engineering Standards 
Association published their designs and specifications 
for standard bull-headed rails. These standard rails 
were adopted by most of the companies, although 
opinions still differed as to the most suitable weights 
to select. 

In 1918, a proposal to pool the accumulated experi- 
ence of all the companies was taken up by the Railway 
Engineers’ Association, and a Committee was formed, 
under the Chairmanship of Mr. Grierson, to draw up 
recommendations for standard types of permanent way. 
The Committee was strengthened in 1919, and the 
Ministry of Transport was represented upon it. At 
the request of the Railway Executive Committee, 
special attention was devoted to the relative merits of 
the chaired and flat-footed roads. Mr. Grierson’s 
Committee gave a great deal of time to the study 
of this question, and visited France and Ireland for 
the purpose. 

In reporting fully on the subject in 1919, they recom- 
mended that the chaired type of road should be re- 
tained, for the following reasons :—Where, as in this 
country, soft-wood sleepers only are available, the 
chaired type of road is better suited to heavy traffic 
and has a longer life. Allowing for the additional 
sleepers required in the flat-footed road, and for the 
sole plates which must be interposed between the rails 
and soft-wood sleepers to protect them from abrasion, 
the cost of installing the flat-footed road was, at the 
date of the report, only about 2 per cent. less than that 
of the chaired road. Where relaying is concerned— 
and this is perhaps even more important—after allow- 
ing for the value of old materials recovered, it was 
found that the cost of renewing a mile of chaired road 
was actually less than the cost of renewing a mile of 
flat-footed road. The criticism that the chaired road 
was unnecessarily costly seemed, therefore, to be dis- 
posed of. 

The Committee then turned their attention to the 
preparation of designs and specifications for all materials 
required for the permanent way. Many tests and 
experiments were carried out, and a report, accom- 
panied by 94 drawings, was issued in May, 1924. Two 
standard tracks were recommended, one for heavy 
main-line traffic and one for lighter service. The main 
features of the tracks are British standard bull-head 
rails, weighing either 95 Ib. or 85 lb. per yard, and 
either 60 ft. or 45 ft. in length. These are supported 
in cast-iron chairs weighing 46 lb. or 40 lb. each, 
secured to the sleepers by either three or two coach 
screws. The creosoted Baltic redwood sleepers are 
8 ft. 6 in. long by 10 in. by 5 in., and there are 2,112 
of these sleepers to a mile. Long switches are standard- 
ised, and crossings, fishplates, stretcher-bars and a 
number of other details, are dealt with. 

The gradual improvement of the permanent way, 
which has been going on for a number of years, due to 
better track, better ballast, and better drainage, has 
made it possible to effect a considerable reduction in 
the number of men employed in its upkeep, and this in 
spite of the shorter working hours now in force. It is, 
however, doubtful whether on main lines the number 
can be reduced much below one man per mile of track, 
with a suitable additional number to cover points and 
crossings and other special work. This number com- 
pares not unfavourably with the number of men 
employed on foreign railways, and, if better results 
are obtained here, they must be attributed to the 
greater efficiency of these men. It is the fashion, in 
this country, to decry British institutions in general, 
and the British working man in particular, but so far 
as the inspectors and platelayers who maintain the 
British railways are concerned, it is doubtful whether 
for steadiness, reliability and the interest and skill 
which they put into their work, a better body of railway 
men is to be found anywhere else in the world. 

In designing new bridges, special attention is being 
paid to the reduction of maintenance costs. A large 
staff of men is employed on bridge painting, and as 
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only be done on Sundays, the cost is high. At the 
Britannia Bridge over the Menai Straits the annual 
cost of painting and tarring the 10,000 tons of iron, of 
which the bridge is built, amounts to 1,700/., whilst at 
the Forth Bridge, 40 men find continuous employment 
in maintaining the structure. 

For highway bridges reinforced concrete has been 
largely used, but for bridges carrying railways, this 
material has not been adopted in Britain to the same 
extent as abroad. 

The practice of embedding girders, especially floor 
girders, in concrete or in brick jack arching has been 
largely extended, and gives good results in regard to 
permanence and freedom from maintenance costs. 
This system cannot, however, be applied to the main 
girders, or even to the floor members of large bridges, 
owing to the increased weight involved. For these 
large bridges, a high-tensile and rust-resisting steel 
would be highly advantageous, and would give large 
economies in both construction and maintenance. The 
results of research work lead us to hope that such steel 
will eventually be forthcoming at a reasonable price. 

Hitherto there has been a great deal of doubt as to 
how the stresses produced by a train passing over a 
bridge at speed compared with those imposed by the 
same train standing on the bridge. The excess of the 
former over the latter stresses is commonly called 
“impact,” and although impact stresses were known 
to exist, very little was accurately known until recently 
as to the cause and magnitude of these stresses. This 
subject has been investigated on several occasions, 
both mathematically and by experiment, but perhaps 
the most complete study of the subject has just been 
completed in this country under the auspices of the 
Department of Scientific and Industrial Research, the 
railway companies giving every assistance in making 
the necessary tests. 

The Bridge Stress Committee was appointed in 1923, 
and since then a long series of experiments has been 
carried out by running many classes of engines at vary- 
ing speeds over 52 bridges of different types and spans. 

Hitherto, impact stresses have been allowed for by 
the use of various empirical formulas, that known as 
the Pencoyd formula being commonly used in America, 
and to a certain extent in this country. In this formula, 
the impact stress is allowed for by making an addition 
to the live load varying with the span of the bridge. 
The investigations made in America and India, and 
now confirmed, prove that no simple formula of this 
kind is applicable, because impact stress, being princi- 
pally caused by the hammer-blow of the locomotive, 
is not directly related to the total load borne, and 
reaches a maximum only when the hammer-blows 
synchronise with the natural period of vibration of the 
bridge. It is, therefore, necessary to bring into the 
calculations not only the span, but also such factors 
as the mass of the bridge, the possible speed of the 
engine, the diameter of its wheels, and the magnitude 
of itshammer-blow. Ina two-cylinder engine, hammer- 
blow cannot be eliminated, and is often of so serious 
a character as to necessitate considerable additions 
being made to the strength of bridges. Fortunately, 
the tendency of modern practice is to design the larger 
engines with three or four cylinders, and in these 
engines the hammer-blow can be, if not entirely 
eliminated, at any rate very greatly reduced. 

No review of the development of inland transport 
would be complete without some reference to the road 
motor vehicle, whose development has brought the 
wheel full circle, and concentrated attention once 
more on the roads. The commerce of the country 
demands and deserves the best transport service which 
can be given, and the virtual monopoly hitherto 
enjoyed by the railways being now at an end, all they 
are entitled to ask for is that no undue favours should 
be accorded to their strongest competitor. Can it 
be said that such conditions exist at present? The 
railway companies bave spent a vast sum—about 
1,200 millions—in purchasing land and in the con- 
struction of their works, whilst the road motor vehicle 
finds its track ready made, free of cost. The railways 
have an elaborate system of signalling, carried out 
under government regulations, which secures an 
immunity from accident not enjoyed by any other 
transport service, whereas on the roads (apart from the 
service rendered by voluntary organisations) such 
signalling as exists is done by special police, at the 
cost of the ratepayers. 

Again, the railway companies spend each year 
something like 13,000,000/. in maintaining their 
tracks, whilst the greater part of the cost of repairing 
the roads falls on the rates, of which the railway 
companies pay their full share. It is true that a con- 
tribution of about 17,000,000/. a year is made from the 
road fund to relieve highway rates, but the ratepayers 
have to find the balance, amounting to some 38,000,0001. 
Are there not, therefore, good grounds for the con- 
tention that road transportation is really in the position 
of a subsidised industry ? 

Ts it not reasonable to suggest that, road transport 





much of this work can, owing to the exigencies of traffic, 





system of road maintenance should be reformed, and 
that we should now revert to the principles enunciated 
at the time of the passing of the first turnpike Act, 
namely, that as it is inequitable for a district to be 
burdened with the support of roads for the service of 
a distant quarter of the kingdom, the expense of making 
and repairing all roads should fall on those who actually 
wear them and reap the benefit of them ?! 

A duty on motor spirit would be a convenient 
method to adopt for collecting road dues, and would 
be fairly equitable, being roughly proportional to the 
mileage run and the damage done. 








TESTS OF A 11,000-KW. ZOELLY 
STEAM TURBINE. 


WE have received from Messrs. Escher, Wyss and 
Company, Zurich, a translation of a report, made by 
Professor Stodola, on trials of a steam turbine supplied 
by them to the Wehrden Power Station, and rated at 
11,000 kw. In the main test, the following figures were 
recorded :— 


Date of trial December 6, 1926. 
Duration... 120 min. 
Speed... te 3,041 r.p.m. 
Barometer reading 29-820 in. of Hg. 
Abs. pressure before 


main stop valve 197-2 lb. per square inch, 
Temperature before main 
stop valve see 
Abs. pressure before 
governor valve ma 
Temperature before gov- 
ernor valve ... aes 
Abs. pressure before first 
row of guide blades ... 
Abs. back pressure at con- 
denser aia ive 
Abs. back pressure at dis- 
charge from last wheel 
Corresponding saturation 
temperature ... 


350-48 deg. C. 

194-9 lb. per square inch, 
348-69 deg. C. 

178-40 lb. per square inch. 
1-234 in. of Hg. 

1°352 in. of Hg. 

31-33 deg. C. 


Observed temperature 
Steam quantity 
Gland losses - aaa 
Total steam quantity ... 
Output at generator 
terminals see ‘ 
Alternator efficiency 


30-15 deg. C. 
113,009 lb. per hour 
264 lb. per hour 
113,273 per hour 


10,975 kw. 
94-9 per cent. 


Steam consumption per 
kw.-hour at turbine 


coupling sue --- 9+788 Ib. 
Losses in bearings, oil 
pump and governor 115kw. 


Over-all efficiency ratio, 
stop valve to condenser 
Efficiency ratio at coup- 
ling, reckoned from 
conditions at first row 
of guide blades to pres- 
sure on discharge from 


81-59 per cent, 


last wheel ... 84-03 per cent, 
Outlet velocity from last 
stage ... ... 670 ft. per second. 


Leaving loss eee .-- 2-16 per cent. 

Mean stage efficiency ... 83-91 per cent. 

It will be seen that the mean stage efficiency is very 
good from an impulse turbine, and by an independent 
calculation, we have checked Dr. Stodola’s figures, 
making the assumption that the so-called wetness 
losses are due to super-saturation. We thus find a 
mean blading efficiency of 84-2 per cent., which is 
extremely close to Dr. Stodola’s figure. Some of the 
credit for the improvement shown in these tests may, we 
think, be claimed for the Nozzles Research Committee, 
whose work proved that there was no advantage in very 
high steam speeds, and that the type of guide blade 
commonly used by impulse-turbine builders was much 


Particulars of Blading. 














Blade Angles. 
—_ —— Guide Blades. Runner Blades. 
Inlet. Outlet. Inlet. Outlet. 

Deg. Deg. Deg. Deg. 
1 47°2 90 14 30 20 
2 48°0 120 14 30 20 
3 49-0 115 14 30 20 
4 5§1°2 120 14 30 20 
5 53°1 120 12 30 20 
6 55°5 120 1l 28 20 
7 57°4 125 10 28 20 
8 59°8 125 10 28 20 
9 61°4 130 12°5 28 20 
10 63-0 120 18 33 35 




















less efficient than they believed it to be, and that 
much better results could be obtained with guide blades 
of morefavourableform. With such guide blades, labora- 
tory experiments have proved that a blading/efficiency 
of 85 per cent. is possible for a single-stage impulse 
machine working under the most favourable conditions. 
Professor Stodola’s observations indicate an efficiency 





having been revolutionised, the whole of our fiscal 
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CENTRIFUGAL CASTINGS 


NEWTON, CHAMBERS AND COMPANY, 


MESSRS. 


ORDINARY CENTRIFUGAL CASTING 
x 120. 


Fie. 1. 
SHOWING FERRITE AREAS. 


of 90 per cent, for the sixth stage of the turbine | 
tested. This estimate is, however, presumably based 
on temperature measurements, which are at times un- | 
accountably erratic. There is, in fact, some evidence to | 
justify the suspicion that steam is apt to be in a some- | 
what unstable condition, not merely below the satura- | 
tion line, but also immediately above it. In fact, in | 
one series of exceptionally careful and elaborate tests | 
of a large turbine, the temperature readings taken near 
the saturation line, but above it, were found to be | 
quite incompatible with the efficiencies as actually 
observed. 

Whatever the explanation may be, it seems possible | 
that the same cause is responsible for the anomalous | 
result recorded by Dr. Stodola, who states that ‘‘ The | 
best blade efficiency culculated in this manner was | 
secured from the sixth stage, amounting to approxi- 


| 
| 


mately 90 per cent., with a blade length of 60 mm., | 
operating with steam immediately before the saturation | 
limit.” 

Particulars of the blading are given in the fore- | 


going Table. The high-pressure bearing diameter was 
7-1 in., and its length 14-2 in. The low-pressure | 
bearing was 7-9 in. in diameter and 15-7 in. long, | 
and the total weight of the rotor was 8,700 Ib. | 

From the foregoing it will be seen that the design | 
embodies certain departures from the previous practice | 
of its builders, and the sectional view given in| 
the report bears a resemblance to the standard | 
adopted, in past years, by the British Thomson. | 
Houston Company and the General Electric Company 
of America. A still greater improvement has been 
effected in the design of the exhaust end, which, in the 
new machine, now follows very much the standard | 
practice of reaction-turbine builders. The makers, | 
however, still retain the old multi-cellar thrust bearing. | 
In an impulse machine, however, thrust blocks are | 
lightly loaded. 








CENTRIFUGAL CASTINGS FOR LOCO- | 
MOTIVE PISTON-VALVE BUSHINGS. 


Wear is probably the outstanding source of trouble 
in locomotive piston-valve liners, and the high degree 
of superheat which is adopted in modern locomotives 
further accentuates the trouble. Under these conditions, 
it becomes increasingly difficult to prevent carbonisation 
of the lubricating oil, which, together with a certain 
amount of dust drawn in from the smoke box, forms 
hard, black, pitch-like deposits round the edges of the 
ports, and in the grooves and holes of the piston-valve 
liner rings. This deposit is undoubtedly the cause of 
the excessive wear and scoring which is frequently 
encountered. Bearing this in mind, there is no doubt 
that the conditions imposed upon the liner are as 
severe, and, indeed, in some cases, are perhaps more 
strenuous than the analogous conditions in internal- 
combustion engines. The character of the material 
for piston-valve liners is, therefore, a matter of con- 
siderable importance to locomotive engineers, and much 
attention and investigation have been devoted to this 
question. When the centrifugal-casting process came 
to the front, many locomotive engineers thought that 
this would bring the solution of their problems nearer 
realisation. From the point of view of soundness and 
freedom from internal defects, the centrifugal casting 
is exceptionally good. The closeness of the grain, 
the smallness of the graphite, and the uniformity of | 





LIMITED, 


Fic. 2. CENTRIFUGAL CASTING SHOWING 
CoMPLETE PEARLITE STRUCTURE. X 160. 





FOR LOCOMOTIVE PISTON-VALVE BUSHINGS. 


SHEFFIELD. 





. 3. Spun-Sorsitic Castine. 














Fie. 4. Locomotive PistoN-VALVE BUSHINGS CAST BY THE SpuN-SoRBITIC PrRocgss. 


the grain across the section of the casting, are also 
all that can be desired. This latter feature, it may be 
noted in passing, is of importance in the case of piston 
valves which are bored to two internal diameters ; it 
eliminates the dangers arising from unsoundness, 
common in ordinary sand castings, and produced as 
a result of machining closer to the centre of the radial 
thickness of the casting. 

The importance attached by locomotive engineers 
to centrifugal castings for piston-valve liners, is 
shown by the fact that they are now frequently 
specified. Experience has revealed, however, that 
the resistance to wear of centrifugal castings made 
in the usual manner is by no means as good as 
might have been expected from a consideration of 
the physical properties of the material alone. 
Whilst the resistance to wear of ordinary centrifugal 
castings is high, it is possible to obtain similar results 
from specially prepared sand castings. In view, 
therefore, of the superiority of centrifugal castings 
in all those features which might be expected to 
indicate increased resistance to wear, it was considered 
that a thorough investigation of the whole ques- 





tion was necessary. Research work on the subject | 
showed that the expectation of high wear resistance, | 
in the case of ordinary centrifugal castings, is not | 


realised, largely on account of their somewhat high 
silicon content, and also because free ferrite is present 
in the material. The typical micro-structure of 
ordinary centrifugal castings is illustrated in Fig. 1, 
on this page. This, as is also the case with the other 
photo-micrographs reproduced above, was etched 
with picric acid, and depicts the free ferrite constituent, 
finely divided graphite, pearlite, and the phosphide 
eutectic. In the centrifugal process, as ordinarily 
carried out, however, any reduction made in the silicon 
content of the cast iron renders the production of 
chilled surfaces highly probable, and, consequently, 
the resultant castings could not be machined. 

Among the firms who have specialised in the pro- 
duction of high-grade centrifugal castings are Messrs. 
Newton, Chambers and Company, Limited, Centrifugal 
Castings Department, Thorncliffe Ironworks, near Shef- 
field, who recently acquired the sole rights of the Hurst- 
Ball process from Messrs. Centrifugal Castings, Limited, 
Kilmarnock. Reference has already been made to this 
process in our columns, on page 59 of our issue of 
July 8 last. The apparatus employed consists essen- 
tially of a rotating pouring spout or tilting trough, 
furnished with a helical weir edge, the length of the 
spout being approximately that of the casting to be pro- 
duced, The outer mould itself is rotated at a high 
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speed, and when the rotation of the tilting trough is 
begun, the molten cast iron first flows over its lowest 
edge. As the rotation of the spout is continued, the 
metal flows successively over the edge at higher levels 
until the metal is deposited over the whole of the sur- 
face of the mould. By allowing the metal to flow down 
the pouring spout at a constant rate, a smooth 
and uniform deposition of the molten cast-iron is 
secured. The process known as the Spun-Sorbitic 
process is a new development of the Hurst- Ball process ; 
it enables castings, having relatively low silicon con- 
tents, 7.e., ranging from 0.75 per cent. to 1-5 per cent., 
to be produced without incurring the danger of chilled 
surfaces or hard spots. With such low-silicon con- 
tents, there is no free ferrite in the structure, which is 
completely pearlitic in character, and is illustrated 
in Fig, 2, page 580. The main essentials of the new 
material were stated on page 386 ante in the course of 
a brief description of Messrs. Newton, Chambers and 
Company’s metallurgical exhibits at the Shipping, 
Engineering and Machinery Exhibition at Olympia. 

An important feature of the Spun-Sorbitic process is 
that the casting is cooled from a temperature imme- 























diately below the solidification point by means of a 
special type of wet-air blast. The immediate effect 
of this special cooling treatment is to convert the 
pearlite into sorbite. It is well known that the sorbitic- 
pearlite structure is one which is highly resistant to 
wear, and it is with this end in view that the sorbitic 
condition is obtained, by special treatment, in steel 
rails and locomotive tyres. A typical structure of a 
correctly treated Spun-Sorbitic casting is illustrated 
in Fig. 3, page 580. The tensile strength of a cast- 
iron gives some indication of the resistance to wear 
which the material will offer in subsequent service. 
It is interesting to record, therefore, that the maxi- 
mum stress values of the castings, the micro-structure 
of which is shown in Fig. 3, varied between 26 and 
28 tons per square inch, as determined by the 
method recommended in the British Engineering 
Standards Association Specification No. 5004. An 
additional feature of importance in connection with 
the new process is that castings can be produced 
having ports cored out in the manner required by 
the user. A typical group of castings, comprising 
piston-valve liners made by the new process, is shown 











in Fig. 4. As will be noted, some are in the rough- 
cast condition, while others are partially machined. 
The advantages of the process may be summed up 
in a few words; it enables castings embodying ports, 
flanges, bosses and waterways, to be produced, using a 
material of low-silicon content. Furthermore, the 
resultant product has, not only a completely pearlitic 
structure, but possesses the typical close-grained, 
uniform characteristics of centrifugal castings. 








LEVEL-LUFFING CRANES AT 
BRISTOL DOCKS. 


In our issue of January 30, 1925, on page 130, we 
illustrated and described two electric level-luffing roof 
cranes supplied by Messrs. George Russell and Com- 
pany, Limited, Alpha Works, Motherwell, Scotland, 
to the Port of Bristol Authority. The same firm 
has recently supplied six further level-luffing cranes 
for the same port, three of which are quay cranes 
installed at Shed F., The Grove, Bristol, the other - 
three being roof cranes mounted on Shed V. The 
latter are operated by direct current, but the quay 
cranes, which we illustrate in Fig. 1, on this page, 
are equipped with a special type of squirrel-cage 
motor having a high starting torque, the hoisting 
motor being designed to give three speeds and the 
luffing and slewing motors two speeds. The cranes 
lift two tons at 200 ft. per minute, and lighter loads at 
higher speeds. In all the cranes, the jibs are balanced 
by counterweights fixed to tail extensions, and all 
are fitted with level-luffing gear similar in principle 
to that described in the article above referred to, 
but of an improved design. The luffing motion is 
effected by a crank and connecting rods attached near 
the lower end of the jib, and the load, which moves in a 
horizontal path, can be brought from a maximum 
radius of 41 ft. to a minimum radius of 18 ft. at a 
speed of 120 ft. per minute. . 

The level-luffing gear, which is perhaps the most 
interesting feature of the cranes, has been patented 
by Mr. A. H. Weddell, a director of the firm, and its 
principle can be followed with the aid of the diagram 
reproduced in Fig. 2. It should first be explained that 
the pulleys shown at C in the diagram are mounted 
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at the upper end of a mast, which is pivoted at, or near, 
the point B, to which the jib is also pivoted. By 
means of a system of links and bell-crank levers con- 
nected to the jib at the point E, a distance g from B, 
the pulleys at C are moved through the arc of a circle. 
Its movement, when the jib moves upwards through 
an angle 0, is, however, practically in a horizontal 
straight line, the length of which is g cos 0, and the 
pulleys at C are therefore always vertically above the 
point E. The hoisting rope is led from the barrel in 
an almost vertical direction over the pulleys at C, 
and then taken in three parts between C and A, finally 
pas over the jib-head pulley at A down to the 
ook. 


Referring again to the diagram, Fig. 2, let the length 
of the part of the jib between A and E be denoted 
by unity, and the lengths CE and CA by a and 6, 
respectively ; also let p denote the fixed height BD, 
i.e., the vertical distance of the mast-head pulley 
centres from the jib pivot. We then have 


Bb? = a2 + 1 — 2asin 8, 
and as 
a@ =p— qsin 6, we have 
b2 = (p — qsin 6)? + 1— 2(p — qsin @) sin 0 
= (p2 + 1) — 2p(q+ 1) sin @ + 9 (q+ 2) sin20. 
If, however, the lengths p and q are chosen so that 
Pp? = ¢(¢ + 2), we can write 


b2 = (q + 1)2?— 2(¢ +1) Vq(q + 2) sin 8 + 
q (9 + 2) sin? 6 
so that 


b= + {(9+1)— Vq(q +2) sin 8}- 


Therefore, as the jib rises from the angle @, to the 
angle 6, with the horizontal, the length 6 shortens 
by the amount p (sin 6, — sin @,), since ./q¢(q + 2)=p, 
and as the rope is in three parts between C and A, 
three times this length of rope is paid over the jib-head 
pulley at A. The height through which the jib-head 
pulley rises is, however, (q + 1) (sin 6, — sin 6) and 
the hook will follow a horizontal path in luffing 
if 3p is made equal tog +1. The fixed height p is 
therefore made one-third of the length AB of the jib. 
The point E must also be selected so that the relation- 
ship p? = q (q + 2) is fulfilled, and the length g there- 
fore works out at 0-057 AB. 

As already pointed out, the mast-head pulleys at 
C move through an are of a circle instead of in a hori- 
zontal straight line, and this fact gives rise to a slight 
departure from the exact horizontal motion of the 
hook. The error is, however, entirely negligible in 
practice, amounting, by actual measurement, to only 
4 in. over the whole range of movement of the load 
in the case of a crane with a jib 60 ft. in length. 











ENGINEERING TRAINING AND 
EDUCATION. 


Leeds Church Middle-Class School.—An interesting 
history of the Leeds Church Middle-Class School, 
which was one of the first of such educational estab- 
lishments in the North of England to include scientific 
teaching as a regular part of the curriculum, has been 
written by Mr. E. Kilburn Scott, one of its old pupils. 
This institution may be said to have sprung from 
an instructional class in chemistry that was started, 
in 1866, by the Yorkshire Board of Education for 
the masters of the national schools. From the 
beginning, the school hada properly-equipped chemical 
laboratory, and provision was made for demonstrating 
chemical and electrical experiments in the Milne 
theatre. Mr. G. Jarmain, who had been a pupil of 
Dalton, was the first teacher. The school has always 
been closely connected with the Yorkshire College 
of Science, and later with Leeds University, and the 
biographical records show that it has turned out 
many noted scientists and engineers. The publishers 
of the history are Messrs. E. Jowett, Limited, of Park- 
street, Leeds, and the price is 2s. 3d., post free. 


Engineering Scholarships at Loughborough College.— 
The Governors of Loughborough College, Leicester- 
shire, invite applications for the award of five open 
scholarships in the Faculty of Engineering, each of 
the value of 75l. per annum. The scholarships are 
open to British subjects resident in any part of 
the Empire, and are tenable at the College for the 
period of the full diploma course. The entrance exami- 
nation for the session 1928-29, as a result of which 
the schoiarships will be awarded, will take place 
on April 24, 25 and 26, 1928. Applicants must 
not be less than 16 years of age on October 1, 
1928. The subjects to be offered will be English, 
mathematics, higher mathematics, one modern lan- 
guage, and one of two science subjects. Candidates 
resident in the United Kingdom will be required to 
attend at Loughborough. Candidates resident in other 
parts of the Empire will be examined, on the dates 
named, at approved Jocal centres, Further particulars 


ENGINEERING. 
and application forms may be obtained from the 
Registrar, Loughborough College, to whom all forms 


of application must be returned not later than April 1, 
1928. 


Science and Whitworth Scholarships Examinations.— 
The time-table of the 1928 examinations for Science 
Scholarships, Whitworth Scholarships and Whitworth 
Senior Scholarships has now been issued by the 
Board of Education. The examinations will commence 
on Wednesday, April 25, and will continue, on each 
day, with the exception of Sunday, April 29, until 
Saturday, May 5. In the majority of cases, the hours 
are from 7 p.m. to 10 p.m. The conditions of the 
examinations will be found in the Syllabus of the 
Science Scholarships Examination, 1928, and the 
Regulations for Whitworth Scholarships, 1928, both 
of which pamphlets are obtainable from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2, 
price 4d. and 2d. net, respectively. 

University of London, University College.—The 
Calendar for the session 1927-1928 of University of 
London, University College, Gower-street, London, 
W.C.1, was issued recently by the College Committee. 
As was the case in previous numbers, the volume 
contains, in addition to prospectuses of the Faculties of 
Arts, Science, Engineering, Architecture, Laws, and 
Medicine, an outline of the history of the College, lists 
of Emeritus and former professors, and regulations 
relating to scholarships, exhibitions, prizes and medals. 
The Centenary celebrations of the College, which were 
held from June 23 to July 2 last, are described in 
detail in a special section of the volume. The book, 
which comprises over 700 pages, is published by Messrs. 
Taylor and Francis, Red Lion-court, Fleet-street, 
London, E.C.4. 








BOOKS RECEIVED. 


United States Geological Survey. Bulletin No: 787. 
Geology and Ore Deposits of the Mogollon Mining 
District, New Mexico. By H. G. Fereuson. [Price 
65 cents.] Water-Supply Paper, No. 569. Surface 
Water Supply of the United States. 1923. Part IX. 
Colorado River Basin. [Price 25 cents.] No. 574. 
1923. Part XII. North Pacific Slope Drainage Basins. 
C. Lower Columbia River Basin and Pacific Slope 
Drainage Basins in Oregon. [Price 35 cents.] Wash- 
ington : Government Printing Office. 


Distillation des Combustibles a Basse Température. By 


R. Courav and Henri Besson. Paris: Gaston Doin 
et Cie. [Price 40 francs. ] 
Erliuterungen mit Beispielen zu den LHisenbetonbest- 


immungen, 1925. By W. GexHter. Fourth edition, 


revised and enlarged. Berlin: Wilhelm Ernst & 
Sohn. [Price 6 marks. ] 
Applied Thermodynamics. A Textbook Covering the 


Syllabuses of the B.Sc. (Eng.), A.M.Inst.C.E., and 
A.M.I.Mech.E, Examinations in this Subject. By 
Wit11amM Rostnson. London: Sir Isaac Pitman 
and Sons, Limited. [Price 18s. net.] 

United States Bureau of Standards. Circular No. 93. 


United States Government Master Specification for 
Paints, Iron Oxide, and Iron Hydroxide. No. 94. 
Paint, Black, Semi-paste, and Ready Mixed. No. 115. 


Tires, Pneumatic and Solid Rubber, and Inner Tubes. 


No. 186. Ribbons, Typewriter. No. 187. Ribbons, 
Hectograph. No. 188C. Ribbons, Computing and 
Recording Machine. No. 196. Ink, Drawing, Black 
Waterproof. No. 239. Packing, Flax. No. 241. 
Packing, Asbestos Sheet, Compressed. No. 242. 
Gaskets, Asbestos Metallic Cloth. No. 243. Packing, 
Asbestos Metallic Cloth Sheet. No. 256. Denim, 


Brown (Shrunk). No. 331. Chrome Yellow (Lemon, 
Medium, and Orange , Dry, Paste in Oil, and Paste in 
Japan). No. 334. Packings, Asbestos, Wick and 
Rope. No. 342. Tile, Hollow, Clay, Load-Bearing 
Wall. No. 344. Tile, Hollow, Clay, Floor. [Price 
5 cents each.] Washington: Government Printing 
Office. 

Journal of Proceedings of the Bradford Engineering Society. 
Twenty-Sixth Session, 1924-1925. Bradford: Offices of 
the Society. 

Pyrometry. By Wit1i1am P. Woop and Jamss M. Cuark. 
London: McGraw-Hill Publishing Company, Limited. 
[Price 15s. net. ] 

Methods and Plant for Excavation and Embankment. 
By CHartes H. Pavt and CHARLES 8. BENNETT. 
London: McGraw-Hill Publishing Company, Limited. 
[Price 20s. net. ] 

Engineering Problems Manual. By Forest C, Dana and 
Erma H. Wititmarrse. London: McGraw-Hill Pub- 
lishing Company, Limited. [Price 10s. net.] 

Coal in Great Britain. The Composition, Structure and 
Resources of the Coalfields, Visible and Concealed, of 
Great Britain. By Watcot Gipson, D.Se. Second 
edition, revised and enlarged. London: Edward 
Arnold and Company. [Price 21s, net.] 

United States Public Health Service. Public Health 
Bulletin No. 171. A & udy of the Pollution and Natural 
Purification of the Illinois River. I. Surveys and 
Laboratory Studies. By J. K. Hosxrys and others. 
[Price 50 cents.] Washington : Government Printing 
Office. 

Ingeniérs Vetenskaps Akademien. Handlingar No. 59. 
The Fatigue Properties, Impact Resistance and Hard- 
ness of Some Nickel-Chromium Gear Steels, Case- 
Hardened, Oil-Hardened, and Air-Hardened, Respec- 
tively. By Axet HULTGREN. Stockholm; Svenska 





Bukhandelscentralen A-B, [Price 4-50 kr, ] 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MrIppLEsBROoUGH, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig iron output 
still fails fully to satisfy requirements, and stocks continue 
to fall. Demand is mostly for home use, but a few over- 
seas sales are reported. Local consumers are purchasing 
more freely as Continental iron is now little cheaper than 
the products of this area. Sales to Scotland, however, are 
light, foreign makers being still able to compete success- 
fully for that trade. Home buyers are considerably an- 
noyed at having to pay half-a-crown more for theirsupplies 
than is charged to customers in Scotland and consumers 
overseas. The fixed prices for home use remain: No. 1 
quality, 70s.; No. 3, g.m.b., 67s, 6d.; No. 4, foundry, 
66s. 6d.; and No. 4, forge, 66s. 


Hematite——Home and foreign sales of East-coast 
hematite show improvement, and quotations are steady- 
ing, but there is still price-cutting to secure orders. 
Mixed numbers are put at 72s., but customers claim 
they can buy at less; while on the other hand, makers 
report that more has been realised. 


Foreign Ore.—Best rubio remains at 21s. c.i.f. Tees, 
though sales of imported ore are hardly heard of. 


Blast-Furnace Coke.—Durham blast-furnace coke 
makers are taking a slightly firmer stand, but 18s. is stil] 
a full quotation for good average qualities delivered here, 


Manufactured Iron and Steel.—Fairly good contracts 
have been arranged for some descriptions of finished iron 
and steel, notably for shipbuilding requisites. Most 
quotations are steady and firm, but prices for sheets 
tend downward. Common iron bars are 101. 15s. ; 
iron rivets, 11/, 5s.; packing (parallel), 87. ; packing 
(tapered), 11/.; steel billets (soft), 7. 2s. 6d.; steel 
billets (medium), 71. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel ship plates, 81. 2s, 6d.; steel angles, 
71. 12s. 6d.; steel joists, 71. 12s. 6d.; heavy steel rails, 
81. 10s.; black sheets (No. 24 gauge), 101. 5s.; and galva- 
nised corrugated sheets (No. 24 gauge), 131. 15s. 


Shipments of Iron and Steel.—The total aggregate of 
the shipments of iron and steel from the Tees last 
month, of 85,450 tons, was approximately 10,000 tons 
below the total for September. October clearances 
were composed of 13,977 tons of pig iron, of which 5,085 
tons went overseas and 8,892 tons went to coastwise 
customers ; 4,264 tons of manufactured iron, of which 
3,739 tons went to foreign parts and 525 tons coastwise ; 
and 67,209 tons of steel, of which 52,175 tons went 
abroad, and 15,034 tons went coastwise. Scotland 
took the most pig iron, receiving 3,600 tons ; while 
Germany accepted 1,985 tons, Denmark, 1,450 tons, Italy, 
1,310 tons, and Belgium, 1,174 tons. The Cape, with an 
import of 1,444 tons, was the largest receiver of manufac- 
tured iron. Among the chief customers for steel were : 
India, 10,635 tons; Australia, 8,361 tons; Argentina, 
5,976 tons ; Portuguese East Africa, 5,366 tons; and 
Japan, 4,110 tons. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The tendency for orders for ordinary 
quality steel to run short is becoming more pronounced 
with the completion of coal strike arrears. Plant 
specially laid down to meet Continental competition 
is not operating much above 55 per cent. capacity. As 
it was specially designed for full operation, the reduced 
tonnage is having to bear a substantial increase in over- 
head charges, which makes much of the work in hand 
barely profitable. Social services, local rates and 
taxes, and increased railway charges, jointly account for 
a levy of 30s. to 35s. per ton of this class of steel. On 
the other hand, Continental rivals, assisted by subsidised 
railway freights and export bounties, have been able to 
work similar plant nearer maximum load, and thus 
distribute overhead charges. As a result, the Continental 
surplus is being offered in competition with South 
Yorkshire steel at prices which bear no relation to econo- 
mic cost. There is rather more movement in acid steel, 
and in certain classes of special steels for engineering 
construction. Home railway orders are comparatively 
negligible, but an improvement is anticipated in the 
early future, while overseas business shows signs of 
expansion. More inquiries are circulating for ship steel. 
Local firms, with related departments in the North, 
report improved bookings on commercial account. The 
outlook for foreign naval work is stated to be better than 
at any time since 1918. The call for automobile steel 
and fittings continues to be one of the best features of 
local industry. Business in mining requisites is un- 
satisfactory, but electrical engineers are ordering tools 
very freely. 

South Yorkshire Coal Trade.—House-coal merchants 
are unable to report any improvement. The demand 
for best qualities is unusually weak for the time of the 
year, while the supply of secondary and inferior grades 
is much in excess of the demand. Collieries are working 
more regularly, but have bigger outputs than the market 
position really warrants. Industrial fuel is a shade 
better. Contract deliveries inland absorb a considerable 
tonnage, while business on export account is somewhat 
more robust. There are big stocks of smalls at pits and 
in wagons. Coke is a relatively easy market. Quota- 
tions: Best hand-picked branch, 28s. to 30s. 6d.: best 
house coal, 22s. 6d. to 23s.; screened house coal, 19s. 
to 20s. ; screened house nuts, 16s. to 17s. 6d. ; Yorkshire 
hards, 14s. 6d. to 16s. 6d. ; Derbyshire hards, 15s. to 17s. 
rough slacks, 9s. to 10s. ; nutty slacks, 7a. to 8s. ; and 
smalls, 3s. to 48, 6d, 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.—The past week has not brought 
out any change in the outlook of the steel trade of 
Scotland. New business is still very difficult to pick up, 
but one or two works have been rather fortunate, through 
their shipyard connection, and are fairly well off at the 
moment, although most of the others are exceedingly 
searce of orders. Buyers of almost all kinds of material 
are very much in the background, and inquiries are of 
no great tonnage. The position in the black sheet trade 
is unchanged, and there is not much business passing in 
the heavier gauges. For light gauge sheets and galvanised 
sorts there is quite a good demand, and some establish- 
ments are fairly well placed at present. Prices show no 
change, and are as follow :—Boiler plates, 10]. 10s. per 
ton ; ship plates, 8/. 2s. 6d. per ton ; sections, 7/. 12s. 6d. 
per ton; and sheets, } in., 8/. 15s. to 81, 17s. 6d. per ton, 
all delivered Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, the continued scarcity of orders 
is causing no little uneasiness amongst the various 
managements. Plant is very poorly employed, and the 
prospects generally are unsatisfactory. The re-rolled 
steel branches are still very quiet. The price of “‘ Crown ” 
bars is unchanged at 10/. 15s. per ton, delivered Glasgow 
stations, 


Scottish Pig-Iron Trade.—A duti tone is still prevalent 
in the Scottish pig-iron trade. Producers are unable to 
dispose of their outputs, and stocks continue to accumu- 
late. Owing to the much reduced demand, prices are 
barely steady, and makers are prepared to consider any 
reasonable offer for a satisfactory parcel. Both home 
and export buyers are only nibbling at the moment. 
The following are the current market quotations :— 
Hematite, 76s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 77s. 6d. per ton ; and No. 3, 72s. 6d. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—-The shipment of Scottish 
pig iron from Glasgow Harbour, for the week ending last 
Saturday, October 29, amounted to 744 tons. Of the 
total, 535 tons was for foreign destinations, and 209 tons 
went coastwise. During the corresponding week of last 
year the figures were 254 tons overseas and 90 tons coast- 
wise, making a total shipment of 344 tons. 


Shipbuilding.—The shipbuilding tonnage for October 
was on a large scale, and represents much activity 
at the shipyards during recent months. Amongst the 
new vessels launched were a number which would 
already have been in commission but for the unfortunate 
trouble in the coal trade last year, and through which 
they were held up. Nevertheless, it so happens that the 
past month is credited with these vessels, and the total 
for this period is well over the average for the month of 
October. The following are the details :— 





Vessels, Tons, 

The Clyde ACE ee 20 72,685 

The Forth es Pe 3 781 

The Tay ae as 2 7,370 
The Dee ... oe Pre —_ -- 

Total ... ne 25 80,836 


A feature of note, in connection with the above details, is 
that the Tay figures include one vessel of 470 tons—a steel 
barge—launched at Arbroath for the Argentine Naviga- 
tion Company, Limited, Buenos Aires. This is the first 
vessel launched at Arbroath for about 40 years. The 
fresh bookings during the past month have been very 
good, and no fewer than 33 contracts of one kind and 
another have been reported. Four of these are to be of 
10,000 tons d.w., and five are between 8,000 and 10,000 
tons. The outlook for the shipbuilding industry is 
again much brighter, and a number of yards are likely 
to be kept fairly well employed over the winter months. 
There are some others, however, which have been less 
fortunate, so far, in their bookings, but shipowners are once 
again more inclined to enter the market, as the prospects 
of general trade opening out seem to be better. An 
interesting point in connection with the Clyde figure of 
72,685 tons, for the month of October, is that only on one 
occasion for over 20 years has that total been exceeded 
during the corresponding month. That was in 1924, 
when the total was 84,104 tons. For the year to date, 
the Clyde output is 174 vessels of 332,979 tons, as against 
112 vessels of 256,553 tons for the same period last year. 
The latter figures would, of course, have been much 
better but for the coal strike, and the widespread disloca- 
tion which it caused. 








Contracts.—The Leeds Forge Company, Limited, 
have received an order for 300 high-sided, steel, bogie 
wagons of 45 tons capacity for the Mashonaland Rail- 
ways.—Messrs. John Hearne and Son, Waterford, have 
secured the contract for the construction of the new 
deep-water wharf at the port of Waterford, S. Ireland. 





PERSONAL.—The office of the consultant and editor of 
publications of the British Commercial Gas Association 
has been transferred from 28, Grosvenor-gardens, to 32, 
Victoria-street, London, S.W.1.—The secretary’s office 
of the Institute of Fuel has been removed from 202, Abbey 
House, Westminster, to 53, Victoria-street, London, 
S.W.1.—Messrs. Sir 8. W. Royse and Company, Limited, 
20, Albert-square, Manchester, have, by arrangement, 
become the ————e- in the United Kingdom and 
Ireland, of Messrs. The Duriron Company, Inc., of 
Dayton, Ohio, for the sale of their valves, fans, steam 
jets, pumps, pipes and other products, 








NOTICES OF MEETINGS. 





THe InstITruTION OF MECHANICAL ENGINEERS.— 
To-night at 6 p.m., at Storey’s-gate, St. James’s-park, 
8.W.1. Thomas Hawkesley Lecture. ‘‘ Application of 
X-Rays to the Study of the Crystalline Structure of 
Materials,” by Sir William H. Bragg, F.R.S. Friday, 
November 11, at 7 p.m. Discussion on “ What is Wrong 
with Industrial England ?”’ introduced by Mr. F. Clements. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StrupEnts’ Section.—To-night at 6.15 p.m., at Savoy- 
place, Victoria-embankment, W.C.2. “From the Grid 
to the Consumer.” Opening address by Capt. J. M. 


Donaldson. 


THE Junior INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Extra- 
ordinary General Meeting. “‘ Engineering Salesmanship,” 
by Mr. R. Lowe. Friday, November 11, at 7.30 p.m. 
Annual General Meeting. 


Tue INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: NortH WALES District.—Saturday, November 
5, at 10 a.m., at the Town Hall, Lloyd-street, Llandudno. 
Paper by Mr. W. T. Ward. At 2.30 p.m., “ Ferro- 
Concrete,”” by Mr. Hodgson. 


THE Institute or British FOUNDRYMEN: LAN- 
CASHIRE BrRANcH.—Saturday, November 5, at 2.30 p.m., 
Joint Meeting with the West Riding Branch. Visit to 
Works of Messrs. David Brown and Sons, Huddersfield, 
Lecture, ‘“‘ Metallurgy in Gear Manufacture,” by Mr. F. 
W. Rowe. 

THE Socrety or ENGINEERS.—Monday, November 7, 
at 6 p.m., at the Geological Society, Burlington House, 
Piccadilly, W.1. Discussion on ‘* Economic Transport,” 
opened by Mr. H. W. Towse. 


Tue InstirTuTE oF TRANSPORT: MIDLAND LOCAL 
Section.—Monday, November 7, at 6 p.m., at the Queen’s 
Hotel, Birmingham. ‘‘The Problem of the Small 
Consignment,” by Mr. H. G. Waggett. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : MERSEY 
AND NortH Wates (LIVERPOOL) CENTRE.—Monday, 
November 7, at 7 p.m., at the University, Liverpool. 
Joint Meeting with the Liverpool Engineering Society. 
“The Applications of Electricity in Warships,’ by Mr. 
W. McClelland. 


THE INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
November 7, at 8 p.m., at the Engineer’s Club, Coventry- 
street, W.1. ‘‘ Permeability of Rubber and Methods of 
Measuring It,” by Dr. H. A. Daynes. 


THE InstitTuTE oF MARINE ENGINEERS.—Tuesday, 
November 8, at 6.30 p.m., at 85/88, The Minories, Tower- 
hill, E.1. ‘‘A New Type of Solid Injection Double- 
Acting Two-Stroke Oil Engine,’ by Dr. Fred Sass. 


THe INSTITUTION OF STRUCTURAL ENGINEERS.— 
Tuesday, November 8, at 7 p.m., at the Birmingham 
Chamber of Commerce, New-street, Birmingham. 
Discussion on “'The Probable Building Material of the 
Future,’’ introduced by Mr. E. L. Cotterell. Wednesday, 
November 9, at 8 p.m., at the College of Technology, 
Manchester. ‘‘ Use of Hydraulic Cartridges,” by Mr. J. 
Tonge. Thursday, November 10, at 8 p.m., at 10, Upper 
Belgrave-street, S.W.1. ‘‘ Hooped Cast Iron and Loose 
Arches,” by Mr. P. R. N. Stroyer. 


Tae InstiruTion oF ELECTRICAL ENGINEERS : ScorT- 
TISH CENTRE.—Tuesday, November 8, at 7.30 p.m., at 
the Royal Technical College, George-street, F -edig 
‘*The Applications of Electricity in Warships,” by Mr. W. 
McClelland. 


THE SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, November 8, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘ General Aspects of Die-Casting,” by Mr. 
T. F. Russell. 


THE NEWCOMEN Society.—Wednesday, November 9, 
at 5.30 p.m., at Prince Henry’s Room, 17, Fleet-street, 
E.C.4, Annual General Meeting. ‘“‘ Railway Brakes,” 
by Mr. T. Rowatt. ‘* Horse Gears,” by Mr. H. O. Clark. 


THE LIVERPOOL ENGINEERING Society.—Wednesday, 
November 9, at 6 p.m., at 9, The Temple, Dale-street, 
Liverpool, ‘“‘ Re-Heating Furnaces,”’ by Mr. F. G. Bell 
and Mr. R. Waddell. 


Tue INstITUTION oF CrviL ENGINEERS.—Wednesday, 
November 9, at 6 p.m., at Great George-street, S.W.1. 
Informal Meeting. Discussion on ‘The Layout and 
Manufacture of Railway Points and Crossings,” by 
Mr. 8S. T. Dutton. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : SOUTH 
MIDLAND CENTRE.—Wednesday, November 9, at 7 p.m., 
at the University, Edmund-street,,Birmingham. ‘‘ Eco- 
nomic Aspects of Pulverized Fuel,” by Mr. F, Forrest. 
“Present and Future Possibilities of Extracting Oil 
from Coal,” by Professor A. W. Nash. ‘ Analyses and 
Treatment of Coal in Relation to the Heat Value for 
Steam Raising Purposes,” by Professor K. N. Moss. 


Tue InstTiITUTE oF MeTats : SwANSEA LocaL SECTION. 
—Wednesday, November 9, at 7 p.m., at the Thomas Café, 
High-street, Swansea. ‘‘ Pyrometers in Works Practice,” 
by Mr. P. MacNair. 


THe BeLFast ASSOCIATION OF ENGINEERS.—-Wednes- 
day, November 9, at 7.30 p.m. at the College of Tech- 
nology, Belfast. ‘‘The Draughtsman in Engineering,” 
by Mr. C. C. Pounder. 


THe InstiITuUTION oF MECHANICAL ENGINEERS: 
YorKsHIRE Brancu.—Wednesday, November 9, at 
7.30 p.m., at the Mappin Hall, St. George’s-square, 
Sheffield. Thomas Hawkesley Lecture. ‘The Appli- 
cation of X-Rays to the Study of the Crystalline Structure 
of Materials,” by Sir William H. Bragg, F.R.S, 





Tue Roya. Society or Arts.—-Wednesday, November 
9, at 8 p.m., at John-street, Adelphi, W.C.2. ‘“‘ Road 
Traffic Problems of the Pedestrian,” by Mr. M. O’Gorman. 
Friday, November 11, at 4.30 p.m. Indian Section. 
‘** Indigenous Indian Banking,” by Mr. M. M. S. Gubbay. 


Tue InstTITUTION oF CivIL ENGINEERS : BIRMINGHAM 
AND District Assocration.—Thursday, November 10, 
at 6 p.m., at the Birmingham Chamber of Commerce, 
New-street, Birmingham. Lecture. ‘‘The Quebec 
Bridge,” by Professor C. Batho, D.Sc. 


Tue InstiTUTE oF Metats : Lonpon Locat SEoTIon. 
—Thursday, November 10, at 7.30 p.m., at the Royal 
School of Mines, South Kensington, S.W.7. ‘“ Some 
Metallurgical Problems of the Electrical Industry,” by 
Mr. C. C. Paterson. 


THe InstTITuTION OF MECHANICAL ENGINEERS: 
YorkKsHIRE Brancu.—Thursday, November 10, at 
7.30 p.m., at the Hotel Metropole, Leeds. Thomas 
Hawkesley Lecture. ‘‘' The Application of X-Rays to the 
Study of the Crystalline Structure of Materials,” by 
Sir William H. Bragg, F.R.S. 


THe Opticat Socrety.—Thursday, November 10, 
at 7.30 p.m., at the Imperial College of Science, South 
Kensington, S.W.7. ‘On the Resolution of Gratings 
by the Astigmatic Eye,” by Mr. J. R. Hamblin and 
Mr. T. H. Winser. ‘“‘ The Deviograph and Trial Frame,” 
by Mr. O. Aves. 


Tue KeicHLEy ASSOCIATION OF ENGINEERS.—Friday, 
November 11, at 7.30 p.m., at the Temperance Institute, 
Keighley. Lecture. ‘‘ Recent Developments in Special 
Steels,” by Mr. S. A. Main. 


Tue InstiruTION OF MUNICIPAL AND COUNTY 
ENGINEERS : SOUTHERN District.—Saturday, November 
12, at 11.30 a.m., at the Town Hall, Chippenham. 
Paper by Mr. W. 8. Payne. 





NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—Though the demand for coal for 
early loading is still insufficient to absorb available 
supplies, tentative inquiries for delivery over next year 
are circulating more freely. The Central Argentine 
Railways are inviting offers for their requirements, 
and though no specific quantities are mentioned, it is 
hoped that they will take the whole of their oe 
amounting to about 500,000 tons, from South ales. 
The Cie. Générale Transatlantique, the great French 
shipping company, are also inviting offers for large and 
small amounting to 30,000 to 60,000 tons, while the 
Egyptian State Railways also want offers for 100,000 
tons of large coal over three months. Lading activities, 
of late, have been disorganised by the stormy weather 
having delayed the arrival of shipping. The result 
has been that shipments in the past week were reduced, 
by 43,000 tons, to 412,900 tons, Exports to France 
were lowered from 122,120 tons to 98,350 tons, and to 
Argentina from 43,970 tons to 36,570 tons, but increased 
from 40,600 tons to 57,220 tons for Italy, and from 
23,630 tons to 26,220 tons forSpain. At Cardiff, exports 
were increased from 262,360 tons to 270,120 tons, but 
reduced at Newport, from 75,900 tons to 53,970 tons, 
at Swansea, from 68,110 tons to 55,380 tons, at Port 
Talbot, from 42,160 tons to 28,230 tons, and at Llanelly, 
from 7,300 tons to 5,150 tons. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 21,246 tons, against 24,525 tons in 
the preceding week. Shipments of tinplates and terne- 
plates were reduced from 7,687 tons to 6,477 tons, and of 
other iron and steel goods from 12,878 tons to 9,902 tons. 
Exports of blackplates and sheets were increased from 
1,636 tons to 1,800 tons, and of galvanised sheets from 
2,325 tons to 3,067 tons. 





TeNDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—-The South African Railways and Harbours are 
inviting tenders, to reach Johannesburg by December 15, 
for the supply and delivery, only, of structural steelwork, 
etc., for a new wagon repair shop, Tender No. 1,114. 
Local representation is practically essential. (Ref. No. 
AX 5424.)—The Chief Controller of Stores, India 
Stores Department, Engineering Branch, Delhi, is invit- 
ing tenders, which must reach New Delhi by November 24, 
for the supply of two gas engines suitable for operation on 
producer gas, together with open-hearth type producer- 
gas plants ; and two centrifugal pumps. (Ref. No. AX 
(5425.)—His Majesty’s Consul at Stockholm reports that 
a local firm proposes to increase its present fleet by the 
addition of about 25 new omnibuses, each accommo- 
dating some 90 passengers, for service at Stockholm. 
Tenders should reach Stockholm by December 3. (Ref. No. 
AX 5450).—The New South Wales Government Railways, 
Chief Mechanical Engineer’s Branch, is inviting tenders, 
to reach Sydney by December 7, for the supply, delivery, 
erection on site, and maintenance, of two electric overhead 
travelling cranes, one of 5 tons capacity and the other of 
25 tons capacity. Local representation is essential. 
(Ref. No. AX 5447).—The Christchurch Drainage Board, 
New Zealand, is calling for tenders, to be presented by 
March 13, for 9 electric, centrifugal, sewage pumping 
plants, each consisting of two pumps with electric motor 
direct coupled to each. Contract No. 27/368. (Ref. 
No, AX 5457). 
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We desire to call the attention of our readers 
the Toot that the above is our SOLE ADDRESS, 
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Journal and any — publications "bearing 
somewhat similar titles. 


TELEGRAPHIO ) ‘‘ ENGINEERING,” WESTRAND, 
ADDRESS LONDON 
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SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 
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ARTERIES OF TRAFFIC. 


In his Presidential address delivered last Tuesday 
to the Institution of Civil Engineers, Mr. E. F. C. 
Trench, C.B.E., quoted Ruskin to the effect that 
** all social progress resolves itself into the making 
of new roads.” There was, however, little of 
originality in this observation of Ruskin, which 
is, in fact, but a somewhat colourless paraphrase 
of the Roman motto that the three essentials 
of civilisation were roads, more roads, and still 
more. George Stephenson again affirmed that if 
the country would make the railways, the rail- 
ways would make the country, a prediction which 
experience has more than justified. Mr. Trench 
recalls the fact that in 1753 the journey from 
London to Liverpool took ten days in summer 
and eleven in winter. The vehicles used were 
stage wagons, which accommodated twenty persons 
and were drawn at a walking pace by six horses. 
Stage coaches followed later, and at the advent of 
the railway there were 1,500 plying from London, 
speeds as high as 10 miles per hour being attained. 
Freight rates were naturally excessive. A charge 
of 40s. per ton was made for transport from 
Liverpool to Manchester, and the rate from Man- 
chester to Leicester was no less than 6/. These 
figures explain the prosperity of local millers, since 
it appears that it was economically impracticable 
in many counties to carry wheat more than some 
20 miles. 

The introduction of canals effected a striking 
reduction in transportation costs. The rate by 
canal from Manchester to Leicester fell to 30s. per 
ton. The physical characteristics of England, how- 
ever, are little favourable to canal construction, 
and the Duke of Bridgwater’s apprehension as to 
the competition of ‘“‘ these d——d tramways” 


has proved to have been thoroughly well founded. 
Even in countries more favourable to canal con- 
struction, transport by canal is commonly more 
costly than it is by rail. Thus in France, the 
railways were compelled by law to allow the canals a 
differential of 5 per cent. in charges on competitive 
routes. The need for this differential is the more 
striking in that the canals were maintained by the 
government and were toll free. This experience 
adds weight to the declaration of the late Senator 
Hill, that were he permitted to construct a railway 
for goods traffic only, he would undertake to compete 
successfully with any artificial waterway, even if 
constructed under exceptionally favourable con- 
ditions. In fact, even in the case of natural water- 
ways, the railway often shows to advaritage. Thus, 
in pre-war days the cost per ton-mile of freight 
carried by Thames barges was said to be }d. per 
ton-mile. At the same date on the Pittsburg and 
Lake Erie railway the average freight rate was some 
10 per cent. less. Of course, no railway can compete 
in cost with ocean transport. In pre-war days 
bagged maize was conveyed from the Cape to 
England at a cost of ;sd. per ton-mile, and where 
the construction of an artificial waterway eliminates 
transhipment charges it may prove highly profitable, 
even in spite of high capital costs. 

The early English canals paid dividends as high 
as 75 per cent., and the railway pioneers had often 
to buy off opposition by undertaking to purchase 
the canals affected by their proposals. Political 
memories are notoriously short, and it is, therefore, 
not surprising that in after years this blackmailing 
of the railways was represented as part of a volun- 
tary and deep-laid scheme for the destruction of 
canal competition, by allowing the canals thus 
acquired to fall into disrepair. This matter was, 
however, investigated by a Royal Commission, who 
found the charge to be unsubstantiated. To-day 
it is the road-borne traffic which is disturbing 
the peace of mind of our railways managers. Our 
roads, like the French canals already referred to, 
are toll free and are maintained mainly out of 
local rates. Mr. Trench claims that the railways 
are thus unfairly handicapped, and it certainly is 
difficult to justify the present arrangement by which, 
in many areas, the railway company, though by 
far the largest contributor to the rates, has, never- 
theless, absolutely no voice in the disposal thereof. 

Mr. Trench notes that our British railways were 
developed in a somewhat haphazard fashion. 
Parliament welcomed the construction of com- 
peting lines, and was strongly opposed to amalgama- 
tions. Circumstances, however, proved in the end 
too strong for the politicians, who had ultimately 
to consent to the union of the undertakings by which 
our first great trunk lines were built up. The 
London and Birmingham line was opened in 1838, 
and made it possible to get from London to Liver- 
pool in 114 hours. It is, of course, common 
knowledge that the recent amalgamations were 
forced on the companies concerned by Parliament, 
which thus reversed by its Act of 1921, the policy 
previously pursued. As yet, the promised econo- 
mies have been little in evidence, but Mr. Trench 
points out that after the war, the railways were 
handed back to their owners in conditions which 
were little favourable to enterprise. Wages had 
been greatly increased, and the working hours 
reduced from 54 to 48 per week, whilst at the 
same time materials stood at about twice pre-war 
prices. This has rendered it necessary during the 
past few years for the companies to draw on their 
reserves in order to maintain dividends. The 
most pressing work with which the amalgamated 
railways were confronted was the unification of 
loading gauges, the levelling up of track standards, 
and the strengthening of bridges. Much has now 
been accomplished, but there are, Mr. Trench 
pointed out, differences of opinion about the best 
policy to be pursued in the future. Should develop- 
ments proceed in the direction of heavier train, 
or in the establishment of more frequent, services ? 
Apparently, Mr. Trench has some leaning towards 
the second of these alternatives. The rival policy 
would necessitate the use of heavier locomotives, 
and this would, in its turn, necessitate extensive 
bridge strengthenings. 





British railway track has been accused of being 
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unnecessarily costly, but Mr. Trench records that 
Mr. Grierson’s Committee showed that the first cost 
of a chaired road was only 2 per cent. more than 
that of a track laid with flat-bottomed rails, whilst 
the cost of renewals was distinctly less with the 
chairs. Our standard tracks are now laid with 
bull-headed rails, weighing 95 or 85 lb. per yard. 
There are 2,112 sleepers per mile, and the chairs 
weigh 40 or 46 lb. each, and are secured by either 
two or three coach screws. 

Reinforced concrete has, Mr. Trench notes, been 
but little used in this country for railway bridges. 
The constant painting of metal bridges is, however, 
expensive. Forty men are continually employed 
on this work at the Forth Bridge and the painting 
and tarring of the Menai tubular bridge costs 1,700I. 
per annum. 

Mr. Trench was able to announce that the recent 
investigations into impact stresses have definitely 
discredited formulas of the Pencoyd type. Impact 
stresses are, in fact, not proportional to the rolling- 
load, but are due to the unbalanced inertia forces 
of the locomotive. The present trend towards 
three- and four-cylinder locomotives may thus 
materially reduce existing allowances for impact. 

In concluding his able and interesting address, 
Mr. Trench seemed somewhat inclined to give 
countenance to those who are ever denouncing our 
decadent age. It is probably true that no greater 
intellects are to be found in the world to-day, than 
in ancient Greece; but it has been well observed 
that quite as great intellects must have existed in 
the Stone Age. In fact, the gulf between savagery 
and barbarism is incomparably wider and deeper 
than that which separates barbarism from civilisa- 
tion. Mr. Trench doubts whether we’ are more 
civilised than were the ancient Greeks, but on this 
question there is, we think, hardly room for a 
difference of opinion. As stated, we may not be 
more intellectual, but the amenities of existence 
are incomparably greater ; and in the moral field, 
cruelty is far less prevalent to-day than it was in 
Ancient Greece or Imperial Rome, and, moreover, 
a man counts for more as a man than he ever did 
before in the history of civilisation. 

An American literary critic, has, it is true, asserted 
that we have nowadays no great men. In such 
matters, however, experience proves that literary 
men are exceedingly prone to wrong judgments, 
even where purely literary questions are concerned 
The contemporaries of John Bunyan failed to recog- 
nise him as a master of English prose, and Jane 
Austen received in her day far less appreciation 
than some of her contemporaries, whose very names 
are now familiar only to specialists. Ancient Greece 
could show no abler intellectual group than that 
of which Laplace, Lagrange and Fourier were repre- 
sentatives 100 years ago, and to come to contem- 
porary times, the insight and intuition shown by 
some leading astronomers of the day will compare 
favourably with the best work of their predecessors. 
Moreover, it was no second rate intellect which 
developed the theory of relativity. In philosophy, 
again, we have heard, a competent authority declare, 
that greater advances had been made during the 
past fifty years than in the whole preceding portion 
of the Christian era. 





THE REINFORCED CONCRETE 
COLUMN. 

WHEN a combination of concrete and_ steel 
such as a reinforced concrete column is called 
into being, the concrete in shrinking, as it is 
known to do, gripping upon t)e steel, shortens it, 
and compression in the steel results. This compression 
of the steel, offering resistance to shrinkage of the 
concrete, induces a tensile stress in the concrete. 
We have now a member, which, though carrying 
no extraneous load (neglecting its own weight), 
has internal stresses of tension and compression 
of equal amounts—stresses equal and opposite. 
If the member be now loaded as a column there 
will be a reduction of tensile stress in the concrete, 
and an increase of compressive stress in the steel, 
the total stress in the steel being made up in part 
by that which it had before the imposition of the 
extraneous load, and in part}by,the reduction of ten- 
sion in the concrete, now transferred as compression 
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to the steel, the imposition of the extraneous 
load being accompanied by a definite reaction at 
the base equalling that load. If the extraneous 
load is of such an amount as just to eliminate 
concrete tension due to shrinkage, then the concrete 


| will have zero stress, and the whole load will be 


borne by the steel. Any load additional to this 
will further stress concrete and steel in the propor- 
tions corresponding to the modular ratio, the 
ratio that is of the modulii of elasticity of the two 
materials. Clearly this simple statement of the 
case relates to relatively short columns only ; and, 
further, presumes that there is no slip of the con- 
crete on the steel whatever the grip stress may be. 

The unrestrained shrinkage of concrete in final 
hardening was given as 0-0005 of the length, 
i.e, one two-thousandth part, in a paper read 
at the recent annual convention of the American 
Concrete Institute by Mr. Phil J. Markmann, 
and if this amount of shrinkage is taken as a 
measure of the column shortening necessary to 
eliminate the concrete tension referred to above, 
with a corresponding shortening of the steel, 
we are forced to the conclusion that the compressive 
stress in the steel will be at the rate of 15,000 Ib. 
per square inch, E for steel being 30,000,000— 
that is to say, with concrete at zero stress the 
steel would be stressed to this amount. Pursuing 
the argument to its logical conclusion we find 
that a column having | per cent. of steel, and the 
concrete stressed in compression to 500 lb. per 
square inch—there is nothing unusual about this— 
would have the steel under 22,500 lb. per square 
inch of compression. The question here arises :— 
Is the shrinkage constant named in the above to 
be taken seriously in this connection? Does 
shrinkage produce such an extreme effect on the 
steel? It may be reasonably supposed that as 
the concrete sets and shrinks it does not at first 
grip the rods in any completely effective manner, 
and that not till it is already shorter does it do 
this without slipping, in addition to which 
consideration there is the limit imposed by tensile 
weakness in the concrete, and the known tendency 
to plastic yielding under stress. There would 
seem then good reason to discount any very high 
steel stress consequent on concrete shrinkage, 
or any very great development of tension in the 
concrete. This matter has’ been the subject of 
study at the Building Research Station of the 
Department of Scientific and Industrial Research, 
to which body is due the statement that stresses 
in the steel due to concrete shrinkage have been 
recorded reaching with 1-25 per cent. of steel, a 
mean value on the whole length of 6,000 lb. per 
square inch, in a measure confirming the views 
expressed. For greater percentages the steel stress 
would probably be less. 

Mr. Markmann in the paper referred to gives 
a very ingenious and involved analysis of what 
he conceives to happen as between the concrete 
and the steel. It is quite impossible to summarise 
this in a short article, if indeed it can be summarised 
without hurt. He contends, and endeavours to 
show, that, with the imposition of extraneous load, 
there is a stage during which there is no increase 
of compressive stress in the steel, notwithstanding 
that by the imposition of such load, with reaction 
at the column base, there must be a shortening 
of the column, and of the steel within it. This 
conclusion, though it makes resulting stresses 
more acceptable, can hardly be adopted, and is 
also at variance from the conclusions reached by 
Mr. Franklin R. McMillan, in his paper “A Study of 
Column Test Data,” printed in the 1921 Proceedings 
of the Institute, where there is a very definite state- 
ment on the point. The truth of the matter respecting 
shrinkage effects would appear to be that while 
the ultimate effect on the steel is not excessive, 
it is greater than that corresponding to the modular 
ratio effect simply, and considerably more than 
Mr. Markmann finds it to be, though starting with 
assumptions which should make it greater. Tension 
effects on the concrete must also be of more 
reasonable amounts. 

Another matter referred to of much interest is 
the effect of plastic flow of concrete under stress, 
with time, as affecting the conditions under which 
a column is required to hold up to its work. Plastic 
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flow, now the subject of close study, seems to have 
the effect in columns of transferring stress proper 
from the concrete, to the steel, concrete with age 
refusing its full burden. It is as though at the 
later stages, for a greater total deformation, the 
modular ratio has become greater. Mr. Markmann 
endeavours also to show that in the case of a building 
of many stories, in order to keep down tensile 
stress in the concrete due to shrinkage, a certain 
number of floors should be in place in a specified 
number of days, but does not tell us what should 
be done in the case of the uppermost columns 
having no such additional loads available; nor 
does this matter greatly if, as is suggested, the large 
concrete tension stresses assumed are non-existent. 
The paper presents considerations some of which 
would quite possibly be overlooked by many who, 
though interested in reinforced concrete work, have 
not given such laboured study to the matter as 
the author has; but it may be said that the broad 
impression conveyed by involved mathematical 
reasoning applied to concrete is that with this 
material—so variable, and so inconstant in its 
physical properties—such labour is very apt to be 
labour thrown away. A simple overall or inclusive 
treatment, checked by practice, is more likely to 
be useful. 








THE ADMINISTRATION OF THE 
ROAD FUND. 


THE Road Fund has recently attracted consider- 
able extrinsic attention for two reasons : Its balance 
has been raided by an impecunious Chancellor to 
finance other services, in spite of protests that a 
fund, built up by, and intended for, the advantage 
of certain interests, should only be used for the 
benefit of those interests. Its legitimate employ- 
ment for the improvement of the highways of the 
country has been criticised, not without some reason, 
by the railway authorities on the score that the 
road vehicle is given a ready-made route free, 
while the railways have themselves had to expend 
large sums in the purchase of land for their tracks 
and in keeping those tracks in proper repair. Mr. 
EK. F, C. Trench, in his presidential address to 
the Institution of Civil Engineers, with which we 
deal on page 577 of this issue, in fact, points out 
that the railways have spent 1,200,000,000/. in 
purchasing land and constructing works, and that 
some 13,000,000/. has to be laid out annually in 
maintaining them. On the other hand, the roads 
cost 38,000,000/. annually to repair, of which the 
railways pay their full share. How full that share 
is, is indicated, if we may be allowed to descend 
the scale of sublimity, by some well-arranged 
propaganda material, now to be found, on the 
menus used in the dining cars on the Great 
Western Railway. More than usual interest there- 
fore attaches to the report on the administration 
of the Road Fund for 1926-27, which has been 
published this week.* 

During the year under review the total receipts 
were 18,232,948. (18,273,4581.), of which 17,373, 1901. 
(17,455,0441.) was received on account of motor 
taxation and 250,1941. (205,297/.) from local authori- 
ties on account of work carried out by the Ministry 
by direct contract. The principal remaining item 
is interest on investments and loans, which stands 
at 608,928/. (613,060/.). The figures in brackets are 
those for the corresponding items in 1925-26, and 
it will be seen that the variation is small. The total 
payments were 24,789,356/. (16,988,161/.), the 
difference being almost entirely accounted for by 
the transfer of 7,000,0001. to the Exchequer. Net 
payments under grants account for 16,975,232l., 
as against 16,165,233/. in 1925-26, other items being 
cost of collection, statutory charges and payments 
made for work expedited for the relief of unem- 
ployment, none of which show much variation. 
The payments into the Bank of England motor 
tax account during 1926-27 were 21,560,6441., as 
against 18,291,951/. in the previous year, owing to 
higher duty imposed on certain classes of vehicle. 
The balance to the credit of the fund on March 31. 
1927, was 12,952,2231., of which 12,259,0741. was 





* Report on the Administration of the Road Fund 
for the year 1926-27, London: H.M. Stationery Office. 
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represented by investments in Government securi- 
ties. The commitments amounted to 27,187,000/. 
Of the grants and loans made during the year, 
9,497,631. was for the maintenance of Class I and 
Class II roads and bridges, 3,924,419/. for “‘ unem- 
ployment ” schemes most of which was for new road 
or bridge construction or for widening and other 
improvement schemes, and 3,277,409. for improve- 
ment works on roads and bridges in rural areas. 
A sum of 10,6761. was spent on a traffic census. 
A special grant of 371,078/. was made for the 
maintenance of roads in Scotland running through 
sparsely-populated rural areas, while 1,250,000/- 
was made towards the cost of reconditioning im- 
portant roads in rural areas to bring them up to 
the standard required by the demands of modern 
traffic. The total sum spent for this purpose now 
amounts to 6,250,000/., while 400,000/. has been 
spent in “maining.” In addition a grant of 
1,400,0007. was made in 1926-27 towards the 
ordinary maintenance expenditure of rural authori- 
ties on selected unclassified roads. This is at the 
rate of 25 per cent. on the approved expenditure, 
and is an entirely new departure. The total 
mileage of such roads scheduled was 40,933, of 
which 4,997 miles were in Scotland, and this, it is 
believed, includes practically every metalled road 
of any importance in the rural areas. 

To complete the financial data given in the 
report it may be stated that it is estimated that 
the net revenue during 1927-28 will be 19,255,0001. 
Of this sum it is proposed to allocate 12,365,000/. 
to classified roads and bridges, 2,825,000/. to rural 
roads, and 200,000/. to other non-classified roads. 
An interesting item in the estimated expenditure is 
1,000,0007. for works, including the Thames bridges, 
recommended by the Royal Commission on London 
Traffic. 

The remainder of the report deals with the works, 
for which the above sums have been granted, and 
with the administrative action taken by the Minister 
under various Acts of Parliament. A report on 
the second census of traffic on Class II roads is 
given as an appendix, and it is proposed to secure 
records for a complete day in each week in the year 
at a few selected points, so as to obtain some 
standard of comparison between the day and night 
traffic at different periods of the year. Descrip- 
tions of the progress made on the reconstruction 
of the Perth-Inverness road, the new Glasgow- 
Edinburgh road, and the arterial roads in the 
Greater London area are included. It is stated that 
much attention is being given to the preservation of 
a line of route, which may serve as a north orbital 
road for London, This will follow existing high- 
ways for nearly one-third of its length, and will be 
gradually evolved as the result of the ordinary im- 
provement programmes of the local authorities. The 
more important bridge work recently undertaken or 
completed is reviewed, and reference is made to 
the London cross-river traffic problem and to the 
new Mersey tunnel. Questions of tree planting, 
building lines and road accidents also receive atten- 
tion. The number of the latter, which could be 
classed as serious, rose from 447 to 526 in the 
twelve months and has increased at a disquietingly 
rapid rate during the four preceding years. 

As a whole the report shows that much has been, 
and is being, done to improve our road communica- 
tions, but it also shows that some very grave 
problems still await solution. 








RADIO DIRECTION FINDING. 


In industries with a scientific foundation it is often 
remarked that theory and practice are never quite 
in the same phase. Either theory lags behind prac- 
tice or practice behind theory. The situation 
becomes the more interesting in the newer scientific 
arts, in which the leaders of each branch are brought 
from the same class of men. This is notably the 
case in the arts that depend on radio communication. 
Practice in these arts is directed by exactly the 
same class of men as are responsible for theory, and 
at the present time the practical branch is much 
ahead of the theoretical. It is, perhaps, no bad thing 


for the workers on theory to have a surplus of 
material, though sometimes it may be inconvenient 
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better example can perhaps be given of this state of 
things than is disclosed in the report by Dr. R. L. 
Smith-Rose, which has just been presented to the 
Committee of Directional Wireless of the Radio Re- 
search Board, and published on behalf of the 
Department of Scientific and Industrial Research. 
(Radio Research: Special Report No. 5. A Study 
of Radio Direction Finding. H.M. Stationery 
Office. 1s. 9d. net.) 

This report marks the close of an investigation 
which has been in progress for some five years, and of 
which the primary object was to take bearings by 
direction finders on many British and Continental 
wireless transmitting stations, and to compare these 
bearings with the known geographical bearings of the 
respective stations. The investigation began with 
ten observing stations, fitted to receive waves from 
the principal European spark-operated stations. Not 
long afterwards, the receiving stations were equipped 
also to receive continuous waves, and enlarged their 
observations accordingly. Their attention was 
confined, at first, to wave-lengths between 2,000 
and 9,000 metres, but before long they made special 
investigations of wave-lengths of the order of 
450 to 600 metres, and, in addition, set up other 
observing stations. Since the last previous report 
was published, itivestigations have also been made 
into wave-lengths of from 10,000 to 20,000 metres, 
as well as from 300 to 500 metres. The distances 
between the receiving and the British and European 
transmitting stations were from a few miles up to 
about 1,500 miles, but recently observations have 
also been made on two United States transmitting 
stations, each over 3,400 miles away. The scale of 
the investigations may be judged by the fact that 
it involved some 250,000 observations. 

Though not without practical results, the main 
purpose of the investigation was essentially scientific. 
When it started, and for some time before, many 
fundamental phenomena of wireless space seemed 
without form and void to those who contemplated 
them. It was well known that the effects of many 
of these phenomena affected direction-finding instru- 
ments to an extent that often made them unservice- 
able for practical purposes, but the investigators 
appeared to have addressed themselves to direction 
finding, not merely, or so much, in order to get 
immediate practical results as to come into con- 
tact with this chaotic complex of phenomena 
under what might be measurable conditions, and in 
the hope of introducing order into their conceptions 
of them. In common with workers in all parts of 
the world, but probably on a more gigantic scale, 
they were undertaking as pioneers to penetrate into 
a primeval forest of unexplored phenomena, and 
only the event could show whether they would be 
able to see the wood for the trees. 

While they were beginning to collect the vast 
mass of material required for their main investiga- 
tion, they examined subsidiary questions which were 
essential to their main purpose, and were fortunate 
in obtaining some definite results. An _ early 
attempt was made to ascertain, and, if possible, 
to improve, the limiting accuracy of the direction- 
finding instruments that were to be used, and, in 
particular, to find means of preventing mutual 
induction between various parts of the apparatus. 
In continuous working, for example, it was found 
possible to screen off the local oscillator, so as to 
prevent mutual induction between it and the receiv- 
ing frame of the direction finder. Later on, data 
were obtained by Mr. R. H. Barfield—there must 
surely have been more than the one “data” with 
which he is credited in this report—for screening a 
complete hut containing the receiving apparatus, 
and, in the course of his investigation, Mr. Barfield 
demonstrated the properties of open-wire screens, 
which were turned to account subsequently in 
other directions. The net result was to show that, 
whether on damped or on undamped waves, direc- 
tion-finders could be constructed and operated to 
work with an accuracy of one degree, so far as 
concerned instrumental errors. The investigators 
were less fortunate in regard to errors due to local 
conditions, such as metal work, overhead wires, 
trees, &c. It was very seldom found possible 
to secure a site in which these errors were less 
than 2 deg., and in some instances they ranged up to 


to remain constant in value for any particular 
direction, and it was possible, therefore, to treat 
them as permanent or at worst as changing very 
slowly, so that their amount could be ascertained 
by calibrating stations periodically. Finally, it was 
shown experimentally that the three practical 
types of direction finders used in the course of the 
investigation gave strictly comparable results, as 
indeed had been suggested by theory. 

The voluminous material collected in regard to the 
amplitude and circumstances of variations in 
apparent bearings, and in particular of the variations 
of night bearings, has not been sufficient to disclose 
a complete account of their mechanism. It has, 
however, given a variety of data which seem to 
throw light on the subject, and, in regard to the 
important use of direction-finding in navigation, 
the information includes grounds for reasonable 
confidence in the use which is made of it at present, 
and for hoping that a still more extensive use will 
be possible in the future. The irregularities of 
bearings in general may be extremely high in 
the winter months, and in the night-time they 
persist throughout the year. They tend, however, 
to range more or less evenly on each side of the 
true bearings, and their changes are relatively rapid. 
On wave-lengths of the order of 5,000 m. to 20,000 m., 
the change in bearing is slowest, and may take half 
an hour or so, but on wave-lengths of from 300 m. 
to 1,000 m. they are much more rapid. If, accord- 
ingly, observations are made for, say, an hour 
on a long wave-length, or at half-minute intervals 
over a period of 10 to 15 min. on a short wave- ° 
length, the mean of the results is usually close to the 
true bearing. Observations on the circumstances 
in which the greatest variations occur tend to show 
that not the intensity of solar radiation on the earth’s 
surface but their effect on the lower atmosphere, 
possibly by ionising it, is the determining factor in 
deciding the range of variation. Another important 
factor is whether the path is over land or over sea, 
over-sea transmission being much freer from irregu- 
larities. At sea, moreover, bearings are seldom 
taken over distances of as much as 50 miles, and 
practically never at as much as 100 miles. Experi- 
ments made by observations of ships from shore 
stations show that, perhaps up to 80 or 90 miles, the 
maximum error is only two or three degrees, which 
is a latitude that can be allowed for marine purposes 
at these distances. The method, moreover, has 
the advantage that it is entirely unaffected by fog, 
in the presence of which direction-finding stations 
have their chief use for navigation. When, more- 
over, variations do occur, they appear to be vastly 
more rapid with the short waves, which are used for 
navigational purposes, than with long waves, thus 
permitting the mean of a series of observations to be 
taken much more rapidly. Over a period, however, 
wave-lengths do not appear to affect the amplitude 
of variation. So far as these observations go, the 
extreme variations of night are much the same 
as in the day-time up to distances of 17 miles over- 
land. Their extent increases with the distance of 
transmission, up to 150, miles, and seems to remain 
much about the same for greater distances up to 
1,500 miles, the limit employed in the investigation 
on European stations. Since the publication of the 
last report, however, observations have been made 
on two American stations over 3,400 miles distant 
from the receiving station, and these disclose a 
quite different state of things. Whereas in 24-hour 
observations on European stations the maximum 
night error might range up to 30 deg., it was only 
3 deg. for the American station, and while’ one 
American station gave 94 per cent. of bearings 
correct within 2 deg. during the whole of the series 
of tests from January to June, and with the other 
the whole of the bearings were correct within that 
limit, the corresponding figures for the best example 
of European stations was only 63 per cent. 

These are some of the data obtained, which are 
understood to be completely in accord with what 
has been found by workers of other countries. 
In a broad theoretical discussion of the theory of 
night errors it is shown that the observed results 
fit into it quantitatively, and, by various independent 
experiments, the source of these errors appears to be 
the action of down-coming waves polarised with the 
electric force horizontal, without any appreciable 
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effect through lateral deviation of the waves them- 
selves. Directional measurements are, of course, 
only ratios of quantities, the values of which are 
each dependent on two or more variables. The 
enquiry into wave propagation would, therefore, be 
unlikely to gain much by further directional 
measurements, and it will be continued by using 
methods, to some extent developed during the 
investigation now ended, for measuring the 
individual components of the resultant field at the 
receiver. Special research is also being conducted 
into the mechanism of the assumed ionised layer 
in the atmosphere, to which the deflections and 
erratic variations are attributed. Doubtless the 
road winds uphill all the way, but the account of the 
progress made in the last few years, as recorded in 
this report, encourages the hope that many existing 
* difficulties may be cleared up before long. 

In the meantime, the enquiry has ended with the 
prospect of an important practical result, arising 
out of observations made with objects at once 
scientific and practical. It was desired to obtain 
further verification for the hypothesis that when 
downcoming waves are received they have travelled 
through the upper regions of the atmosphere 
without deviating laterally from the great-circle 
plane containing the receiving and transmitting 
instruments. It was also desired to know whether 
the waves which at the same time travelled directly 
across the earth’s surface had sustained any lateral 
deviation. For these purposes advantage was taken 
of a construction proposed some years ago by 
Mr. Frank Adcock, in which the effect of the 
horizontal electric fields, to which the errors in 
apparent bearing on ordinary direction-finders are 
due, is balanced off. It was found that with this 
construction the errors of bearing became practically 
negligible, while they were extremely high with the 
ordinary type of indicator used at the same time. 
The entire irregularities, in fact, were avoided 
when lateral deviation was excluded, and it was 
inferred accordingly that lateral deviation plays 
only a negligible part in causing night errors on 
ordinary direction-finders. At the same time it 
seemed to follow that the Adcock method should 
be applicable to the design of a direction-finder 
practically free from error, and such an instrument 
is now in process of being developed. If it is 
produced successfully, it will in particular enable 
the range of direction finding from ships to be 
extended, and permit transmissions from aircraft 
at high angles of elevation to be received, which 
on the ordinary direction finders are too erratic to 
be of use. 





COAL AND A NEGLECTED 
OPPORTUNITY. 


THE use of the slogan for furthering commercial 
interests is, like many of our ultra-modern practices, 
anything but new ; we believe, for example, that the 
story of the cobbler’s “ nothing like leather ” dates 
from the time of Alexander the Great. It is true, 
again, that, as with all other good things, it is possible 
to have too much of the slogan, but in one instance 
at least, that of what is probably our most important 
industry, the production of coal, the slogan or, more 
correctly, what it stands for, has for many years been 
most strangely ignored. It will, of course, be 
realised that by our use of the word “‘ production,” 
the slogan of which so much was heard in the last 
coal dispute, is automatically excluded from this 
statement. A very pertinent comment on the in- 
activity of coal producers was made in the 
Presidential address delivered a week ago before 
the North-East Coast Instituticn of Engineers and 
Shipbuilders, by Mr. Maurice §. Gibb, who said: 
** What the coal industry has done to investi- 
gate the ultimate possibilities of the coal-using 
steam engine for marine propulsion I do not 
know, but it appears to me that this is a work of 
vital importance, and of such importance to the 
nation that it should receive attention before it is 
too late.” It may be that there is some activity on 
the part of the coal industry of which we, in common 
with Mr. Gibb, are ignorant. We should like to 
think this were so, but although everyone has been 
constantly reminded of late, in various ways, that 
there is nothing like oil, nothing like gas, or nothing 


like electricity, even for warming the baby’s bottle, 
the protagonists of coal gua coal seem to have been 
almost dumb. It is not, of course, to be expected 
that mere sonorous affirmations of the superiority of 
the solid fuel is going to restore prosperity to our 
dwindling coal industry, but it is true that the 
activities of which such might be the symbols do 
not seem to exist in connection with it, the low- 
temperature carbonisation movement, for example, 
being the child of the scientist and the engineer. 

Those who watch Lloyd’s shipbuilding returns, 
must have noticed the increasing frequency with 
which the vessel described as a motor oil-tanker 
appears, but it is not so certain that the real signifi- 
cance of this has been appreciated in the trade most 
nearly concerned. The motorship is no longer a 
rarity, and, as Mr. Gibb pointed out, it is the coal 
industry that is most vitally affected as the oil 
engine takes the place of the steam engine. It is, 
however, the term oil-tanker, which is of greater 
import. It visualises to the thoughtful man a 
fleet of vessels bringing to our shores a foreign 
product which is slowly displacing our richest 
native possession, and dooming to an _ insidious 
atrophy our very power to make use of that posses- 
sion, a power on which the national life might 
depend, what time a shrunken fleet should fail to 
prevent the interruption of these sea-borne supplies. 
And, while the oil-tankers increase in number, the 
collier puts to sea less often, and the steamer more 
rarely leaves the launching ways. Is it that, in the 
contest between coal and oil, one combatant has 
already acknowledged defeat ? If so, it would appear 
that the palm has been yielded, not only without. a 
struggle, but without even the preparation for one. 
It is within the knowledge of some that a ship- 
owner here, and a superintendent engineer there, 
has done good work in conducting careful experi- 
ments with the object of eliminating the inherited, 
but not inherent, defects of coal firing; but this 
fact does not affect the main issue. It is merely 
the instinct of self-preservation, functioning in an 
attempt to lower individua] running costs, and, as 
such, acting contrary to the interests of the coal 
industry, in so far as these experiments are 
directed to the end of burning less coal in a 
field in which less is already being burned, while, 
from the very nature of the guiding principle, a 
certain amount of secrecy is maintained. 

If, on the other hand, organised efforts were made 
to find out if it is possible to reduce these running 
costs in a manner permissible to all ship owners, 
the number of consumers would be inevitably 
increased, and the consequent greater demand would 
help to save a most important national industry. We 
agree with Mr. Gibb that it is a matter of vital 
importance ; the decay of a native-producing industry 
like coal mining is parallel in its results to the decay 
of corn production, which has placed us in depend- 
ence on foreign, or at least external, aid for more than 
the half of our food. The causes of the two changes 
are, of course, different. The rapid increase of 
population which primarily led to one does not 
operate at all in the other, and, while one seems 
irrevocable the other may still be arrested. It is 
for the coal industry itself to make the requisite 
organised effort. Its publicity experts should not 
limit themselves to persuading householders that 
Jones’s Nuts are better than Brown’s Brights, but 
should be directed to show that in Great Britain we 
have a fuel second to none, and that it can itself 
convey a cargo across the ocean in a way satisfactory 
to the seaman, the economist, the purchaser, and the 
vendor, and these experts must be provided with 
incontrovertible means of demonstrating their claims 
by comprehensive and convincing researches. 

It is not for the shipowner to experiment, still 
less the shipbuilder and engine maker, the two latter 
as a rule can only carry out the instructions of the 
former. Nor are the performances of high-pressure 
oil-fired turbine-driven ships for war, mail, pleasure, 
or other purposes, to be taken as indicating the 
province of the steam engine at sea. What is 
required is systematic enquiry into the possibilities 
of the ordinary coal-fired cargo ship, light high 
pressure boilers, proper control over combustion, 
pulverised coal as fuel, quadruple expansion engines, 
improved condensers, auxiliaries scientifically de- 





signed and grouped, effectively lagged and drained 
pipes, and so forth, the whole inexpensive and 
sturdy. It may be here noted that Mr. Gibb, 
though he made no reference to it in his address, 
has, in connection with the firm he is associated 
with, already done some sterling pioneer work in 
several of the directions indicated, but, as hinted 
above, a manufacturing firm’s efforts are often 
limited by commercial considerations. In our 
opinion it would be worth while for the coal industry 
to set aside a considerable sum to thresh these 
questions out, for there would be at least an even 
chance of arresting the decline, if not of recovering 
lost ground. The simplicity, the flexibility, the 
reliability of the steam engine in the class of trade 
we have alluded to are, at all events, no handicap, 
and if the industry has a firm belief that there is 
nothing like coal, there should be zest also in the 
investigation. 

But, in closing, it must be said that other questions 
are involved besides mere technical efficiency. A year 
ago we reported a speech made at a public dinner to 
the effect that never again would shipowners allow 
themselves to be placed at the mercy of those 
fomenting industrial disputes in the coal trade; in 
other words the coal-producing community itself 
was, by its unreliability, forcing shipowners to 
make provision for the use of oil in their boilers. It 
is scarcely within our province to suggest any line of 
action to restore confidence in the coal-burning ship 
in its industrial aspect, but it is one that demands 
attention. Would it be possible for the industry to 
make an offer to finance considerable investigations 
in the coal-fired steamship contingent on a guarantee 
of industrial peace for a sufficient number of years 
to give the ships under test a chance of proving 
the matter one way or the other ? Finally, it should 
be understood that we by no means wish to see the 
Diesel engine overthrown. There is room for both 
methods of marine propulsion ; but we do wish to 
see, from many motives, its older, and native, 
opponent staying in the ring. 








THE CYCLE AND MOTOR CYCLE 
SHOW AT OLYMPIA. 


THE keynote of the Cycle and Motor Cycle Show, 
which opened at Olympia on Monday last, is 
improvement in detail, entirely new designs being 
less in evidence than for several years past. It 
would be unwise to argue from this that motor-cycle 
design is approaching finality. Such quiet periods 
can always be anticipated with confidence after 
one of exceptional activity, and merely represent 
an interval in which new developments are being 
tried out by the public, a form of trial which 
is essential as a precedent to financial success. 
There is a natural tendency to assume that motor- 
cycle and car developments must follow the same 
lines, and while this has been largely true in the 
past, makers who have adhered too closely to the 
parallel have frequently met with disappointment. 
Regarded simply as a miniature car, a motor cycle 
would be equipped with an engine, having a sufficient 
number of cylinders to give a reasonably uniform 
torque, built in one unit with the clutch and gear 
box, shaft drive, and adequate protection of both 
machine and passengers from the weather. It 
may be taken for granted that a satisfactory 
machine on these lines could be constructed, but 
it is by no means so certain that it would meet 
the requirements of the motor-cycling public. In 
practice, such a machine must inevitably be nearly 
as costly as a small car, and will lose some of the 
characteristics which impart a peculiar fascination 
to the use of a motor cycle. Of these, the most 
important is a high power-weight ratio and a 
relatively low total weight, making the motor cycle 
one of the handiest and fastest machines on the road. 
Machines somewhat on the lines we have indicated 
are actually to be seen at Olympia, and will doubtless 
have their adherents, but on the whole, the exhibits 
emphasise that the makers, who cater for the sporting, 
rather than the commercial, aspect of motor cycling, 
are the most successful. 

It is noticeable that what may conveniently be 
referred to as the super-lightweight machine has quite 
disappeared, with a consequent increase in the 
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minimum price. Machines of this type have never 
been satisfactory, as weight cannot be cut down 
below a certain point without an undue sacrifice of 
strength, and their elimination is undoubtedly an 
advantage to the trade as a whole. The smallest 
machines exhibited are sufficiently light to be 
handled comfortably by anyone who is capable of 
riding at all, and are remarkable examples of good 
value. Several are exhibited at prices slightly under 
30/., and besides being fitted with a two-speed 
gear box and chain transmission, are thoroughly 
sound in design. They are usually fitted with a 
proprietary engine of which the maker’s name is 
a sufficient guarantee of reliability. The fitting 
of such engines is by no means confined to light- 
weights, as numerous examples are to be seen on all 
classes of machine. In this respect it would appear 
that the manufacturer of motor-cycles leads the 
car manufacturer. The advantages of employing a 
proprietary engine are sufficiently obvious, and 
have been referred to in our columns on more than 
one occasion in the past. The greatest, of course, is 
the reduction in cost rendered possible by a large 
output. In the case of motor cycles, the fitting of a 
proprietary engine is rightly claimed to be an 
advantage by the makers, and it may be mentioned 
that such engines have an exceedingly good record 
in competition work. 

Turning to the details of the machines, chain 
transmission appears to be now practically universal. 
Two or three examples of belt drive on the cheaper 
machines were in evidence last year, but these have 
now disappeared. Shaft drive also appears to have 
been definitely abandoned. There can be no reason 
why this form of drive, practically universal on 
cars, should not be applied to machines fitted with 
four-cylinder engines, of which there are several 
on exhibit at the Show. The probability is, how- 
ever, that it is decidedly unpopular with the public, 
due to the rather unfortunate experience gained 
with this form of transmission by a well-known 
continental maker in the past. As regards other 
details, there is a noticeable improvement in brake- 
ing systems. The great majority of the machines 
are fitted with internal-expanding brakes on both 
wheels, and the drums are now made of adequate 
size to give ample breaking power even after con- 
siderable use. A few examples are still to be seen 
of rim brakes bearing on special rims bolted to the 
wheel spokes, but there appeared to be only one 
example of the unsatisfactory practice of fitting 
brake shoes bearing directly on the wheel rim proper. 
Springing and steering are in general unaltered, 
though one machine is exhibited with a novel steering 
head. In this, the wheel forks are carried, both 
top and bottom, on two horizontal swinging links, 
the actual bearings being of the roller type, a design 
which should possess excellent wearing properties 
combined with great strength. 

Three examples of three-wheeled cars are shown. 
Of these, the Morgan is extremely well known, 
while the Coventry Victor was described in our 
account of the show held in 1925. The third car, 
manufactured by the Royal Ruby Cycle Company, of 
Bolton, is notable for extreme simplicity of design. 
It can be fitted with either a single cylinder or twin- 
cylinder air-cooled engine manufactured by Messrs 
J. A. Prestwick and Company, Limited. The 
chassis frame is of pressed steel in accordance with 
normal car practice, and the drive is from a Sturmey 
Archer three-speed gear box, by chain to the rear 
wheel. The clutch, kick starter, and shock absorber 
are incorporated in the gear box. The back forks 
are of heavy-gauge tubing, and are made with drop- 
out fork ends to enable the wheel to be removed 
readily. Internal-expanding brakes with 7-in. 
drums are fitted to all three wheels, the front brakes 
being operated by a foot pedal, and the rear brake 
by a hand lever. The engine is automatically 
lubricated, while grease-gun lubrication is provided 
for the chassis. Dynamo lighting is fitted as 
standard. The bodywork can either be supplied 
in wood or fabric covered, and is readily detachable 
from the chassis. 

It would be merely tedious to describe the large 
number of motor cycles on exhibit in detail, since, 
as already explained, they do not differ appreciably 
in the great majority of cases from earlier models 
shown by the different firms, and described in our 
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columns when dealing with previous exhibitions. A 
new feature of the Show, to which we may refer in 
conclusion, is an historical exhibit of motor cycles 
arranged by the Royal Automobile Club and the 
Manufacturers’ Union. This, while by no means 
complete, affords an interesting study of the progress 
made in the last thirty years or so, and will have an 
additional interest for many of the more elderly 
visitors, in that they may renew their acquaintance 
with machines on which they met with adventure 
in the days of their youth. One of the most interest- 
ing exhibits is a 1}-h.p. steam tricycle, of which the 
date and origin are unfortunately unknown. This 
is being exhibited by the courtesy of the Southern 
Railway Company, and it is stated that the machine 
is believed to have won a race from London to 
Brighton over thirty years ago. The boiler is of the 
flash type, and the single cylinder engine is direct 
coupled to a crank on the back axle. Another exhibit 
of particular interest is one of the 2? h.p. De Dicn 
tricycles, the example shown being made by the 
company in 1897. This is fitted with a single- 
cylinder air-cooled engine with coil ignition, driving 
through spur gearing on to the rear axle, and may 
truly be said to be the immediate forerunner of the 
modern car. Another three-wheeler exhibited is a 
16 h.p. Phantom tricar built in 1902. The name 
selected appears singularly inapt in view of the 
massive apperance of the machine, which is fitted 
with a water-cooled V twin engine, driving on to 
the back axle through a four-speed gear box. Among 
the various motor cycles shown, are several which 
had a marked influence on development, including 
the 1} h.p. Singer with the engine in the back wheel, 
an early four-cylinder F.N., a Douglas Fairy machine 
and a 4 h.p. Dreadnought built in 1902. It would 
appear well worth while to make the historic exhibit 
a permanent feature. of the Show, particularly if 
it were possible to make it somewhat more complete, 








NOTES. 
Tue Port or Rancoon. 

Ranaoov, the capital of Burma, it will be remem- 
bered, is situated on a river of the same name 21 miles 
from the open sea. A thriving and busy trading centre, 
the chief exports are rice and other cereals, timber, 
and mineral oils, oil-cake and paraffin wax. Zinc 
ore and concentrates, and pig lead are also exported. 
Among the principal imports are coal and coke, 
cotton, silk and woollen goods, and motor cars, lorries 
and motor cycles. The total sea-borne trade of 
the Port of Rangoon, during the year ending 
March 31, 1927, amounted to 4,994,324 tons, of 
which 1,479,873 tons were imports, 3,501,557 tons 
were exports, and 12,894 tons were transhipments. 
The administration of the Port is in the hands of a 
commission, some of the members of which are 
appointed by the Government; the remaining 
members are elected by the Burma Chamber 
of Commerce, the Rangoon Trades Association, 
and other commercial bodies, The commissioners 
recently issued their report for the year 1926-1927, 
and much of this is devoted to a consideration of the 
progress made with works connected with various 
development and improvement schemes. New 
surveys of the river bed and of the Port approaches 
were undertaken and completed during the year 
under review. Two dredgers, the Cormorant and 
the Hastings, were employed, the former on the 
river channels for a period of 232 days, and 
the latter, for some 150 days, on the berths at the 
wharves and jetties in the Port. These two vessels, 
together, removed some 1,250,000 tons of sand 
and silt from the bed of the river. Satisfactory 
progress has been made with the King’s Bank 
reclamation scheme. The foundation mattress 
work was completed on April 22, 1926, the 
number of mattresses made and sunk totalling 
106. The full cover of stone on the apron was 
completed for a distance of 5,375 ft., and by the 
end of the year the total quantity of stone depo- 
sited on the apron and foundation amounted to 
3,043,743 cub. ft. In addition to this amount, 
some 3,217,500 cub. ft. of stone were placed on the 
centre line to form the body of the wall. Some 
consideration has been given to a report, by the 
chief engineer of the Port Commission, calling atten- 
tion to the probable serious effects, on the main- 


tenance of Rangoon as a deep-water port, of the 
river-training operations conducted by the Forest 
Department at the headwaters of the: Rangoon river. 
After some consultation, the Commissioners have 
decided to urge the Government to constitute a 
competent authority for the administration of the 
Irrawaddy and Rangoon river systems. This 
authority would effect co-ordination between 
conflicting interests, would formulate proposals 
for the investigation of the problems involved, and 
would direct such surveys as might be considered 
essential by the various departments concerned. 


PROGRESS IN FREQUENCY STANDARDISATION. 


As already announced in these columns, the 
scheme for Central Scotland, prepared by the 
Electricity Commissioners in accordance with the 
provisions of the Electricity (Supply) Act of 1919, 
has been accepted with certain modifications by the 
Central Electricity Board, and a start has already 
been made on the work of securing wayleaves and 
obtaining tenders for that part of the “ grid,” 
which lies within the area. Re-organisation is 
complicated by the fact that a considerable amount 
of frequency standardisation is contemplated and 
this task will lay a heavy burden, which has both its 
technical and its organising problems, on the existing 
undertakings. It is satisfactory to be able to record, 
therefore, that no time is being lost in performing 
this work, as we are informed that Mr. R. B. Mitchell, 
the chief engineer and manager of the Glasgow 
Corporation Electricity Department, has recently 
ordered what will be the first of the 50-cycle generat- 
ing sets which will ultimately be required in this 
area. The manufacture of this unit, which will 
have an output of 25,000 kw., has been put in hand 
by the English Electric Company, Limited. It will 
be of the company’s latest two-cylinder type and 
will, of course, be installed at Dalmarnock. It 
will be remembered that there is already 10,000 kw. 
of 50-cycle plant installed at the Glasgow Corpora- 
tion dust destructor at Govan, and this, together 
with the new set, will form a basis for the change- 
over as far as generation is concerned. In addition, 
new plant will be required in the Corporation’s 
rotary sub-stations, though in the static sub-stations 
it will probably be possible to continue to use the 
existing transformers. As regards organisation, the 
probability is that, in broad outline, Messrs. Merz and 
McLellan’s plan will be followed and that the area 
will be divided into 11 sections, which will be 
dealt with in turn. For some time, both a 25-cycle 
and a 50-cycle supply would be available, an arrange- 
ment which will enable the change-over of plant on 
consumers’ premises to be effected with the minimum 
of interruption to supply. We shall watch with 
interest and sympathy the way in which this 
difficult and complicated task is carried out. 





THE INDUSTRIAL AND ECONOMIC 
SITUATION IN CZECHOSLOVAKIA. 


OnE of the chief problems with which British 
industry is to-day confronted is that of obtaining or 
extending foreign markets. In studying the possi- 
bilities of foreign markets it is essential at the outset 
for reliable data to be available. Furthermore, this 
information, to be of practical value, should be of a 
comprehensive nature, not merely a bare statement 
to the effect that certain classes of goods are in demand 
in suchandsuchacountry. It is essential if markets are 
to be won in the face of strong foreign competition that 
the conditions of trading to which a potential customer 
is accustomed should be studied, and, if possible, 
followed. Further, it is very desirable to have some 
knowledge of the general conditions prevailing in any 
foreign country with which it is intended to do business, 
for clearly the financial stability and the stability of 
the currency of any country are closely affected not 
only by politics but by the local industrial situation. 
Information of this kind, specially prepared with the 
object of fostering British trade, is provided by the 
Department of Overseas Trade, and is available in 
the form of reports which have been compiled by 
H.M. Trade Commissioners, Commercial, Diplomatic 
and Consular Officers in a large number of countries. 
It is encouraging to learn from one of these reports 
recently published* that British trade with Czecho- 


* Report on the Industrial and E ic Situation in 
Czechoslovakia, by Mr. Alexander A. Adams., H.M. 
Stationery Office, Adastral House, Kingsway, London, 
W.C. 2, price ls. 6d, net. 
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slovakia is steadily increasing, and has indeed almost 
doubled since 1923, the time when the Czech crown 
began to be stabilised at about its present value. During 
1926, several events of great importance for theeconomic 
future of Czechoslovakia took place. One of the 
most far-reaching of these was the formation of the 
Czechoslovak National Bank, which took over the 
business and offices of the pre-existing Banking Office 
of the Ministry of Finance. This will eventually 
result in the disappearance of the State currency 
notes and their substitution by bank notes. 

Another important measure was the introduction of 
a law imposing customs duties on certain agricultural 
products. The country most to be affected by this 
legislation is Hungary, which exported immense 
quantities of wheat and flour to Czechoslovakia. This 
policy of economic exclusion has been adopted by all 
the countries of Central Europe, which are resolved to 
foster and protect native industries by means of 
customs tariffs. Notwithstanding this policy of pro- 
tection, a certain relaxation of restrictions on imports 
and exports took place in the year under review. The 
system of permits has been reduced to apply to only 
very few cases, and it has been proposed to abolish 
the system entirely. 

Another measure of importance to the State was the 
remoulding of the form in which the budget estimates 
are cast, accompanied by proposals for the reform of 
taxation made by the Minister of Finance. These 
proposals include the alteration of the income-tax 
incidence, and reductions in taxes falling directly upon 
production. A possible reduction in the amount and 
incidence of the turnover and luxury taxes has also 
been spoken of. During 1926, short-term Treasury 
bills were continually withdrawn from the market, 
and replaced by long-term internal loans. This will 
free the money market from the burden of Treasury 
bills previously pressing upon it. 

During 1926 two reductions were made in the bank 
rate, and a further reduction on March 8, 1927. The 
National Bank discount rate stands at 5 per cent., 
and the interest rate for advances, at 6 per cent. to 
6} per cent. Despite this low rate, the amount of 
loanable money shows little diminution. In 1925 a 
commencement was made in the conversion of the 
outstanding short-term Treasury bills into long-term 
loans. The menace which these short term bills im- 
plied to the money market has to a very large extent 
been removed, since the process was continued in 
1926 when over 2,000 millions of Treasury bills were 
repaid and about 1,700 millions were converted into 
five-year Treasury bills. 

{n pre-war days, Bohemia was the industrial work- 
shop not only of Austria-Hungary, but also of Roumania 
and Serbia. The frontiers which were established as a 
result of the war have developed into economic 
barriers which now isolate Bohemia from the greater 
part of her former customers by means of heavy 
customs duties, restrictions and prohibitions erected by 
each of the new countries in a determined attempt to 
foster home industries. 

During the first half of the year, industry in general 
was in an unsatisfactory state. Unemployment in- 
creased, and the operation of most industries sank from 
the culminating point of about 90 per cent. of pre-war 
capacity to between 60 per cent. and 80 per cent. The 
coal strike in Great Britain had the effect of giving an 
artificial stimulus to the coal mining, and the heavy 
iron and steel industries, but the effect on the whole 
was not very marked. The year as a whole showed a 
falling-off in industry, the satisfactory situation 
recorded in the previous year not being maintained. 
The cumulative burdens from previous years began 
to show their full effect. | Heavy taxes, high cost of 
internal transport, indifferent through freight facilities 
for exports, high cost of social insurance laws, and 
social welfare measures in general, undertaken by 
previous governments, formed the basis of complaints 
by manufacturers. Moreover, certain industries com- 
plained of the special burdens laid upon them, as for 
instance, the sugar industry, which declared that it 
was handicapped by the heavy consumption tax on 
sugar, announcing that the internal price of sugar 
would have to be increased unless the beet con- 
tracts for 1927 were based upon a lower price. An 
agreement was made between beet growers and sugar 
refiners increasing the price of beet, and the price of 
sugar for home consumption was also increased. 

The production of hard coal shows a general ten- 
dency to increase, wherees the output of lignite remains 
more or less stationary. The total production for the 
year 1926 of both coal and lignite together is less than 
90 per cent. of the 1913 or pre-war production. Exports 
of coal in 1926 reached an unexampled total, owing to 
the coal stoppage in Great Britain; during the last 
four months of the year over 400,000 tons were exported 
monthly. But in the early part of the year conditions 
had been so bad that the matter of a Government 
subsidy was openly canvassed, and avoided by the 
Government promising to lighten the incidence of the 
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coal tax, which was done by remitting the tax on coal 
for export from August onwards. The law dated 
July 1, 1926, also permits the remission of the tax on 
all coal used in the production of goods for export. 
By November, the railway administration, in view of 
the flourishing state of the industry, was considering 
the withdrawal of the freight rate reductions which had 
been granted in July. 

The output of coal per man per shift for the three 
years 1924-5-6, was, respectively, 0-763, 0-819, and 
0-967 metric ton. The increase in output is stated to 
be due to the installation of coal-cutting machinery. 

Twelve blast furnaces were in operation during 1926, 
as compared with 10 during the greater part of the 
previous year. The effects of the British coal strike 
were marked in this industry. The production of pig 
iron rose from 1,147,000 tons in 1925 to 1,230,000 tons 
in 1926, and that of crude steel from 1,279,000 tons to 
1,574,000 tons. Exports of iron and steel from Czecho- 
slovakia go principally to the Succession States, of 
which Roumania is the most important single market. 
The total exports of iron and iron goods to Great Britain 
were only 10 per cent. more in value than the previous 
year, despite the coal strike, but, according to weight, 
the increase was much greater, rising from 23,000 
to 34,000 tons. This signifies that goods of cheaper 
quality found a market in Britain during the stoppage 
of work there. 

The principal event of importance in the iron and steel 
industry was the formation of the Crude Steel Cartel, 
which came into force on January 1, 1927. The produc- 
tion quota allotted to Czechoslovakia is 1,430,000 tons, 
being about half of the total for the Central European 
States. Notwithstanding the formation of this produc- 
tion cartel, there has been a drop in prices. In the 
steel rail and the enamel industries, cartels or similar 
arrangements have also been concluded. An agreement 
has been made with Germany with regard to the market- 
ing of steel tubes, and negotiations are taking place for 
a wire cartel; movements towards a fine steel cartel 
in Central Europe are also expected. 

Considerable trade was done in agricultural machinery 
with Russia, but it is regarded as probable that this will 
decline unless some form of credit insurance can be 
introduced. In the early part of the year, exports of 
general machinery to Poland and the Balkan States 
were good, but were affected later by German reparation 
deliveries, as well as by Hungarian competition in 
heavy machinery. 

The textile group of industries is the most important 
in Czechoslovakia, providing normally between 30 
and 40 per cent. in value of the total exports of the 
country. The tremendous fall in the price of raw mate- 
rials which took place during the year very much 
disturbed both spinners and weavers ; the former were 
afraid to contract for purchases ahead on account of 
the probable further fall in prices, so that gradually the 
entire business of purchasing raw materials fell to a 
minimum hand-to-mouth basis. Hence the progress 
made during the two previous years towards full 
capacity of production was greatly retarded. An 
improvement set in in the spinning section of the 
industry towards the end of the year, and many of the 
mills which had been working at less than half capacity 
were reported to be working at over 70 per cent. capacity. 
It is stated that one of the causes of the depression in 
the cotton industry in Czechoslovakia is that the 
number of working hours per week is limited to 48, 
whereas it is alleged that in competing countries longer 
hours are worked. Another cause is the operation of 
customs tariffs, already referred to. The world-wide 
substitution of artificial silk for cotton and linen goods 
is also reacting detrimentally to the latter industries in 
Czechoslovakia, as elsewhere, but its effect on the linen 
industry in the latter country is particularly noticeable. 
According to recent statistics, there are 86 cotton mills 
in Czechoslovakia, operating 3,542,000 spindles and 
110,000 looms, with an estimated cotton consumption 
of 342,000 bales. 

A credit balance of trade, amounting to 2,586 million 
Czech crowns, was recorded by the Statistics Office 
for the year 1926. Although the trade balance for 
the year mentioned is much larger than the preceding 
year, it is not a sign of economic prosperity, but is 
accounted for by the decrease in imports of raw materials 
more than by any other single factor. The imports of 
raw cotton, for instance, sank from 130,000 tons in the 
previous year, to 100,000 tons in 1926, and the value 
sank even more in proportion. The market for British 
yarns decreased in the same period from 141 million 
| crowns to 120 million crowns. The increased exports 
of coal supplied another reason for the increase in the 
| trade balance. The principal exports were textiles, 
| sugar, glass and iron and steel goods, followed by coal. 

The depression in the textile industry is likely soon 
to be overcome, and thus an increased demand for the 
principal British exports may be expected. There is 
| also a progressive market for many other kinds of goods, 
| amongst which may be mentioned tea and spices, packed 











foods and ,preserves of all kinds, sports goods, rubbe 
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articles, including pneumatic and other tyres, motor- 
cars, motor-cycles, accessories, lubricating oils, toilet 
novelties, as well as men’s haberdashery and British 
knitted goods. 





LETTERS TO THE EDITOR. 


SUPER-TENSION CABLES. 
To THE EpIToR OF ENGINEERING. 


Str,—Your correspondent’s letter of the 18th instant 
criticising my British Association paper on the above 
subject covers two points :— 

In the first place, he objects to my statement that 
there is only a few per cent. difference between the most 
economical and the 50 deg. C. loading, and quotes a 
theoretical expression arising out of Kelvin’s Law to 
imply that I cannot be right. The reply is clear. 
The costs I have given are not theoretical, but are taken 
out in a cable factory with a free knowledge of the 
limitations of all theoretical modifications of Kelvin’s 
Law. They are not used in order to produce a theo- 
retical formula of general application, which is obviously 
impossible with such complications as independence of 
dielectric loss and minimum conductor diameter on 
loading, but simply and only for the purpose shown in 
the paper. There is no question of a discrepancy due 
to my having inadvertently included the cost of the 
transformers. 

The second point is the effect of the cost per kw.-hour, 
which I have allowed for energy losses, on the shape of 
the curve in Fig. 3 of my paper. The figure of 0-5 pence 
which is chosen intentionally on the high side, is, of 
course, entirely arbitrary, and alternative curves to those 
used could be drawn with any other selected figure, 
but the capital charges referred to by me do not include 
generating costs. Major Taylor is entirely wrong when 
he implies that the adoption of a lower cost per unit in 
my calculations would result in a steeper curve in 
Fig. 3; it does the opposite. : 

Yours faithfully, 
P. DUNSHEATH. 

W. T. Henley’s Telegraph Works Company, Limited, 

London, October 31, 1927. 








COKE »v. OIL FUEL FOR DOMESTIC 
HEATING. 


To THE EDITOR OF ENGINEERING. 


Sir,—Referring to Mr. Nicol’s letter published in 
your issue of September 9, we regret that we cannot 
agree that coke-firing efficiency far exceeds 62} per 
cent. in ordinary circumstances met with in central 
heating. 

Firstly, may we point out that the boilers installed 
at the L.C.C. County Hall are what might be termed 
Lancashire multitubular, and are designed for a much 
larger duty than the average plant. Further, in the 
paper by M. B. Greville and T. Moodie before the 
Institution of Heating and Ventilating Engineers, 
October 9, 1923, the average efficiency obtained on 
test on this particular plant, with Welsh coal of 
14,330 B.Th.U., was 76-9 per cent. 

With regard to coke being consumed to the extent 
of only 60 per cent., we presume that, in this case, Mr. 
Greig, in his letter published in your issue of July 29, 
had in mind that in many cases where ordinary gas- 
works coke is delivered a large amount of unburnt 
fuel passes through the bars in an unconsumed state 
on many of the types of firebars which are met with 
in ordinary central-heating plant, particularly in the 
case of firebars which are of cast iron integral with the 
sections of the boilers. Further, Mr. Greig has taken 
624 per cent. efficiency for oil, whereas much higher 
figures can be obtained. 

However, figures and calculations cannot upset the 
fact that some people find a 3 to 1 parity fuel to fuel 
(3 tons coke = | ton oil) is obtained in practice, even 
though London coke is supplied with an average 
calorific value of 13,000 B.Th.U. per lb. 

It should be borne in mind that the size of boiler is 
a very important factor which should be taken into 
consideration. For instance, in a small boiler of the 
cast iron sectional type which we tested over long 
periods, it was practically impossible to obtain more 
than 58-4 per cent. thermal efficiency (even when using 
coke with a gross calorific value of 13,000 B.Th.U. 
per lb.), with skilled attendance, due to the small rating 
and short path of the gases before leaving the boiler. 
With oil on this same size, 68 per cent. efficiency can 
be obtained, and higher on larger sizes. 

With regard to banked fires (which Mr. Nicol admits 
are necessary when using coke) being eliminated by 
the use of oil firing, it has been found that the latter, 
when properly applied, enables buildings to be warmed 
up so quickly over week ends that even with semi- 
automatic, or hand-controlled, plants the building is 
never cold. Only occasionally is it necessary to fire 
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up on a Sunday, and never night and day, whereas 
the most even heating is naturally obtained with the 
fully automatic oil-burning units which, moreover, 
start, ignite and extinguish themselves, and stop com- 
pletely when not needed. 

It may not be generally known, but there are scores 
of these installed and running in this country at the 
moment, utilising Shell Diesel oil and giving entire 
satisfaction, as well as in most cases a monetary 
saving. This is mainly due to the fact that the plant 
is set first to the best conditions, a fixed proportion 
of air to a definite amount of oil, and thereafter the plant 
is always running at the highest efficiency or not 
running at all. 

As regards Mr. Nicol’s statement that central heat- 
ing plants of any considerable size must be kept going 
continuously night and day during cold weather, 
this may be true where a building is under-boilered, 
but in most cases ample boiler power is provided, 
and there is no necessity for this, particularly when oil- 
fired as the boilers are capable of a larger output with- 
out detriment. A good instance of this is a large 
insurance company in Holborn Bars, where, though 
they have 7 acres of offices to heat, the plant mostly 
shuts down about 5 p.m. The boilers are multi-tubular 
Lancashire, oil-fired. 

Yours faithfully, 
(for Shell-Mex, Limited), 
R. O. Nasu 
For Chief Engineer, Fuel Oil Technical 
Department. 
Shell Corner, Kingsway, W.C.2. 
October 28, 1927. 











PUBLIC v. PRIVATE ELECTRICITY 
SUPPLY. 
To THE EDITOR OF ENGINEERING. 


Sir,—In your comments on Mr. Mountain’s letter 
you say “ The quotations from our columns and those 
of The Engineer suggest that the simplification of 
tariffs would be an advantage.” This is a very weak way 
of putting it. Simplification of tariffs is imperative. 
Not only that, it would be honest, which most of the 
existing tariffs are not. 

The Electricity Commissioners in their first statistical 
report, adopted my system of dividing the costs into 
(a) fuel, (6) all other charges. This system provides, 
automatically, the only fair tariff. Cost of fuel depends 
on the time, or better, the duration of the customer’s 
consumption. The cost of (6) “all other charges,”’ is 
the whole of these charges divided by the number of 
days in the year. A demand of one hour per day would 
cost one hour’s fuel, plus one day’s standing charges per 
day. For each additional hour per day only the cost of 
fuel need be added. The importance of the duration 
of the demand is here obvious. The term load-factor 
is commonly used when the term time-factor is being 
dealt with. This simple but obvious error is the 
cause of nearly all the trouble. 

In the average house, lighting is required from, say, 
sunset to 11 p.m., or, say, allowing for the extra daylight 
in summer, five hours per day. This does not, of course, 
apply to all the lights but to the mean demand. When 
the system was compiled the demand was only for 
lighting. There are very few cookers that are in use 
more than three hours per day throughout the year, 
yet the charge for current varies from 3d. to 2d., and is, 
in many cases, combined with the heating charge, the 
demand for which may average eight to ten hours per 
day. Unfortunately, the published “total ‘works 
costs” are calculated on a misconception of how the 
standing charges affect those costs. I pointed this 
out to the Ayr Burgh Council in 1895, and they allowed 
me to use my own system, although the consultant 
objected very strongly. The consumer purchases not 
only electricity but service, and must be prepared to 
pay for the cost of that service as well as for the 
electricity. The purchase over the counter as quoted 
by Mr. Mountain from The Engineer is a much-used 
but false analogy. 


[ am, 
Dear sir, 
Yours faithfully, 
Ernest G. PINK. 
76a, Lee-road, Blackheath, S.E.3. 
November 1, 1927. 








Puysics in InpDustry.—We have been informed that 
the thirteenth lecture of the series, ‘‘ Physics in Industry,” 
organised by the Institute of Physics, will be given at 
5.30 p.m., on November 14 next, in the rooms of the 
Institution of Electrical Engineers, Savoy-place, Victoria- 
embankment, London, W.C.2. The lecturer will be 
Sir William Hardy, F.R.S., and the subject, “ Physics 
in the Food Industry”; the chair will be taken by 
Sir Frank Dyson, F.R.S. Admission is by ticket, which 
may be obtained on application to the Secretary, The 
Institute of Physics, 1, Lowther-gardens, Exhibition-road, 
London, S.W.7. 
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LABOUR NOTES. 


Ar the special delegate conference of the Miners’ 
Federation of Great Britain in London on Friday last, 
Mr. J. Robson, representing the Durham Miners’ 
Association, described the effect of the proposals 
which had been made by the coalowners in that area. 
A discussion followed, but was adjourned to enable the 
Executive Committee to frame a suitable resolution. 
This resolution, which the delegate conference subse- 
quently adopted, was as follows :—‘‘ This conference 
enters the strongest possible protest against the attempt 
by the Durham coalowners in seeking opportunities 
further to reduce the already inadequate wage rates 
and low standard of life of the Durham mine-workers. 
It resolves that the Durham Miners’ Association be 
authorised to continue its negotiations for an extension 
of the agreement entered into at the end of the stoppage 
last year, and that the calling of any further conference 
be left in the hands of the Executive Committee.” 





In the report of the General Federation of Trade 
Unions for the third quarter of the current year, Mr. 
Appleton, the Secretary, says that the organisation 
pursues, not the even, but the useful tenour of its way. 
It has been able to pay benefits, duly contracted for, 
to the extent of 5,622. during the quarter, and it still 
has an excess of income over expenditure of 7,328/. 
and a reserve for dispute benefit alone of 236,007/. 
The notable thing about Federation benefit, it is added, 
is its freedom from any suspicion of charity, and its 
certainty. One hundred and five societies are now 
affiliated, and the gross membership is 590,502, of 
whom 346,254 are on the higher scale, 232,940 on 
the lower scale, and 11,308 on both scales. 





“One of the important industrial events of the 
moment,” says Mr. Appleton, ‘is the demise of the 
Industrial Alliance. In the language of the diplomat 
and treaty maker, the Alliance has been denounced. 
Nothing could exceed the incisiveness of the Transport 
and General Workers’ letter administering what every 
man who served in France knows as the ‘ coup de grace ’ 
and what the average workman would describe as the 
‘knockout.’ The organisation suffered black days, 
other than Fridays, and it failed, mainly because it 
promised too much, and because all its component 
parts were expected to dance to the tune called by one 
part. It was assumed to be a cheap and militant 
substitute for the General Federation of Trade Unions. 
It has been neither.” 





A recent number of the monthly review of the 
Russian Commissariat of Labour contained an article 
on the subjects of stoppages of machinery and absentee- 
ism of workers in industrial establishments. The stop- 
pages of machinery were said to be due mainly to bad 
organisation, insufficiency and inferior quality of raw 
materials, and want of method, while breakdowns in 
machinery, which was often defective, were also respon- 
sible for a number of stoppages. Inefficient manage- 
ment, lack of skilled workers, and indifference on the 
part of the workers to the re-starting of machinery also 
seemed to have detrimental effects, and it was even 
stated that the workers showed a certain amount of 
passive resistance to the re-starting of machinery. It 
was thought that the only way to reduce the number of 
stoppages was to introduce rational methods of work, 
and to get the workers interested in preventing them. 
To achieve this aim, the author of the article considered 
that it was essential to revise labour legislation dealing 
with the payment of wages during periods of idleness 
due to stoppages of machinery, and suggested that 
stoppages of less than half an hour should not be 
counted as time worked. It was further suggested 
that workers should be obliged, under penalty of a fine, 
to notify the management immediately a stoppage 
took place, and to pay a fine if they were to blame for 
the stoppage; finally, that when a stoppage lasted 
42 consecutive hours, or more, workers should work 
during the week-end to make up for lost time. 





The high percentage of absence from work was 
stated to be due to (1) the consumption of spirits ; 
(2) lack of discipline; and (3) malingering. An 
enquiry covering several industrial establishments in 
Leningrad showed that of a total of 2,600,000 days 
of absence, 500,000 were due to prolonged illness, 
550,000 to malingering, and 1,300,000 to illness of less 
than three days’ duration. In the latter figure were 
included a large number of days lost for absolutely 
unjustifiable reasons. The Labour Code, which 
hitherto allowed employers to dismiss workers for 
unjustified absence only when such absence exceeded 
three consecutive days or more than six days in any 
one month, had recently been amended, and workers 
absenting themselves from work for three days in a 
month might now be summarily dismissed. The 
article concluded by advising the introduction of bonuses 
| for workers who avoided all forms of unjustified absence. 





1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,074,000, of whom 736,100 were wholly unemployed, 
274,300 temporarily stopped, and 63,600 normally in 
casual employment. Of the total number, 858,900 
were men, 31,100 boys, 154,100’ women, and 29,900 
girls. On October 17, 1927, the total number of 
unemployed persons was 1,071,296, of whom 855,103 
were men, 31,982 boys, 153,299 women, and 30,912 
girls; 733,263 were wholly unemployed, 275,270 
temporarily stopped, and 62,763 normally in casual 
employment. On October 25, 1926—when,’of course, 
the figures were affected by the dispute in the coal- 
mining industry—the number of unemployed persons 
was 1,516,171, of whom 1,172,717 were men, 41,047 
boys, 262,801 women, and 39,606 girls. 





Dealing with an allegation that the attitude of,the 
General Council of the Trades Union Congress towards 
the projected march of South Wales miners to London 
was due to a hint from the Government that such a 
demonstration ‘‘ would create a difficult situation,” 
Mr. Citrine says :—‘‘ The decision of the General Council 
on this project was determined solely by the evidence 
provided that the march was merely another expedient 
of the Communist Party to bolster up its declining 
influence and to spread dissension and suspicion of 
the responsible representatives of the trades councils 
among the rank and file. There is not a word of 
truth in the allegations that a special meeting of the 
T.U.C. General Council and the National Executive 
of the Labour Party was held last Wednesday to discuss 
industrial peace, and that prominent right wing 
leaders had received a hint from the Government that 
the miners’ march was creating a difficult situation, 
and used their influence to get the march banned. 
Last Wednesday’s meeting was the ordinary joint 
meeting of the two national committees. It was not 
called to discuss industrial peace, and beyond an 
informal reference to the undesirability of any parti- 
cipation in an unofficial discussion, the subject was 
not mentioned. Nor was the question of the miners’ 
march mentioned in any way at the joint meeting. | 
am further assured that neither the subject of industrial 
peace nor the proposed march was referred to at the 
meeting of the Labour Party Executive.” 





According to Mr. Citrine, “the decision of the 
T.U.C. General Council regarding the miners’ march 
arose from the report received from the Joint Con- 
sultative Committee, representing the Trades Councils 
and the General Council, showing beyond all question 
that the proposed march was being exploited by the 
Communists. After consulting the Executive of the 
Miners’ Federation, the local trades councils on the line 
of the march were informed by circular that the General 
Council of the T.U.C. could not recommend them to 
support the appeal made by the organisers of the 
march for their co-operation. It is entirely false to 
suggest that the General Council banned the march 
on representations from the Government. No such 
representations were received either through prominent 
right wing leaders or others.” 





Industrial and Labour Information states that the 
new German Unemployment Insurance Act came into 
operation on October 1, 1927. Unemployed persons 
who, in accordance with the provisions of the previous 
Act, were refused benefit on the ground that they 
were not considered to be in a state of need, are now 
entitled to claim the benefits guaranteed to them 
under the insurance scheme. In drawing the benefits, 
it is now necessary merely to prove employment 
during 13 weeks of the 52 weeks preceding the applica- 
tion, in an occupation falling within the insurance 
scheme. Unemployed workers already receiving 
benefits at the time of coming into force of the Act, 
will continue to receive benefits at the old rate, if that 
rate is more favourable to them than that introduced 
by the new Act. This transitional clause remains 
effective until April 1, 1928. If the new rate is more 
favourable to the unemployed person than the former 
rate, he will be entitled to benefit by it from December 1, 
1927. The Board of Directors of the new Institute of 
Unemployment Insurance and Employment Exchanges, 
which is responsible for the administration of the Act, 
is engaged in defining the scope of each of the district 
employment exchanges provided for in the Act. 
According to information published in the Press, its 
policy is directed by the effective demand of the 
labour market, rather than by the political frontiers 
of the different States or provinces of the Reich. 


Statistics published in the weekly official organ of 
the International Labour Office indicate that unem- 
ployment in France continues to decline. In the 








third quarter of the current year, the number of 
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unemployed persons in receipt of benefit decreased 
from 23,710 to 11,272, and the number registered with 
employment exchanges from 33,720 to 27,724. The 
decrease in the number of unemployed persons in 
receipt of benefit is stated to be due partly to the fact 
that unemployed persons cease to be eligible after 
drawing benefits for 120 days, and partly to the fact 
that a number of funds cease to operate before the 
number of unemployed persons assisted by them is 
reduced to zero. At the beginning of October, 1927, 
there were in operation only five departmental funds 
and 78 municipal funds, as against 13 departmental 
and 167 raunicipal funds in May. The number of 
unemployed registered with the employment ex- 
changes, which has decreased to a slighter extent, 
gives a more precise idea of the situation, although a 
large number of unemployed persons not in receipt of 
benefit do not think fit to apply to public employment 
exchanges. 


The foregoing figures do not, it is pointed out, take 
into account partial unemployment. They may, how- 
ever, be accepted as an index showing that unemploy- 
ment has decreased to some extent. The decrease is 
due partly to the continued exodus of foreign workers. 
From the beginning of the year until October 11, 
69,375 departures were registered by the official 
services dealing with foreign labour. At the same 
time, 27,877 foreign workers were admitted to France, 
of whom 17,670 were agricultural workers and 6,064 
—who entered during the last few weeks—Belgian 
seasonal workers admitted for four months for the 
purposes of the sugar industry. 


The Berlin correspondent of The Times states that the 
latest German unemployment returns show another 
considerable reduction. The number of unemployed 
in receipt of ordinary relief decreased during the first 
half of October by 26,000, or 7-3 per cent., from 355,000 
to 329,000. The extended benefit returns, published 
monthly, show a decrease of 23,000, from 136,000 
to 113,000, between September 15 and October 15. 
During the whole month, from September 15 to Octo- 
ber 15, the total number of persons in receipt of relief 
in both categories, fell by 75,000, or 14-5 per cent., 
from 517,000 to 442,000. 


The opinion expressed in these columns that a 
general conference is less likely to promote peace in 
industry than separate conferences of industry’s 
more important groups, is shared by several of Labour’s 
representative men. Mr. C. T. Cramp, for instance, 
speaking at Hull the other evening, said that if peace 
were to be secured in industry it would not be by a 
general conference. Conditions in industry varied to 
such an extent that a general conference, such as that 
which had been proposed, did not appeal to him as a 
practical man. If an employer in any industry desired 
to secure peace let him confer with the representatives 
of the men he employed, and make known his terms, 
which should then be submitted to the men and 
discussed 


Trouble, which may culminate in a_ stoppage, 
has arisen in Ireland over a decision of the railway 
companies there to vary conditions of employment 
without first bringing the matter before the National 
Wages Board—the Irish board, of course. All the 
systems, except that of the Belfast and County Down 
Company, are affected. They intimated to the unions 
concerned a day or two ago that, as from October 1, 
all new entrants to the services would be paid 10 per 
cent. less than the existing rates. The National Union 
of Railwaymen pointed out that in taking this step the 
companies were ignoring the established conciliation 
machinery, and the reply of the railway representatives 
was to the effect that they did not propose to have 
recourse to the Wages Board, but that the unions 
might put the machinery in motion if they believed 
they hada grievance. The National Union of Railway- 
men thereupon gave notice to each of the general 
managers that, if the reduced rates for new entrants 
were enforced, a general strike >f Irish railwaymen 
would be declared. Up till Wednesday evening nothing 
further had been done on either side. 





THE Late Mr, O. Trost.We note, with regret, that 
the death took place, in a London nursing home, on 
October 26 last, of Mr. Olaf Trost, an electrical and 
structural engineer, who had been associated with Messrs. 
Marconi’s Wireless Telegraph Company, Limited, for 
several years. Mr. Trost was 42 years of age; he was 
a Dane, but, with the exception of an interval of three 
years, had been in the employ of the Marconi Company 
since 1911. A specialist in mast design, he had devoted 
his attention, during the past few years, to the design 
of 800-ft. masts for high-power wireless stations, and 
the 300-ft. masts used for the beam stations, several of 
which have been illustrated in ENGINEERING. 


[Nov. 4, 1927. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and ‘‘standard”’ metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 801b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 








CoursE OF LECTURES AND DEMONSTRATIONS FOR 
Smoke Inspectors.—In 1912, the Royal Sanitary 
Institute, 90, Buckingham Palace-road, S.W.1, estab- 
lished an examination qualifying for the post of Smoke 
Inspector. In order to assist candidates who are 
preparing for this examination, the Institute has arranged 
for a course of 10 lectures covering the syllabus of the 
examination, and for practical demonstrations at works 
illustrating ths management and working of different 
types of furnaces. The lectures will be delivered every 
Friday and Monday, at 6 p.m., commencing to-day, 
November 4, and the fee for the course is 11. 10s, 








THE DEARNE VALLEY WatTERWORKS.—Extensive 
alterations were carried out recently at the Broomhill 
umping station, near Wombwell, of the Dearne Valley 
Water Board. The steam plant, installed some forty 
years ago, has been discarded, and high-speed electrically- 
driven pumps substituted. The new pumps are of the 
centrifugal type, made by The Pulsometer Engineering 
Company, Limited, Nine Elms Iron Works, Reading : 
they operate at 960 r.p.m. The electric current is 
supplied by the Yorkshire Electric Power Company, who 
were also the contractors for the provision of the whole 
of the machinery and installation. 
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THE MECHANICAL STRENGTH OF 


METAL-FILAMENT 
LAMPS.* 
By F. Mureatroyp, M.Se.Tech., A.M.I.E.E. 


I. GENERAL CONSIDERATIONS. 


ELECTRIC 


THE mechanical strength of metal-filament electric 
lamps is a matter of primary importance to many users, 
some of whom may purchase each year many thousands 
of lamps which will be subjected in service to mechanical 


shock and vibration. 


Moreover, as the electric lamp 


widens its sphere of adoption, the more will strength be 


a necessary quality. It is the object of the present 
paper to deal with the subject of mechanical strength 


from the user’s point of view, many of the statements | lamps. Not only must they be run at a higher tem- 
made being supported by the results of experimental | perature than those of the straight filament to give 


work. 


Since the conclusions from an investigation may | is greater. This is supported by statements in a recent 
be true in relation to the particular point investigated, | article* that, for given candle-power and watts, 
although their application may be quite deleterious | @ spiral filament must be longer and of greater 
when other facts are considered, it is advisable that | diameter than a straight filament. 
any involved study of mechanical strength should be | of spiral (space between turns equal to filament 
preceded by some knowledge of the development of | diameter), the ratios of the lengths and diameters are 
metal-filament lamps, of modern methods of manufac- | stated to be 1: 1-24 and 1: 1-29, respectively. 


ture, of the physics of light, and of the technology of 


lamp design. This is a very wide field, a survey of | at the same temperature must be 1:0-75. If, however, 
It | the watts are the same in both cases, the ratio of 


which has already been made in published articles. + 


is not proposed to deal with such matters here, though | resistances must be 1-0; not 0-75. { 
special reference to one or two items bearing more | ratio shall be 1-0, the temperature of the spiral 
intimately on the subject of strength may not be out | wire must be higher than that of the straight wire. 


of place. 


Light Efficiency—A statement of the relative impor- | despite the higher temperature, the spiral form of 
tance of light efficiency and mechanical strength is | mounting would seem to be inferior to the straight form, 
High efficiency may be attained by two| since the higher temperature must lead to a higher 
methods of approach, namely, the use of high tempera- | rate of evaporation, and consequently reduced life. 

A selective | 
substance is one of which the proportion of visible radia- | If a spiral filament is at a higher temperature, 
tion to total radiation is greater than that for an ideal | then it must be emitting more light. The efficiency 
black body. A well-known example is the use of refrac- | 

It is found, however, | case, some of the light emitted from the spiral 
that temperature is much more effective in producing | filament must be prevented from leaving the lamp. 
efficiency than selectivity, and the search for efficiency | It is suggested, as a theory, that some of the light is 


desirable. 


ture, and the use of selective substances. 


tory oxides in the gas-mantle. 


has really been a search for a filament material having 
a high melting point. Tungsten, for instance, has 
a melting point of about 3,655 deg. K., whereas the 
melting point of platinum, which was used in the 
earliest metal-filament lamps, is only 2,028 deg. K. 

It may be asked whether there is, theoretically, an 
upper limit in this search for high temperature. That 
such an upper limit would obtain is illustrated by the 
law enunciated by Wien in 1896. If a wire is main- 
tained at a certain temperature in a vacuum lamp, 
energy is radiated throughout a large band of wave- 
lengths, wider than the visibility band. The radiated 
energy is not constant for all wave-lengths, but is a 
maximum at one wave-length, depending on the tem- 
perature. Wien’s law states that the wave-length of 
maximum energy multiplied by the absolute tempera- 
ture is a constant. For a black body, the wave-length 
of maximum energy is in the visibility band at the 
point of maximum relative visibility of the eye (i.e., 
a wave-length of 0-55 yw) at about 6,270 deg. K., 
which would therefore be the most efficient tempera- 
ture for illumination. If a satisfactory substance 
having a higher melting point than tungsten were 
available, it would undoubtedly be used. Light 
efficiency presupposes high temperature in the incan- 
descent electric lamp, and therefore any recommenda- 
tions made with the object of increasing mechanical 
strength should not hinder the search for, and use of, 
high temperatures, unless necessity compels. 

The Use of Gas.—The search for high efficiency, and 
therefore high temperature, has led to the use, in place 
of a vacuum, of inert gases such as nitrogen and argon 
at about 0-8 of atmospheric pressure. This became 
essential because a filament heated to the high 
temperature desired would have too great an eva- 
poration in a vacuum. Hitherto, the view has occa- 
sionally: been expressed that the presence of the gas is 
an aid to strength, presumably in providing a method 
bs damping out vibrations. This will be referred to 
ater. 

The Use of Spiral Filaments.—The necessary adoption 
of the spira! filament in the gas-filled lamp was a clever 
device, having for its object the maintenance of high 
temperature by limiting the loss of heat through the 
gas. Langmuir found that, in a gas, the loss of heat 
from a straight incandescent wire was not a function 
of the diameter of the wire, but of the diameter of a 
Stationary envelope of gas surrounding the wire. The 
thickness of this envelope is the same for all diameters 
of wire, so that its effect is most marked on thin 
wires. The object of a gas-filled lamp is to obtain 
high efficiency by means of high temperature, but 





_* Paper read before Section G of the British Associa- 
tion at Leeds on September 5, 1927. 

t See, for instance, “‘ The Development of the Electric 
Incandescent Lamp,” by B. P. Dudding and C. J. 


| 


if a thin straight filament were used the losses 
would be so great that high efficiency would not be 
attained. Moreover, the thickness of the filament 
necessary to do more than counteract the effect of 
the gas envelope, is greater than is practicable. By 
using a normal thin wire wound in a spiral form, it 
was found that the heat losses from such a spiral 
| approximated to those from a straight wire of a 
| diameter equal to that of the spiral. 

| The spiral filament is, therefore, a necessity in 
a gas-filled lamp. Its adoption in vacuum lamps 
may have been due, in part, to the belief that a spiral 
filament is a stronger filament. Putting aside, for the 
moment, this question of strength, spiral filaments 
have little to commend themselves for use in vacuum 





| the same efficiency, but the amount of wire necessary 


For a given type 


Arguing from the above, the ratio of the resistances 
In order that the 


| In view of the fact that there is no gain in efficiency, 


A further deduction may be made from the above. 


should, therefore, be increased, but as this is not the 


trapped in the spaces between the turns. This theory 
applies to all spiral filaments, so that loss of light 
from this cause must occur in gas-filled lamps as well 
as in spiral-filament vacuum lamps. 

| Anti-Vibration Fittings.—In order to overcome the 
| failure of lamps subjected to shock and vibration, a 
solution has been attempted by the use of anti-vibra- 
tion fittings of various designs. In a design in com- 
mercial use, the lamp-holder is attached to a number of 
strips of phosphor-bronze gauze, so that the lamp has a 
| certain amount of flexibility in a direction along the 
lamp axis. The results of tests with this particular 
fitting showed that it damped out continuous vibra- 
tions of small amplitude and definite frequency, but 
that the gauze transmitted momentary shocks. The 
lamp cannot be considered, therefore, to be adequately 
protected. 

A very different type of fitting has been tried in 
which both the lamp and lamp-holder are held in an 
arrangement of springs. Under test conditions, it is 
found that a lamp so held tends to respond to vibration, 
and that when resonance occurs, the lamp is vibrated 
badly. This spring fitting, however, withstood the 
effect of violent shock much better than the gauze 
fitting, the springs damping the shock to some extent. 
Neither fitting was found to provide a satisfactory 
protection against all types of shock and vibration. 
To be a satisfactory design, the fitting would have to 
combine the flexibility of a spring with the damping 
of the gauze, in order to cope with momentary shock 
as well as persistent vibration. 

It is considered, however, that to attempt a solution 
by means of an anti-vibration device, is merely to 
beg the major question. If incandescent electric 
lamps were themselves sufficiently robust to withstand 
shock and vibration, there would be no use for such 
fittings, and their employment is an open acknowledg- 
ment of the weakness of the lamp. Again, if a suitable 
anti-vibration fitting could be evolved, it would not be a 
desirable feature in installation work, and for reasons of 
cost, weight and space, would tend to clog rather than 
assist the wheels of progress. An investigation of 
the factors governing the resistance of the lamp itself 
to shock and vibration is therefore likely to lead to 
results of far greater importance. 


If. Tne Merat Fiiament. 

The strength of a completed lamp depends on a 
number of factors, but the more the subject is investi- 
gated the more it is realised that, as might legitimately 
be inferred from the beginning, the main factor is the 
nature of the metal filament; the general construction 
of the lamp and the method of filament support are 
secondary. It is proposed, therefore, to consider how 
the characteristics desirable in a filament are influenced 





* S. Marietti, Elettrotechnica, 12, pp. 768-771, Novem- 


by grain structure, temperature, tensile stress, and 
vibration. 

Grain Growth and Grain Size.-—The nature of the 
crystalline structure of the tungsten filament has 
a most important bearing on mechanical strength. 
A crystalline substance has two sources of weakness. 
There is the weakness of the crystals themselves, 
which, under stress, tend to deform along the crystal 
cleavage planes. This is called intra-crystalline 
weakness. The second source of weakness is the 
amorphous junction at the crystal or grain boundaries. 
This second weakness is referred to as inter-crystalline. 
The temperature at which both of these sources of 
weakness are equal is called the ‘“ equicohesive”’ 
temperature, this temperature, for tungsten, being 
1,350 deg. C.* Below this temperature, the crystalline 
form is the weaker ; above 1,350 deg. C., the weakness 
lies at the grain boundaries. Considering intra- 
crystalline strength alone, however, a crystal is 
stronger cold than hot, so that, combining the two 
facts mentioned, it is perceived that a filament is 
always much stronger cold than hot. This is a 
deduction based on metallurgical arguments only, 
but the experimental results, referred to later, confirm 
the statement in a conclusive manner. 

The effect of heat on the grain boundaries is thus 
much greater than the effect on the crystals themselves, 
and, in fact, as the melting point is approached, the 
strength of the boundaries falls to nearly that of 
molten tungsten. Since filaments are designed for 
use in the hot condition, it would appear logical 
to assume that the larger the crystals used in a 
filament, the stronger the filament should be. It 
would be quite practicable, if desired, to use a lamp 
filament consisting of one crystal only. It is not 
considered, however, that abnormally large crystals 
necessarily produce a stronger wire. It has been 
stated that the effect of heat is to reduce intra- 
crystalline strength, and as experimental evidence 
seems to point to the fact that fracture under tensile 
stress in a tungsten wire is mostly intra-crystalline, 
even in a multi-crystal wire, it can only be assumed 
that a single-crystal wire would be liable to fracture 
in a similar manner. 

Other advantages may, however, be gained by the 
use of large crystals, namely, the increase of ductility, 
and the limitation of crystal growth during life. 
Ductility is considered to be the ability to deform 
under tensile stress by gliding on the slip-planes, 
and it is generally accepted that, with larger crystals, 
the formation of gliding planes is more easily accom- 
plished. It may be noted, in passing, that although 
ductility can be thus modified by physical conditions, 
some metals are fundamentally more ductile than 
others, and it has been remarked by Hullt that 
metals having the so-called face-centred cubic lattice 
structure (such as aluminium, nickel, palladium, 
platinum, copper, silver, gold and lead) are more 
ductile than metals having the centred-cube lattice 
structure (such as titanium, tantalum, chromium, 
molybdenum, tungsten and iron). 

The regulation of grain growth during life is a 
subject on which information is by no means complete. 
In the production of the tungsten filament, the fine 
wire, at the end of the drawing process, is fibrous 
in structure, and may be re-crystallised by heating 
it for a few minutes at 3,000 deg. K. Heating has 
the effect of producing rapid grain growth, and the 
process consists in the absorption of some of the 
erystals by the others. Probably the larger absorb 
the smaller, or the less strained grow at the expense 
of the more strained. In the case of the tungsten 
filament, the growth proceeds until many of the crystals 
fill the whole cross section of the wire, and the crystals 
have a random orientation. It should be noted that 
if a wire has to consist of a number of crystals, it is 
an aid to strength if the arrangement is asymmetrical, 
whereby the crystal cleavage planes in adjoining 
crystals are at considerable angles to one another. 
The crystal growth may be restrained by the addi- 
tion of thoria; on the other hand, by the use of 
certain oxides, an exaggerated grain growth may be 
obtained. 

It is apparent from the above short survey, that 
filament strength is primarily determined by the 
size, actual shape, and orientation of the crystals. 
Unless means of preventing crystal change are adopted, 
filament strength may be affected during life by 
crystal growth or re-orientation, and, for this reason 
and that of ductility, it would appear desirable to 
use large crystals, although, owing to intra-crystalline 
weakness, added strength may not necessarily result 
merely from the increased crystal size. 

Effect of Stress on Deformation and Fracture.—Two 
main types of stress are to be taken into consideration, 
namely, tensile stress continuously applied and stress 
which is alternating in character. The latter type is 
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discussed under the heading, ‘‘ Effect of Vibration,” 
below. 

Investigations have already been made on the defor- 
mation of single metallic crystals under tensile stress. 
Taylor and Elam,* and also Polanyi,t have demon- 
strated that, for aluminium, zinc, and tin, deformation 
takes place by slip on certain crystal planes character- 
istic of the metal, and the fracture occurs in the form 
of wedges symmetrical to the direction of stress. In 
cases where the fractured crystal was oriented un- 
favourably for this result to occur, it was found that the 
crystal re-oriented into the favourable position before 
fracture. 

F. 8. Goucher,{ using fine tungsten wires less than 
0-20 mm. in diameter, obtained similar results. The 
wires were so treated that many of the crystals occupied 
locally the complete volume of the wire. The crystals 
were oriented in various directions, and it was assumed 
that there would be, in each wire tested, at least one 
crystal having an orientation favourable to fracture. 
Actually, in all the wires tested, every fractured crystal 
had a similar orientation with respect to the stress 
direction within 10 deg. 

These tests on tungsten wires were made at various 
temperatures, and therefore it can be taken that 
published data support the view that, for continuous 
tensile stress, deformation and fracture in a tungsten 
wire is intra-crystalline, not inter-crystalline, and takes 
place in a crystal having an orientation favourable 
for the production of two wedges symmetrical to the 
direction of stress. Moreover, such fracture is more 
liable to occur in the large crystals, or, at any rate, 
in those that occupy the whole cross-section of the 
wire. 

The above states the case for tensile stress gently 
applied. If violently applied, the condition of violent 
shock may obtain, and the tungsten filament would be 
expected to behave in a similar manner to other metals, 
and fracture purely as a result of the intensity of the 
stress, the metal having no time to flow and displaying 
shock-brittleness. 

Effect of Vibration.—A filament which is vibrating is 
subject to the effect of alternating stresses, although 
these may be partly bending and partly tensile. It is 
thus seen that the results obtained for continuous 
tensile stress may not necessarily apply to vibration. 
Vibration is much more a weakening effect than 
continuous stress. Its main effect is to produce fatigue, 
and when fatigued, a metal always fractures more 
readily. The experiments of Ewing and Humfrey§ 
on Swedish iron illustrate this. The iron had a break- 
ing stress of 23-6 tons per square inch, and was sub- 
jected to an alternating stress of 9 tons per square 
inch at a frequency of 400 cycles per minute. After 
5,000 cycles, fine slip-bands appeared in a few crystals, 
and after 40,000 cycles, some slip-bands had developed 
into cracks. With further cycles, the cracks increased 
until fracture occurred. Various authorities consider 
that the weakness under alternating stress is due to 
the repeated sliding or grinding backwards and for- 
wards of the crystals on their slip-planes, and that this 
grinding destroys cohesion, thus permitting the forma- 
tion of cracks. 

This liability to crack as a result of the grinding, may 
be partly due to a change in the structure of the crystal 
along its cleavage planes. It is well known that, when 
a crystal deforms under stress, hardening of the 
slipping surfaces occurs. This is supported by Beilby, 
who suggested the formation of vitreous material, at 
or about the planes of slip, when a material is deformed. 
This, however, is merely a hypothesis, and even the 
existence of such material has not been verified. 
Haigh, accepting the hypothesis, has elaborated it, and 
has suggested that the cyclic elasticity and the accom- 
panying hysteresis which occur in metals under re- 
peated stresses, are due to the cyclic projection of some 
of the atoms from the crystalline to the vitreous condi- 
tion and back. 

It is further conceivable that vibration might bring 
about a modification in crystal orientation, or aid grain 
growth, and that temperature and the initial grain 
size may affect such action. This is mere speculation, 
but it is evident that some marked difference is to be 
expected between the effect of vibratory forces and the 
effect of forces continuously applied. The subject is 
not an easy one for solution, owing to the numerous 
variables for which allowance must be made. 

The Transition Temperature of Tungsten.—Before 
dealing with temperature in its relation to filament 
strength, the existence of definite transition tempera- 
tures for tungsten should be mentioned. Ordinarily, 
a transition temperature would presuppose some 
change in allotropic modification or in crystalline 
structure, but, in the case of tungsten, no such change 





* Taylor and Elam, Roy. Soc. Proc., A, vol. cii, p. 643 
(1923). 

+ Polanyi and others, Zeit. f. Phys. xii (1922), and 
xviii (1923). 

t F. S. Goucher, Phil. Mag. Aug., 1924. 

§ Ewing and Humfrey, Phil. Trans. 200 (A), 1903, 241. 
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has been found to be associated with the transition 
temperatures. There is, however, a definite change 
in the electrical and physical constants at thes? 
temperatures, and they might better be referred to 
as temperature points of discontinuity. 

Langmuir,* investigating the electrical resistivity 
of tungsten at various temperatures, found that 
definite changes in the specific resistance occurred 
at about 800 deg. K., and 1,650 deg. K. Worthing,t 
investigating the thermal expansion of tungsten at 
various temperatures, found a discontinuity in 
expansion coefficient at about 1,600 deg. K. Gouchert 


showed that a similar discontinuity in expansion | 


coefficient occurs at about 850 deg. K. Further, in 
investigating the loads required to fracture tungsten 
wires at various temperatures for a constant time 
of fracture of one minute, Goucher found sharp 
discontinuities in the load-temperature curve between 
800 deg. to 900 deg. K., at about 1,600 deg. K., and 
again at 2,600 deg. to 2,700 deg. K. 

The existence of such points of discontinuity at 


about 850, 1,600 and 2,650 deg. K., is a somewhat re- | meter. 


|the strength depends. A simple shock apparatus* 
was first used in which the shock was applied by 
means of a steel ball dropping on to a steel canti- 
lever, to the underside of which the lamp was 
attached. The direction of fall was regulated by 
means of an electromagnet placed at any desired 
height above the steel cantilever. The steel ball was 
held under the electromagnet by magnetic attraction. 
On opening the magnetic circuit, the ball was released. 
This apparatus, though simple, was considered unsatis- 
factory for prolonged use, because of the amount of 
labour entailed in replacing the ball after each blow. 
| For this reason, an automatic shock machine, shown 
|in the accompanying illustration, was devised, the 
| fundamental principle of which was the same as that 
of the original apparatus, the shock being again caused 
by a steel weight falling on to a steel cantilever. The 
| apparatus resembled a small pile-driving machine. 
| Two switches were provided, one to operate the driving 
| motor, and the other to light up the lamp under test. 
The occurrence of a blow was recorded on a cyclo- 
The frequency of the blows was kept constant 





markable phenomenon. It is evident that some hidden | at one blow per second. Three sizes of weights were 
change must take place in the metal at these tempera- | used, namely, 2-3, 4-6, and 6-0 ounces, corresponding 


tures, but why this change does not influence crystal 
form is not known. The nature of the change is a 
subject for future investigation. Such research might, 


| approximately to steel balls of l-in. 1}-in., and 1-in. 


| diameter. 
| 
| 


It will be realised that every type of shock and vibra- 











however, lead to the discovery that, after many cycles 
of heating and cooling of a tungsten wire, the crystal 
structure is modified in some way as a direct result 
of the internal change evidenced by the transition 
temperatures. 

Effect of Temperature and Intensity of Vibration. 
—In Goucher’s experiments, already referred to, 
an investigation was made into the effect of load and 
temperature on the strength of single tungsten crystals. 
In these tests, the load was a gently-applied unidirec- 
tional tensile stress, which, as already mentioned, may 
give different results from an alternating type of load. 
It was found that the time of fracture, which was 
regarded as an inverse measure of the mean rate of 
deformation, is approximately an exponential function 
of the load and the temperature. For a given mean 
rate of deformation, the load is proportional to the 
cross-sectional area, and, between transition tem- 
peratures, stress is a linear function of the tempe- 
rature. 

In brief, it was found that both temperature and 
load act in the direction of weakness of a tungsten 
wire. The practical tests referred to in the next 
section indicated that both the temperature and the 
force producing shock, with its accompanying vibration, 
act in the direction of weakness of a completed lamp 
through fracture of the filament. It will be observed 
that the two results are similar, although the applied 
forces were different in character. 


III. Practica, TEsts. 

Practical shock tests have been undertaken in order 
to ascertain how mechanical strength might be in- 
creased by alterations in design, or, alternatively, to 
develop a theory to explain on what factor, or factors, 





* Langmuir, Phgs. Rev. vii, p. 154 (1916). 
+ Worthing, Phys. Rev., x, p. 638 (1917). 
t F. 8. Goucher, Phil. Mag., Aug., 1924. 











tion to which any lamp might be subjected in use could 
not be reproduced by the automatic machine. It 
was, however, no object of these tests to determine 
whether any particular lamp would withstand any 
particular shock. The value of the machine lay in 
the fact that the shock produced was the same for 
every similar blow, so that the results obtained 
with different lamps were strictly comparable. The 
history of each lamp throughout the tests was shown 
on a chart, a suitable code being adopted so that 
the results could be concisely expressed and easily 
compared. By means of the code, it was possible to use 
a symbol in place of a phrase or a sentence, but the 
amount of shock-testing done was so great that even 
such simplified charts are too large and numerous to 
be reproduced. The lamps were tested cold after a 
preliminary burning. The types of lamp, the symbol 
indicating the type of filament, the number tested, and 
the order of strength under the test conditions are given 
in the table annexed. It is seen from this that the lamps 


Shock Tests of Electric Lamps. 














| . Number 

ai Order of | Type of 

Type. Strength. | wire. yy Bowow g 

! | 

40 watt squirrel-cage a 2 A | 11 
30 watt spiral traction. . Ph 3 B 11 
30 watt squirrel-cage traction . . 4 B | 10 
40 watt gas-filled al Bt 1 | A | 12 
60 watt gas-filled 1 A 11 





with “A” wire were stronger than the lamps with 
‘“B” wire, irrespective of the method of mounting, 





* For a drawing of this apparatus, see ‘‘ The Applica- 
tions of Electricity in Warships,” by W. McClelland. 
Journal I.E.E, (Paper read March 31, 1927.) See also 
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and close consideration of the detailed results led to | filaments are stronger than straight ; 


the theory that a filament with good physical proper- 
ties will result in a strong lamp whether the arrange- 


ment is squirrel-cage or fan-shaped, and whether the | fact. 
Further tests demonstrated | discussed, the spiral filament is liable to give trouble 
that the order of strength remained unchanged during | from sagging. Sagging is caused by the action of 
the life of the lamps, the strength in the cold condition | gravity, and the effect is accelerated by the vibration 


wire is straight or spiral. 


being here assumed. 

In view of these results, it was decided to carry out 
a further investigation to prove, if possible, the theory 
evolved, and at the same time to solve the following 
problems :— 


(1) Whether a lamp is more fragile when burning 
than when cold ; 
(2) Whether the observed strength of gas-filled 
lamps depends to any extent on the presence 
of the gas. 


For this purpose, 24 lamps of each of the following 
six types were obtained :— 
Squirrel-cage vacuum .... 40 and 60 watts ; 
Spiral vacuum 40 and 60 watts ; 
Gas-Filled 40 and 60 watts. 


Each batch of 24 lamps, after the preliminary burning, 
was divided into two sets of 12 lamps, one set being 
tested in the cold condition and the other set being 
tested burning. In addition, 40 and 60 watt gas-filled 
lamps were obtained in which, after preliminary burn- 
ing, half the lamps were exhausted of gas. All these 
lamps were tested cold, the object being to obtain an 
estimate of the effect of the gas on the mechanical 
strength. The filaments employed by the manufac- 
turer were similar to those in the lamps previously 
obtained, that is, ‘A’ wire was used in all lamps 
except the spiral vacuum, which had ‘“ B”’ wire. 

The shock tests were performed on the automatic 
shock testing machine, already described, at a frequency 
of one blow per second. As before, the history of 
each lamp throughout the tests was shown on charts 
by means of code signs. Only a bare statement of the 
results obtained is, however, proposed. In the first 
place, it was proved conclusively that the gas in a 
gas-filled lamp does not add to the shock resistance to 
any appreciable extent. Whatever damping effect the 
gas may produce is of negligible value. The second 
main result was that both squirrel-cage and spiral- 
filament lamps are distinctly weaker when burning 
than when cold. The theory that the paramount 
factor governing mechanical strength is the structure of 
the filament itself is supported. The spiral traction 
lamps and the gas-filled lamps gave very different 
results in the cold tests, the gas-filled being much the 
stronger. It has been proved that such strength is not 
due to the effect of the gas, and, as each type had a 
spiral-filament, the difference can be due only to a 
difference in filament structure. Such a difference 
did obtain, since the gas-filled lamps were made 
with “A” wire and the spiral traction lamps with 
“B” wire. 

In addition to filament structure, there are, of course, 
other contributary causes of weakness in lamps when 
burning. It was found that in spiral lamps, there 
is a tendency for the filament to unhook from the 
loops, which are apt to distort under vibration. Some 
lamps show lack of care in the construction of these 
loops, which should consist of at least 14 turns. In 
squirrel-cage lamps, adjacent lengths are liable to touch 
and weld, thus causing overrunning of the filament and 
excessive evaporation. Even allowing for these causes, 
however, the results indicated that a hot filament is 
inherently weaker than a cold one. For instance, the 
40-watt gas-filled lamps, when burning, failed at a 
very early stage through fracture of the filament, and 
without any previous unhooking or other contributary 
cause. These lamps, though quite strong when cold, 
were the weakest of all when burning, and the weak- 
ness was obviously due to unsatisfactory crystalline 
structure of the tungsten filament. Finally, close 
consideration of the detailed results indicated that the 
strength of a lamp burning bears no fixed relation to 
the strength when cold. 


IV.—CoNCLUSIONS AND RECOMMENDATIONS. 


The main facts established are that a lamp is | 
weaker when burning than when ‘cold, that gas does 
not add to strength in a gas-filled lamp, that spiral 
filaments are not necessarily stronger than straight, 
and that the chief factor is the structure of the 
filament materia]. Since high temperature tends to 
weaken a lamp, it might be thought desirable to 
increase strength by working at a lower temperature, 
and therefore at a lower light efficiency. Although 
certain users may be forced to take this precaution 
until stronger filaments are available, it is really a 
retrograde step. The 60-watt gas-filled lamps tested 
burning were relatively strong in spite of the high 
temperature, which fact encourages the user to insist on 
higher strength in all lamps without having to resort 
to uneconomical operation. 


hence their 
adoption for certain types of traction vacuum lamps. 
This,view has been proved to have no foundation in 
Moreover, in addition to the objections previously 


accompanying shock. The addition of thoria to 
the tungsten wire, by restraining grain growth, has 
had the effect of limiting the amount of sagging, but 
it cannot be said that sagging trouble has yet been 
entirely overcome. In view of the fact that spiral 
filaments must be used in gas-filled lamps, it may be 
that manufacturers will, at some future date, seek 
to standardise the spiral form for all types of lamps, 
but it is hoped that this will not occur before the 
objections associated with the spiral filament have been 
overcome, and especially before the low-consumption 
gas-filled lamp is an established success. Until then, the 
straight filament has much in its favour, particularly 
for lamps below 60 watts. The main objection to the 
squirrel-cage filament under shock and vibration is 
the tendency for adjacent lengths to touch and weld. 
If at all possible, greater resistance to shock would be 
obtained by re-designing the filament mount slightly, 
so as either to increase the distance between adjacent 
lengths, or, alternatively, decrease the distance between 
top and bottom supports. With low-consumption 
lamps, this is quite practicable, and for low-consumption 
traction lamps a squat squirrel-cage isa type of mount- 
ing which, at the present stage of development, has 
distinct advantages. 

The problems of the important subject of filament 
structure open up a fascinating study. It is well 
known that much work has been done, and is still 
proceeding. The user, however, should not be ignored 
in these investigations, and it is suggested that advan- 
tages might accrue to both the large user and the 
manufacturer by indicating on the lamp bulb the type 
of filament used. A method of symbols could be adopted 
similar to that which works successfully in the carbon- 
brush industry. Different types of filaments would be 
indicated by different symbols, slight variations being 
indicated by suitable additions to the parent symbol. 
It is not suggested that such a system would give the 
user much information about the filament. As with 
carbon brushes, it would serve more to give him an 
assurance that he is getting a known article, the 
qualities of which have been determined, or a new 
article, the qualities of which he may then compare 
with those already known. The user who wishes to 
co-operate would, at any rate, be in a position to 
add his practical experience towards the attainment 
of the desired ideal. 








TEMPER-BRITTLENESS OF NICKEL- 
CHROMIUM STEELS.* 
By H. A. Dicxrg, B.Sc., Pu.D., A.R.T.C. 


IN a paper f presented to the Institute a year ago, 
Professor Andrew and the author showed the importance 
of the rate of cooling from the tempering temperature 
in revealing changes in specific volume and in hardness 
in nickel-chromium and other special steels. The 
present paper contains an account of .experiments 
carried out to discover how the magnetic properties, 
the specific electrical resistance, the specific volume, 
and the hardness of highly susceptible nickel-chromium 
steels are affected by various tempering treatments. 
The following table shows the analyses of the steels 
used in thls investigation :— 


Analyses of Steels. 


Steel. Carbon. Silicon. Sulphur. 
Per cent. Per cent. Per cent. 
AH ae 0°31 0-310 0-021 
NC we 0-31 0-145 0-029 
NR3 ae 0-36 0+275 0-021 
Steel. Phos- Manga- Nickel. Chromium. 
phorus. nese. 
Per cent. Percent. Percent. Per cent. 
AH soe §=6 OG 0-4 4-46 1-41 
NC .. 0°026 0-57 3-20 0°83 
NR3 0-016 0-34 1-90 1-15 


Magnetic Tests.—These were taken by the bar-and- 
yoke ballistic method, full details of which may be 
found in Ewing’s ‘‘ Magnetic Induction in Iron and 
Other Metals.’’ The accuracy of the apparatus was 
checked by the use of two specimens standardised 
by the National Physical Laboratory. The specimens 
used for magnetic determinations were bars 1 cm. in 
diameter and 28 em. in length, the clear length within 
the yoke being 25 cm. The test-bars were machined 
from $ in. square bars after heat treatment. Hysteresis 
loops for a maximum magnetising force (H) of 150 c.g.s. 
units were determined, and also the variation of 


magnetic induction (B) and remanent induction (B,em) 
from H = 0 to H = 250. 

Specific Resistance.—The specimens for the deter- 
mination of resistivity were about 9 cm. in length, and 
were machined down to 3 mm. in diameter after heat 
treatment. Specimens obtained from Izod impact 
test-pieces, being shorter than the above, were machined 
down to 2} mm. to give an actual resistance of the same 
order. One of the specimens was taken as a standard, 
and its resistance between permanently fixed knife- 
edges of nickel-chromium steel was determined at 
various room temperatures, a current of 1-5 amp. 
being passed through the specimen and the voltage 
drop between the knife-edges read on a Tinsley vernier 
potentiometer. The resistance of the other specimens 
was determined by comparison with the standard, the 
‘“‘ unknown ”’ being placed in the circuit across another 
set of knife-edges. For the calculation of the specific 
resistance the diameter of each specimen was measured 
at cross-diameters each 3 mm. along its length and the 
mean diameter taken. The distance between the 
knife-edges was also accurately determined. The 
knife-edges were screwed on a wooden block, so that 
they were exactly parallel to one another, and the 
specimens were firmly held on them by means of power- 
ful elastic bands. 

Specific Volume and Brinell Hardness.—These were 
determined by the methods used in previous work,* 
the specific volume by comparison with a standard 
specimen by weighing in paraffin, and the hardness on 
an Alpha Brinell machine, using a perfectly spherical 
10-mm. ball. 


First SERIES OF EXPERIMENTS. 


It was desired to obtain specimens of the steels AH, 
NC, and NR3 suitable for magnetic, resistivity, and 
other tests in the tough, intermediate, and fully brittle 
condition, with tempering effects equalised as far as 
possible in all the specimens, Suitable lengths of 
§ in. square bar of each steel were subjected to the 
following heat treatments, use being made of the well- 
known phenomenon of impact reversibility.t All 
the bars were first oil-hardened after being maintained 
for half an hour at 850 deg. C. 

First Treatment.—AH,, NC,, NR3,, and AH;, NC;, 
NR3g, were tempered for two hours at 660 deg. C. 
and quenched in water. 

Second Treatment.—AH,;, NC;, NR3;, from first 
treatment, and AH,, NC,, NR3,, were tempered for 
two hours at 660 deg. C. and slowly cooled at the rate 
of 0-3 deg. C. per minute. 

Third Treatment.—AH,, NC,, NR3,, from second 
treatment, were tempered for two hours at 660 deg. C. 
and quenched in water. 

Fourth Treatment.—AH,, NC,, NR3,, from first 
treatment, were tempered for two hours at 660 deg. C. 
and slowly cooled at the rate of 2 deg. C. per minute. 
Each bar was thus tempered for a total of four hours 
at 660 deg. C., and was subjected to a slow cooling and 
to a quenching treatment from that temperature. Asa 
result of these treatments it may be said that tempering 
effects were exactly equalised in the tough condition 
(AH,, NC,, NR3,) and the fully brittle condition 
(AH, NC,, NR3,), but that in the intermediate con- 
dition (AH,, NC,, NR3,) the bars received slightly less 
tempering, due to the quicker rate of final cooling. A 
typical hysteresis half-loop for a maximum magnetising 
force of 150 c.g.s. units is shown in Fig. 1. The curves 
for the tough, intermediate, and brittle states of the 
steel have been superimposed for easy comparison. 
It will be seen that after the slow-cooling treatments the 
shape of the curves is modified in a characteristic 
manner, due to a rise in retentiveness and an increase 
in permeability at the lower values of the magnetising 
force. In steel AH (Fig. 1), a small amount of carbide 
had been dissolved in y-iron at the tempering tem- 
perature, and the effect of this was apparent when 
the magnetic properties of this steel are compared 
with those of the others. In steels NC and NR3, in 
which changes in the ferrite were alone concerned, the 
tempering temperature having been clearly below the 
start of Ac,, the properties of the intermediate and the 
fully brittle specimens were very similar, and were 
distinctly different from those of the tough specimens. 
Curves for the variation of magnetic induction and 
remanent induction from H=0 to H=250, for the 
various states of each steel were also determined. 
Here, again, the similarity of the intermediate and 
brittle states in steels NC and NR3 was very apparent. 
The difference between the remanence of the various 
states is distinctly shown in Fig. 7, where the per- 
centages of the maximum induction remaining as 
remanent induction are plotted against the corre- 
sponding values of the magnetising force. It is seen 
that after the lower values of H have been exceeded, 
the percentage of the induction remaining as remanent 
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In the past, the view has often been held that spiral 
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magnetism increases about 7 or 8 per cent. on slow 
cooling in steels NC and NR3, the total increase 
being somewhat less in steel AH. The variation of the 
permeability for the various states of each steel is 
plotted in Figs. 8, 9 and 10. The maximum permea- 
bility in each case rises on slow cooling, and the 
maximum values of the intermediate and brittle states 
for the respective steels are very similar. Small 
differences in the maximum permeability of these two 
states correspond directly to small differences in the 
coercive force. 

A summary of the chief magnetic properties, includ- 
ing the hysteresis loss, calculated from the area of the 
hysteresis loops is shown in Table I. It will be seen 
that the latter property decreases in each steel after 
the slow-cooling treatments. 

Table II shows the results of determinations of 
resistivity, specific volume and Brinell hardness. The 
specific volume and Brinell hardness show in each 
case the double effect discovered in previous work.* 
In this connection it should be noted that the specimens 
in the intermediate condition received less tempering 
than the others, and consequently the difference in 
values, being in opposition to the contracting and 
softening effects of extra-tempering, is all the more 
significant. Also it is certain that there is a definite 
rate of cooling (probably varying in different steels, 
and possibly a quicker rate than that used) which would 
give a larger contraction and softening than that 
obtained in these experiments. 

The resistivity (Table II) varies directly with rate 
of cooling, but it is likely that the difference in tem- 
pering effect between the 2 deg. C. per minute and the 
0-3 deg. C. per minute rates of cooling, accounts 
entirely for the difference in values obtained between 
the intermediate and brittle specimens, and that, if 
the tempering effects had been exactly equalised in 
these two states, their resistivity would be practically 
equal, It has been found by Campbell and Mohrt that 
even in carbon steels spheroidisation of carbides 
below Ar,, on annealing at a slow rate, may produce 
a decrease of 0-1 to 0-2 microhm in the resistivity, 
when compared with the values obtained on annealing 
at a moderate rate. This effect may thus be expected 
to be apparent in the resistivity determinations in the 
present paper. Spheroidisation of the carbide would 
not, however, be expected to have an appreciable 
effect on the magnetic properties. 

The effect of extra-tempering on the resistivity is 
shown more fully in connection with the results of 
the second series of experiments below. 

The present experimental results confirm the obser- 
vation of Kayser}, who noted that in a steel susceptible 
to brittleness the remanence increased considerably 
on slow cooling. It has been shown that changes 
in specific volume and in hardness are accentuated 
when the tempering temperature is raised, especially 
near to the Ac, range.§ This, no doubt, applies also 
to the other physical properties, and appears to account 
for the absence of detectable changes in resistivity 
up to 600 deg. C. in the steels examined by Greaves 
and Jones. It is certain that the physical change 
in many steels which develop brittleness must be so 
small as to be very difficult of detection.|| In the 
present research steels of a very high susceptibility 
to brittleness were chosen so that the nature of the 
physical changes involved could be determined, and 
a high tempering temperature was used so as to increase 
as far as possible the magnitude of the changes which 
would take place on cooling slowly. 


SECOND SERIES OF EXPERIMENTS. 

From some experiments on steels AH, NC, and NR3 
previously published, there were available heat- 
treated Izod specimens whic could be used to show 
the effect of tempering treatments at rising tempera- 
tures near to and in the Ac, range on the resistivity 
and specific volume, and also to give a direct corre- 
lation of these properties with the Izod values. The 
long broken ends (about 5 em. in length) were machined 
down to 24 mm. diameter and their resistivities deter- 
mined. Other parts of the Izod bars were used for 
specific volume determinations. The bars had been 
heat-treated by first oil-quenching from 850 deg. C., 
and then tempering for two hours at 650 deg. C., 
670 deg. C., 680 deg. C., and 690 deg. C. Bars of 
each steel were obtained in the quenched and slowly 
cooled conditions (0-3 deg. C. per minute) from each 
of these temperatures. The results obtained from 
steel NC are shown in Table III. The average Izod 
and Brinell hardness figures are given for comparison 

* Andrew and Dickie, loc. cit. 

+ Journal of the Iron and Steel Institute, 1926, No. I, 
page 375. 

t Journal of the Iron and Steel Institute, 1920, No. I, 
page 623. 

§ Andrew and Dickie, loc. cit. 

Loe. cit. 

“| Andrew and Dickie, Loc. cit., page 554 ; third series 

of experiments, 








with the resistivity and specific volume values. It 
will be seen that the difference in resistivity between 
the tough and brittle specimens is greater at the lower 
temperatures than was the case in the first series 


resistivity of the tough and brittle specimens is similar 
until solution in y-iron at the commencement of the 
Ac, range takes place, when the difference increases 
sharply, due to the marked effect of the quenched 














TABLE I.—Summary or MacNetic PROPERTIES FROM HysTERESIS Loops FOR Hmax. = 150 c.c.s. UNITS. 
l | Nl | j 
Coercive Maximum Remanent | Brem. | Percentage Hysteresis Maximum 
Steel. Condition. | Force. | Induction. Induction. | —— 100. | Increase Loss. Permeability. 
| He Bmax Brem. | Bmax. | in Brem. Ergs per ¢.c. pmax. 
| | | | 
| ¢ Tough ia 18-5 17,540 13,400 76-4 13-1) 102,000 368 
AH |< Intermediate .. 18-0 17,180 13,660 79°5 s 5-2 90,600 484 
| | Brittle “ 16°5 17,210 14,040 81-6 ae 89,000 505 
| ( Tough .. % 14:7 18,270 13,400 73°4 17.4 87,400 465 
NC |< Intermediate . .| 14-7 18,200 14,720 80-8 : >7°6 86,400 595 
| | Brittle _ 14-0 18,220 14,760 81-0 ‘aight 82,000 614 
| > Tough ae 16-0 18,220 13,930 76-5 17-8 96,000 | 432 
NR3 |< Intermediate ..! 14-8 | 18,160 15,300 84-3 TOG 2 90,500 | 575 
| | Brittle a 15-1 | 18,120 15,360 84°8 j0°5 J 92,600 | 558 














Fig.1. CYLCIC CURVES OF STEEL AH. 
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Fig.8. PERMEABILITY OF STEEL AH. 
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TABLE II.—Resistivity, SPECIFIC VOLUME, AND BRINELL HARDNESS VALUES. 





























| Specific Resis- | Decrease in Specific Brinell 
Steel. | Condition. oe Cc. | oe Volame, Hardness. » 
| Tough = 32-20 iad | 0-127735 
AH — |4 Intermediate 31-62 f0°58 \o.99 | 0-127607 
Brittle 31-21 \O-41 | 0-127638 
f Tough ; 30-47 | %o-s7). _. 0-127736 
NC < Intermediate 30-10 i 70°55 0-127637 
|| Brittle 29-92 | $0-18 J 0-127752 
( Tough = 24-23 | 40-29 0-127613 
NR3 < Intermediate 23-94 19.95 >O-54 0-127572 
| Brittle 23-69 s0°25 | | 0-127621 
1 
TABLE IIL—Resistivity, Specific VoLUME, BRINELL HARDNESS, AND IzopD VALUES OF STEEL NC. 
Tempering * Mean Izod Mean Specific Resis- | Decrease in dune 
=< Seaiaeeeene T _ t Value Brinell tance at 20 deg. Specific Leone 
deg. C. a Ft.-lb. Hardness. C. Microhms. Resistance. 5 
| 
- W.-Q. 58-8 260 y 0-1 
{ 650 So. 5-2 250 si + 
. W.-Q. 70:5 253 : : 
Ne 670 8.C. 5-0 223 0-66 0-1 
W.-Q. 71-4 237 RS . 
| 680 So" “5:1 228 0-62 0-1 
y.- 20- 297 1 
{ 3° Sa 72 228 3°55 0-1: 























W.-Q. = water-quenched. 


of experiments. This is due to the fact that the 
tempering effects were not equalised, the brittle steel 
receiving a greater amount of tempering during the 
slow-cooling treatment. The difference between the 





S.C. = slowly cooled at the rate of 0-3 deg. C. per minute. 


y areas in raising the resistivity. The specific volumes 
of the quenched and the slow-cooled specimens are 
very similar after treatment at the lower tempering 
temperatures, the specific volume of the slow-cooled 
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specimens being in general slightly lower than that 
of the quenched, due to extra-tempering. Similar 
remarks apply also to the Brinell hardness results. 

Final Consideration of Results—It has been shown 
that no double effect similar to that obtained in specific 
volume and in hardness is apparent in the magnetic 
properties or in the resistivity. The results show that 
the magnetic properties are modified by cooling the 
steels slowly from the tempering temperature, and 
that the magnetic state of the intermediate condition 
is similar to that of the brittle condition. These facts, 
together with a consideration of the manner in which 
the magnetic properties change on slow-cooling, give 
strong support to the view that temper-brittleness is 
connected with solution and redeposition of carbide. 
The rise in remanence accompanied by a rise in maxi- 
mum permeability and a small decrease in coercive 
force and in hysteresis loss are features which would 
be expected to characterise deposition from solid 
solution on slow-cooling. The fall in resistivity would 
similarly be expected. Thus, at the tempering tempera- 
ture, some carbide is held in solution in ferrite, and is 
retained on quenching from that temperature, but 
separates out on slow-cooling. The double effect in 
specific volume and in hardness has already been fully 
discussed* and need not be enlarged upon here. 

The explanation of temper-brittleness, therefore, 
appears to be, briefly, as follows : When a steel suscep- 
tible to temper-brittleness is cooled slowly from a 
high tempering temperature, a portion of the carbide, 
which exists at that temperature in solid solution in 
the ferrite of the steel, separates out, giving definite 
modifications of magnetic properties and_ specific 
resistance. This also results, at moderate cooling rates, 
in a contraction and softening, as shown by specific 
volume and hardness tests. When, however, the 
rate of cooling is extremely slow, the steel expands 
and hardens again—relatively to the moderately 
cooled state—and this is evidently due to the formation 
of a network of carbide round the grains, producing, 
by its predominant effect on the coefficient of contrac- 
tion and its influence in increasing the resistance to 
penetration, an increase in specific volume and in 
hardness respectively. Deposition of carbide from 
solid solution will not, in itself, induce brittleness in 
thé steel. It is only when the rate of cooling is suffi- 
ciently slow to allow of expulsion of the carbide to 
the grain boundaries that brittleness develops. 











STANDARD SPECIFICATION FOR THE DIMENSIONS OF 
BALL BEARINGS AND PARALLEL-ROLLER BEARINGS.— 
A new specification for ball bearings and parallel-roller 
bearings, which is to be supplemented at a later date by 
further issues for the dimensions of taper-roller, and such 
other types of ball and parallel-roller bearings as may 
be found desirable, has just been issued by the British 
Engineering Standards Association as No. 292—1927. 
This specification deals only with the exterior dimensions 
of the bearings, and does not cover their internal dimen- 
sions and design, nor the materials which enter into their 
composition. The issue opens with seven clauses dealing 
with the terms employed, such as wobble, eccentricity, 
tolerances on dimensions, &c., and these are followed by 
tables giving the permissible errors due to eccentricity 
and wobble in journal and thrust bearings. The re- 
mainder of the specification is devoted to tables for stock 
sizes of 35 types of journal and single and double-thrust 
bearings in general use, both English and metric sizes 
being given. Every bearing has been allotted a defi- 
nite reference symbol, and these are compounded in 
such a manner as to make it possible to identify imme- 
diately both the particular type and size of a bearing 
without reference to’ any form of index. Copies of this 
specification may be obtained on application to the 
B.E.S.A., Publications Department, 28, Victoria-street, 
London, 8.W.1. Price 2s. 2d. post free. 





SALFORD ELEcTRicITY DEPARTMENT.—The maximum 
working output of the generating plant, at Agecroft and 
Frederick-road, of the City of Salford Electricity Depart- 
ment, is 33,000 kilowatts. During the year ending 
March 31 last, 53,333,470 units of electrical energy were 
sold, an increase of 7-1 per cent. over the total for the 
previous twelve months. Of the total units sold, 96 per 
cent. were supplied from the Agecroft power station, 
0-7 per cent., from the Frederick Road station, and 3-3 
per cent., were purchased from the Manchester Corpora- 
tion. In the City Electrical Engineer’s Annual Report 
it is stated that the average price charged per unit was 
1-28d.. compared with 1-37d. per unit demanded during 
the previous year. The revenue of the Department, 
during the year under review, amounted to 291,217I., 
the total working cost, including bulk supply purchased, 
was 189,2591. The gross profit amounted, therefore, to 
101,9581.; after deducting interest and sinking fund 
contributions, amounting to 89,809/., the net profit 
realised was 12,1491. Out of this total, a sum of 10,0001. 
was transferred to the district fund account in relief of 
the rate, and the balance of 2,149. to the reserve and 
renewals fund, which now stands at 41,0861. During the 
year, some 23 miles of mains were laid to afford supply 
to private houses, shops, and power-users generally, 
making a total length of 281-7 miles of mains in use on 
March 31 last. 





* Andrew and Dickie, loc. cit. 





BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882 
and 1890, official inquiries have recently been con- 
ducted by Board of Trade officials into a number of 
explosions. Of some of these we give brief summaries 
below :— 


Explosion of a Steam-Jacketed Pan.—The rupture 
of a steam-jacketed syrup-making pan at a confection- 
ery works at Nelson, Lancashire, was investigated 
recently. The pan had been built up of ;),-in. thick 
copper sheets and the numerous seams were staggered 
and brazed together. The outer shell was flanged 
inwards at the top and riveted to the inner pan with 
z's-in. copper rivets. The explosion, which was not 
a violent one, was due to defective riveting. Appar- 
ently, the finished rivet heads in this type of pan are 
required to be flush with the surface in order to pre- 
serve a smooth interior. Accordingly, the rivet heads 
on the inside of the pan were thin and afforded no 
margin of safety, and eventually were unable to with- 
stand the normal working steam pressure in the pan. 

Explosion of a Vulcanising Press—A mishap which 
occurred at a rubber-goods factory at Bradford-on- 
Avon, Wiltshire, formed the subject of a recent inquiry. 
An explosion occurred in connection with a vulcanis- 
ing press, which consists of two hollow rectangular 
chests, measuring 51 in. square by 12 in. deep. The 
upper chest is stationary, while the lower one is capable 
of being moved in a vertical direction by means of a 
hydraulic ram fixed to the underside of it. Rigid 
steam pipes are fitted to the upper chest, and the 
steam connection to the lower chest consists of a 
flexible composite pipe of canvas and rubber, armoured 
with galvanised steel wire. Nozzles are fitted to the 
movable chest, to which the rubber pipe is attached 
with steel clips. The explosion was not of a violent 
nature. The flexible steam pipe was forced off the 
nozzle, while the press was in use, and the mishap 
was due primarily to the fact that the nozzle was 
unsuitable for the purpose it had to serve; there were 
no grooves or serrations on the external surface into 
which the rubber would be pressed when the clips 
were tightened. The nozzles have now been replaced 
by others of suitable design. 


Rupture of a Steam-Jacketed Pan.—The explosion of 
a steam-jacketed soap-boiling pan at Bramley, Leeds, 
lately formed the subject of an investigation. The 
accident was due to the fact that the pan was sub- 
jected to a pressure greater than the design warranted. 
When the plant was installed, some 20 years ago, the 
boiler supplying steam to it had a working pressure 
of 40 lb. per square inch, and, under these conditions, 
the pan was used with safety. In 1923, however, the 
original boiler was removed, and a new boiler, working 
at a pressure of 100 Ib. per square inch, was installed. 
No reducing or relief valves were fitted to the system, 
with the result that the inevitable explosion took 
place. 

Explosion of a Printers’ Matrix Press——An inquiry 
held in London recently had reference to the explosion 
of a cast-iron matrix press at a Walthamstow printing 
works. The installation consisted essentially of a 
steam-heated, hollow, square, cast-iron box, on the 
underside of which was fastened a dished plate of 
copper. A group of gas burners was arranged below 
the copper plate; the latter ensured a better trans- 
mission of heat than the thick cast-iron would afford. 
The upper surface of the box was arranged as a press, the 
heat of the steam in the press bed being used to dry the 
wet matrix paper. The press had been used continu- 
ously for some three years, and exploded suddenly one 
morning four hours after the gas burners had been lit. 
The copper plate was ruptured and much damage done. 
The accident was caused by over-pressure, the alarm 
valve, fitted to the body of the press, not being 
efficient. The valve had apparently not received any 
attention since*its installation in December, 1923. It 
was found that the spring had corroded and had become 
fast to the inner surface of the compression nut. The 
bottom coil was almost completely transformed to oxide, 
and all the surfaces of the valve and its seat, the spindle, 
and the interior of the-hollow compression nut, were 
coated with rust. It appears very probable that the 
press had been subjected to overheating and over- 
pressure on several occasions prior to its explosion. 





CANADIAN MrINeRALS.—Figures issued recently by the 
Canadian Government Information Bureau at Ottawa 
show that the Dominion supplies 90 per cent. of the 
world’s output of nickel, 85 per cent. of its asbestos, 
55 per cent. of its cobalt, 9 per cent. of its gold, nearly 
9 per cent. of its silver and its lead, 6-4 per cent. of its 
zine, and 4 per cent. of its copper. In world production, 





the Dominion is first in nickel, cobalt, and asbestos, 
third in gold and lead, and fourth in silver. A vast area 
of mineral-bearing territory, probably the largest and 
most promising to be found in any continent, still 
remains unexplored and unprospected. 


AGE-HARDENING TESTS WITH 
ELEKTRON ALLOYS.* 
By K. L. Metssner, Dr.-Ing. 

THE designation and the composition of the alloys 
tested are shown in Table I. The alloy V1 was in 
the form of extruded rods of 20 mm. diameter; the 
other five alloys were in the form of sheets of different 
thickness. For measuring the Brinell hardness number 
of the rods of alloy V1, specimens 5 mm. thick, and 
in the case of the other five alloys, specimens 30 mm. 
by 30 mm. of a sheet 4 mm. thick, were cut off. Tensile 
tests, which were carried out with all alloys except 
V1, were made with proportional tensile specimens of a 
sheet 2mm. thick. The heat-treatment of the specimens 











TABLE I.f 
Designation. Magnesium. | Aluminium. | Zine. 
| | 

per cent. | pe” cent. | per cent. 
v1 Balance | 10-6 | ‘ae 
A7 me 70 | if 
A5 | a 5-0 is 
23 es ie 3 
AZM as 2-0 } 4 
AZ551 | 5°5 | 1 





+ Besides the elements mentioned’ in Table I, the alloys con- 
tained the commercial impurities or additions—for example, 
small amounts of s‘licon, manganese, copp’r, and traces of iron. 
consisted in annealing at temperatures somewhat 
below the solidus line of the alloy system. It was 
carried out in an electrically-heated furnace. The 
samples were quenched in water after annealing. One 
part of the specimens was tested immediately after 
quenching, another part after five days’ ageing at 
room temperature, and a third part after ageing at 
elevated temperatures, also called “‘ artificial ageing.” 
The samples were subjected to the last-mentioned 
ageing treatment, after previously being aged at least 
five days at room temperature. The samples were 
artificially aged in an Herzus electrically-heated drying 
oven, which could be regulated automatically, with 
the aid of a mercury relay, to an accuracy of + I deg. C. 

The Brinell hardness was measured, using a 5-mm. 
ball, under a load of 250 kg. for one minute. The 
tensile tests were carried out with the aid of an Amsler 
l-ton precision tensile machine. The elongation was 
measured over a length of 11-3 x ./f. With the 
exception of alloy V1, the alloys tested are not used 
commercially in the age-hardened state. They undergo 
only a short annealing at about 300 deg. to 350 deg. C., 
in order to remove the cold deformation stresses. 

The Systems Magnesium-Aluminium and Magnesium- 
Zinc.—The six alloys tested can be divided into three 
different groups. To the first group belong the 
magnesium-aluminium alloys—i.e., the alloys V1, A7, 
and A5. The second group contains the magnesium- 
zinc alloys—in the present investigation only repre- 
sented by the alloy Z3. To the third group belong the 
magnesium-aluminium-zine alloys, viz., the alloys 
AZM and AZ551. The experiments to age-harden the 
six alloys by heat treatment with subsequent ageing, 
are based upon the constitution of the magnesium- 
aluminium and the magnesium-zince alloys. By investi- 
gations carried out by the Versuchsanstalt, of the 
1.G. Farbenindustrie A.G. at Bitterfeld, in an extremely 
careful manner, a decreasing solubility of aluminium 
and of zinc in solid magnesium was found with falling 
temperature. The magnesium-rich parts of the diagrams 
of the two systems, according to the hitherto unpub- 
lished results of W. Schmidt and P. Spitaler and of 
W. Schmidt and M. Hansen, respectively, are shown in 
Figs. 1 and 2. 

It can be seen from the figures that there exist, in 
both the alloy systems, the two conditions which make 
possible the age-hardening of certain aluminium alloys 
and of a number of other alloys—namely, the existence 
of a solid solution to a certain degree and the decrease 
of the solubility with falling temperature. These are 
the two conditions which must exist, according to the 
precipitation theory, on the subject of which R. S. 
Archert has recently published a paper. According 
to this theory, the possibility of age-hardening 
exists, especially in the case where, by the decreasing 
solubility, not a pure metal, but a hard intermetallic 
compound precipitates, on ageing, out of the super- 
saturated solid solution. In the two systems, magne- 
sium-aluminium, and magnesium-zinc, hard _inter- 
metallic compounds precipitate out. In the system 
magnesium-zinc, the compound corresponds to the 
formula MgZn,. Inthe system magnesium-aluminium, 
however, the author does not intend to discuss the 
question whether the compound has the formula 
Al, Mg;, as found by D. Hanson and M. L. V. Gayler,§ 





* Paper read before the Institute of Metals, Derby, on 
September 8, 1927. Abridged. 

t Trans. Amer. Soc. Steel Treat., 1926, vol. x, pages 
718-747. 





§ See ENGINEERING, 1920, vol. cx, page 788. 
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| 
and also suggested by Schmidt and Spitaler, or the | results obtained with the alloy AZM are plotted in| zinc. Both contents, however, are too small to cause 
formula Al, Mg,, as suggested by others. | Fig. 5. Relatively great age-hardening was obtained | any remarkable age-hardening. This fact must be 

I. The Magnesium-Aluminium Alloys.—The results | with ageing temperatures above 100 deg. C. The! mentioned, especially with regard to the alloy contain- 
of the tests obtained, with artificial ageing, on one | values are higher the longer the ageing period. Whilst | ing 6 per cent. aluminium, with which Archer has 
“ pra a agg to ~~ group, — yh se | obtained a remarkable degree of age-hardening. In 
plotted in Fig. 3. As with aluminium alloys whic aoe spite of the addition of 1 per cent. zi ili 
can be age-hardened by artificial ageing, it can also be | Fig.1. MAGNESIUM-RICH PART OF THE DIAGRAM Ka in solid alta yep pie fe 
said of the Elektron alloy V1 that the duration and | OF THE MAGNESIUM-ALUMINIUM ALLOYS, reduced that an alloy, containing only 0-5 per cent. less 
the temperature of the ageing treatment are closely | ACCORDING TO W.SCHMIDT AND aluminium, should show any age-hardening. It is to 
connected. The curve of 8 hours’ ageing rises steadily | P.SPITALER. be concluded, therefore, that the limit of the solubility 
from 50 deg. to 200 deg. C. There exists, therefore, the of aluminium in magnesium at room temperature must 
possibility that the maximum value of hardness at 
an ageing period of 8 hours may be reached at an ageing 
temperature above 200 deg. C. 

At an ageing period of 16 hours, the maximum is 
reached at 175 deg. C. It is, however, not yet clearly 
indicated, because the decrease of the hardness at 
200 deg. C. is only 0-5 Brinell number. At an ageing | 
period of 24 hours, the maximum hardness occurs | 
more clearly at 175 deg. C. At this ageing period the 
decrease of the hardness at 200 deg. C. is more evident. 
At an ageing period of 40 hours, the maximum hardness 
is reached at 150 deg. C. It is striking that the hard- | 
ness on all curves does not rise progressively and regu- 
larly, but that the curves turn off from their old direc- 
tion suddenly below the maximum. 

With the alloy A7 no age-hardening occurs at an 
ageing period of 8 hours. A small age-hardening can 
be shown with a longer ageing period at the highest | 
ageing temperature of 200 deg. C. At the longest | 
ageing period used in these tests—i.e., at 40 hours— 
the age-hardening evidently begins at somewhat lower 
temperatures, namely, at about 150 deg. C. Control- 
ling tests, with an extension of the annealing period, 
confirmed that a small but sensible degree of age- | 
hardening can be obtained with the alloy A7. | 

Though the tensile tests do not confirm the age- | 
hardening effect of the aluminium content of the 
alloy, the Brinell hardness number of the alloy A7 
is, in fact, raised from about 62 to about 69 to 70, 





Fig.2. MAGNESIUM-RICH PART OF THE DIAGRAM 
OF THE MAGNESIUM-ZINC ALLOYS, 
ACCORDING TO W.SCHMIDT AND 
M.HANSEN. 
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Fig.3. AGE-HARDENING OF THE ELEKTRON 
ALLOY V/. 
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state at room temperature must be exceeded in the : . 
alloy A7. The alloy A5 does not show any evident | Fig.5. AGE-HARDENING OF THE ELEKTRON 
age-hardening in the whole range of temperature. | : 

This is undoubtedly due to the fact that the aluminium | 
content of the alloy, i.e., 5 per cent., is too small to 
make age-hardening possible. This content is still 
below the limit of the solubility of aluminium in solid | 
magnesium at room temperature. Control tests, using | 
a longer period of annealing, showed that no age- | | 
hardening can be obtained with this alloy. 

R. S. Archer* also mentions some results of age- | 
hardening tests, obtained with magnesium-aluminium 
alloys, on which the American ny wo ge 1,592,302, of | 50 00 “73 
Z. Jeffries and R. 8. Archer, is based. For example, . . : ; 
an alloy containing 12 per cent. aluminium, as chill- | ray Agang Temperature; Degrees Contigrete. ine) Ageing Temperature; Degrees rade : 
cast, showed a Brinell hardness number of 71. After ere 


ing for 15 20 deg. C., and quenchi : a . 
in water the Bunell hardness sumber ‘was 60. I¢ the maximum hardness was reached at 175 deg. C. |be between 5-5 and 6 per cent. If not, the above. 
could be raised to 111 by ageing for 40 hours at 150 deg. with ageing periods of Sond 16 how, the em | mentioned slowness in diffusion, which characterises the 
C., corresponding to an age-hardening of 68 per cent. — at a lower temperature, naanely, 150 deg. C., | magnesium-rich alloys, would easily cause errors in this 
If these results be compared with the age-hardening | with ee eee periods, i.¢., 24 and 40 hours. | respect. The limit of solubility does not seem to be 

With this alloy, also, control tests were carried out with | markedly influenced by small additions of zinc. 


tests carried out by the author with extruded samples | aiek lien ali “1 | 
of the alloy V1 with 10-6 per cent. aluminium, the * somewhat higher annealing temperature and with | 


‘ae cS : . : 1 |longer annealing periods. The ageing treatment, | 
— , cn meer Margy Bee oe which was applied in these tests, was the one which || THe InstiTUTION or Nava AxrcuitEcTs.—The fol- 
66-5. which corresponds to nearly the same value of | had given the highest hardness number for Fig. 5. It | a Sretitation tN ae oo ~. o 
the alloy mentioned by Archer. “The maximum for i me eye gape -_ — io - sn os sig in ye A! ‘keke ah, “a o. 
age-hardening was obtained by ageing for 40 hours | on. faye "5 eal & se poe? alloy AZM oy er }annum, to Mr. L. Johnston, of Messrs. John Brown 
at 150 deg. C., corresponding accidentally to the same | 27© "28° She Srine’ harcness 0 the alloy AZM could | and Company, Limited, Clydebank ; the Denny Scholar- 
ageing treatment mentioned. by jin & tint raised, by proper ageing treatment, from 66 to about | ship in Naval Architecture (1927), 751. per annum, to 
ag tag igi a -.. | 84. This corresponds to an age-hardening of about | Mr. P. F. Foss, of Douai School, Woolhamton, Berks ; 

hardness number of only 96:3 was reached, however. | r : ema : ees on, 8 
This saieiie ts Sosa Sac f only 45 per|2” Per cent. The same percentage of strengthening, | the Denny Scholarship in Marine Engineering (1927), 
Lis correspon o an age-hardening of only 45 per however, was not reached by the tensile tests. Though | 751. per annum, to Mr. L. G. Kirton, of the Crypt 


cent. The difference may be caused by the higher : | School, Glouceste 
. 7 ts ’ the same heat treatment and age >atme y i ais eEGE. ” 
aluminium content of Archer’s alloy. geing treatment were | 


II.—The Magnesium-Zinc Alloys.—The values ob- applied, the rise in tensile strength was relatively small. 
tained in the age-hardening tests with the alloy Z3, | On the other hand, it is remarkable that the elongation | Ancentme—As the result of a report made by Messrs. 
the sole representative of this group, showed that no | 9% not reduced, but even somewhat raised, contrary | Henry Simon, Limited, Manchester, at the request 
oan beadiaiee wan mabieeahin tm to on ening tenes. | the general behaviour of the alloys which are artifi- | of the Buenos Aires Great Southern Railway Com- 
es of 100 a C. At hi nad es vty te an A | cially aged. | pany, it has been decided to proceed immediately 
ager a eae Bagg ‘ : te m. gsr h the| According to the solubility conditions of the com- | with a scheme for the improvement of the grain- 
mall age-hardening is obtained, at least with the | madie Al: tte. anti Mises tn meee sn the solid | handling and storage facilities at Ingeniero White, 
longer ageing periods. The best ageing temperature | Po Ao 84 ne gnesium in the sole’ | Bahia Blanca. The work to be undertak vill cost 
: ‘ : ‘ : | state (see Figs. 1 and 2) and td the composition of the : Wj ee 

was 150 deg. C., with an ageing period of 16, 24, llov AZM * aa ti 8 eR te 8 ve} a little over 1,000,000/., and will include the erection 
or 40 hours, whilst the hardness drops noticeably at | loy AZM, the age-hardening, © taine y the ageing | of a large reinforced concrete granary, having a capacity 
still higher temperatures. No age-hardening was | treatment, may be due to the highest zinc content, | of 80,000 tons of grain, an extensive unloading plant 
obtained with eight hours in the whole range of tempera- | whilst the aluminium content, though usually only a | capable of dealing with 24 45-ton trucks at the same 
& pera | component of the solid solution, may raise the hardness | time, and an elaborate system of belt conveyors by 


a) ¢ = ail : . | ; : 7 = 
ture. Control tests with a somewhat higher annealing | without influencing the age-hardening itself. Similarly | ™€2s of which it will be possible to load grain to ships 
at the rate of 6,000 tons per hour. The whole contract. 


tomnperntane, and with a prolonged annealing period, | to the aluminium alloys which age-harden to a greater 
confirmed that a very small but noticeable age-harden- | seit, lenin aieieialiids 8 f th & d with the exception of certain railway work and founda- 
ing can be obtained with the alloy Z3. It was also a “— v3 e ae taneous presence of the compounds | tions, will be carried out by Messrs. Henry Simon, 
found in these tests that the extension of the annealing | {\82! 9” CuAlp, the age-hardening effect of the | Limited, at a total cost of 800,000/. The machinery 
period over one hour has no influence upon the rolled | Elektron alloys also seems to be relatively greater when | for the new plant will be made in the company’s new 
samples. The samples were aged, in this part of the two components are present simultaneously, even when | works at Cheadle Heath, near Manchester. The plant 
P h for 40 h t 150 44 4 C. Thi e the | One of these components is present in such an amount | will be electrically driven, involving the use of approxi- 
en —= OB cg) Save MC | that the limit of solubility at room temperature is not | ™&tely 150 separate motors, totalling 10,500  h.p. : 
ry aad — — a 4 , vet reached and Messrs. Simons’ contract includes the transformer 
—The Magnesium-Aluminium-Zinc Alloys.—To | - = at atin a a | sub-station, electric lighting, telephone, and a special 
this group belong the alloys AZM and AZ551. The | cone alloy 42551 differs from the alloy A5 only by ® | system of signalling to facilitate the rapid working of 
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CONTRACT FOR GRAIN-HANDLING PLANT FOR THE 


mewhat higher aluminium content (5-5 per cent. | the r Iti i t 
nt granary. It is expected that the new equipment 
® Loc. cit. | against 5 per cent.), and by the addition of 1 per cent. | will be ready for dealing with the 1930 son. - 
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ENGINEERING. 


7-FT. RADIAL DRILL WITH SPINDLE MOTOR DRIVE. 


CONSTRUCTED BY THE RABOMA-MASCHINENFABRIK, BERLIN. 

















THE RABOMA RADIAL DRILLING | saddle when it is traversed by hand. The saddle, 
MACHINE | when being clamped, is slightly lifted to the bottom 
° | edge of the lower slide, and pressed to the face of the 
Tue high power radial drilling machine, a photograph | slides, so that there is no movement or yielding at the 
of which we reproduce in the annexed figure, was shown | commencement of drilling or when the thrust is relieved 
by Messrs. E. H. Jones (Machine Tools), Ltd., Britannia | by the drill breaking through the work. 
Wharf, Baldwin Terrace, N.1, at the recent Shipping,| The drive is by a vertical motor, from the motor 
Engineering and Machinery Exhibition at Olympia, | spindle to a shaft carrying a pinion, the whole being 
and is a good example of the German machine tool- | mounted in a special bearing. A usual equipment is 
maker’s art. As will be seen, there is a separate motor | an automatic starting control, by which easy and rapid 
for raising and lowering the arm, as well as one for | regulation of the motor is obtained. This is not shown 
driving the spindle and the feed mechanism. A saving | in the figure. There are three mechanical changes, 
of 50 to 60 per cent. in current consumption is claimed | operated by a single lever, obtained through sliding 
for this feature, largely due to the elimination of hori-| gears, the spline shafts and gears being of chrome 
zontal and vertical driving shafts, and their attendant | nickel steel, hardened and ground. 
bevel wheels. Stiffness during working is held to be| The speeds are further increased to six through the 
one of the other great advantages of the machine. The | medium of a friction clutch. This clutch is used for 
column consists of a central! pillar securely bolted to | tapping and gives an accelerated reverse speed which 
the bedplate, inside a sleeve of ample diameter upon | can be converted to forward running by a reverse on the 
which the arm is carried. Dead weight and side thrust | motor. The use of a variable speed motor increases the 
are provided for by ball and roller bearings respectively. | speeds to twelve in the case of A.C. current, but with D.C. 
The column turns easily in its bearings for the slewing | current a motor giving 12 speeds can be used and with 
of the arm and is locked in place by a double cone split | this 72 spindle speeds are available. There are also 
Ting on the base casting of the column, which can be | eight feed changes. These are obtained by sliding 
operated by a magnetic device controlled by push buttons | gears operated by two levers in the centre of the saddle. 
on the saddle. With this attachment all controls with the | The drive from the feed gear box to the feed worm is 
exception of the arm elevating lever, are centralised. The | fitted with a safety clutch, to prevent damage from over- 
saddle guides are tied to the arm casting by diagonal | loading, and the worm wheel is also fitted with a clutch 
webs, below and above the slides, and this webbing is| which ensures positive feed without slip under the 
also carried out behind the saddle guides. The main | heaviest load. The depth of the hole required can be 
object of this arrangement is not so much to ensure | set on an index dial by an adjustable stop which trips 
rigidity in a vertical plane, as to provide it against | the feed. The spindle is also automatically tripped in 








the torsional stress imposed on the arm by 
of the drill spindle relative to the slide. “The saddle is 
carried on rollers fitted in an adjustable gib strip and 
the top edge of the upper slide, on which these rollers 
run, is covered by a strip of hard steel, kept taut by the 
reel seen in the figure above the hand slewing lever. 


the position | both its extreme positions. Quick and fine hand feeds 


are also provided. The tapping clutch is self-adjusting 
and has a neutral position to stop the spindle. Its 
design renders it practically free from wear. Auto- 
matic lubrication is fitted throughout. All gears run 
in an oil bath and the bearings are lubricated by a 


Its function is to protect the slide from indentation pressure pump. Windows are fitted to show the oil 
level. 


by the rollers. This ensures very free running of 
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The machines are of two patterns of which the newest 
is that shown in the figure. It is made in four drill 
sizes requiring maximum horse powers of 5, 7-5, 10, 
and 20-h.p. respectively. Each size further, is manu- 
factured in two or more radii of arm, and the range of 
the total number of machines thus covered is indicated 
by the following minimum and maximum figures. 
Effective radius 314 in. to 124 in. Greatest distance 
between spindle and baseplate 51 in. to 100 in. Travel 
of spindle 11-8 in. to 19-7 in. Diameter of larzest hole 
drilled in steel of 31-75 tons per square inch tensile 
strength 1-96 in. to 4:33 in. Diameter of Whitworth 
thread cut in the same steel 1} in. to 4in. Correspond- 
ing figures for plain drilling and tapping in grey cast iron 
2-56 in. to 5-9 in. and 2in.to5in. The makers are 
Messrs. Raboma-Maschinenfabrik, Hemann Schoening, 
Berlin-Borsigwalde. 








CATALOGUES. 


Electric Fittings.—A new catalogue of switches and 
kindred fittings is to hand from Messrs. M. K. Electric, 
Limited, Wakefield-street, Edmonton, London, N.18. 


Jacks.—A list of hydraulic jacks from 1 to 50 tons 
lifting capacity, including a number of types suitable for 
motor cars and other vehicles, is to hand from Messrs. 
Henry Miller and Company, Walmer-road, London, W.11. 


Electric Lamps.—Messrs. Philips Lamps, Limited, 145, 
Charing Cross-road, London, W.C.2, have sent us a 
sheet of illustrations of electric lamps suitable for all 
general purposes, including the lighting of vehicles and 


signs. Prices are stated. 
Temperature Measurement.—Two catalogues are to 
hand from Messrs. Siemens Brothers and Company, 


Limited, Woolwich, London, 8.E.18, relating to electrical 
thermometers and pyrometers, with apparatus for indi- 
cating and recording at a distance. 


Electric Welding.—Electrodes and electric welding 
plants are described in a catalogue received from the 
Quasi-Are Company, Limited, 15, Grosvenor-gardens, 
London, S.W.1. The explanatory matter relating to the 
electrical equipment is of special interest. 


Elevators and Conveyors.—A catalogue illustrating 
several types of elevators, conveyors and rotary screens 
is to hand from Messrs. Head, Wrightson and Company, 
Limited, Stockton-on-Tees. They are mainly intended 
for heavy work such as that required in ore crushing mills. 


Driving Chains.—A list of standard driving chains, 
pinions, wheels and accessories is to hand from Messrs. 
Hans Renold Limited, Didsbury, Manchester, with a 
pamphlet illustrating many applications. The sizes 
kept in stock range up to 100 h.p. for low and high speeds. 


Concrete-Block Making Machines.—From the Miles 
Manufacturing Company, Jackson, Michigan, U.S.A., 
we have received illustrations and particulars of three 
types of machines for manufacturing concrete blocks, 
tiles, &c., one of which is intended for operation by hand. 
In all cases high output is claimed. 


Oil and Petrol Engines.—Two new catalogues of oil 
and petrol engines are to hand from the Parsons Oil 
Engine Company, Limited, Southampton. One catalogue 
deals with stationary engines of 14 h.p. to 140 h.p., for 
the usual drives, including electric generation; the other 
with marine engines in the same range of powers. Each 
contains full specifications and useful descriptive matter. 


Water Lifter—The Hydrautomat system of raising 
water employs power obtained from low natural falls, 
as low as 3 ft., for raising water to higher levels. The 
apparatus, which is without moving parts, is described 
in a catalogue issued by Hydrautomat, Limited, Victoria 
Station House, London, §8.W.1. An installation at 
Dorking was illustrated and described on page 278 of 
our 121st volume. 


Automatic Substations.—The General Electric Company, 
Limited, Kingsway, London, W.C.2, have sent us two 
pamphlets describing rotary-converter substations fitted 
with automatic control which they have made and in- 
stalled. One type is entirely automatic and is fitted to 
two substations on the Sutton Coldfield Corporation’s 
system. The other, installed at Macclesfield, is of the 
supervisory-control type. 


Radiators.—In the Oatway auto-radiator heat is 
radiated from water heated electrically, and moving in 
a closed circuit. The external appearance is somewhat 
like that of a motor car radiator. It is made in 
portable and fixed forms ; a glow-fire attachment is also 
supplied. The sole agents are Messrs. 8. B. Smith and 
Company, Limited, 14, Savoy-street, Strand, London, 
W.C.1., who have issued a descriptive catalogue. 


Drop-Forged, Alloy-Steel Tools.—Messrs. J. H. Williams 
& Co., Buffalo, New York, U.S.A., have sent us a copy of 
the 20th edition of their catalogue. The new goods 
described therein include drop-forged, chrome-molyb- 
denum wrenches, termed ‘Superrenches.’’ These tools 
are made in five patterns and are guaranteed against 
breakage. Recent modifications to other tools made by 
the firm are also dealt with in the catalogue. 


Electric Cables.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancs., have sent us a new pocket-size 
catalogue containing a brief description of their products 
as an introduction to the fully-detailed catalogues issued 
foreachitem. A leaflet, of usual catalogue size, containing 
a list of the products-—which is practically a list of cata- 
logues, and a dimensioned list of aluminium single wire 
and stranded conductors have also come to hand, 








ENGINEERING. 


[Nov. 4, 1927. 








‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, §c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


272,615. R. P. Doxford, Sunderland, and K. O. 
Keller, Sunderland. Internal-Combustion Engines. 
(1 Fig.). March 18, 1926.—The invention has for its 
object to provide an improved means for retarding or 
stopping an internal-combustion engine. 10, 11 indicate 
two cylinders of an opposed-piston engine, the working 
cycles of the two cylinders being 180 deg. out of phase. 
The pistons 12, 13 of the cylinder 10 are shown in the 
positions occupied at the end of an inward or com- 
pression stroke, and the pistons 14, 15 of the cylinder 11 
are shown in the positions occupied at the end of their 
outward or expansion stroke, being about to commence 
a compression stroke. The inlet- and exhaust-ports of 
the hai 10 are indicated, respectively, at 16, 17 and 
the corresponding ports for the cylinder 11 at 18, 19. 
In carrying out the invention, each of the cylinders is 
provided with a port 20, 21, respectively, opening into 
the combustion-chamber between the two pistons, these 
ports being so positioned that they are not covered at any 
time by the pistons. Each port is controlled by a valve 
22, 23, respectively, and any convenient means is provided 
for opening and closing these valves. As indicated, 
a rotating cam 24 operates on the valve stems through 
bell-crank levers 25, 26. |The ports 20, 21 communicate 
with one another by means of a conduit 27, and, if 
desired, there may be provided a valve-controlled outlet 
28 from this conduit to atmosphere. In the normal 
operation of the engine, the valves 22 and 23 are main- 
tained closed, but if it is desired to stop the engine, the 
fuel supply of each of the cylinders is cut off, and the 
cam 24 is rendered operative on the valves’22, 23. When 
the pistons 12, 13 have approached one another on a 
compression stroke, the valves are opened at or near the 
end of such compression stroke and the compressed 
gaseous content of the cylinder 10 is thereby allowed to 
escape through the conduit 27 into the cylinder 11 and 














“(272.615, 


the valves 22, 23 are then closed. The energy which has 
been absorbed in compressing the content of the cylinder 
10 is thereby largely dissipated, and is not available to 
perform any work on the pistons 12, 13 during their 
subsequent separating movement. Whilst the charge 
is being transferred to the cylinder 11, its pistons 14, 15 
start to approach one another. As soon as they have 
passed the ports 19, 18, respectively, and closed them, 
compression commences in this cylinder. Since it 
originally contained gas or air at, say, atmospheric 
pressure, the addition to it of the gas or air transferred 
from the cylinder 10 increases the initial pressure at the 
beginning of the compression stroke, so that the final 
compression pressure attained in the cylinder 11 is 
considerably higher than would otherwise be the case. 
A greater amount of energy is thereby absorbed, so that 
the retarding effect has been increased by depriving the 
first cylinder of its compresse1 eontent, which would 
expand and do work on the subsequent stroke, and by 
increasing the pressure of the gas which has to be com- 
pressed in the second cylinder. When the pistons in 
the cylinder 11 approach or reach the end of their com- 
pression stroke, the valves 22 and 23, are again opened, 
so that the super-compressed charge in the cylinder 11 
is transferred back again by the conduit 27 to the 
cylinder 10, the pistons in this cylinder being now about 
to commence a compression stroke. Returning now to 
the cylinder 10, at the end of its first compression stroke, 
when the compressed charge has been released from it 
into the cylinder 11, the valves 22, 23 are closed. The 
comparatively small quantity of air or gas remaining 
in the cylinder 10 is now expanded by the operating move- 
ment of the pistons, and such expansion soon reduces 
it below atmospheric pressure, so that the outward move- 
ment of the pistons is opposed by the difference between 
the internal pressure and the atmospheric pressure out- 








side. When the pistons reach the end of their stroke 
the opening of the exhaust-port (or the inlet-port) 
admits a charge of air under atmospheric pressure. As 
the pistons 12 and 13 commence their second com- 
pression stroke, the super-compressed charge from the 
cylinder 11 is admitted to the cylinder 10, as above 
mentioned, so that a still further supercompression is 
effected in the cylinder 10 and gives a correspondingly 
increased retarding effect. (Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


273,779. B. Talbot, Middlesbrough. Metallur- 
gical Furnace Plant. (14 Figs.) March 5, 1926.—The 
invention relates to metallurgical furnaces in which 
the furnace has separate from its main hearth 1, and 
at one or both ends thereof, one or more baths 6 for 
melting metal or keeping metal molten, the bath or 
baths being heated by waste gases from the furnace. 
In accordance with the invention, a gas port or ports 9, 
and also, if necessary, air ports 10, are provided at a 
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convenient point or points in the walls of the auxiliary 
bath chamber 6 and are connected with suitable sources 
of supply, the combustion of the gaseous fuel so supplied 
in the space immediately above the bath serving to 
increase the temperature of the bath to the required 
extent above that obtainable from the heat derived 
from the waste gases from the main furnace 1. The 
air supply to the auxiliary bath chamber 6 may be 
preheated if desired, as by passing it through an air 
recuperator, which may be formed within or adjacent 
to the chequerwork of the main regenerator of the 


furnace. (Accepted July 20, 1927.) 
MOTOR ROAD VEHICLES. 
272,381. Bean Cars, Limited, Dudley, and 


H. K. Thomas, Dudley. Front Axles and Springs. 
(2 Figs.) November 6, 1926.—The invention relates 
to the front axles and springs of motor vehicles. The 
invention consists in providing below, and substantially 
in the same vertical plane as, each spring c a rigid 
torque member hk which, at its forward end, is of greater 
depth than the axle a to which the torque member 
is secured at points above and below the horizontal 
centre line of the axle, the rear end of the torque member 
being pivotally connected to a fixed anchorage m upon, 

















or adjacent to, the spring mounting. The torque member 


is preferably of T section, with its flanges n extended | 


and reinforced at the forward end for attachment to 
the axle a. The attachment of the torque member to 
the axle is conveniently made by a single vertical 
bolt g passing through the flanges of the member and 
through an enlargement or boss on the axle a, so that 
the axle has complete freedom of motion. The head 
of the bolt q conveniently receives the forward end 
of the main leaf or leaves of the springs c. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


271,551. T. O. Wilton, Westminster, London. 
Furnace Grates. (5 Figs.) February 22, 1926.— 


The invention relates to furnace grates. A furnace 
grate made according to the invention comprises a 
plurality of furnace bars formed with apertures adapted 
to constitute by their juxtaposition passages into which 








air or steam are injected and forced into the fuel 
through vents formed at the top of the bars. The 
passages are blanked off at intervals by means of 
plates 2, provided with apertures to equalise the draught 
through the grate in different portions of the furnace. 
The bars 1 are provided with recesses 3 below the vents, 
adapted to form constricted pockets which communicate 
with the vents. The bars are formed with recesses 13 

















constituting saddles which rest upon, and are supported 
by, longitudinal rods 12. A chamber 8 at the rear of 
the grate has an upwardly inclined top provided with 
vents 10, one row of vents being disposed in the vicinity 
of the furnace bridge and adapted to direct the blast trans- 
versely of the draught carrying off the products of com- 
bustion so as to cause a whirling motion of the furnace 
gases. (Svaled.) 


MISCELLANEOUS. 


273,863. C. Whittaker & Company, Limited, 
Accrington, and N. Whittaker, Accrington. Brick- 
Making Machines. (4 Figs.) May 25, 1926.—The 
invention relates to semi-plastic brick-making machines. 
According to the invention, the material is. delivered 
by a chute on to a reciprocating carriage on which 
it is formed into a clot of approximately the size of 
the mould by a horizontally reciprocating slide or 
ram, the clot falling off the carriage on the rearward 
movement thereof and beings pushed over the mould 
on the next forward movement of the carriage. The 
machine has a reciprocating carriage A, sliding over 
the feed table B and actuated by a lever D. A 
slide G slides on the upper surface of the carriage A 
and is connected to the lever D above the point at 
which the rod which operates the carriage A is con- 
nected thereto. The chute H is arranged above the 
slide G, so that the material will fall on to the upper 
surface of the carriage A in front of the plate g which 
forms the end of the slide G and is heated to prevent the 
clot from sticking. A fixed plate G1 is arranged above the 
table B at a distance from the plate g, when the slide G 











(273,863) 





is at the end of its stroke, equal to the width of the clot, 
the clot being formed by the compression of the material 
between the plate g and the plate Gl. A heated plunger 
J is arranged above the position of the finished clot. 
The plunger J is forced downwards by the bracket f, 
carried by the upper plunger F, after the latter has 
travelled a certain distance. The bracket f slides over 
a plunger rod and engages on a collar 7 thereon. 
The upward movement of the plunger J is caused by 
the weight k. In operation, the charge of material is 
fed on to the top surface of the carriage A in front of 
the slide G. On the forward movement of the latter, 
the material is compressed by the plate g against the 
fixed plate G! to form the clot, the plunger J at the 
same time coming down on to the top of the material. 
On the rearward movement of the carriage A and the 
slide G, the clot just formed falls on to the surface of 
the table B which is in the same horizontal plane as 
the top of the mould M, so that on the next forward 
movement of the carriage A, the clot is pushed into the 
machine over the mould. At the same time, the next 
clot is being formed so that at each stroke of the machine 
a clot is formed and is pushed into position over the 





mould on the next stroke. (Accepted July 20, 1927.) 
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THE HOLLAND VEHICULAR TUNNEL 
UNDER THE HUDSON RIVER. 
By Frank W. Sxrnner, M.Am.Soc.C.E. 

In 1920 the city of New York, including the adja- 
cent metropolitan district, had a population of about 
8,000,000, of which 5,600,000 were in the five 
boroughs of the city and about 2,300,000 in Man- 
hattan Island, which alone originally constituted 
the city of New York, and is about 12} miles long 
with a maximum width of 2} miles. Manhattan 
Island is separated from the state of New Jersey 
by the Hudson River which, opposite Canal-street, 
near the southern end of the island, where: the 
financial and wholesale districts are situated, has 





appointed chief engineer of the joint commissions, 
and on January 6, 1920, recommended the construc- 
tion of twin tunnel tubes, 29} ft. in external diameter, 
each tube providing for two lines of one-way 
traffic over a 20-ft. roadway in each tube, with an 
estimated annual capacity of both tubes for 
15,000,000 vehicles in both directions. It was esti- 
mated that on the completion of the tunnel, the 
initial annual traffic in both directions would be 
about 5,600,000 vehicles. These figures were based 
on very careful computations of the traffic observed 
on the eleven principal ferries and on lighters. 
The forecast of 1920 indicated that the rate of 
increase of traffic would result in the tunnel being 
taxed to full capacity by 1937, and that in 1943 
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a width of about 5,000 ft. between bulkhead lines 
and about 3,200 ft. between pierheads where the 
depth is approximately 30 ft. In New York 
the piers jut out generally at right angles from 
the shore. The “ bulkhead line” is the shore or 
quay line from which the piers project. 

Hitherto the only means of transportation across 
the Hudson River at New York, either for pedes- 
trians or for vehicles, has been by a number of 
steamboat ferries and by eight single-track railroad 
and electric car tunnel tubes, or by lighters. There 
are no bridges for a distance of many miles up the 
river, although a 3,500-ft. span suspension bridge 
at Fort Washington near the northern extremity 
of Manhattan Island is now actually under con- 
struction. 

With the increasing amount of automobile traffic, 
the various ferries had become greatly overtaxed 
and the traffic on them was always congested, 
especially on Sundays and holidays when it has 
been sometimes necessary for vehicles to wait in 
line for several hours before crossing the river. 

In view of these conditions, the states of New York 
and New Jersey passed legislation for the construc- 
tion, maintenance and operation of a vehicular tunnel 
and after approval by the President and Congress 
of the United States, a separate bridge and tunnel 
commission was appointed by each of these two 
states. The late Mr. Clifford M. Holland was 
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traffic would probably amount to a total of 22,300,000 
vehicles without decreasing the present demand on 
the ferries. 

The daily capacity of the tunnel as constructed 
is estimated to be 23,000 vehicles each way, and 
the probable hourly maximum, 1,900 vehicles each 
way. The records for 1925, the latest available, 
at this date, show a total traffic of 12,432,672 
vehicles using the New York-Hudson River ferries, 
and the congestion has become so great that it is 
certain that the tunnel traffic will be very large 
from the first. The tolls are expected easily to 
cover maintenance and amortization charges, and 
there is every probability that an additional tunnel 
or tunnels will be required almost immediately. 
In 1925 the traffic was 104 per cent. greater than 
in 1924. 

The location and layout of the tunnel offer the 
shortest line of transit between the centres of 
business at both ends without interfering with the 
development of the port, and secure the best procu- 
rable distribution of traffic and the least congestion 
entering and leaving the tunnel. The tunnel has 
been located at Canal-street, Manhattan, in the 
centre of the downtown traffic, and is provided with 
large duplex entrances and exits at both ends. 
The depth and consequently the grades were made 
as small as permissible with the requirements 
of the U.S. Department of War and with safe 








construction and maintenance. The map given 
in Fig. 1 shows the general layout of the two tubes 
with their approaches, &c., while Figs. 2 and 3 
show to a larger scale the arrangements adopted. 

Borings showed that the river bed was covered 
in the slips with from 5 to 20 ft. of semi-fluid black 
organic matter, which, however, was not present 
in the channel proper. It was underlaid by black 
mud or by Hudson River silt composed principally 
of clay with a considerable percentage of very 
fine quartz sand. Between this stratum and the 
bed rock there is a layer of hardpan containing 
boulders and coarse sand, with a maximum thick- 
ness of about 15 ft. The supporting power of the 
silt is so small that piles penetrate it from 20 to 34 ft. 
under their own weight alone, so that its tendency 
to flow into an open excavation is considerable, 
and its ability to support material loads near the 
surface almost nil. Analyses of the lower stratum 
of mud and of the river water indicated freedom 
from acids dangerous to construction materials. 

An investigation of the dimensions of vehicles 
using the New York ferries, and inquiries among 
automobile manufacturers, resulted in the decision 
to provide for vehicles 12 ft. 2 in. high and 8 ft. 
wide. In order to allow for jacking up vehicles in 
case of breakdowns and for unevenness in the 
surface of the roadway, a clear headroom of 
13 ft. 6 in. was adopted. The tunnel dimensions 
allow two vehicles of maximum width to pass each 
other. 

Consideration was given to various schemes of 
transport for vehicles through the tunnel, but it 
was finally recommended that they should be 
worked through under their own power. With 
the traffic and length involved, this has necessitated 
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special provision for ventilation. Ample duct 
space is provided for by the depth between the 
horizontal ceiling and the horizontal floor and the 
circular tunnel lining. This subject is reverted 
to below in greater detail. 

A considerable amount of experience had pre- 
viously been obtained in New York in subaqueous 
tunnel construction by the shield method, which 
had*already been successfully adopted for most of 
the 22 railroad tunnel tubes previously built. 
Among other factors, its freedom from obstructing 
navigation in the crowded waters of the harbour 
has proved a very important advantage. 

On the other hand, the open-trench method of 
construction, with a floating plant in the river, was 
claimed to offer economical advantages both for 
excavation and for the construction of the tunnel 
sections. However, this method has been used for 
only a few tunnels, and these where conditions were 
more favourable than in New York harbour. It 
was therefore considered inadvisable to adopt it 
here. 

The chief engineer considered eight different 
plans, covering a wide range of proposals, including 
single and double-deck tunnels, and various sugges- 
tions for using pre-cast sections in trench, or tremie 
methods of construction. 

The main tunnel as adopted consists of two 
29-ft. 6-in. cast-iron concrete-lined tubes, driven 
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about 65 ft. apart, centre to centre. Active | 
construction was commenced in October, 1920 
and has just been completed, at a cost of approxi- 
mately 48,000,000 dols. The total length of tunnel 
is 9,250 ft., the distance between portals being 
8,463 ft. The distance between river shafts is | 
3,374 ft., and the length of the under-river portion 
5,480 ft. The maximum depth below mean high | 
water to the top of the tunnel is 72 ft., to the road- 
way level 93 ft., while the maximum up grade is 
3°8 per cent., and the maximum down grade 
4-06 per cent. The maximum amount of fresh | 
air forced into tunnel for ventilating purposes is 
3,761,000 cub. ft. per minute, completing 42 
changes of the tunnel air per hour. The total 
excavation involved amounted to about 530,000 cub. 
yards. The weight of the cast-iron tunnel lining 
amounted to 115,000 tons, while concrete required | 
amounted to about 130,000 yards, exclusive of 
buildings. 

The river tubes, being 29} ft. in diameter, are 
the second largest tubes ever built, exceeding by 
64 ft. the Pennsylvania railroad tubes, under the 
Hudson river, about one mile distant. At the 
west end the diameter of one of the tubes has been 











Structural Sitio iiailidadile most of the sub- 
aqueous tunnels already built have made use of 
the same type of segmental cast-iron shells in- 
stalled by the shield method, their dimensions 
and other factors were so different that they did 
not provide conclusive or adequate data for the 
design of the Holland tunnel. The compara- 
tively short Rotherhithe and Blackwall vehicular 
tunnels under the Thames, 30 ft. and 27 ft. in 
diameter, were driven through clay and sand, 
had lighter segments, the segment flange joints 
were gasketed with wood, and none of them have 
mechanical ventilation. The Pennsylvania and 
MacAdoo tubes, although located in similar materials 
within a radius of 3 miles of the Holland tunnel, 
and the river tunnels of the New York subway 
system, had only diameters of 23 ft., 17 ft. and 
16 ft., and in some cases had provisions for the 
installation of-anchor piles which were not con- 
sidered for the Holland tunnel. 

The determination of diameter was governed 
by the traffic requirements for roadway width 
and by the necessary space for the ventilation 
ducts. The diameter being fixed, the thickness 
was made sufficient to resist the forces due to the 











corresponding computations were made, taking 
into account the variable action and the positive 
cohesion of the silt, as differing from the Rankine 
theory previously employed, based on the assump- 
tion that silt is granular, without cohesion and 
has an angle of repose of from 3 to 20 deg. 

The rings were assumed to be subject to com- 
pression from the surcharge of 38 ft. of water and 
31 ft. of silt, weighing respectively 64 and 104 lb. 
per cubic foot, plus pressure due to the deflection 
of the shield from the tunnel axis and also due 
to various stresses from the shifting of the material 
penetrated, immediately after the shield is driven 
and before equilibrium is established in it. 

Abundant rigidity being necessary, to reduce 
flexibility and to insure watertightness, the segment 
flanges were made stiff enough to withstand local 
bending, and special studies were made to determine 
the most efficient locations of flange bolts and the 
maximum bending stresses in the radial and 
circumferential joints. It was found that there 
were important local bending stresses in the flanges 
themselves which had not been previously ana- 
lysed, and these were reduced by making material 
changes in the diameters and positions of the 
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increased for 800 ft. to 30 ft. 4 in., to meet venti- | 


lation requirements, thus exceeding in this section | 


by 4 in. the diameter of the Rotherhithe Tunnel | 
under the Thames, London, the largest previous | 
sub-aqueous tunnel in the world. The cast-iron | 
tubes are composed of transverse sectional rings 
30 in. long, each made up of a 12-024 in. key, | 
and 14 duplicate 77-531-in. segments bolted to- | 
gether and to the adjacent rings through deep, | 
thick, planed interior flanges on every side. The | 
weight of the rings varies with the thickness of their | 
webs, up toa maximum of about 70,000 Ib. per linear 
foot. The rings are lined with concrete 12 in. thick. | 

The approaches at both ends of the circular | 
tunnels are of rectangular cross section, their | 
design being similar to that of the New York 
City subways, with transverse structural steel 
bents, flat roof, and heavy horizontal and vertical | 
concrete slabs enclosing the steel work. Each 
tunnel is provided at each end with a ventilation 
shaft on the shore side of each pier-head line and 
another on the shore side of each bulkhead line, 
making a total of eight shafts. These were made 
use of for construction purposes. There are also 
on each side of the river two large buildings for 
the installation of the mechanical equipment 
used for ventilation purposes. At both ends of 
both tunnels large separate plazas, four in all, are 
provided at street level for the distribution of 
traffic and the prevention of undue congestion at 
the entrance and exits. These various features will | 
be seen in Figs. 2 and 3. 


| changing pressure produced by the exterior material. 
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Weight per Cub. Ft. and Angle of Repose in Mud. 


104 Ib. 20° 0’ (1:2 





Location. Value. 





Maximum thrust normal to joint. 
Maximum moment . . 

Maximum unit compression ‘in cast iron. 
Maximum unit tension in cast iron 


95,940 
1,863,070 
23,290 
20,600 


Haunch. 
Invert. 
Haunch. 
Invert. 








Compression { Extrados 


ed ress in cast iron | SOmy 
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Invert — 
+ 10,270 
— 20,600 
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Crown — 
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20,110 


6,810 
- 23,290 








driving of the shield and the intermittent and 
294-foot tubes have a combined 
length of 12,738 ft. They have a minimum cover 
of 16 ft., and a maximum of 40 ft. There is 
about 3,123 ft. of the subway type of construc- 
tion anda small amount of open cut. The maximum 
depth of water was 56 ft. ; the Government dredg- 
ing line was 45 ft. below mean high water. The 
shields were driven through about 1,000 ft. of 
rock, the remainder of the distance being through 
silt and sand. 

A study of the buoyancy of the overlying materials 


indicated that different soil pressure were developed 


The single 


Weight of internal construction is included in loads. 
All values except unit stresses are based on one foot of tunnel. 





according to the weight and diameter of the tubes, 


and numerous widely varying assumptions and 


Ring alone would float in ¢ <3° 20’ mud. 
Active “earth ’’ pressures are applied. 
The bolts were made with 
reduced diameters, of high tension steel, and 
of the form shown in Fig. 12, thereby saving 
about 450,000 dols. One bolt, nut, and washer 
weighed about 10 lb. in comparison with 21 Ib. 
for the larger bolt of mild steel; 869,000 1%-in. 
bolts 83 in. long were required. They were put 
under an initial tension of 25,000 Ib. per square 
inch by the special wrenches used. The segments 
were made thicker and stronger than those for 
previous tunnels, most of them being of cast iron 
and weighing about 3,000 Ib. each, while those for 
the 800 ft. length, previously mentioned, were of 
cast steel, and somewhat heavier. 

The introduction of adjustable high-tension 
horizontal rods at floor and ceiling levels reduced 


connecting bolts. 
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by about 50 per cent. the possible bending moment 


due to the flexure of rings. The maximum flattening 
of the rings was less than 2 in. 

These stays will be noticed in the section of the 
tube given in Fig. 5. 

In making the analyses and computing the 
various stresses, it was assumed, as stated above, 
that the tunnel rings were surcharged with 31 ft. 
of silt weighing 104 lb. per cubic foot, and with 
38 ft. of water, and were subjected simultaneously to 
40 lb. per square inch internal air pressure. Elastic 
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The conclusions arrived at were substantially as 
follows :—That either positive or negative bending 
moments, besides direct thrust, may be developed 
in the ring ; that there are maximum tension stresses 
when the thrust falls outside the neutral axis and 
maximum compression stresses when it is inside the 
neutral axis ; that the joints are the weakest parts 
of the ring ; that the critical stress in a segment is 
adjacent to the joint at the intersection of the 
circumferential flange and is due to normal bending 
stress in the segment, modified by the circumferen- 
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limits of 40,000 lb. and 80,000 Ib. were adopted for 
the ordinary and high-tension steel bolts respec- 
tively. True equilibrium polygons of the tunnel 
ring were made by the method of least work and 
by the method of deflection, and from them resultant 
thrusts and bending moments in the rings were 
determined. The stresses in the rings were deter- 
mined by assuming them to be without joints, and 
by a supplemental analysis of the effects of joints 
and bolts under stress. The elasticity of the bolts, 
bending of the segment flanges, the transfer of 
compression from the joints to the body of the 
segment, a tendency of the joints to open under 
tension between circumferential flanges, were 
considered, and the results were plotted as curves 
in terms of the angles of repose. Typical curves for 
mud having an angle of repose of 20 deg. and under 
the depth conditions previously given, are reproduced 
in Figs. 6 and 7. The table on page 602 gives 
data relating to the cases taken in Figs. 6 and 7. 





tial bolt action combined with stress from local 
bending induced by end flange bolts. 

It appears that the strength of the joint is greater 
the tighter it is drawn up. The nearer the outer 
bolts in the flange of a segment approach the web, 
and the nearer the two side bolts of the inner three 
approach the circumferential flanges, the greater 
the reduction of local bending stresses and joint 
compression. The local strength of a segment is 
materially increased by thickening the flange metal 
inside at the corners of the segment, which is 
consistent with the web-thickening system of earlier 
designs. 

In accordance with these conclusions, ordinary 
segments were made with webs having a thickness 
of 14 in. in the centre and 2 in. at the edges, with 
flanges 24 in. thick and 14 in. deep reinforced by 
gusset braces 2 in. thick and about 25 in. apart 
and connected together with five 13-in. high-tension 
steel bolts through each longitudinal flange and 








six through each transverse or circumferential 
flange. A 1}-in. grout hole in each segment web 
was closed with a screw plug. These features will 
be found to be illustrated in Figs. 8 to 12. 

Ventilation.—Before the detailed design of the 
tunnel was commenced elaborate investigations 
were made to determine the best methods of elimi- 
nating danger in the long tunnel from the exhaust 
produced by petrol engines of motor vehicles. The 
great length of the tunnel, 8,463 ft. between portals, 
and the heavy traffic up to a possible maximum of 
1,900 motor vehicles per hour, would necessarily 
result in a production and accumulation of gas 
likely to prove extremely dangerous unless adequate 
and reliable means were provided for its rapid and 
continuous removal with the complementary 
assurance of an abundance of pure air. 

Elaborate investigations were therefore made to 
determine the amount and composition of the 
exhaust gases from motor vehicles, to determine the 
dilution necessary to render the exhaust gases 
harmless, and to determine the method and equip- 
ment necessary for adequate ventilation. 

The carbon monoxide produced by the incomplete 
combustion of gasoline was demonstrated to be the 
only dangerous or disagreeable product of motor- 
vehicle engines. Co-operating with the Federal 
Bureau of Mines experiment station at Pittsburgh, 
the engineering staff of the tunnel made investiga- 
tions relative to the amount and necessary dilution 
of gases involved. These were completed , by 
November 1, 1920. 

Experiments with 101 passenger cars and’ lorries 
at various speeds and capacities loaded and unloaded, 
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idling, moving or accelerating on up or down 
grades at different speeds up to 15 miles per hour, 
were made and gas samples taken directly from 
the exhaust pipes. The maximum amount of 
CO produced in cubic feet per minute was 2-43 
for trucks and 1-33 for passenger cars. The 
average of the tests of all cars gave a maximum of 
2-11 ft. of CO per car when the cars were accelerating 
from, rest up maximum grades. In order to deter- 
mine the physiological effect of CO, a large number 
of tests of one hour’s duration were made on members 
of the staff and others and on animals, with amounts 
of CO ranging from two parts in ten thousand to 
ten parts in ten thousand. Part of the tests were 
made in a chamber of 226 cub. ft. capacity, with 
one subject at a time, and part of them in a large 
chamber of 12,000 cub. ft. capacity, which would 
accommodate 20 persons. No appreciable effect 


was observed after one hour’s exposure to 4 parts 
of CO in 10,000; only slight effects by 6 parts ; 
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8 parts caused discomfort for hours but did not 
interfere with desk work. 

As the entire length of the tunnel can be covered 
in 314 minutes at a speed of 3 m.p.h., and in 9} 
minutes, at the probable ordinary speed of 10 m.p.h., 
it was considered that a standard based on 45 minutes 
time in the tunnel would assure the safety of 
passengers. It was concluded therefore that perfect 


safety would be assured, by limiting the proportion 
of CO to 4 parts in 10,000, and provisions have 
been made to effect this by dilution by pure outside 


high velocity, ventilation will not be affected by 
traffic nor by the direction of the wind, and the 
exhaust gases will be quickly diluted and removed. 
As frictional resistance, and consequently the cost 
of ventilation, increases rapidly with the length of the 
ventilation ducts, the latter were made as short as 
possible but necessarily extend from pierhead shaft 
to pierhead shaft, a distance of 3,374 ft. within 
which no tunnel obstructions can be permitted. 
Ventilating shafts with fans were accordingly located 
as near as possible to these points and at two other 
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tight rooms and discharge into stacks with outlets at 
a sufficient” height above the roof to prevent the 
foul air issuing from them reaching the fresh air 
inlets. The motors can be operated in groups and 
at three different speeds, and the air circulated is 
thus capable of control in accordance with varying 
requirements of traffic. 'The fans, motors, and their 
controls cost, erected, about 570,000 dols. The 
circulating system at the shafts is denoted diagram- 
matically in Figs. 14 and 15. 

The ventilation investigation cost about 100,000 
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air provided by an extensive mechanical ventilation 
system. To ensure the necessary dilutions under 
conditions of maximum pollut’on, the air in each 
tube can be completely changed about 42 times per 
hour. If this amount of ventilation were provided 
simply by a longitudinal flow of air from portal 
to portal, an air current of from 51 m.p.h. to more 
than 72 m.p.h., according to the vehicles in any 
given cross section, would be required. 

A dilution system, therefore, has been adopted 
by which fresh air is admitted through slots near 
curb lines, and foul air withdrawn through opening 
in the ceiling throughout the entire length of the 
tunnel. Figs. 4 and 5 indicate the fresh and foul 
air ducts, &c. By this method fresh air is supplied 


VENTILATION BUILDING AT NEw JERSEY UNDER CONSTRUCTION. 





at all points and can, moreover, be controlled at all 
points ; there will be no danger or discomfort from 

















Fia. 21. 


points on shore near the bulkhead lines, as shown in 
Fig. 13, for each tunnel, and as the air flows in both 
directions to and from each shaft each tunnel is 
virtually divided into eight sections for the air 
flow. At the ventilation shafts the arrangements 
are as shown in Figs. 14. and 15. In these structures 
the main ventilation plant consists of 42 6-ft. and 
8-ft. Sturtevant fans drawing in fresh air through 
inlets in the walls of the building, and 42 similar 
exhaust fans, each set handling a maximum of 
3,700,000 cub. ft. of air per minute. The 84 fans, 
56 of which are for regular service and 28 for 
reserve, require a maximum about 4,300 h.p., and 
are operated by 84 individual slip-ring motors of 
from 25 h.p. to 200 h.p., which drive them by means 
of chains. 





The exhaust fans are separately housed in air- 


VENTILATION BuitpInc at NEw YORK NEARLY COMPLETED. 


dols., exclusive of costly services and facilities for 
which no charges were made. Additional experi- 
ments were jointly made by the Tunnel Com- 
missioners, by the University of Illinois and by the 
Federal Bureau of Mines to determine the resistence 
to the flow of air in concrete ducts, to verify formule 
for the computation of the power required to 
circulate the air, to determine loss of power at 
bends, to determine the distribution of exhaust 
gases in the tunnel cross section, the effect of 
the operation of petrol engines on the tunnel 
temperature, &c. Experiments on friction and 
power required for the circulation of air in ducts were 
made with half-scale concrete ducts equipped with 
a multi-vane fan of 105,000 cubic ft. per minute 
capacity. Laboratory tests for elbow ducts were 
made with one-tenth scale galvanised iron ducts, 
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and other elbow tests were made with half-scale 
concrete ducts. 

Verification tests were made in an actual mine | 
tunnel fitted up for the purpose at Bruceton, Pa. 
This tunnel, illustrated in Figs. 16 to 19, was located 
about 1,000 ft. from the mine entrance and 135 ft. 





Fic. 22. Exnaust 





Fig. 23. View In CoMPLETED TUNNEL. 


below the surface of the ground. It had a driveway 
8 ft. high by 9 ft. wide, with continuous air ducts 
below the roadway and above the ceiling. The 
track, oval in plan, had a total length of about 
400 ft., with a major axis of 135 ft. and a minor 
axis of 110 ft. 

The tunnel was accessible through air locks, 
and air was supplied by an outside fan driven by a 
steam engine, the fan operated as an exhauster or 





| downward ventilation were tested. Smoke obser- 





as a blower, and was reversible. Both upward and 


vations were made with an optical instrument, 
and dust samples were taken in the inlet and outlet 
chambers by means of the sugar tube method. 

A series of seventeen tests was made with groups 


Fan AND DRIVE. 


of from one to eight automobiles going around and 
around through the tunnel and producing from 
0-5 to 9-4 parts of CO in 10,000 parts of air, at 
various temperatures and humidities and with 
different methods of transverse ventilation. Other 
experiments determined the loss of power in draw- 
ing air through the louvres and the best angles for 
the louvre slats. 


ventilation fluctuates about 600 per cent. in 24 hours, 
making it necessary to provide rapid variation of the 
amount of air supplied. This is accomplished by 
arranging the fans so as to be operated at three 
speeds and in groups of one, two or three, as directed 
from the control room. At the rate contracted 
for, the power supply will cost an annual sum of 
about 350,000 dols. 

The very large fresh-air inlets necessary admit 
snow and rain which at times make the air so moist 
that, in the ventilation towers, all starting and stop- 
ping appliances for the fans are locked and sealed 
in steel cabinets. On closing a switch to start 
up the fan motors, the fan dampers are first opened ; 
on stopping the motors, the dampers close down. 
The amount of CO contained in the tunnel air is 
constantly under observation by an operator in 
a control room in each of the ventilating buildings. 
This operator normally regulates the amount of 
air supplied and electric current used in adjusting 
the speed and number of*fans in service. The 
operation of the fans and the amount of CO in the 
tunnel air are indicated also on the display board 
in the Chief Operator’s office in New York, who 
can also control the fans, but only after depriving 
the local operators of their control. Provision 
is made for controlling of the fans at the motors 
in case of tests or repairs. The operation of any 
control disconnects the two others, so that only one 
control can be operated at once. 

The four illustrations, Figs. 20 to 22, relate to the 
ventilation arrangements, Fig. 20 shows one of the 
ventilation buildings at the New Jersey end of the 
tunnel under construction. They are steel frame 
buildings of reinforced concrete, faced with brick. 
One of the buildings on the New York side is shown 
almost completed in Fig. 21. Fig 22 shows a 
typical exhaust fan in course of erection in the 
building nearest the river on the New York side, 

Lighting System.—The lighting system and the 
quality and amount of illumination are much superior 
to that of ordinary street illumination and require 
about 500 kw. for the tunnels and plazas. There 
are in the tunnels 1,768 150-watt Mazda lamps, 
installed in cast-iron boxes, 20 ft. apart at the 
intersections of the side walls and ceiling. They 
are provided with white enamelled cast-iron para- 
bolic reflectors and have slightly inclined opal glass 
shades. The lights are alternately operated from 
two separate sections with switch boxes 120 ft. 
apart each controlling 6 lamps. The illumination 
is about 14 ft.-candles, the diffusion being excellent 
throughout the tunnel. A good idea of the effec- 
tiveness of the illumination is given by Fig. 23. 
Headlights will not be used in the tunnel. 

Miscellaneous.—For the drainage of the perma- 
nent sumps there are four booster pumps, and 18 
standard centrifugal pumps with capacity of 100 
to 1,000 gals. The pumping is controlled by high 
water float gauges which give an electric alarm if 
the water reaches the danger level or rises above the 
level for each pump; an automatic fire alarm is 
also sounded if the petrol in the pumps should 
become ignited. 

Green and red traffic signal lights, installed 240 ft. 
apart are controlled from traffic office stations, 480 ft. 
apart. In case of a fire or accident red signals are 
shown at every other signal point between it and 
the entrance, the remaining signals on the other 
side continuing to show green. Every traffic station 
is connected with the central station by telephone. 

Absolute continuity of electric current is insured 
by independent supply from four different sources 
delivered through three separate cables to each side 
of the river, each cable being sufficient to carry the 
entire load. This provides a factor of safety of six. 
The current is received at 13,000 volts and is trans- 
formed at 2,300 volts and 440 volts. Safety is 
assured by an automatic interlocking system which 
keeps separate feeders distinct. This system is 
duplicated on both sides of the river, and in each 
of the four ventilating buildings there are two 
three-section *bus-bars supplying the fans, one fed 
from New York and the other from New Jersey. 
Blower and exhaust fans are connected to the same 
circuit so that both must always be started and 
stopped simultaneously. The cost of the whole 
electric equipment was about 3,500,000 dols. 





The amount of fresh air required for the tunnel 





The designs for the tunnel were prepared, and its 
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construction was executed, under the direction of 
the Engineering Department of the Tunnel Com- 
mission, organised by Clifford M. Holland, who was 
chief engineer until his death on October 27, 1924, 
when he was succeeded by Milton H. Freeman, 
who died March 24, 1925. Mr. Ole Singstad was 
then appointed chief engineer, which position he 
holds at the present time. The entire personnel 
of the engineers and commissions forces has varied 
from time to time with a maximum of about 180. 
The Engineering Department was organised July 1, 
1919. Ground was broken October 12, 1920. The 
north and south tunnels were holed through on 
October 29, 1924, and December 7, 1924, respectively. 
We are indebted to the courtesy of Mr. Ole Singstad 
for assistance in the preparation of the foregoing 
material as also in connection with accounts of 
the constructional methods adopted, which must 
however, be deferred to a subsequent issue. 


(Z'o be continued.) 





THE BRITISH ASSOCIATION AT 
LEEDS. 
(Concluded from page 574.) 


SECTION L.—EDUCATIONAL SCIENCE. 


BROADENING THE OUTLOOK IN EDUCATION. 


Tue theme of the presidential address by the 
Duchess of Atholl, M.P., may be said to have 
struck the keynote of the discussions in Section L, 
as Professor Whittaker’s address on outstanding 
problems of relativity characterised the proceedings 
of Section A. The Duchess referred more particu- 
larly to the education of the adolescent, but new 
outlooks were also emphasised in the general dis- 
cussion on education and industry, and wider 
outlooks were also advocated in the papers on the 
education of the native races of the Dominions. 

Anything in human or natural creation that 
aroused interest, the Duchess of Atholl stated in 
her address, should be an agent in the great 
process we called education. The history of 
education might indeed be said to be the story of 
the broadening of the outlook. To judge from her 
own review, the expression “ should have been the 
story,” would have been more correct. A fairly 
balanced secondary curriculum on academic lines, 
the President admitted, had only been established 
within the last thirty years. The claims of English 
in secondary schools were not fully established yet, 
and the progress of handwork—to which a large 
portion of the address was devoted—had been slow. 
Technical education had been legalised in 1899, 
and the teaching of some branch of educational 
handwork in every secondary school had been 
recommended by the Consultative Committee of 
the Board of Education.* In 1911, the London 
County Council had initiated the type of central 
schools combining practical instruction and general 
culture in a four years’ course, from the age of 
eleven to fifteen. Secondary education, however, 
was not yet national, and the actual position was 
not satisfactory. Efficiency was still judged too 
much by the number of students sent up to a 
university, and the value of practical instruction 
was underated. The school should instil a love of 
good literature, music and art, but should acknow- 
ledge that handwork was also brain work, and 
should not ignore the employment which needle- 
work, carpentering, gardening, drawing and model- 
ling gave. 


EpvucaTION AND INDUSTRY. 


In opening a discussion on education and industry, 
Mr. J. Wickham Murray, of the Association of 
Teachers in Technical Institutions, pleaded for 
technical education as the best link between school 
and industry. The link was being forged by the 
formation of advisory boards of employers in 
connection with local technical schools, which 
were already absorbing students from other schools. 
Some employers, however, regarded the technical 
school as a preliminary workshop and an office for 
turning out ready-made clerks and factory hands, 
while the academicians felt afraid of general 
education with a practical bias. Automobiles, 


rapidly changed social and industrial relations, and 
it was no use to add a few odds and ends of vocational 
subjects to the present educational system. Educa- 
tional, social and industrial problems could not be 
treated separately. 

In his paper on the Educational Needs of In- 
dustry, Mr. Ernest Walls, director of Messrs. Lever 
Brothers, Limited, drew attention to a suggestive 
parallel. Of 12 million males employed, 10-1 million 
were engagedin manual labour, 1-1 million in clerical 
work, and 0-5 million in executive positions ; while 
of every 12 school pupils, 10 attended elementary 
schools, 1-5 secondary schools, and 0-5 public 
schools and universities. Trained management was 
now the great industrial need, but managers had no 
recognised profession like lawyers or accountants. 
The demand for muscular labour was decreasing ; 
almost all labour was skilled, and he would discuss, 
not the educational ladder, but the educational 
sieve. The system of elementary, secondary, 
central and modern schools constituted the sieves 
and the selective agency for the life ahead. Suc- 
cessive grading, drafting into industry or further 
training, took place at the ages of 14, 15, 16, &c. 
There should be more co-operation between school- 
master and employer, and educational institutions 
should have the working life of the pupil in mind 
from start to finish. He did not mean that educa- 
tion should be solely utilitarian, but there was need 
for more grading, by observation rather than by 
examination, a constant sieving, to bring the pupil, 
almost automatically, to his most likely destination 
in life. The school was the junior employment 
bureau. There should be a central core of real 
studies in the secondary school, surrounded by a 
stream of literary and artistic influences. The 
elementary education was a baffling problem, but 
he would rather reduce than increase the knowledge 
now imparted there. 

Dr. H. Schofield, of Loughborough College, dis- 
cussed the manifold effects of Engineering Train- 
ing on Production. With regard to the order of 
practical and theoretical instruction, he pointed out 
that the young man who entered the works first 
did not understand the theory of what he was doing. 
If he went to college straight from school, he did 
not understand the working drawings of text-books, 
and when he entered the works from college, he was 
a suspect to the ordinary worker, whilst the appren- 
tice entering a college after practical training did 
not benefit to the full from his university career. In 
the works, the apprentice was rarely allowed to move 
from department to department, and from the shop 
to the office. Promotion to the higher managerial 
posts mostly fell to the office, though the controller 
should be a man with working knowledge; the 
intensive system of production gave the best boy 
the least chance. On the scholastic side there was 
the great difficulty that the technical full-time 
teacher was apt to grow stale. The experimental 
grace terms of McGill College and the Canadian 
railways had not altogether been successful. Some 
workshops of British colleges were really antique 
engineering laboratories, hopelessly out of date as to 
methods and tools, the latter being those discarded 
by manufacturing firms. 

To overcome these difficulties, Faraday House 
had attempted a year in-and-out sandwich scheme 
between itself and the large electrical engineer- 
ing firms. It was a step in the right direction, 
but the year’s break between theory and practice 
was far too long, and the control in the works 
was unsatisfactory. The works’ apprenticeship 
bays of Messrs. W. H. Allen, Sons, and Company, the 
British Thomson Houston Company, and others, in 
which the lad was under definite educational super- 
vision during his working periods while engaged in 
genuine production output, and the American 
practice of introducing the production element into 
the college as part of the course, seemed more 
promising. The engineering training students at 
Loughborough were given a five years’ course, being 
placed for alternate weeks of 40 full hours in the 
productive workshops of the college in which 
contract work was done in a business atmosphere, 
while the ultimate control was entirely educa- 
tional. Less scrap was made than might be 
imagined ; grading of the work was a great difficulty. 


non-repetition production, though large repetition 
contracts had to be rejected. 

Mr. A. P. M. Fleming, manager of the Research 
and Education Department of the Metropolitan- 
Vickers Electrical Company Limited, reviewed the 
educational facilities offered by industry from the 
conventional (cultural and vocational) standpoint 
and the broader standpoint which enabled a man 
to live in harmony with his fellows. With regard 
to facilities voluntarily provided, chiefly by the 
large firms, 176 London firms were co-operating 
with the London County Council in sending 5,322 
students to 65 institutions, although the compulsory 
continuation education for children up to the 
age of 18 (the Fisher Act of 1918) had been 
suspended. The engineering industry stood out 
prominently in this continuation education. The 
work schools, set up quite apart from technical 
evening courses, were not intended to replace the 
latter. In the case of one firm, the apprentices had 
to attend the work schools for six hours a week for 
two years, and for five to eight hours a week 
afterwards, till they attained the age of 21. In 
another case, nine hours’ schooling was compulsory 
between the ages of 14 and 17, the instruction being 
general for the first two years ; afterwards, some 
definite technical bias was introduced. Wages, in 
most cases, were paid during schoo] attendance, as 
well as fees for technical evening courses. In H.M. 
Dockyards, such schools had existed since 1843, and 
the London Gas, Light and Coke Company, the rail- 
way companies and the soap and chocolate manu- 
facturers deserved credit for their educational work. 
Yet all those attempts merely touched the fringe of 
the problem, because British industry was largely 
organised in small concerns. Even in London, only 
1,200 boys were released for continuation education 
during the day. The great industrial problem was 
to help the personnel in harmony with the indus- 
trial environment. By enquiries addressed to 50 
firms, Mr. Fleming had ascertained that almost 
everywhere, societies and clubs of apprentices were 
being encouraged. The apprenticeship association 
of his own company included all the grades. It 
was governed by a council drawn from the trade 
and college sections; it had its own magazine, 
organised sports and social activities, and acted as 
an intermediary between the company and em- 
ployees in matters concerning apprentices. 


TEXTILES. 


We mentioned previously that the Department 
of Textile Industries of the University of Leeds and 
the British Research Association for Woollen and 
Worsted Industries (which for brevity we may 
refer to as the Wool Research Association), of 
Torridon, near Leeds, had arranged for special 
textile sessions in what was practically a textile 
section, which met on four days in one or the other 
of these institutes. The Department, endowed by 
the Clothworkers’ Company of the City of London, 
has five sections, with three-year courses, for 
woollen yarn spinning, worsted spinning, designing 
and weaving, finishing, and testing and research. 
Professor Alfred F. Barker, is head of the 
Department. Associated with it are the Univer- 
sity Departments of Colour Chemistry and Dyeing 
and of the Leather Industries; evening courses 
are arranged in all these departments. The Wool 
Research Association was founded, in 1916, by 
manufacturers of the West Riding, and, three years 
later, was allied with the Department of Scientific 
and Industrial Research. It now comprises some 
four hundred firms, representing 60 per cent. of the 
capital of the industry. The director is Dr. 8. G. 
Barker. Both the institutions seem to be very 
well equipped for practical instruction. The papers, 
read either at Leeds or at Torridon, well characterise 
the wide range of the activities of the institutions 
with which the authors of the papers to be noticed 
are, in most cases, connected. 


WorRSTED SPINNING. 


Important advances in processes and machinery 
were described in a paper by Messrs. Howard Priest- 
man and A. W. Stevenson on Higher Drafts in 
Worsted Spinning. In this class of spinning, they 
explained, the top, i.e., the product of combing 
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required for yarn formation by a series of drawing 
or drafting processes, the material being wound 
on a bobbin for each stage and unwound for the 
next, when it approached the rollers in reversed 
direction. The reversal practice had become a trade 
axiom, but they had succeeded in developing a cap- 
spinning frame for two successive drafts. At first 
the fibres had frequently strayed and lapped on the 
rollers, until a false twist had been introduced in 
the second draft by a special mechanism. Cross- 
bred wools were given two false twists in series, but 
a single twist might suffice. In each case the 
draft could exceed the length of the fibre which 
had so far been considered inadmissible. The new 
frames on this principle, shown at Torridon, required 
less plant’ for converting tops into yarn. In the 
study of the working of the parts, various new 
devices comprising a stroboscope had been used. 
The arc beam and rotating mirror of the strobo- 
scope* showed the spindle quite steady, so that 
slack twist and irregularities due to speed fluctua- 
tions were at once discovered. At the same time, 
the tension in the yarn was measured, both as the 
yarn left the front roller (top-drag) and as it was 
being wound on the bobbin, which was making 
5,000 to 9,000 r.p.m. (bottom-drag). 


THE PROPERTIES AND TESTING OF WOOL. 


The studies of the intracellular structure of the 
wool fibre, by Mr. J. B. Speakman, dealt with the 
stress-strain relationship of single fibres under 
varying rates of loading and at various temperatures 
and humidities. The direct practical interest of the 
research lay in the fact that different wools, mohair 
and human hair, differ considerably in plasticity 
and require different treatment in manufacture. 
Single wool fibres, Mr. Speakman found, behaved 
during extension as if they consisted of single cells. 
The fibrillae tended to lie along the fibre axis. Fibres 
extended in water at 18 deg. C., remained perfectly 
elastic even under 70 per cent. extension, but they 
were more extensible afterwards permanently, the 
point of incidence of permanent alteration depend- 
ing upon the rate of loading. Various modes of 
experimenting indicated that the alteration of wool 
fibre by extension was due to the rupture and 
the plastic flow of fibrillae ; perfect recovery was 
governed by the elastic cell wall and the fibrillae, 
the fibrillae which had taken a permanent set 
being drawn back and folded up within the cell. 
Rise of temperature or of humidity produced in- 
creased solvation of the wool substance, so that more 
and more fibrillae showed plastic flow and permanent 
set. When wool fibres were cooled in the stretched 
condition after immersion in hot water (above 
60 deg. C.), they failed to return to their original 
length ; re-immersion of the released fibre in hot 
water then caused contraction, even in boiling 
water, and that contraction was due to a kind of 
recrystallisation within the fibrillae. 

The mathematical paper of Mr. F. T. Peirce, of 
the British Cotton Research Association, Shirley 
Institute, Didsbury, on Testile Testing, Variability 
and Time Effects, discussed the general difficulties 
of textile testing arising from the fact that technical 
testing could only rely on statistical data, and could 
not be conducted on reproducible specimens under 
fully-controlled conditions. Variability of strength, 
twist, weight and diameter was an important factor 
in yarn quality, and the measure of dispersion had a 
value beyond the estimation of probable errors. 
Yarn variability correlated deviation and position, 
é.e., level fluctuation in long undulations and local 
unevenness. The former were due to variations in 
humidity, machine speed, and mixing; and the 
latter, of importance for the finished cloth, more to 
characteristics of the cotton and the method of 
spinning. The time effects were connected with 
the imperfect elasticity of the textile materials. 
As single hairs could not be tested over wide ranges 
of speeds, single yarns were mostly used. 


Action or CHemicats, Ligut AND MOISTURE. 


Mr. A. T. King’s paper on Chemical Aspects of 
Wool Research, covered a very wide range of pro- 





__ * Theearly forms of the stroboscope and of some of the 
instruments now used for measuring pieces of the order 
of half an ounce, at speeds up to 9,000 r.p.m., were 
described by Mr. Stevenson in ENGINEERING. vol. cxvi, 
pages 255 and 256. 
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blems, since he pointed out that chemical treatment 
began on the sheep’s back with dips, sheep pests and 
tar branding, which might cause very troublesome 
wool stains. The scouring had to be followed by 
efficient washing, the effluent had to be made inoffen- 
sive, and the grease utilised ; much of the Merino 
wool grease was now running to waste. Wool being 
amphoteric, adsorbed both acids and alkalis, which 
affected spinning, storage, dyeing and _ finishing. 
Alkali imparted yellow tints to hot or steamed wool, 
modified the affinity for dyeing, and made access 
by bacteria easier; alkalinity was therefore sup- 
pressed. Unshrinkable goods often belied their 
name, the treatment (chlorination) might be too mild, 
or too drastic, when the garments would wear badly. 
All these processes, dyeing, and stoving (bleaching 
with sulphur dioxide), required much more thorough 
research. 

Dr. J. J. Hedges explained the mode of water 
absorption from the atmosphere and its effects upon 
the textile fibres in a paper on Moisture Relations 
of Colloidal Fibres. The fibres, he said, were 
hygroscopic colloids, the properties of which varied 
with the amount of absorbed water, which could not 
be wholly removed by heating, the last half per 
cent. being held very tenaciously. Heat was evolved 
during the absorption, in accordance with Kirchhoff’s 
law for the heat of dilution of a solvent ; dry wool 
would evolve 24 calories per gramme. It did not 
seem likely, however, that very dry wool could 
undergo spontaneous combustion on removal from 
the container, as had been suggested. Wool and its 
absorbed water behaved together like a two-phase 
system in which the bulk of the water was absorbed 
by the colloidal particles, and the rest was held 
in the pores, only the largest of which were visible 
under the microscope. The dual character explained 
the peculiarities of extension, evaporation curves 
and heat of absorption. 

In a paper on the Standardisation of Fastness 
of Dyestuffs, Dr. S. G. Barker surveyed the position 
with special regard to the work of the Research 
Association. As sunlight was too variable for fading 
tests in different countries, the Association proposed 
to expose the specimen, at 12 in. distance, to the 
violet rays of the fading arc lamp, in which standard 
conditions of illumination and atmosphere could 
be maintained at the surface of the pattern. Tables 
indicating the average humidity and temperature 
in different countries for different months were 
issued to show manufacturers what conditions 
were to be met, and fading tests had been carried out 
in many parts of the world. From these it appeared 
that fading was actually worse near Leeds than in 
some tropical countries. In this standardisation work, 
which they wished to make international, they 
were co-operating with the Society of Dyers and 
Colourists ; but America and Germany had their 
own standard tests. 

The paper by Dr. Guy Barr and Miss I. H. Had- 
field on the Nature of the Action of Sunlight on 
Cotton, described experiments made at _ the 
National Physical Laboratory on the degradation of 
cotton fabrics on exposure, especially to ultra-violet 
light, which, they found, is most destructive, 
particularly in the presence of moisture. The effect 
was an oxidation, accompanied by a loss of tensile 
strength and of viscosity and an increase in the 
reducing power of the cellulose which was measured 
by the copper number. Specimens of scoured 
cotton fabric sealed in glass tubes, filled with hydro- 
gen, hardly changed, but in moist oxygen the effect 
of light was marked, and there was also evolution of 
carbon dioxide and sometimes of carbon monoxide. 
The copper number and the carbon-dioxide evolution, 
however, did not run parallel in cotton treated 
with iron oxide, which acted as a catalyst in the 
sunlight attack of cotton ; yet it would seem advis- 
able to remove all iron from cotton to retard its 
destruction by light. 

Mr. H. R. Hirst, lecturing on Ultra-Violet 
Radiation as an Aid in Textile Analysis, demon- 
strated the use of the cabinet of the Wool Research 
Association, in which light from a mercury-vapour 
lamp, after passing through a screen of Chance 
Uviol glass, falls on the specimen and causes it 
to fluoresce. Cotton, wool, silk and artificial silk 
could thus be distinguished, as well as different 
hydrocarbons. Stains and incipient oxidation were 








revealed, and the dyeing process could thus be 
checked. 


PHYSICAL PROPERTIES OF ARTIFICIAL SILK. 

Mr. A. L. Wykes, of Leicester, discussing the 
Quantitative Determination of the Physical 
Properties of Artificial Silk in their Relationship 
to Textile Manufacture, used the term elasticity 
in the textile trade sense. Stretch and extension, 
he stated, meant the same quality of extra length 
while under tension or load; elongation indicated 
the extra length after removal of the tension, 
or the permanent extension. Elasticity meant 
the difference between the two, the amount of 
length recovered expressed as the percentage of 
the extra length when under tension. The trouble 
with artificial silk was that it had been treated 
as if it were a simple substance, whilst it was a 
complex system of cellulose in two states—the 
dispersed and the locked. Dispersed cellulose could 
be stretched by 30 per cent. and could recover 
1 inch in 10 inches after release ; under increasing 
tension it stretched in jerks. Locked cellulose was 
fully elastic, with little power to stretch, but much 
greater tensile strength, and it extended without 
subsequent creep. Artificial silk contained both 
these celluloses in varying proportions. It behaved 
like a pull-out telescope, the tubes of which were 
replaced by coiled springs. The springs stretched 
a little, but the chief stretching was due to the 
sliding of the tubes over one another. Tension 
converted the dispersed cellulose into the locked, 
brittle phase ; by wetting, the latter phase could be 
reconverted into the former. Upon drying free 
from tension, the normal condition of dispersed 
and locked cellulose was recovered with a contraction 
back to the length before excessive straining. 
Friction reduced the strength of artificial silk ; 
broken filaments were due to friction, and not to 
excessive tension. As the individual threads were 
continuous and not much twisted, masses of loose 
fibres, called slubs, were easily produced; they 
might cause much trouble in the final manufacturing 
processes. 


Arr-CONDITIONING AND HYGROMETERS. 


Dr. Ezer Griffiths, F.R.S., of the National Physical 
Laboratory, described in the last session various 
methods for air-conditioning and special forms of 
hygrometers for that purpose which had been found 
useful in his researches conducted on behalf of the 
Food Investigation Board. 

The term air conditioning, Dr. Griffiths explained, 
was employed to denote the process of adjusting 
the moisture contents of an enclosure to the con- 
ditions of manufacture or storage suitable for the 
particular product. In many cases, air could be 
conditioned by saturating it at one temperature and 
subsequently heating it to another. For the storage 
of perishable goods, fruit, &c., that procedure was 
inapplicable because the temperature should be 
kept at a few degrees above the freezing point of 
water, and the temperature of the spray water deter- 
mined the temperature of the air passing through 
the apparatus. Salt solutions, however, had a lower 
vapour pressure than pure water, and calcium 
chloride was used with advantage. In one form of 
apparatus, three tanks (with a fourth containing 
the thermometers) were connected in series. A fan 
delivered air into the first tank against the currents 
of brine from four spray nozzles in each of two 
tanks. The third tank was fitted with baffle plates, 
and pipes from the bottom of the three tanks con- 
veyed the brine to a reservoir, a pump controlled by 
a float maintaining the circulation. The baffle 
plates, or eliminators, removed water particles 
which would be otherwise carried away. 

Air-cooling of chambers for gas-storage of fruit 
(when the CO, exhaled should not be replaced by 
fresh air) could be obtained by the aid of external 
air ducts, but natural draught was insufficient for 
this purpose. Dr. Griffiths tried cooling with circular 
ducts, placing a fan inside the chamber in front of the 
upper end of the duct and expanding the lower end 
to a flare. A low-speed forced draught then had 
twice the cooling effect of natural draught, and 
wrapping the duct with wet cloth gave four times the 
effect. Experiments with a rectangular duct, 8 in. 
by #in., of the same cross section as the circular 
duct led to similar conclusions. 
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Dr. Griffiths proceeded to outline experiments 
made to find materials suitable for hygrometers and 
the methods of treating, testing, and using them. 
In the hygrometers of the wet and dry-bulb type 
for timber-seasoning kilns, two mercury-in-steel 
thermometers were used indicating on the same 
dial. 

These consisted of Bourdon spirals and capil- 
lary tubes, the latter being fixed in a light steel 
tube ; the wet bulb was sheathed with muslin with 
a number of wires beneath the muslin to ensure an 
equal distribution of the water. Dr. Griffiths finally 
gave brief descriptions of some typical air-condition- 
ing installations, chiefly of the water-spray type. 
Some of these included a refrigerating plant for 
lowering the temperature of the spray-water. 


ConcLupING REMARKS. 

In concluding this series of articles we should say 
chat several important papers not so far noticed 
will form the subject of special articles. The final 
attendance figures at the Leeds meeting, 2,670 
members, fully justified expectations. The remark- 
able success made it once more possible to allow 
the full sum of 1,190/. desired for research grants by 
the various sections. 

Next year the Association will assemble at Glasgow 
on September 5, under the presidency of Sir William 
Bragg. In 1929, the Association will once again 
proceed to South Africa, for five days’ meetings 
both at Capetown and at Johannesburg, commenc- 
ing on July 29. Bristol will probably entertain the 
Association in 1930. The place for the centenary 
meeting. in 1931, is not yet decided on, but an 
invitation to Leicester for a later meeting has 
already been accepted. 





175-TON OIL-ELECTRIC DRAGLINE 
EXCAVATOR. 


THE prosperity of India is of vital importance to 
this country, not only because it is one of our largest 
dependencies, but because it is our best consumer 
and the fifth largest trading country in the world. 
Nevertheless, it has only one industry of any import- 
ance, namely, agriculture, upon which about three- 
quarters of its population depends. It is obvious, 
therefore, that anything that can be done to improve 
the prosperity of this particular branch of human 
activity in India is well worth attention. Pre- 
eminent among the factors, to which attention must 
be devoted to enable this end to be achieved, is the 
provision of adequate means of irrigation. For, 
though, now-a-days, a good or bad harvest does not 
depend entirely on the monsoon, the amount of 
rainfall and its distribution are still matters of 
extreme importance. It has long been known 
that the influence of the rainfall on a particular 
harvest can be minimised by irrigation, and this 
is now being adequately provided by the con- 
struction, not only of great lengths of canal, 
but of dams, wells and other minor works in suit- 
able positions. It is also generally realised that 
the completion of such works, in a country where 
labour is both unskilled and uncertain, is often much 
facilitated, both from tie secular and the economic 
standpoints by the employment of mechanical 
equipment. We have frequently given descrip- 
tions of plant, which has been designed for this 
purpose in ENGINEERING. Perhaps the most 
important of this class of equipment, at any rate 
in the preliminary stages, is the dragline excavator, 
a machine, which allows wide and long channels to 
be cut, both easily and quickly, and the material 
that is excavated to be deposited some distance 
away to form the banks of the canal. It has fre- 
quently been pointed out that a particular advan- 
tage of this class of machine is that it can excavate 
material from below the level upon which it stands, 
so that it can usefully be employed in most situations. 

It will be recalled that Messrs. Ruston and 
Hornsby Limited, of Lincoln, have taken a leading 
part in the devolopment of these excavators in 
this country. About four years ago* we gave a 
description of a 250-ton excavator, which had been 
built by them for use in connection with the Sutlej 
irrigation scheme. This machine, which was the 
largest that had been built in this country at that 








date, was steam driven, but an interesting modifica- 
tion has now been made in the design of a 175-ton 
excavator, all the motions of which are derived 
from oil-electric plant. This machine is intended 
for use in the excavation of the new Grand Anicut 
canal, on the Tanjore Delta, and for work con- 
nected with the construction of a dam at Metur, 
in the Madras Presidency. The canal will be 
854 miles long, will take three years to complete, and 
will allow of the irrigation of a very large area of 
surrounding country. The main argument in favour 
of the oil-electric drive under such conditions is 
that water is not only scarce, but of a quality 
unsuitable for use in steam boilers. The transport 
of the necessarily more bulky quantities of fuel, 
if used under boilers, also imposes difficulties which 
it is often advantageous to avoid. 

Additional advantages claimed for the oil- 
electric drive are a reduction in the amount and 
the great simplicity of the auxiliary plant, com- 
bined with the absence of boilers and steam piping. 
Though some of these advantages would also apply 
were a direct oil engine drive used, this particular 
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2 ft. 34 in. in diameter. The wheel base of each 
bogie is 3 ft. 3} in., the gauge being 2 ft. 104 in. 
The bogie frame is a massive one-piece steel casting 
and carries three bearings, two for the rigid axle at 
one end and the other for the equalising axle. The 
latter is 74 in. in diameter at its centre, while the 
diameter of the rigid axle is 6 in. Two of the 
double-flanged cast-steel rail wheels on each bogie 
have a ring of gear teeth cast integrally with them. 
These engage with a cast-steel spur pinion. This 
pinion is mounted on a shaft, which is centrally 
disposed between the axles. Thus, all four wheels 
on each bogie are driven. The power for travelling 
is transmitted from the main hoisting motor through 
a spur and bevel gearing, as shown in Fig. 7, to a 
vertical shaft, which passes through the centre of 
the bottom frame, and thus to a horizontal shaft. 
The outer end of the last shaft carries spur pinions, 
which drive the chain sprockets, whence a chain 
with a large bearing area transmits the drive to the 
bogies. This arrangement is shown in Figs. 4 and 6. 

It will be seen from Fig. 4 that a three-point sus- 
pensionis used, and that this is obtained by attaching 
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machine is obviously too large for that method to 
be employed. 

The excavator in question is illustrated by 
the drawings, Figs. 1 and 2, Plate XLI, showing 
the genera] plan and elevation, and the views, Figs. 8 
and 9, on page 618. The net weight of the 
machine is approximately 175 tons, and its weight 
in working order is 200 tons. The jib can be 
reduced in length from 90 ft. to 80 ft. or 70 ft. 
and, when it is working at the latter length, the 
bucket capacity can be increased from 3 to 4 cub. 
yards. The normal angle of the jib is 25 degrees 
to the horizontal, but this may be varied up to 
a maximum of 40 degrees. The bucket, empty, 
weighs 3} tons, and about 7} tons when full. A 
complete cycle of operations, 7.e., digging, slewing, 
hoisting, discharging and returning for the next 
cut takes 54 seconds, but to work within this time 
limit, it is necessary when slewing, for the jib head 
to attain a speed of 20 m.p.h. The machine itself 
has a travelling speed of 0-5 m.p.h. on level ground, 
and it will ascend a gradient of lin 10. During 
a month’s tests, held before the dispatch of the 
machine to India, a non-stop run lasting 120 hours 
was undertaken during which time over 25,000 tons 
of earth were moved at an average rate of just over 
2,000 tons per hour. 

Turning to details, the general arrangement of the 
bogies and bottom framing is shown in Figs. 4, 5 
and 6, opposite. The bogies themselves are rigidly 





** See ENGINEERING, 1923, vol. cxvi, page 676. 


built, and are fitted with four cast-steel wheels, 





the two rear bogies to the framing and the two 
front bogies to an equalising beam, which extends 
across one end under the bottom framing, and 
carries a large centre bearing with an arched back. 
The centre of this equalising beam is connected to 
the framing through a ball-and-socket joint. Thus, 
while the excavator is travelling, the framing is 
supported on three ball-and-socket joints, two of 
which are on the large bogies and one on the centre 
of the beam. The framing is supported directly by 
the bogies at each of the four corners, and these carry 
two jack screws engaging in heavy nuts. These 
nuts are slacked off, and the jib swung round into 
line with the direction of travel, before the excavator 
is moved off. On the other hand, when excavation 
is about to commence, the screws are forced against 
the lower framing, thus preventing relative motion 
between it and the main beam, and providing a 
support at each of the four corners. 

The bottom framing itself is a heavy mild-steel 
structure, 18 ft. square, with a heavy steel centre 
casting. It is built up essentially of 24 in. by 13} in. 
broad-flange beams, four main diagonal girders of 
similar design and eight corner girders, which brace 
the corners of the framing and give support to the 
slewing roller ring. The centre girders are stiffened 
by four subsidiary radial girders, and the whole of 
the members are connected by a number of cleats 
and gusset plates. The centre casting is finished 
with spigots, which are machined on both the top 
and bottom surfaces, so that the centre post and 
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centre post bearing are interesting and are shown 
together with the general arrangement in Fig. 7 
The oil is supplied from a container on the 
deck level. The centre bearings can be renewed 
without disturbing the main casting, the bush being 
carried in a cast-steel holder. The lubrication of 
this part of the machine is very important, as if 
there were any jamming the whole of the top might 
be pulled off the base. 


(To be continued.) 





HIGHER STEAM PRESSURES, AND 
THEIR APPLICATION TO THE 
STEAM TURBINE.* 

By A. H. Law, M.LE.E., and J. P. CurrrenDeEn. 

Improvements in Power Station Operation other than 
Higher Steam Pressures.—In order to deal with the 
effects and advantages of higher pressures, the authors 
have found it necessary to consider the improvements 
which have been introduced in power station operation 
other than an abnormal increase in initial steam 
pressure, and to compare the resulting gains in effici- 
ency with the gains which may be expected from the 
employment of higher pressures both with and with- 
out these other improvements. The latter may be 
tabulated as follows :—Within the Rankine cycle: 
(a) Improved vacuum, and (b) higher steam tempera- 
tures. Outside the Rankine cycle: (c) Regenerative 
feed-heating and (d) re-heating between stages. The 
first two increase the range of the Rankine cycle, 
and during the last twenty years great advances have 
been made in station economy by improving the vacuum 
and raising the initial temperature of the steam. 
The vacuum which can be realised under given condi- 
tions to-day is very near the maximum theoretically 
obtainable, so that improvements in this direction 
must be mainly dependent on local conditions. Higher 
steam temperatures are also being freely discussed. 
Knowledge of the properties of the various qualities of 
steel at high temperatures has largely increased, but 
there is evidently still a good deal of investigation to 
be done in this direction before it can be considered 
safe to go very much higher than present limits. An 
initial temperature of 750 deg. F. is now fairly common 
practice, and in a few cases steam at 800 deg. F. is 
employed. 

Improvements in Power Station Efficiency due to 
Higher Pressures.—Considering first a power station 
working on the Rankine cycle, and disregarding for 
the moment the effect of regenerative feed-heating and 
reheating, the maximum theoretical thermal efficiency 
m,» is given by dividing the adiabatic heat available 
by the total heat put into the steam. Fig. 1 (based 
on Callendar’s enlarged steam tables) has been 
prepared to give readily the value of this maxi- 
mum theoretical efficiency.t It will be seen that, 
employing a 250 Ib. square inch absolute boiler pres- 
sure with a total temperature of 750 deg. F., the 
maximum theoretical efficiency on the Rankine cycle, 
when working with a vacuum of 28 in., is 32-98 per cent. 
Under the same initial conditions, but with a vacuum 
of, say, 29-1 in., the theoretical efficiency is 35-42 
per cent. These are maximum theoretical efficiencies, 
and, in order to obtain the actual overall plant effici- 
ency 72, it is necessary to multiply them by the plant 
efficiency ratio. The plant efficiency ratio is the result 
of combining the efficiencies of the steam-generating 
plant, prime mover, and electrical generating plant, 
with due allowances for losses in their attendant 
auxiliaries, and depends upon the size, load factor, 
and other conditions of the station in question. It 
would seem that a turbo-generating plant designed 
for normal pressures, working under good conditions 
at 100 per cent. load factor, would have an average 
plant efficiency ratio of about 60 per cent. Such a 
station cannot hope to obtain an overall plant efficiency 
greater than about 19-8 per cent. where the supply of 
cooling water is restricted, and 21-2 per cent. where it 
is unlimited. If the pressure be increased to 1,000 Ib. 
per square inch absolute, with the same initial tempera- 
ture of 750 deg. F., the theoretical efficiencies at the 
two vacua become 38-81 per cent. and 40-88 per cent., 
respectively, and assuming the same plant efficiency 
ratio, the overall plant efficiencies are 23-3 per cent. 
and 24-5 per cent., respectively. These results are 
summarised in Table I. 

The improvements under headings (c) and (d) in- 
volve a fundamental alteration in the steam cycle. 
With regenerative feed-heating the number of extrac- 
tion points is theoretically limited only by the number 
of pressure stages in the turbine, but in practice 
this is not usually carried beyond three stages. Apply- 
ing, then, three-stage feed-heating to the station 





* Paper read before the Institution of Electrical 
Engineers, on November 3, 1927. Abridged. 
t See ENGINEERING, 1927, vol. cxxiii, page 650. 





efficiencies obtainable when working only on the 
Rankine cycle, it will be found that an improvement 


of from 7 per cent. to 9-1 per cent. takes place over | 


the range of pressures under consideration, as shown 
in Fig 2. Reheating is for practical reasons usually 
confined to one-stage reheating. Fig. 3 indicates that 
for a given set of steam conditions, and assuming a 
single reheat, there is one distinct pressure at which 
the steam should be reheated in order to give the 
maximum gain in thermal efficiency. Thus, with 


WITH DRY SATURATED STEAM. 


CYCLE EFFICIENCY. % 


TEMPERATURE CORRECTION 





percentage gain which may be expected from these 
alterations to the Rankine cycle is greater at the 
higher pressures than at the lower ones, and a refer- 
|ence to Table I shows the effect of these at various 
pressures. 

Most of the individual efficiency factors which make 
up the plant efficiency factor are entirely, or almost 
entirely, independent of the steam pressure. There are 
two, however, which will be seriously affected by the 

| pressure, namely (1) the factor expressing the boiler 


(9988) INITIAL PRESSURE. LB. PER SQ. INCH ABSOLUTE. 
Fie. 1. 


TABLE I.—OveraLt Puant EFFICIENCY, ASSUMING 60 PER CENT. PLant Erricrency Ratio. 
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| 
b. | 5001b. | 750 Ib. | 1,000 Ib. 
| | 





Absolute pressure, lb. per square inch. 
Vacuum | V; 


acuum | Vacuum | Vacuum | Vacuum | Vacuum | Vacuum | Vacuum 


28 in. | 29-Lin.| 28 in. | 29-Lin.| 28 in. | 29-Lin.| 28in. | 29-1in. 





Maximum thermal efficiency (Rankine) na ..| 32°98 
Plant efficiency with Rankine cycle .. SS ..| 19°8 
Plant efficiency with 3-stage regenerative feed- 

water temperature 250 deg. F. ; 21-2 





Plant efficiency with 1-stage reheating to 750 deg. F.| 21-1 
Plant efficiency with both regenerative and inter- 
heating .. * ee <s one ss as 








35-42 35-97 | 38-18 37-66 39-75 38-81 40-88 
21-2 21-6 22-9 22-6 23-8 23-3 24-5 
22-9 23-2 24:8 24-4 26-0 25-2 26-8 
22 +6 23-1 24°5 24-2 25°6 25-0 26-4 
24-0 24:5 | 26-2 25°8 27-3 26-6 28-3 

















initial conditions of 250 1b. per square inch, 750 deg. F. 
and 28 in. vacuum, the most economical point at which 
to reheat would be approximately 60 lb. per square 
inch absolute. The maximum gain in thermal effici- 
ency in the case of this pressure is about 6-4 per cent., 
whereas with the higher pressure of 1,000 lb. the 
gain is slightly over 7-2 per cent. The total gain in 
thermal efficiency of a combination of feed heating and 
reheating varies from 92 per cent. to 94 per cent. 
of the sum of the gains if they are used separately, 
and gives a total gain of 12-60 per cent. at 250 lb. 
per square inch absolute, to 14-35 per cent. at 1,000 lb. 
per square inch absolute, with 28 in. vacuum. The 


| feed-pump loss, and (2) the turbine efficiency. The 
power taken by the boiler feed pump varies almost 
| directly as the pressure, provided that the combined 
pump and motor efficiency is constant, but it has been 
assumed that the efficiency of the pump falls off at 
the higher pressures, and the resulting feed-pump 
correction factor is given in Fig. 4, while Fig. 5 shows 
with fair accuracy the manner in which the turbine 
efficiency is likely to vary with the steam pressure. 
With regard to the effect of steam pressure on boiler 
efficiency, there is no evidence to show that any correc- 
tion need be made, and of the remaining factors, the 
boiler and condenser auxiliaries are unaffected by 
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increased initial pressure, except to a slight extent on 
account of decreased steam consumption for a given 
output. It has been assumed that the “ make-up 
and radiation” and pipe-loss factors remain constant, 
while the alternator efficiency of 96 per cent. is, of 
course, unaffected. 

With the aid of Figs. 4 and 5, the overall plant 
efficiencies given for 250 lb. per square inch can 
corrected for any desired pressure up to 1,200 lb. per 
square inch, and Fig. 6 (for 28-in. vacuum) and Fig. 7 
(for 29-1-in. vacuum) show the theoretical thermal 
efficiency (curve A) and the overall plant efficiency 
(curve B). Both curves are for a steam temperature 
of 750 deg. F. The maximum gain obtainable by 
increasing the initial pressure from 250 Ib. to 1,000 Ib. 
per square inch is thus 10-3 per cent. with 28-in. 
vacuum, and 8-5 per cent. with 29-1 in. vacuum. 


Fig. Za. GAIN DUE TO THREE-STAGE FEED-HEATING Fig.3. GAIN DUE TO ONE-STAGE RE- HEATING 
FOR 29-11N. VACUUM 
(INITIAL TEMPERATURE =750°F.) 
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_ The use of reheating, under suitable conditions, results 
in a gain from two sources. In the first place, the 
theoretical efficiency of the cycle itself is increased, 
and secondly, the turbine efficiency is improved owing 
to the wetness loss being diminished. This is, of course, 
of greater importance at the higher pressure where 
without reheating the greater portion of the low-pressure 
stages of the turbine is in the wetness area. Curves C 
in Figs. 6 and 7 show the efficiencies which can be 
expected when both feed-heating and reheating are 
used. Allowance has been made for the improvement 
in turbine efficiency due to reheating, and also for 
pressure loss in the reheater, the latter being based on 
actual operating results. The curves show that gains 
of 12-05 per cent. and 10-7 per cent. for 28 in. and 
29-1in. vacuum, respectively, can reasonably be expected 
for an increase in steam pressure from 250 Ib. per 
square inch to 1,000 lb. per square inch. 

A feed temperature of 250 deg. F. for all pressures 
has been assumed in these calculations, but, since 
the steam saturation temperature increases as the pres- 


RANKINE CYCLE EFFICIENCY AND OVERALL EFFICIENCY 


sure increases, it follows that regenerative feed-heating 
can be employed to still higher temperatures at the 
highest pressures under consideration. Thus there 
are many instances of boiler plant having inlet feed 
temperatures between 300 deg. F. and 350 deg. F. 
which have given test efficiencies between 85 per cent. 
and 87 percent. These high efficiencies have, of course, 
been obtained by the development of the air pre-heater 
and the suitable use of water-cooled and air-cooled 
combustion-chamber walls. 

From the curves given in Fig. 2, the gain due to 
feed-heating to temperatures other than 250 deg. F. 
can readily be obtained for 29-1 in. vacuum. If now 
it is assumed that, in combination with reheating to 
750 deg. F., feed-heating to 350 deg. F. is employed 
at 1,000 lb. per square inch absolute pressure, while 
still maintaining it at 250 deg. F. at 250 lb. per square 
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the ordinary design of water-tube boilers for lower 
pressures. The difference is merely in the strength 
of the parts, notably the drums. There are, however, 
four types of innovation which may be mentioned. 

An interesting variation in design for steam pressures 
of the order of 1,600 lb. per square inch is exhibited 
in a boiler constructed and erected by Messrs. Sulzer 
Brothers at their Winterthur works. A full description 
of this plant and the system under which it operates 
has already been published,* and it may be briefly 
summarised as a low-pressure boiler acting as a feed- 
water heater ancillary to a high-pressure boiler where 
all the high-temperature heat transfer takes place. 

Professor A. G. Léffler, of Vienna, has developed a 
method of high-pressure steam generation by which it 
is claimed that steel cylinders, which in the ordinary 
way would be suitable for pressures of about 450 1b. 





Fig.4. BOILER AND CONDENSER AUXILIARIES. 
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per square inch, can be used togenerate steam at 1,500 lb. 
to 1,800 lb. per squareinch. A description and diagram ° 
of the scheme were given in a papert read before the 
Institute of Marine Engineers in March, 1926. No 
heat transfer occurs across the metal of the drum, but 
all the heat is supplied to the high-pressure saturated 
steam through thesuperheatertubes. The high-tempera- 
ture steam so produced is partly used for outside con- 
sumption, but the major part is passed into the drum, 
where it evaporates feed water as saturated steam, which 
is, in its turn, superheated and the cycle repeated. Thus 
the boiler parts are not subjected to any stresses or 
strains from external heating, owing to defective 
circulation and irregular heat transmission across the 
metal to the water. <A 1,000-kw. plant on this prin- 
ciple is being erected at the Vienna Locomotive Manu- 
facturing Company. Steam is generated at 1,470 lb. 
to 1,760 Ib. per square inch, and 750 deg. to 930 deg. F., 
and is used in a vertical steam engine. An 18,000-kw. 
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plant running on three large boilers of this type, giving . 
130,000 Ib. of steam per hour at 1,700 lb. per square inch 
and 900 deg. F., is also being installed for theWitkowitz 
Coal Mining Company in Czechoslovakia. 

Details of an interesting departure in boiler design 


inch absolute, a further gain of from 2 per cent. to 


expected. In other words, the gain that may reason- 
ably be expected for an increase of steam pressure 
from 250 lb. per square inch absolute to 1,000 Ib. 
per square inch absolute becomes about 14-6 per 
cent. for a vacuum of 28 in. and 12-6 per cent. for one 
of 29-1 in. In addition to the improvement which is 
obtained at the higher pressures, particularly when 
working with feed-heating and reheating, it would 
appear from test figures available that the efficiency 
curve is considerably flatter with these higher pressures, 
i.e., the heat consumption of the station when running 
at the lower loads is relatively better than with the 
more normal pressures and temperatures. 
High-Pressure Boilers.—Though it is not proposed 
to deal very thoroughly with the subject of high- 
pressure boilers, one or two new features and departures 
from ordinary design may be noted. In a number 
of stations in which steam is used at extra-high pres- 











2-5 per cent. on the overall plant efficiency may be | 





sures, the boilers do not differ at all in principle from 





for high steam pressures, the Atmos boiler, have been 
published in EnotneertIne.{ Two boilers built on 
this principle have been installed at the Carnegie Sugar 
Refinery, Gothenburg, and more recently several others, 
working in conjunction with De Laval steam turbines, 
in Sweden and Germany. 

In the Benson generator, the drums are also eliminated, 
but quite a different method is employed to overcome 
troubles due to irregular ebullition in comparatively 
small-bore tubes under high pressure. In fact, it 
can be said that no boiling, in the usual sense, occurs at 
all. The steam is all generated at the critical point, 
where water changes into steam without change of 
volume or addition of latent heat. The sudden expan- 
sion of water into bubbles of steam, which is the cause 
of trouble, is thus entirely eliminated. This critical 





* The Engineer, 1926, vol. cxlii, page 706. 

+ D. Brownlie, “ Super-Pressure Steam Generation.” 
See ENGINEERING, 1926, vol. cxxi, page 401. 

t+ See ENGINEERING, 1925, vol. cxx, page 538. 
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point for steam is 3,200 lb. per square inch absolute 
and 706 deg. F. total temperature. 

The principle of the Benson generator is as follows: 
Water is pumped at 3,200 lb. per square inch along a 
small-bore tube and gradually heated up to a tempera- 
ture of 706 deg. F. Saturated steam leaves the tube 
at the other end, and this can then be superheated 
and throttled down to any desired pressure for use in 


(371.6) 








wound round a vertical cylinder of refractory material 
about 8 ft. high and 7 ft. in diameter. The whole 
is surrounded by another wall, and the space between 
the two, containing the tubes, is also the combustion 
chamber. Above the boiler is another coil acting 
as a superheater, making a total height of 17 ft. Dis- 
tilled water is pumped continuously into the bottom 
of the coils by a motor-driven force pump. This 
































a prime mover. In the event of a fracture of the tube, 
very little damage is likely, as the total quantity of 
steam in the boiler at any one time is small. Moreover, 
as the tube is quite small in bore, it can be made to 
withstand easily the high pressure employed. 

The first boiler of this type was installed and tested 
at Rugby in 1924* and 1925 in conjunction with an 
experimental turbine running at high speed. Long 
coils of steel tubing, }-in. bore and }-in. thick, are 











for absorbing inequalities in the delivery pressure 
could not be used, and in its place an alleviator, con- 
sisting of a spring-loaded piston and dash-pot, was 
fitted. The water at a normal pressure of 3,200 lb. 
per square inch passes up through the coils, being 
gradually raised in temperature. After traversing 
about 90 per cent. of the length of the coils, the water 
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changes quietly into steam at about 706 deg. F., and 














five-throw pump was constructed by Messrs. Fielding 
and Platt for a normal capacity of 10,000 ib. per hour 
with a maximum discharge pressure of 4,000 Ib. per 
square inch. The pump was driven by the motor 
through gearing. With the above output the motor 
was designed for 68 brake horse-power at 770 r.p.m., 
while the pump crankshaft ran at 71 r.p.m. The pump 
was provided with a relief valve to operate when the 
delivery pressure exceeded 4,000 1b. per square inch, 
but was tested up to 6,000 Ib. per square inch. Owing 





* See ENGINEERING, 1923, vol. oxv, page 777. 


to the extremely high pressure, the usual air chamber 
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is then slightly superheated to about 720 deg. F. 
while passing through the remainder of the coils. 
After being passed through a reducing valve, it passes, 
at 1,500 lb. per square inch, into the superheater 
coils, mentioned previously, and leaves at a temperature 
rather over 850 deg. F. This steam is then ready 
to be utilised in the special experimental high-pressure 
turbine, which expands it to a back pressure of about 
200 lb. per square inch. The boiler passed its tests 
very satisfactorily, steam being continuously generated 
at the critical pressure at the rate of 8,000 lb. per hour, 
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which was the limit imposed by the condenser available 
at the time. The safety point of view referred to 
previously was very well illustrated when a superheater 
coil burst without any damage being done to the 
boiler or the plant generally. 

Another boiler based on the same principle, but of 
slightly different-design, has been undergoing trials at 
the works of Messrs. Siemens-Schuckert at Siemens- 
stadt, near Berlin.* Instead of using coiled tubes 
as in the Rugby boiler, the tubes are in the form of 
short horizontal lengths connected at the ends by 
bends. The boiler has a greater capacity than the one 
at Rugby, and delivers 20,000 lb. of steam per hour. 
The steam, which, of course, is generated at critical 
pressure, is reduced to 1,420 lb. per square inch gauge 
and used in a 1,000-kw. Escher-Wyss turbine. A 
second boiler, of still greater capacity, is also now in 
course of construction at the same works. This will 
burn pulverised coal and is designed to deliver 50,000 lb. 
of steam per hour. 

In spite of these new designs and principles in high- 
pressure steam generation, the tendency at present, 
however, seems to be still in favour of the ordinary 
water-tube types with such modifications as the higher 
pressures may entail. 

Steam Turbines for High Pressures.—In the design 
of modern steam high-efficiency turbines it would 
appear that the general tendency is to use many stages 
of small diameter, particularly at the high-pressure end 
and with the increase in steam pressures this becomes 
still more necessary owing to the greater density of 
the steam and the greater available adiabatic heat- 
drop. The introduction of a machine having a large 
number of stages has led, in many cases, owing to both 
theoretical and practical considerations, to its division 
into two separate cylinders; with higher pressures 
a multi-cylinder design becomes even more necessary. 
In cases where reheating is adopted, the multi-cylinder 
design will often be found more suitable, as it gives a 
simpler and more reliable construction than is possible 
where the steam to be reheated is extracted and 
returned to the same cylinder. A still further reduc- 
tion in stage diameters at the high-pressure end can 
be obtained by the introduction of gearing, thus 
enabling the high-pressure portion to be run at the 
speed best suited to its output. This is of great value 
with the highest working pressures and machines of 
comparatively small output. Where a geared turbine 
for the high-pressure portion is used, the further alter- 
native arises of providing a separate generator for it. 
In this way the high-pressure portion of the plant 
becomes a distinct unit separate from the normal- 
pressure portion. 

High-pressure steam turbines may be divided into 
two main classes. They are :—(A) Turbines designed 
to expand the steam completely to vacuum : (i) single 
cylinder with or without provision for interheating ; 
(ii) multi-cylinder (extra-high-pressure cylinder coupled 
to normal-pressure cylinder) ; and (B) Turbines designed 
to exhaust against back pressure: (i) direct drive ; 
(ii) geared drive. The latter group naturally contains 
examples of superposed high-pressure plant, and 
includes some experimental machines and_back- 
pressure turbines the exhaust of which is being used 
for process work. 

The single-cylinder machine, group (A) (i), is repre- 
sented by a number of sets built by the General Electric 
Company of America. Good examples are the two 
40,000-kw., M.C.R., 1,800-r.p.m. machines installed in 
the Philo station of the Ohio Power Company. The steam 
conditions are 550 lb. per square inch gauge at 725 deg. 
F. at the stop valve and a vacuum of 29 in. The tur- 
bine is of normal design, and consists of 19 simple im- 
pulse stages with the blading mounted on discs separate 
from the shaft. Between stages 7 and 8, provision is 
made for extracting the steam at 143 lb. per square inch 
abs., in order to re-superheat it to 725 deg. F. before 
expansion is complete. The pressure-drop in the 
heater during actual operation appears to be about 
5 lb. per square inch. Provision is also made for 
extracting steam from before stage 6 for use in the 
condenser air ejector, and before stages 13 and 17 for 
heating the feed water to 314 deg. F. at the boiler. 

There are a number of examples of multi-cylinder 
machines, group (A) (ii), in which the extra-high- 
pressure portion is not entirely separate from the 
normal-pressure portion. In one only of the machines 
is the pressure at the turbine stop-valve greater than 
600 lb. per square inch. Where the aim is to increase 
the efficiency of an existing station by introducing 
high-pressure plant, the pressures chosen are rather 
of the order of 1,000 Ib. per square inch, but in the 
case of a new station the tendency seems to be to a 
limit of about 600 Ib. per square inch. 

The first section of the North Tees stationt was 
designed for interheating to 500 deg. F., and, for this 





* See Zeitschrift des Vereines deutscher Ingenieure, 
1927, vol. lxxi, page 657. See also ENGINEERING, 1927, 
vol. xxiii, page 694. 

T See ENGINEERING, 1924, vol. cxvii, page 753. 
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purpose, the steam is extracted between the cylinders 
of the Metropolitan-Vickers turbines. In the event 
of a sudden drop in load, provision is made to bypass 
the exhaust steam from the high-pressure cylinder 
direct to the condenser, on account of the large amount 
of steam which may be stored in the interheater. This 
is one of the serious problems to be faced where such 
methods of interheating are employed, and it is found 
necessary, in most cases, to introduce a complicated 
valve system to avoid, this trouble, and a second 
complication of damper devices in the reheat boiler 
to avoid excessive temperatures on the low-pressure 
turbines also at the lighter loads. 

Quite a number of the turbines in this group are 
intended to operate with interheating between the cylin- 
ders. In most cases, this is accomplished by special re- 
heat boilers, but in two instances, viz., the 208,000-kw. 
machine to be installed in the State Line station and 
the G.E.C. No. 5 set at Crawford Avenue, live boiler 
steam is to be the medium by which re-superheating is 
effected. This naturally means a rather lower reheating 
temperature, but it is claimed that this disadvantage 
is offset by the saving in cost of the plant. The six 
machines which have been installed in, or are under 
construction for, the Crawford Avenue station at 
Chicago are all excellent examples of this group. A 
very full description of the first set, that constructed 
by Messrs. C. A. Parsons and Company, Limited, has 
been published,* and it is not proposed to touch on more 
than one or two points here. In the first place, however, 
the employment of the “ end tightened ”’ type of reaction 
blading for the high-pressure end is to be noted. This 
enables the blade clearance, and consequently the leak- 
age losses, to be kept to a minimum—a very important 
point with such small blades as the employment of 
higher pressures entails—whilst the radial clearances 
can be made ample. The method of connecting the 
steam chest to the high-pressure cylinder is one that is 
being adopted in many instances by designers of 
high-pressure turbo-generating plant. Any liability 
to distortion due to the high temperature and pressure 
is avoided by employing four U-shaped pipes of 8 in. 
diameter, in place of one large pipe. Other examples 
of this construction are to be found in the case of the 
Westinghouse Crawford Avenue No. 3 machine, the 
Allis-Chalmers 50,000-kw. turbine at Waukegan, and 
the Brown-Boveri high-pressure machine at Langer- 
brugge. The General Electric Company of America 
will ultimately have three machines in the Crawford 
Avenue station, and a section of the first to be installed, 
one of 60,000 kw., is given in Figs. 9 and 10. Ulti- 
mately, a 104,000-kw. set by the Westinghouse 
Company will be installed in this station. This will be 
characterised by an interesting means of increasing 
the available exhaust area. There are three cylinders, 
and both the intermediate and low-pressure cylinders 
are of the double-flow type. After leaving the high- 
pressure unit and having passed through a reheater, 
one-third of the steam is completely expanded in the 
intermediate-pressure cylinder, the other two-thirds 
being partially expanded and then carried over to 
the double-flow low-pressure cylinder, where expansion 
iscompleted. The effect is thus a triple-exhaust served 
by six condensers. 


(To be continued.) 





DIFFERENTIAL-STROKE INTERNAL- 
COMBUSTION ENGINE. 


Tue advantages of increasing the length of the 
firing, as compared with the admission stroke, in the 
case of an engine operating on the four-stroke cycle, 
have been realised for many years, and the older 
generation of engineers will have no difficulty in 
recalling the Atkinson “ Cycle’? engine which embodied 
this principle. This engine was constructed in 1887, 
and was found to have a gas consumption of about 
22-5 cubic ft. per brake horse-power hour, and a 
mechanical efficiency of about 85 per cent. At the 
present time, such figures would be in no way remark- 
able, but when the engine was built the gas consump- 
tion was distinctly lower than that of any other engine 
available at the time. Over 1,000 of these engines 
were sold, but owing to the complexity of the 
mechanism for obtaining the varying stroke, which 
led to excessive weight and first cost and to rapid 
wear, the engine ultimately passed out of production. 

Since the Atkinson engine was abandoned, more 
information has become available on the forms of con- 
struction which lead to a high efficiency, and it might be 
anticipated that, if the mechanical difficulties associated 
with varying the stroke could be overcome, a quite 
exceptionally economical engine would result. There 
is no doubt, therefore, that the performance of a new 
engine—the Andreau motor—embodying a differential 
stroke that has recently been put on the market 
by the Citroén Gear Company, Paris, will be 





* See ENGINEERING, 1926, vol. cxxi, page 283. 


watched with the greatest interest. As already 
indicated, the mechanism for varying the stroke has 
hitherto proved an insuperable obstacle to commercial 
success,.and the makers of the Citroin engine are 
certainly to be congratulated on their solution of this 
difficulty. The key to their design is the employment 
of a pair of Citron gear wheels, which have been 
highly successful in other fields of service. By the 
use of these gears, a relatively simple mechanism has 
been evolved, with the further advantage that two 
crankshafts, revolving at different speeds, are avail- 
able for power transmission. 

Two photographs of the assembled engine are repro- 
duced in Figs. 1 and 2, on page 614, the first showing the 
utilisation of the two crankshafts to drive a dynamo 
and rotary pump, respectively, and the second, taken 
from a different angle, showing the engine as a separate 
unit. The differential-stroke mechanism is shown in 
Figs. 3 and 4 on the same page. A comparison of these 
figures will show that the second view is sectioned in 
two planes, one passing through the piston and con- 
necting rod, and the other through the axes of the two 
crankshafts. It will thus be realised that the piston 
and cylinder, as shown in this view, are in front of the 
remainder of the mechanism. 

It will be seen in Fig. 3 that the two crankshafts 
are coupled by a two-to-one gear, the gear wheels being 
of the Citroén double-helical type. The big end of 
the connecting rod is coupled to the two crank pins 
by links, of which there are actually two lower and 
two upper links, as shown in Fig. 4. The small ends 
of the lower links are mounted on a central pin, their 
outer surfaces forming the bearing for the connecting 
rod. The small ends of the upper links bear on the 
outside of the connecting-rod big end. The lower 
crankshaft is a one-piece forging, and the link to which 
it is connected has a split end, but as the upper crank- 
shaft is built up, the link bearing in this case is solid. 
The gudgeon pin is gripped in the connecting rod, and 
is free to turn in the piston, a practice which is 
being increasingly adopted for high-speed engines. 
The path of the connecting-rod big end is somewhat 
complicated, and does not lend itself readily to 
mathematical treatment. It may readily be plotted 
graphically, however, and will then be found to take 
the form indicated by the chain-dotted line in Fig. 3. 
The piston, as shown in this figure, is at the end of the 
firing stroke. The chief gain in efficiency resulting 
from the differential arrangement is obtained during 
this stroke, as its increased length, with respect to the 
admission stroke, enables a more complete expansion 
of the gases to be utilised than is possible in a normal 
engine. During the exhaust stroke, the big end follows 
the outer curve of the longer loop of the path of the 
rod end to its highest point, and when this position 
is reached, the piston is almost touching the cylinder 
head, with the result that the products of combustion 
are almost completely expelled. On the admission 
stroke, the big end traces the inside of the shorter loop, 
and the cycle is completed by tracing the outside of 
this loop on the compression stroke. ‘The compression 
ratio, as measured on the admission stroke, is 4-8 to 1, 
and during admission and compression the cycle is 
identical with that of an ordinary engine operating 
on the four-stroke cycle. 

Turning now to the general particulars of the engine, 
the bore of the cylinder is 85 mm., the length of the 
admission stroke 63 mm., and the length of the firing 
stroke 128-5 mm. The clearance at the end of the 
exhaust stroke is 1-5 mm., and at the end of the 
compression stroke 13-5 mm. Air cooling has been 
adopted for the models at present on the market. It 
may be pointed out, in passing, that the engine wil 
naturally run cooler than one of the normal type, as 
a greater portion of the heat of combustion will be 
converted to useful work. As shown in Figs. 1 and 3, 
the cylinder is completely surrounded by a cowl. The 
air enters the cowl through the cover at the top, and 
is drawn past a series of vertical cooling ribs, cast on 
the cylinder, by a fan forming part of the lower fly- 
wheel. The positions of the magneto and carburettor 
are shown in Fig. 2. The arrangement of the magneto 
drive can be seen in Fig. 4, from which it will be 
noticed that a gear-wheel on the magneto-driving shaft 
engages with the upper of the two wheels which couple 
the crankshafts together. In the sump there is an 
oil pump of the positive-displacement type, driven by a 
corresponding arrangement from the lower wheel. 
This pump supplies oil under pressure, through the 
passage shown in Fig. 4, to the right-hand lower crank- 
shaft bearing, and thence through passages in the 
shaft to the crank-pin and left-hand bearings. The oil 
for the upper shaft is carried from the pump through 
the vertical pipe shown on the right of the sump in 
Fig. 4, and is again delivered to the right-hand bearing, 
and thence through the shaft to the other two bearings. 
The lower connecting-rod bearing is fed by pipes 
connecting it to the lower crank-pin, and the piston is 
fed by splash lubrication. There is a by-pass valve 





on the supply line to the upper crankshaft, as shown in 
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Fig. 4, which returns the oil direct to the crank-case Alm j ‘ . ‘NE q 
in the event of the pressure becoming excessive for \Y is oi oe 2 
any reason. The oil passes through a filter in the 255 Yy 
sump before it is re-circulated by the pump. This LLL ' as : 
filter can be readily removed for cleaning purposes aaa: ee yf oe : =4}-fuii. : Yy ; 
through the opening in the front of the crank-case. A oe mae ee 5 A g 
portion of the oil supplied to the upper crankshaft LLL 
bearings circulates through a sight-feed indicator, Yy ‘ 
shown just below the magneto in Fig. 4 and above the : ff i 1 
flywheel in Fig. 1, so that visual indication is given of | : ONY } A | 
any failure in the oil supply. { 

As indicated in Fig. 3, the inlet and exhaust valves | G 
are in the cylinder head, and access to them is obtained g SR eee: ee ee ee | : 

















by removing the cover at the top of the cowl. The 17 in ia oe on) x 
valves are operated by inclined push rods from the two YZ z ' 
cams on the upper crankshaft, shown on the right in g ! 

Fig. 4. The governor, of the usual centrifugal type, | 

is shown in the same figure on the 2nd of the magneto- 























driving shaft. The plunger bears on a rocker arm, 
not shown in the figure, which transmits the motion 
to the throttle through a rod-and-link mechanism. The SN = PN 
bearings on the ends of each crankshaft are sealed by Hr j SET 
suitable packing rings, as shown in Fig. 4. y RN 

At normal running speed the upper crankshaft 1 g 
revolves at 700, and the lower shaft at 1,400 r.p.m. 36. C1 "ENGINEERING: 
The speed regulation permits of a reduction to about oy 
25 per cent. on these figures without increasing the | obtain equivalent speed variations by suitable pulleys on ; horse-power was found to be 3°32 at 500 r.p.m., 4°05 
consumption of fuel. At the higher speeds, the engine | the engine and the machine which it is driving, but, as | at 600 r.p.m., and 4°56 at 690 r.p.m. The fuel con- 
develops 44 h.p. If belt drive is employed, four speeds | the unit is intended for driving agricultural and similar | sumptions, at the three speeds quoted, were 0:386, 0-381, 
are at once obtainable by taking the drive from either | machinery, the wide range of speeds without the use | and 0°379 lb. per b.h.p. hour. The granting of licences 
of the flywheels or from one of the two pulleys provided, | of special pulleys will be appreciated. for the construction of this engine in this country is 
and two additional speeds can be obtained by interchang-| In a test carried out on one of these engines by the|in the hands of the Citréen Gear Company, Limited, 
ing the two pulleys. It would, of course, be possible to | Conservatoire National des Arts et Metiers, the brake | Brook Green, Hammersmith. 
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PoutsH Coat AND Iron TRADES.—The coal output of 
Poland was 35,637,304 tons in 1926, a figure which, 
compared with that of the preceding year, shows an 
increase of 22-6 per cent. In 1926, Poland exported 
14,281,000 tons of coal, as against 8,031,000 tons ex- 
ported in 1925, the British colliery strike having been a 
contributing cause to this increase. At the commence- 
ment of 1926, the Polish iron and steel works ran at 
half their capacity ; the proportion reached 80 per cent. 
of their capacity towards the end of the year. The pig- 
iron production was 326,734 tons in 1926, as against 
314,564 tons in 1925. The steel production remained 
practically the same, namely, 789,872 tons in 1926, 
and 782,243 tons in 1925, In the iron and steel works, 





the 10-hour day is the general rule, except for certain 
classes of labour for which an eight-hour day has been 
established by Government order. The Comité des 
Forges de France, who publish these figures, state that 
Poland is essentially an agricultural country, the rural 
population amounting to 61-8 per cent. of the total. 
Owing to scarceness of capital, the total absence of 
reserve funds, the lack of outside credits, one bad harvest 
suffices to place the whole country in a very critical 
situation from the financial and economical stand- 

oints. Such was the case in 1925, following the bad 
ee of 1923-24. On the other hand, the abundant 
harvest of 1924-25 had a beneficial influence upon the 
Polish industries during 1926. 
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RECTIFIER UNIT IN SERIES. 


(380.8.) “ENGINERRING” 


CUPROUS-OXIDE RECTIFIER FOR 
ALTERNATING CURRENT. 


An examination of the subject will show that the 
increasing use of alternating-current distribution must 
bring in its train a greater demand for devices for 
generating direct current without the use of revolving 
machinery. As it is, at the heavy-current end of 
the scale the mercury rectifier and its modifica- 
tions* are being more and more employed, both for 
general and traction work, while at the light-current 
end, the requirements of wireless, control and measuring 
apparatus of various kinds, open up even more impor- 
tant fields of application for such devices. From the 
commercial point of view, perhaps the most fertile of 


desirable for even the amateur to be able to obtain 
direct current from an alternating supply for charging 
his batteries or even for operating his set directly. The 
apparatus that can, at present, be used for these purposes 
may be classed under the headings of valve rectifiers, 
vibratory rectifiers, and chemical rectifiers, respectively. 
The first of these gives very efficient rectification, but 
it consumes energy for heating the filament and 
generally has a fairly high resistance. The vibrating 
rectifier works well and its efficiency is high, but it 
requires attention, while in chemical rectifiers, though 
there is only a small loss of energy and little attention 
is required, the use of liquids is a disadvantage. It is 
stated that most of the advantages claimed for the 
various types of rectifier, without the accompanying 
disadvantages, are obtainable by using what is known 
as a metal rectifier, an interesting example of which is 
being developed in this country by the Westinghouse 
Brake and Saxby Signal Company, Limited, of King’s 
Cross, London, N. 

This rectifier, the discovery of which is due to 
Mr. L. O. Grondahl, consists essentially of a disc of 
copper, on one face of which a layer of cuprous oxide 








* See pages 338 and 377 ante, 


these fields is the wireless market, where it is often- 
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has been formed at a high temperature. It has been 
found that a plate of this kind is an unsymmetrical 
conductor of electricity; that is, the resistance to 
the passage of current in the direction from the oxide 
to the ccpper to the passage of current in the opposite 
direction is in ratio of about 1 : 1,000, or even higher. 
The upper and lower curves in Fig. 4 show the 
resistance in the two directions, respectively. A 
sketch of a rectifier unit of this kind is given in 
Fig. 5. This is self-explanatory, except that it may 
be mentioned that the lead washer is included to 
improve the contact, and plays no part in the 
rectification. The diameter of the standard-sized 
copper disc used is 14 in. Its resistance is only a 
fraction of an ohm, and it is therefore capable of 
carrying a large current. The amount of current that 
can be carried depends on the diameter of the disc, 
while the voltage of the current that is to be rectified 
determines the number of discs that are placed in 
series. It is the practice to combine a number of these 
discs in a “ pile,” as in Fig. 1, while a number of these 
piles can also be connected in series. The particular 
apparatus shown has a direct-current output of 10 
milliamperes at 200 volts. It is claimed that the 
efficiency of such a rectifier is about 60 per cent., 
while tests made in the American Bureau of Standards 
on electrolytic, thermionic, and vibrating rectifiers 
show efficiencies ranging from as low as 3-6 per cent. 
to 43 per cent. The application of the rectifier to 
various purposes may now be considered. 

It will be obvious from what has been said that if 
this rectifier is connected in an alternating-current 
circuit, one-half of the wave will practically be sup- 
pressed. To obtain full-wave rectification the units 
are therefore connected in bridge formation, as shown 
in Fig. 6. 

From the general engineering point of view, the most 
important use to which these rectifiers can be put is 
the measurement of small alternating currents, espec- 
ially where, as happens on electric traction systems 
nowadays, an alternating current of about 1 amp>re is 
imposed on 1,000 amporcs of direct current. In an 
alternating-current voltmeter of the moving-iron type 


so that each disc has a mean direct-current voltage 
equal to the point X on the curve in Fig. 1. When the 
pulsating voltage of the output from the rectifier R 
rises above the mean direct-current voltage, the 
resistance of the unit D decreases. Consequently, this 
unit shunts the increased output from R across to 
the negative pole, while the stored energy in the 
inductances A and B acts as a back E.M.F. and 
fills up the space between the unidirectional 
pulsations. The principle thus outlined can obviously 
be carried farther, and it is claimed that it is possible 
to provide the smooth direct current required for 
radio purposes at very low voltages without relying 
on the usual inductance-capacity filters. 

Finally, mention may be made of the employment 
of this rectifier as a detector of earth faults on supply 
systems where both poles are normally insulated. In 
this connection it has been used in railway signalling, 
where sensitive alternating-current relays are em- 
ployed, and where earth faults might lead to these 
devices becoming wrongly energised. Such a leakage 
indicator consists of a unit, which is made up of two 
transformers and two small rectifiers, together with 
two direct-current relays and a lamp indicator. The 
primaries of the transformers are connected in series 
across the alternating-current ’bus-bars, the centre 
connection between the two windings being earthed. 
The secondaries are connected to two rectifiers, the 
outputs from which are connected to two neutral 
relays. These relays remain energised so long as 
both sides of the alternating-current system have the 
same resistance to earth. When a leak occurs on 
one pole the voltage across the corresponding relay 
drops, with the result that its contacts are opened 
and a warning lamp lighted. It is understood that 
earth faults with resistances as high as 15,000 ohms 
have been detected in this way, or nearly four times 
that required on most railway signal systems. 
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the resistance is as low as 40 ohms per volt, a state of 
thirgs which may seriously affect the accuracy of the 
readings, while if this current is rectified a moving- 
coil direct-current instrument, in which the resistance 
is 200 ohms per volt, or even higher, can be used, and 
the accuracy much increased. The instrument would, 
of course, be calibrated in alternating-current volts. 
A combined rectifying and measuring apparatus, 
which is extremely useful for this purpose, under the 
conditions just’ mentioned, is shown in Fig. 3. This 
illustrates a rail current meter, in which a two-part 
current transformer is placed round a rail to measure 
the small alternating current which are superimposed 
upon the rails for signalling purposes. 

The Westinghouse rectifier can equally well be 
employed for the trickle charging of track or line 
batteries, and for this a set similar to that shown in 
Fig. 2 is used. These include a reactive transformer 
by means of which the supply voltage can be trans- 
formed to the correct value and the charging current 
regulated. The particular set illustrated is suitable 
for connection to a 240-volt alternating-current circuit, 
and has an output varying from 0-2 to 1-0 direct 
current amperes at 2-0 volts. In the larger size sets 
the reactive transformer is replaced by an ordinary 
transformer and a tapped reactance, both of which are 
housed inside the rectifier casing. The connections 
from the reactor taps are brought to a six-way switch, 
giving six different charging currents. For wireless 
purposes, the Westinghouse rectifier is combined with a 
Ferranti trickle charger to give a maximum output of 
0-5 ampere at a pressure suitable for charging 2, 4 
or 6 volt batteries. The whole of the equipment is 
enclosed in a sheet metal case. 

In addition to its use as a rectifier, this device can 
also be employed for smoothing purposes, when it is 
necessary to remove the ripple from a direct or 
alternating current so that it can be employed to 
operate a wireless set. The wave of rectified voltage 
received from the output side of a rectifier unit on 
open circuit is made up of a series of sine waves each 
representing only half a cycle, the resultant being 
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a series of curves having peaks at double the frequency 
of the original alternating-current supply. The mean 
value of the direct-current voltage is 0-7 of the peak 
value of the pulsating waves, and if the direct-current 
output is to be smoothed, devices must be incorporated 
which will absorb the portion of the double-frequency 
curves above the mean value, and fill in the. space 
between the double-frequency curves below the mean 
value. This can be effected by the arrangement 
shown in Fig. 7. In this circuit, a metal rectifier R 
supplies a direct-current pulsating voltage having peaks 
at double the supply frequency through the inductances 
A and B to the load. A bank of rectifier units D is 
connected from the junction of A and B to the negative 
pole of the rectifier. This bank of rectifiers is designed 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.——There is no improvement of 
any kind to report in the state of the Scottish steel trade. 
The majority of the works are finding difficulty in 
securing a-sufficient number of specifications to enable 
them to carry on from week to week the portion of plant 
in operation. Buyers are holding back, but in many 
cases they themselves cannot see very far ahead and, 
consequently, are loth to enter into commitments. 
Inquiries are still poor, but some business men in this 
district are of the opinion ‘that a revival in conditions 
is not very far off. In the black-sheet trade there is 
little change. Heavier gauges are extremely slow of 
movement, but the bookings of light sheets have been 
quite good recently, and there is a fair amount of activity 
at the works. The following are the current market 
quotations :—Boiler plates, 101. 10s. per ton; ship 
plates, 8/. 2s. 6d. per ton ; sections, 7. 12s, 6d. per ton ; 
and sheets, 4 in., 8/. 15s. to 8l. 17s. 6d. per ton, all 
delivered at Glasgow stations. The export price for gal- 
vanised corrugated sheets, No. 24 g., is 131. 15s. per ton. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade the quietness is still as prevalent 
as ever. Orders for bar iron are very scarce, and 
hand-to-mouth conditions are common all round. The 
re-rolled steel departments are also very quiet, and fresh 
orders are difficult to obtain. The current price for 
Crown bars is unchanged, at 10/. 15s. per ton for home 
delivery and 10/. 5s. per ton for export. 

Scottish Pig-Iron Trade.—A very dull tone continues 
in the Scottish pig-iron trade. Consumers of hematite 
iron and foundry iron are both buying very sparingly, 
with the result that stocks are still on the increase. 
This matter is of much concern to producers, more 
especially as the prices realised areso poor, and it is very 
possible that a few more of the blast furnaces will be put 
out of action shortly. The following may be taken as 
the current market quotations :—Hematite, 76s. per 
ton, delivered at the steel works; foundry iron, No. 1, 
77s. 6d. per ton, and No, 3, 72s. 6d. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, November 5, amounted to 1,077 tons. 
Of that total, 1,038 tons went overseas and 39 tons 
coastwise. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade—News that the French Government 
has decided immediately to lift the embargo which requires 
that licences must be secured before foreign coal can be 
imported, is regarded with satisfaction in Welsh coal 
trade circles, inasmuch as any restriction in the exchango 
of commodities is believed to influence adversely ship- 
ments of coal. It is hoped that a lifting of the ban will 
result in increased shipments of Welsh coal and conse- 
quently in more regular working at the collieries. At any 
rate the decision of the French Government is encour- 
aging. In the meantime the general demand continued 
quiet for early loading, and with supplies excessive, prices 
remained irregular and governed by individual circum- 
stances. Best Admiralty large ruled from 19s. to 20s., 
with best steam smalls from 12s. 6d. to 13s., and other 
classes at relative levels. Tentative inquiries for 
shipment over next year were circulating more freely, 
but actual business was quiet, as prospective buyers and 
sellers hesitated to commit themselves, though a superior 
second Admiralty large was stated to have been booked 
at 19s. The Central Argentine Railways were in the 
market for about 500,000 tons over 1928, while the 
British Admiralty has placed erders with a number of 
colliery companies for their requirements, which aggregate 
about 250,000 tons compared with a pre-war total of 
1,500,000 tons to 2,000,000 tons. The Cie. Generale 
Transatlantique, the French shipping line, was also 
inviting offers for 30,000 tons to 60,000 tons of coal 
over next year. 


Stabilisation of Coal Prices.—Some details of the scheme 
of the sub-committee of the Monmouthshire and South 
Wales Coalowners’ Association for stabilising coal prices 
have leaked out. The scheme has not yet been officially 
announced, but is to be considered by the Association 
next week. It is understood that outputs are to be 
allocated. This does not mean a restriction in produc- 
tion, but a basis for payment into a pooling fund. The 
standard output is to be based on previous outputs. 
Collieries are to pay 3d. per ton on the coal produced, 
and collieries producing less than the standard, or idle, 
are to be compensated from the fund. Coals are to be 
grouped and minimum prices arranged, and collieries 
selling under the minimum are to pay a heavy penalty. 
Whether the scheme will be adopted has yet to be decided. 
While there is a possibility of the proposals steadying 
prices, it is generally believed that values cannot be 
regulated by artificial means, and that it will be exceed- 
ingly difficult to devise means to prevent evasions. 








X-Ray ANAtysIs oF Metats: Erratum.—We regret 
that in a portion of this issue, two of the illustrations of 
Sir W. H. Bragg’s Thomas Hawksley lecture on the X-Ray 
Analysis of Metals, viz., Figs. 11 and 12, on page 628, 
have been inadvertently transposed. In the correct 
Fig. 11, showing the X-ray pattern produced by a crystal 


| of sugar, a number of spots are arranged in the form of 


a distinct figure of eight, while in the correct Fig. 12, 
which is an X-ray photograph of asbestos, the spots are 
more diffuse and are arranged ‘more in the form of a 





to non-members. ] 


narrow ellipse with its major axis vertical. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Taking: a broad view the position 
shows a slow but gradual improvement. Despite the 
unsatisfactory conditions obtaining in some of the heavy 
steel branches, it is evident from consistently-reduced 
returns of unemployment that this set-back is more than 
counterbalanced by revival in several of the finished 
branches. Works inquiries reveal widespread disparity 
in conditions. Whereas big concerns have a large 
amount of machinery that is virtually idle, and is im- 
posing a heavy burden of cost on the restricted volume 
of the work in hand, it is possible to find other establish- 
ments working overtime, and in isolated cases running 
continuous shifts. 'The improvement, which was forecast 
in railway steel, appears to be in process of accomplish- 
ment. The main deterrent has been the long-standing 
lack of orders from British railway companies, owing to 
the cautious financial policy which they have found it 
necessary to pursue. Track renewals during next year, 
however, will call for a big tonnage of permanent-way 
material. In the latest of these orders Sheffield and 
district firms, and their associates, share substantially, 
and steel rail mills will derive appreciable benefit. There 
are also welcome signs of a larger percentage of overseas 
inquiries materialising in definite contracts. Increased 
labour costs abroad have forced foreign prices nearer the 
level of British quotations, and, now that overseas users 
are paying more attention to quality and reliability, 
British engineers who use British steel are able to show 
improved order books. Sheffield will supply much of the 
material for the all-steel bogie wagons to be made for the 
Mashonaland Railways. Automobile steel manufacture 
maintains a high level of activity, with a sustained heavy 
run on special-steel parts. There is a strong call for steel 
for electrical apparatus. The general constructional 
trades are able to show a surprisingly large output for 
this season of the year. Special steel products are 
attracting increased attention, and here and there there 
are signs of revival in engineering and mining tools. On 
the other hand, there is no improvement in open-hearth 
steel. How to employ plant, extended in record degree, 
to meet foreign competition becomes an increasingly 
difficult problem. 


South Yorkshire Coal Trade.—The house-coal trade has 
experienced an exceptionally slack demand during the 
past few months. Despite curtailment of production, 
heavy stocks are still held, particularly of secondary and 
inferior qualities. Hope of improved sales is, however, 
based on the advent of colder weather. Seeing that 
collieries have had difficulty in maintaining recently- 
advanced rates, there appears to be little likelihood that 
prices will further depreciate in the immediate future 
unless the demand shows an exceptional spurt. Indus- 
trial fuel is a moderate market on home account, though 
export business tends to revive, despite very keen 
competition from foreign producers. Gas coal is fairly 
active, with prices steady, though furnace and foundry 
coke are a shade easier. Smalls are still in abundant 
supply. Quotations: Best hand-picked branch, 28s. to 
30s. 6d.; best house coal, 22s. 6d. to 238s.; screened 
house coal, 19s. to 20s.; screened house nuts, 16s. to 
17s, 6d.; Yorkshire hards, 14s. 6d. to 16s. 6d.; Derby- 
shire hards, 15s. to 17s. ; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. to 7s.; smalls, 3s. to 48, 6d. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 


British Possessions and in foreign countries. Further | - 


details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Ministry of the Interior, Municipalities and 
Local Commissions Section, Savoy House, Cairo, is 
inviting tenders, to be presented by December 15, for the 
supply and erection, in the courtyard of Toura Prison, of 
a steel reservoir of 150 cub. m. capacity. The maximum 
water level is fixed at 28 m. above the ground. Local 
representation is essential. (Ref. No. AX 5462.)—The 
Uruguayan Ministry of Public Works, Hydrographic 
Department, is inviting tenders, to reach Montevideo 
by February 5, for the supply, delivery and erection of 
22 cranes, required for the smaller ports up the river 
Uruguay. (Ref. No. AX 5478.) 





ContTrRacts.—The JRubislaw Granite Company, 
Limited, Queen’s-road, Aberdeen, has placed an order 
with Messrs. John M. Henderson and Company, Limited, 
King’s Works, Aberdeen, for a cableway for the Rubislaw 
Quarry. This appliance is to handle loads of 20 tons; the 
clear span will be well over 800 ft., and the plant will be 
driven by a 150-brake-horse-power electric motor. 
Messrs. Henderson have also just completed five aerial 
cableways, to the order of Pot Sir John Jackson, 
Limited, for the construction of the Nag Hammadi bar- 
rage. These installations are of the luffing or sway type, 
and are capable of handling 5-ton loads. The span 
of each is 3,100 ft., and the supports are 182 ft. in height. 
The winding gears are electrically driven, and the hoisting 
and travelling speeds are 280 ft. and 1,250 ft. per minute, 
respectively.—Messrs. Alfred Herbert, Limited, of 
Coventry, are supplying the fuel pulverisers for the new 
super power station, which is being erected at Hams Hall, 
near Birmingham. This station, when completed, will 
have a capacity of 800,000 kw. Each of the five large 
boilers will be fired by five large double Atritors, as the 
Herbert pulverisers are called, each double machine hav- 
ing a pulverising capacity of 4 tons of coal per hour; the 
total capacity of the plant will thus be 100 tons per hour. 
The Atritors will be electrically driven, and will be electri- 


NOTICES OF MEETINGS. 

Tue Puysicat Socrety.—To-night at 5 p.m., at the 
Imperial College of Science, Imperial Institute-road, 
South Kensington, 8.W.7. ‘The Power Factor and 
Capacity of the Electrodes and Base of Triode Valves, 
with Special Reference to their Use in Thermionic 
Rectifiers,” by Mr. G. W. Sutton. ‘“‘ The Refraction and 
Dispersion of Air, Oxygen, and Gaseous Chloroform ; 
and New Determinations of the Gaseous Refractivities 
of Acetone, Methyl Ether, and Ethyl Ether,” by Mr. H. 
Lowery. ‘ Theory of the Elastic Pianoforte Hammer,” 
by Mr. P. Das. 

THe INSTITUTION oF MECHANICAL ENGINEERS.— 
To-night, at 7 p.m., at Storey’s-gate, St. James’s-park, 
S8.W.1. Informal Meeting. Discussion on ‘“ What is 
Wrong with Industrial England?” introduced by 
Mr. F. Clements. Friday, November 18, at 6 p.m. 
General Meeting. ‘‘ Modern Portland Cement Plant,” 
by Mr. H. Gutteridge. 

THE Junior InstITUTION oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Annual 
General Meeting. Friday, November 18, at 7.30 p.m., 
at Caxton Hall, Westminster, S.W.1. Inaugural Meet- 
ing. Presidential Address: ‘The Nile and the Use 
of its Waters,”’ by Sir Murdoch Macdonald. 


THE INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: SOUTHERN DistTRiIcT.—Saturday, November 12, 
at 11.30 a.m., at the Town Hall, Chippenham. Paper 
by Mr. Payne. 

Tue INstitTUuTE oF MetTats: ScortisH Locat SEcTIOoN. 
—-Monday, November 14, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘“‘ Brass Foundry Practice,” by 
Mr, A. Logan. 

THe Braprorp ENGINEERING Socrety.—Monday, 
November 14, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture: “The V-Rope 
Drive,’ by Captain J. Dawson. 

THE Ratway Cius.—Monday, November 14, at 
7.30 p.m., at 25, Tothill-street, S.W.1. ‘* London’s 
First Railway—The London and Greenwich,” by Mr. 
H. A. Vallance. 

THE Roya Society or Arts.—Monday, November 
14, at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture: ‘‘ Alloy Steels ; their Manufacture, Properties, 
and Uses’? (Lecture I), by Professor Henry C. H. 
Carpenter, F.R.S. Wednesday, November 16, at 8 p.m. 
Ordinary Meeting. ‘“‘ Overcrowding in Public Convey- 
ances,”” by Professor Leonard Hill, F.R.S. 

Tue INstITUTE OF TRANSPORT.—Tuesday, November 
15, at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Lectures 
for Graduates and Students. ‘Transport Rate-making 
in Theory,” by Professor J. G. Smith. 


THE InstiTuTION oF CiIviL ENGINEERS.—Tuesday, 
November 15, at 6 p.m., at Great George-street, S.W.1. 
“Plastic Yield, Shrinkage, and Other Problems of 
Concrete and Their Effect on Design,” by Dr. Oscar 
Faber. Wednesday, November 16, at 6.30 p.m. 
Students’ Meeting. Address by Mr. J. R. B. Griggs. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : NORTH- 

WESTERN CENTRE.—Tuesday, November 15, at 7 p.m., 
at the Milton Hall, Deansgate, Manchester. Joint 
Meeting with the Institution of Mechanical Engineers : 
North-Western Branch and the Manchester Association 
of Engineers. ‘“‘The Applications of Electricity in 
Warships,” by Mr. W. McClelland. 
THE SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, November 15, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘ Patenting of Steel,” by Mr. J. S. Glen 
Primrose. 

THE RoyaLt METEOROLOGICAL SocreTy.—Wednesday, 
November 16, at 5 p.m., at 49, Cromwell-road, South 
Kensington, S.W.7. ‘The Influence of Forests on 
Rainfall and Run-off,” by Dr. C. E. P. Brooks. ‘“‘ The 
Secondary Depression on the Night of January 28-29, 
1927,”’ by Mr. C. K. M. Douglas. ‘‘ The Circulation of 
the Atmosphere over Melbourne,”’ by Dr. E. Kidson. 
THE INSTITUTION OF Crv1L ENGINEERS: MANCHESTER 
AND DISTRICT ASSOCIATION.—Wednesday, November 16, 
at 6.45 p.m., at the Manchester Literary and Philosophical 
Society, 36, George-street, Manchester. ‘‘ Engineering 
Problems in a Modern Departmental Store,” by Lieut.- 
Colonel W. S. Beaumont. 


THE MANCHESTER METALLURGICAL SocteTY.—Wednes- 
day, November 16, at 7 p.m., at the Engineers’ Club, 
Albert-square, Manchester. ‘‘Some Alloys of Alumin- 
ium,”’ by Mr. H. W. L. Phillips. 

THE INSTITUTION OF MINING AND METALLURGY.— 
Thursday, November 17, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. ‘‘ Note on 
the Second (Triennial) Empire Mining and Metallurgical 
Congress,’’ by Mr. R. E. Palmer. 

THe INsTITUTION oF ELECTRICAL ENGINEERS.— 
Thursday, November 17, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. ‘‘ Apparatus Standards 
of Telephonic Transmission, and the Technique of Testing 
Microphones and Receivers,” by Captain B. S. Cohen. 
Tue Nortu-East Coast InstITuTION oF ENGINEERS 
AND SHIPBUILDERS.—Thursday, November 17, at 6 p.m., 
at Bolbec Hall, Newcastle-upon-Tyne. ‘“‘ The Application 
of High Pressures to the Reciprocating Marine Steam 
Engine,” by Mr. S. G. Visker. 

THe RoyvaL AERONAUTICAL Socrety.—Thursday, 
November 17, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘The Use of the Wind 
Tunnel in the Prediction of Aeroplane Performance,” 








cally controlled from a distant station. 








THE INSTITUTION oF STRUCTURAL ENGINEERS.— 
Thursday, November 17, at 6.45 p.m., at Great Northern 
Hotel, Leeds. ‘“‘The Bulking of Fine Grits applied 
to Concrete Making,’’ by Mr. J. E. Worsdale. Friday, 
November 18, at Bristol, ‘“‘The Artistic Side of Engi- 
neering,’ by Mr. A. T. Edwards. 


Tue Institute or Metats: BrrRMINGHAM LocaL 
Srection.—Thursday, November 17, at 7 p.m., at the 
Engineer’s Club, Waterloo-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society 
and the Staffordshire Iron and Steel Institute. Dis- 
cussion on “‘ Annealing.” 


Tue InstiTuTION OF CrviL ENGINEERS: YORKSHIRE 
AssocrATION.—Thursday, November 17, at 7.30 p.m., 
at the Hotel Metropole, Leeds. ‘‘ Permanent Way 
Design on British Railways,” by Mr. W. Hepworth. 


THE INsTITUTION OF LOCOMOTIVE ENGINEERS : NORTH- 
EasTERN CENTRE.—Friday, November 18, at 7 p.m., at 
the Hotel Metropole, Leeds. ‘‘ Loco’ Engine Failures. 
With Some Hints for their Prevention,” by Mr. H. J. 
Stephenson. 


Tue INstITUTE OF BritisH FOoUNDRYMEN : MIDDLES- 
BROUGH BRANCH.—Friday, November 18, at 7.45 p.m., 
at the Cleveland Technical Institute, Corporation-road, 
Middlesbrough. ‘Mass Production of Castings,” by 
Mr. A. S. Beech. 


THe Socrety or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING Group.—Friday, November 18, at 8 p.m.., 
at the Chemical Society, Burlington House, Piccadilly, 
W.1. “Some Modern Methods of Recovery of Lubricat- 
ing Oils,” by Mr. A. J. Broughall. 


THE INSTITUTE OF BRITISH FoUNDRYMEN: LANCASHIRE 

BRANCH, JUNIOR SEcTION.—Saturday, November 19. 
at 3p.m. Visit to Metallurgical Laboratories, Manchester 
University, followed by Short Address by Professor 
Thompson. 


Tue Hutt Association or ENGInEERS.—Saturday, 
November 19, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture, ‘‘ Modern Practice 
in Steam Turbines,” by Professor G. Stoney. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business in Cleveland 
pig iron is steadily expanding. Home consumers are 
buying more freely, though they continue to express 
much dissatisfaction at having to pay 2s. 6d. more 
for their supplies than is charged to customers in Scotland 
and overseas. Producers, however, appear determined 
to adhere to the rates they fixed a week or two ago, 
and are aided, so far as home prices are concerned, by 
the action of ironmasters abroad, who have advanced 
their export quotations, Local consumers of pig are 
buying little of the foreign makes, which for delivery 
here, are now barely 2s, below rates ruling for the products 
of this district. 'To home consumers No, 1 Cleveland is 
70s.; No. 3 g.m.b., 678. 6d.; No. 4 foundry, 66s, 6d. 
and No, 4 forge, 66s. 


Hematite.—The situation as regards East Coast 
hematite iron is a little better. Producers, however, 
though quotations are unremunerative, are still price 
cutting, and it is difficult definitely to determine values. 
Sales to home and to Continental buyers show some 
improvement. Demand is almost entirely for iron 
to special analysis. Market rates are based on 72s. 
approximately, for Nos. 1, 2 and 3, both for home use 
and for export. 


Foreign Ore.—Though there is very little business in 
foreign ore, sellers adhere firmly to quotations, Best 
rubio is 21s. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke 
makers are endeavouring to take a firmer stand, but 
they still experience difficulty in selling good average 
qualities to local consumers at 18s. delivered. 


Manufactured Iron and Steel.—Transactions in several 


scale and values are well upheld, but sheets are slow of 
sale and weak in price. Common iron bars are 10/, Lda, ; 
best bars, 11/. 5s,; best best bars, 111. 15s. ; iron rivets, 
1ll. 5s. ; packing (parallel), 87. ; packing (tapered), 11. ; 
steel billets (soft), 71. 28. 6d steel billets (medium), 
7l. 12s. 6d.; steel billets (hard), 8/. 2s. 6d.; steel ship 
plates, 87. 2s. 6d. ; steel angles, 7/. 12s. 6d. ; steel joists, 
7l. 12s. 6d.; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No, 24 gauge), 107. 12s, 6d. to 101. 15s. ; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 128, 6d. 
to 131. 15s. 


Imports of Iron and Steel.—Imports of iron and steel 
to the Tees from Holland, Belgium, France, Norway, 
Sweden, India, Germany, and coastwise, for the twelve 
months ending October 31 last, reached 383,220 tons, 
as compared with 254,612 tons for the same months 
ending October 31, 1926, and 54,564 tons for the corre- 
sponding pre-war period of 1913-1914. Imports of pig- 
iron for the past twelve months amounted to 105,566 tons, 
as compared with 81,061 tons for the same months a 
year ago and 1,427 tons in the pre-war period; crude 
sheet bars, billets, blooms, and slabs, unshipped to the 
end of last month, totalled 221,719 tons, as compared 
with 141,943 tons a year ago and 33,655 tons in the 
pre-war period ; and plates, bars, angles, rails, sheets, and 
joists, unloaded during the period just ended, amounted 
to 55,935 tons, as compared with 31,608 tons a year ago 





by Mr. R. K. Pierson. 





and 19,482 tons in the pre-war period. 


descriptions of finished iron and steel are on an improved - 
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175-TON OIL-ELECTRIC DRAGLINE EXCAVATOR. 
CONSTRUCTED BY MESSRS. RUSTON AND HORNSBY, LIMITED, ENGINEERS, LINCOLN. 
(For Description, see Page 608.) 























Fie. 8. GENERAL VIEW oF EXCAVATOR. 
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Fre. 9. View sHowrne 3-Cusic Yarp Bucket BEING LOWERED. 
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PAST AND PRESENT BRITISH 
ENGINEERING. 


THE present condition of the engineering trades 
is set down usually as a direct consequence of the 
war. This view seems to mistake the immediate 
for the ultimate cause. The war did not create 
the present difficulties of British engineers, which 
have arisen through processes that have been going 
on for many years. It has merely accentuated and 
accelerated them. The distinction is by no means 
academic. If the war had done no more than make 
a break in conditions which would have continued 
unchanged but for its interference, British engineers 
might have been justified in expecting that, when 
the world had recovered from the economic effect of 
the war, they would be able to restore the state 
of things it had disturbed. As things are, no such 
solution of our difficulties is conceivable. The chief 
effect of the war on the British engineering trades 
has been to create for them abruptly a situation, 
which, in any event, they would have had to face 
in the process of time. Their competitors in foreign 
countries have renewed their equipments, and are 
seeking to exploit the world’s markets as well as their 
own with what appears to be a keener competition 
than ever. The sudden revision of their equipment 
has been not only in the direction of quality, but in 
capacity. It has made the productive power of the 
world’s engineering industries far greater than it 
was, while at the same time the world’s present 
purchasing power is much less. Such a situation is 
not without precedent, and in the past British 
engineers have been able to cope with it. What 
characterises the present situation, however, is that 
the disparity between capacity for producing and for 
consuming seems much greater than it has ever been 
before, and is in evidence in more countries than 
before. Accordingly, many competent authorities 
concur in thinking that it is too great to be solved 
by the methods that were adequate to previous 
similar emergencies, 

The latest expression of this view is to be found 
in Lord Aberconway’s recently published work on 
The Basic Industries of Great Britain (Ernest 
Benn, Limited), which presents it in a somewhat 
unusual context. The primary purpose of the book 
seems to be to record and celebrate the achieve- 





ments and history of those who founded and have 


3 have been collected before. 
5 | each district varies with the events to be illustrated, 


carried on the engineering trades in each part of 
the country. It deals separately with the chief 
industrial districts and centres, and in each of 


1 | them with their principal industries, giving a liberal 


selection of typical firms associated with each 
trade, and a summary account of their alliances, 
successors, and the difficulties they had to face, 
and overcame. On these subjects it contains an 
amount of intimate detail which does not seem to 
Its information on 


and is supplemented by critical accounts of the chief 
past and present circumstances of the trades, 


3| including the character and material surroundings 


of those who work in some of them, and by a limited 
and apposite collection of statistics. All this goes 
to make a record, parts of which will be new even 
to most well-informed readers, and amounting to a 
set of outline chronicles of the industries in question, 
in each of which the author has had a long adminis- 
trative experience. It is likely, therefore, to have 
a permanent historical interest to those who are 
concerned in any or all of these industries ; but 
for the moment its chief value lies in the guidance 
to be derived in present circumstances from the 
details of its narrative, and the author’s views re- 
garding the means by which existing difficulties may 
be surmounted. 

In recent years, the practice of the engineering 
trades has shown an increasing tendency to accom- 
modate itself to changing circumstances. It re- 
mains, however, founded on traditions which now 
are ancient, and had established themselves by 
successful working for nearly a century, before it 
began to be found necessary to modify them. 
These traditions were essentially individualist. In 
the early days of the history of the engineering trades, 
British engineers were not only the first to make 
the fundamental inventions that have led to 
modern manufacture, but also were much the 
most energetic in developing them. By the date of 
these developments, moreover, British merchants 
had made for themselves an old and unequalled 
network of connections in overseas markets, and 
for the time being foreign competition in engineer- 
ing manufacture, whether at home or abroad, 
was practically negligible. The difficulties British 
engineers had to meet were mostly of their own 
creation. Some, of course, came from competition 
among themselves; but most of them arose from 
the magnificent and untiring energy with which 
they sought to perfect the inventions they had 
made, to extend their applications, and to improve 
their plant. The competition of other countries 
did not trouble them greatly, and when, later on, a 
customer country showed a disposition to go into 
manufacture on its own account, they willingly 
sold it machinery and tools for the purpose. They 
were predominant in what, so far as concerned 
consumption, was a rising market. When steel 
began to supersede iron, the large capital invest- 
ment demanded by the change was rewarded by the 
growth of steel shipbuilding, and when the American 
tariff deprived the tinplate industry of its chief 
export market, increased demand arose in the Far 
East to make good the loss. Towards the end of the 
century, and thereafter, excess of producing capacity 
became manifest from time to time, and combina- 
tions were attempted to regulate production and 
prices, but they showed little permanence. The 
engineering trades remained fundamentally indi- 
vidualist enterprises. 

The amazing success with which these enterprises 
met, in the first period of engineering history, makes 
it unlikely that they will surrender the independence 
and opportunity for initiative, which could have 
been obtained only by an individualist constitution. 
Such a change, indeed, would be eminently specula- 
tive and dangerous ; but the present situation of 
these trades seems to show conclusively that, what- 
ever mechanisms they may use for the purpose, the 
time has come when they must make a greater and 
more systematic use of the economies and other 
advantages of co-operative working than has been 
done hitherto. 

In a recent address on the engineering industry 
to the Economic League, Mr. D. A. Bremner, 
Director of the British Engineers’ Association, sup- 





plemented with the latest figures on the economic situ- 
ation, statistics originally prepared for a conference 
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of the League of Nations, and embodied in a’ mono- 
graph to which reference has been made more than 
once in these columns. The details of this address, 
when it is published, will repay careful study, but 
for the present purpose it may be sufficient to 
quote one or two figures. On the general insuffi- 
ciency of the world’s consumption of engineering 
products, he points out that, in 1925, the combined 
exports of this country, the United States, Germany 
and France, of machinery and locomotives did not 
exceed three-fourths of their volume in 1913, a 
difference which certainly cannot be explained by 
exceptional activity in the home markets of these 
countries. The course taken by the iron and steel 
trades in this country is indicated by the fact 
that, in 1913-14, exports were considerably more than 
double the imports, whereas both last year and so 
far this year, imports have substantially exceeded 
exports. The production of pig-iron last year was 
about one-fourth of the average for 1913 and 1914, 
and, in spite of the great increase in capacity of 
plant, the production of steel ingots and castings 
was much less than half. These figures doubtless 
are the result of the coal strike, but both before and 
since that year the figures for pig iron are substan- 
tially less than in 1913-14, and those for steel, 
though this year they show an advance, must be 
presumed to have benefited by including orders 
left over from the strike period. On the Continent, 
on the other hand, a steady and unbroken increase 
has been shown every year since 1920, and the com- 
bined output of the principal producers in each 
product is well over the 1913 level. Since 1921, 
again, imports of machinery into this country have 
risen each year without interruption, and up till 
now are in volume over one-fifth of the exports, 
while the value per ton of the imports and the 
employment they consequently represent is more 
than half as much again as that of the exports. 
Most conclusive of all, however, are the combined 
figures for the results of 66 representative firms 
in the engineering and allied trades during the last 
three years. In the last two years they earned 
3-7 and 2-8 per cent., respectively, on their paid-up 
capital, and their average of 4-3 and 3-9 per cent. 
dividends had to be made up by drawing on re- 
serves, 

It is common ground that an essential condition 
of improvement in the export trade is a lower cost 
of production, to permit lower selling prices to be 
quoted. As a fact, the selling prices actually 
charged on the home. as well as the export, markets, 
are at a much smaller advance in the engineering 
trades over the prices of 1913-14 than the average 
for all commodities, and, as the figures last quoted 
indicate, have only been reached by drawing on 
reserves, a process which by now must have nearly 
or altogether reached its limit. Many elements of 
expense are outside the control of the industries. 
Rates and taxes, land and sea freights and dock 
charges, and tariffs, are the chief items in a long list 
of burdens that neither masters nor men can remove. 
The wisdom of applying home tariffs to protect 
individual industries remains still a controversial 
question. The remarkable results shown by the 
automobile trade, which has turned a substantial 
tariff protection to precisely the account for which 
it was granted, illustrates that to impose such a 
tariff may mean merely giving manufacturers an 
assurance of their home market, and lead to a 
substantial reduction in prices. On the other 
hand, what may be possible in one trade may not 
be so in another, and, as Lord Aberconway points out, 
and as has been emphasised in a recent address by 
Mr. David Macmillan, secretary of the Scottish 
Re-rollers Association, cheap foreign raw materials 
may be indispensable to important finishing indus- 
tries. It is not likely, for instance, that marine 
engineers on the Tyne could keep their business if 
they could no longer buy foreign shafting and 
castings equal to British at two-thirds the price, 
or that the important export trade in tinplates 
could be maintained without the help of cheap sheet 
and tinplate bars. 

It is from the factors of cost that are within the 
control of the industry that immediate or rapid 
relief must be sought. In many or most trades, the 
cost of labour places the industry at a vast dis- 
advantage as compared with its foreign competitors. 

















In a substantial part of those trades, that cost is 
made up largely of the expense involved in obeying 
the restrictions put on labour by trade unions, and 
in some of them lies actually in the refusal of pay- 
ment by results, which has enabled workers in the 
automobile trades to draw high wages, when their 
fellows in industries crippled by trade union restric- 
tions had to put up with less money or with actual 
unemployment. It may be that, as Lord Abercon- 
way implies, some actual reduction in earnings may 
be necessary before an engineering industry can be 
put on the right road again, though means would 
doubtless be found to assure that a present sacrifice of 
wages was made good as times improved. But before 
and apart from any question of reduced earnings, it 
is in the power of workmen to see that they no longer 
debar themselves from doing the best they can at 
whatever work comes to their hand, and being paid 
for what they do. It remains to be seen whether 
the abolition of the present uneconomic restrictions, 
which pile up overhead and other costs, and keep 
the individual worker out of the income he could 
earn, may not in themselves effect savings enough 
to make reduced earnings unnecessary. The result, 
again, that has been shown by co-operation in 
industries which have tried it, such as that of elec- 
trical manufactures, should be an encouragement 
to others to adopt similar measures ; perhaps not for 
the first time, but now with the determination to 
stick to them and make them succeed. That there 
is room for much economy to be made in selling 
expenses by co-operative working is shown by 
reports from all parts of the world, and equally that 
such economy could be combined with a much more 
effective local service and a more intimate knowledge 
of local requirements, and attention to them in the 
designs that are offered. Lord Aberconway lays 
great emphasis on the inadequate extent to which 
even now research is being pursued in this country, 
as compared with its competitors. His comments on 
the subject overlook perhaps the difficulty of im- 
provising research workers, to which attention was 
called repeatedly by the Department of Scientific 
and Industrial Research, when it had to bow its head 
gracefully beneath the axe of the undiscriminating 
and extravagant economist. No doubt, however, 
can be felt as to the justice of his conviction that 
the efficiency of the research service is the best 
guarantee that our industries will hold their own 
in international competition. His book ends with 
a deliberate judgment on the question of whether 
the capital invested in our. basic industries may 
be considered a good national asset. Curiously 
enough, considering his experience at the bar before 
he became engrossed by his distinguished services 
to industry, he does not answer this question in the 
terms in which he asks it. His conclusion, however, 
coming as it does with the authority of his long and 
varied industrial experience, is none the less satis- 
factory, provided that the conditions he regards as 
precedent to prosperity are established. These 
conditions are in substance much as we have sug- 
gested above, and in his view “if, by the willing 
co-operation of the worker and employer, these 
ends be achieved, our industries will revert to their 
full vitality.” 





THE REGULATION OF THE TSANA 
LAKE. 

A CERTAIN amount of excitement has been aroused 
in the past week by cabled reports from the United 
States, to the effect that a large contract had been 
awarded to a New York firm of engineers for the 
construction of regulating works and land develop- 
ment in Abyssinia. The first cables spoke of 
irrigation schemes in connection with the project, 
and, on the face of it, it appeared that Abyssinia was 
about to embark on its own account, and for its own 
purposes, on a large undertaking which might be 
prejudicial to the future interests of Egypt and the 
Soudan. 

Later information has, as a matter of fact, put 
a totally different complexion on the incident, though 
there are still curious points about the affair, which, 
perhaps, may be cleared up in the future. There 
appears to be now no contract, and the Abyssinian 
Government spokesman has given his assurance 
that the one desire of his’ Government is to 
meet the wishes of Great Britain in the matter, in 





accordance with the agreement entered into between 
the two countries in 1902. The subject of the 
alleged contract was the construction of regulating 
and subsidiary works in connection with the control 
of Lake Tsana on the Blue Nile, in Abyssinia. The 
idea of constructing such works is no new one. It 
has been envisaged as a possible ultimate develop- 
ment ever since the irrigation programme of Egypt 
was put on a rational basis with an idea of maximum 
development in the future. 

The obvious thing to do in Egypt, when the 
country was committed to our charge, was first of 
all to rehabilitate the Calioub Barrage at the head 
of the Delta, and subsequently to introduce works 
which would enable Egypt to bring more and more 
land under the most desirable type of cultivation, 
with a view to obtaining ultimately maximum 
productivity. The great works which have rendered 
the British regime in the country so notable have 
all been undertaken with this end in view, and the 
more recent projects in the Soudan fall into the 
same programme. Although the recently com- 
pleted Sennar Dam is primarily intended for the 
irrigation of the Gezireh Plains, it was understood 
that it would be so worked, when necessary, as to 
meet the needs of Egypt, while the Gebel Aulia Dam, 
commenced some while ago on the White Nile, is 
primarily intended for Egyptian supplies. 

Investigations were long ago carried out by the 
Governments concerned with regard to still further 
developments on the head waters of the White 
and the Blue Niles. Projects of this kind were 
discussed officially as long ago as 1901. In 1904, 
the schemes were dealt with at considerable length 
in Sir William Garstin’s famous report of that year. 
In the interim a good deal of new information had 
been acquired. Missions had visited the head 
waters of the main rivers, and suggestions were 
made with regard to procuring additional supplies 
from the Victoria and Albert Lakes and Lake Tsana. 
The expedition to the Victoria and Albert Lakes 
suggested, it is interesting to note, that the lake 
level in the case of the former should not be dis- 
turbed, but that the storage should be drawn upon 
by lowering the river-bed at the exit. The con- 
current mission to Lake Tsana was carried out 
under Mr. C. E. Dupuis (1902), and reported upon 
this lake in a like sense. Owing to the remoteness 
of the lakes on the upper reaches of the White 
Nile, and to the fact that any scheme for their use 
would likewise involve heavy engineering works in 
the Sudd region, these projects have not been 
regarded as likely to be within practical politics 
for some time, although discussed at length in 
the Garstin report, and in Sir Murdoch MacDonald’s 
report of 1920. The project also formed the subject 
of an expedition under Mr. P. M. Tottenham, 
C.B.E., in 1923. 

On the other hand, since Sir William Garstin’s 
report, the region of the upper waters of the Blue 
Nile has become still better known. The work on 
the Sennar Dam and Gezireh scheme and other 
expeditions have resulted in the accumulation of 
more reliable data regarding those regions, while a 
mission dispatched to Abyssinia by the Egyptian 
Government in 1920 returned with a great deal of 
additional information of value. This mission was 
conducted by Mr. G. W. Grabham and Mr. R. P. 
Black, the former Government Geologist to the 
Anglo-Egyptian Sudan, and the latter of the Ministry 
of Public Works, Egypt. After working in the 
country for some time these officials were relieved 
by others, but the main report on the work of the 
mission was drawn up by the two gentlemen named, 
Mr. Tottenham, then acting as Under-Secretary of 
State, Ministry of Public Works, Egypt, contributing 
a foreword. 

The effect of this report was to confirm, broadly, 
the work of Mr. Dupuis, carried on so many years 
before and under greater difticulties. The possi- 
bilities of the storage were found to be rather better 
than Sir W. Garstin and Mr. Dupuis concluded, but 
the proposals of Mr. Dupuis still stand as the best 
solution of the problem of their utilisation. The 
chief points contained in the report of Mr. Grabham 
and Mr. Black can be briefly summarised as follows : 
The total discharge of the lake in average years is 
3,500 mill. cub. m. The sill at the outlet could 
be lowered so that a sufficient range of storage water 
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level could be obtained without any increase of the 
flood-level of the lake.. The, construction of a 
simple regulator would suffice. By additional 
excavation the discharge might be increased from 
3,500 mill. cub. m. in a year to 8,000 mill. cub. m., 
to meet deficiencies in case two bad years followed 
in succession. 
The lake, situated in Abyssinia, is drained by the 
Blue Nile at its southern extremity. The river 
makes a detour of several hundred miles before it 
turns definitely northward, and one of the alternative 
proposals made earlier was to run the supplies from 
the lake through a tunnel under the separating 
range of hills, direct into the Dinder, whose source 
is almost due west of the lake. The Dinder de- 
bouches into the Nile, following a course mainly 
north-west. This suggestion has not been seriously 
followed up, partly for political reasons, though the 
course taken would be substantially shortened by 
its adoption. 
At the Southern end of the lake, the outlet consists 

of a number of channels over rock sills, and 
separated by sundry islands. The chief works would 
consist of two earth dams, possibly with core walls ; 
and a regulator in masonry, providing for 14 sluice 
gates each giving 5 metres clear opening, the floor 
level being 7 metres below the natural flood level. In 
order to make these works effective, the channel some 
distance lower down would have to be improved, 
and a tunnel driven through a hill to cut out a 
bend and rapids. This improvement is, in fact, 
estimated to cost a good deal more than the regula- 
ting works proper. The whole undertaking might 
be expected to carry with it improvements such 
as better roads into the district, the employment of 
labour, increase of trade and so forth. The dams 
would not be important works, running to the 
length, perhaps, of from 200 m. to 400 m. only, and of 
no great height. The remoteness of the district 
naturally adds to the prospective cost. Abyssinia 
has been the subject of several agreements in recent 
years, but the most important relating to water 
supplies to the Soudan and Egypt is that of 1902, 
by which the Government of that country bound 
itself not to construct, or allow to be constructed, 
any works likely to affect the interests of the Sudan 
and Egypt in these matters without the consert of 
the British Government. Although incorrectly 
reported as a contract, the arrangement with the 
J. G. White Engineering Corporation, of New York, 
appears to be only of a tentative nature, and not 
likely to be carried further unless the Government 
of this country approves. It is a little difficult to 
understand, however, why such secrecy should 
have been maintained by the Abyssinian Govern- 
ment on the subject, and, if its wish is purely 
to please this country, why British firms were not 
equally approached on the matter, especially in 
view of the fact that all data on which any com- 
prehensive view of the requirements of the case can 
be formed, have been laboriously collected at much 
expense by the British and Egyptian Governments. 
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Power Station ExTENsions aT STOKE-ON-TRENT. 

Tue electrical position at Stoke-on-Trent receives 
added interest from the national re-organisation, 
which is now being undertaken by the Central 
Electricity Board. The City of Stoke-on-Trent, 
which in point of view of population is the fourteenth 
largest in England, springs, it will be remembered, 
from a federation of five smaller towns, which took 
place in 1910. These towns had more than one 
system of electricity supply, and the new Electricity 
Supply Committee were, therefore, confronted with 
a three-fold problem: The provision of additional 
power, of means of linking-up the four original 
stations and of economical generation and distribu- 


for, as so often happens, the discussion was additive 
rather than critical. 


to the “‘ Electricals.” There is considerable justifi- 


that the bias of the discussion would have been 
transferred from the user to the designer. 
best solution would seem to be that a paper of 
this kind which is of interest to more than one 
section of the profession, should be discussed 
before a joint meeting, and even published in 
the Proceedings of both the bodies concerned. 
We are often told that this is an age of specialisation. 
That is true enough so far as the work of the 
individual is concerned. On the other hand, there 


The Central Power House was again extended in 
1923 by the addition of a 6,000-kw. turbo-alternator, 
while on Monday, November 7, a further extension 
of 10,000 kw. was formally started by the Mayoress. 
The result. is that the generation of the electrical 
needs of the city is now practically concentrated 
in the one station. In the meantime the distribu- 
tion system has been largely extended, and an im- 
portant addition to the load has been obtained by 
the connection of the new factory of the Michelin 
Tyre Company, Limited, to the mains. Since 1923, 
the electricity generated has increased from 
6,889,479 kw.-hr. to 23,086,210 in 1925-26. There 
was a slight drop in 1926-27, but there is every 
prospect that in the present year the previous 
maximum figures will be exceeded. Though we 
propose to deal with some parts of the technical 
features of the latest extensions in a forthcoming 
issue, it may be said that they comprise an addition 
to the building, which will allow a 12,500-kw. set 
and two further 60,000-lb. boilers, now on order, 
to be installed, a switchgear annexe and circulating- 
pump room. As already mentioned, the new 
plant comprises a 10,000-kw. turbo-alternator by 
Metropolitan-Vickers’, together with two 60,000-lb. 
Babcock and Wilcox boilers, and the necessary 
auxiliary equipment. The steam-raising plant 
offers some points of interest. In the first place, 
the Green’s economisers are arranged behind the 
boilers along with the air heaters, and in the second, 
the Hagan system of automatic boiler control, of 
which we gave a description on page 325 of our issue 
of September 9, 1927, is employed for the first time 
in a public station in this country. The turbo- 
alternator has a guaranteed steam consumption of 
10-047-lb. of steam per kw.-hr., and is bled both 
for heating the feed water and evaporating the 
crude water for make-up purposes. The condenser 
is of the radial flow surface type. The switchgear 
is armour clad. An additional cooling tower with 
a capacity of 400,000 galls. per hour has been 
erected by the Davenport Engineering Company. 


Joint MEETINGS OF ENGINEERING SOCIETIES. 


An important point was raised by Mr. Thomas 
Roles, city electrical engineer of Bradford, in the 
course of the discussion on the paper, “‘ Higher Steam 
Pressures and their Application to the Steam 
Turbine,” by Messrs. A. H. Law and J. P. Chittenden, 
which took place at the meeting of the Institution 
of Electrical Engineers in London on Thursday, 
November 3. As will be seen from the abstract 
which we publish on page 610 of this issue, this 
communication deals entirely with a mechanical 
engineering subject, electricity only being mentioned 
to be dismissed in the statement that the alternator 
efficiency is unaffected by any increase in steam 
pressure. This being so, Mr. Roles remarked that 
he hoped that the voice of mechanical engineers 
would be raised in the discussion, as it was 
important that those who had to operate the 
equipment should know the views of those who 
designed it. This hope was not altogether realised 


Some will doubtless say that 
the reason for this is that the paper should have 
been presented to the ‘‘ Mechanicals ’’ rather than 


cation for this, but the result would have been 


The 





tion. It was decided to erect a new station and to 
superimpose three-phase 50-cycle generation and 
transmission on the existing systems. This station, 
which had an initial capacity of 3,000 kw., was set 
to work in 1913 and was extended in 1919 (3,000 kw.) 
and in 1922 (3,000 kw.).. Owing to the difficulty 
of standardising the distribution systems, a task 
which is only now nearing completion, the original 
Stations at Burslem and Stoke continued to co- 


is no doubt that it is becoming more difficult to 
draw a strict line of demarcation between the 
activities of the various branches of engineering. 
Messrs. Law and Chittenden’s paper offers one 
example. 
scheme of hydro-electric development where, if the 
operations of the civil, mechanical and electrical 
engineers do not exactly merge, they are at least 
so highly interdependent as to make it desirable 


Another is provided by almost any 


individually. There may be difficulties in the way 
of organising joint meetings on the lines which 
we have suggested, but we cannot help thinking 
the result would be of advantage to the profession 
as a whole. i 


TUNGSTEN REACTIONS IN GAS-FILLED: LAMPS. 


The temperature at which a tungsten filament 
can be operated in a vacuum is in practice 
settled by the state of evaporation of the metal 
which forms a black deposit on the bulb. The 
loss of metal is reduced by filling the bulb with 
an inert gas. In ordinary low-watt lamps the 
inert gas used is argon containing from 10 per cent. 
to 20 per cent. of nitrogen; on economic grounds 
large lamps, of 500 watts and more, are filled with 
nitrogen only, though they are run at temperatures 
of 2,850 deg. K. In such lamps a dark brown 
deposit settles on the bulb very slowly, yet more 
rapidly than in argon-nitrogen mixtures. That this 
brown deposit is a tungsten nitride had long been 
suspected, but had not actually been proved even 
by Langmuir in his studies of tungsten lamps. 
When the problem was recently taken up by 
Messrs. Colin J. Smithells and H. P. Rooksby in 
the Research Laboratories of the General Electric 
Co., Ltd., at Wembley, they had to burn a four- 
litre lamp for 1,000 hours to collect about 10 milli- 
grammes of the brown deposit. Ignited in air this 
deposit burnt to a greenish yellow oxide, ‘ X-ray 
examination of the deposit, of tungsten metal itself, 
and of its three oxides (WO; yellow, W,0, deep blue 
and WO, chocolate brown), did not indicate any 
oxygen compound. Oxidation of the deposit with 
potassium permanganate in a spectrum tube showed 
the presence of nitrogen, and the volume relations 
suggested a nitride WN,. This formula was con- 
firmed by further experiments ; the density of the 
nitride was of the order 5. In their recent com- 
munication on this subject to the Chemical Society 
Messrs. Smithells and Rooksby also referred to the 
action of water vapour, which is difficult to exclude 
entirely. The reaction between the hot tungsten 
and the vapour giving oxide and hydrogen ‘is 
reversible. The hotter parts of the filament, ‘as 
Dr. Smithells has previously shown, are oxidised, 
the oxide is reduced again, at lower temperature by 


the hydrogen, to metal which is redeposited on the 
cooler portions of the filament. 
expect that the brown deposit should also contain 
oxygen which, however, was not found. - There 
is, however, reason to assume that water vapour 
does reach the glass walls ; but it seems to be reduced 
again by the atomic hydrogen. That would help to 
explain how one part of water vapour in 10,000 
can burn out a tungsten filament in less than an 
hour. 


One would then 





Brown-Coat Gas IN GERMANY.—It is reported from 


Cologne that, according to the Koelnische Zeitung of 
October 1, the attempt of the central German brown-coal 
industry to manufacture a gas capable of being utilised 
for distant gas supply, has 
Furthermore it is assumed that proposals will besubmitted, 
in the course of the autumn, to the various municipal and 
district associations in central Germany, with a view to 
starting experiments on a larger scale with such brown- 
coal gas distribution. 
association at Cassel will, in conjunction with the munici- 
pal gas works, consider the question whether distant gas 
supply can be laid on in its district from the brown 
coal areas of Hesse and central Germany. 


n completed successfully. 


The report states that the district 


PEerRsoNAL,—The Electrical Section of the Construc- 


tion Department of the Newcastle-upon-Tyne Electric 
Supply Company, Limited, has removed, from I, Saville- 


lace, to the company’s new offices, Carliol House, New 


flarket-street, Néewcastle-upon-Tyne. All correspon- 


dence for this section should be sent to the new address. 
—Messrs. The Brown Hoisting Machinery Company, 
Cleveland, Ohio, and Messrs, Industrial Works, Bay 
City, Michigan, U.S.A., have merged their businesses 
into one company, known as Industrial . Brownhoist 
Corporation, with general offices at Cleveland. The new 
company will continue to operate plants for the manu- 
facture of material-handling machinery at Bay City, 
Cleveland and Elyria (Ohio). 
policies, under which the constituent companies formerly 
operated, will be retained.—Messrs, 
Company, Limited, Stamford, have opened a new branch 
at Baltic Chambers, 50, Wellington-street, Glasgow, and 
have appointed Mr. W. Guthrie as their Scottish manager. 
—Messrs. Hick, Hargreaves and Company, Limited, 
Soho Iron Works, Bolton, have secured the patents and 
British manufacturing rights of Mason’s valves. The 
production of the device, which will be known as the 
** Hick-Mason”’ valve, will be praceeded with immedi- 


The management and 


Blackstone and 








operate and had, in fact, to be extended in 1923. 


for them to be considered jointly rather than 





ately. The valve was illustrated and described on page 
60 -of our issue of July 8 last, 
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LITERATURE. 


Applied X-Rays. By GrorcE L, Crarx, Ph.D, First 
Edition. London: McGraw-Hill Publishing Company, 
Limited, 6 and 8, Bouverie-street, E.C. 4. [Price 
208. net.] 

Tue term, applied X-rays, may be interpreted in 
various ways. The first application of X-rays, in the 
search for invisible fragments of metals, and for 
discontinuities in solids, immediately followed 
Réntgen’s discovery of 1895. For some time the 
medical profession did more for the development of 
this application of the new direct internal photo- 
graphy than did industry generally, until certain 
interests were stimulated during the war. Mean- 
while Laue had demonstrated in 1911 that X-rays, 
passing through the natural grating formed by the 
grouping of the atoms in a crystal, enabled us to 
study the nature of the grouping as well as the nature 
of the X-rays. This discovery of diffraction effects 
opened out a new line of applications, first apparently 
of a purely theoretical character. But it was soon 
recognised that most substances are sufficiently 
crystalline to admit of this X-ray exploration, and 
further that stress affected the appearance of X-ray 
spectra, which, in their turn, would help to elucidate 
the action of the stress. Thus the theoretical 
line of research was taken up in the laboratories, not 
only of metallurgists and engineers, but also of 
textile and rubber technologists, and the literature 
on X-rays expanded rapidly. 

Among this multitude of books, a high rank will 
undoubtedly be accorded to Dr. Clark’s Applied 
X-Rays. It is the work of an original investigator, 
assistant professor of applied chemical research at 
the Massachusetts Institute of Technology, who pre- 
sents his subject in concise scientific language. Yet 
we feel he might have adhered rather more strictly to 
his professed aim, namely the use of X-rays as a new 
tool for industry, by leaving more to general text 
books and to special treatises. We admit that such 
a restriction would be a matter of great difficulty. 
One cannot deal with the effects of absorption and 
scattering, upon the observation of which the worker 
has to rely, without outlining the general theory ; 
and we certainly do not wish to imply that the good 
diagrams given of space lattices and crystal planes 
are not indispensable. It was certainly necessary 
to say something on the generation of X-rays and 
the equipment required. In this respect Dr. Clark 
might perhaps even have been a little more explicit. 
But some pages might have been spared in the sec- 
tions on the Bohr atoms, atomic structure and 
fundamental properties, B-ray tracks, the benzene 
ring and physiological effects. The gain in space 
would have been small, however. Dr. Clark’s points 
of view are interesting, and the remarks on the ion- 
absorption theory of the action of lead tetraethy] as 
an anti-knock substance would not fit into any but 
his ionisation chapter. Dr. Clark has made some 
inconclusive experiments on this action. In his 
investigation of the catalytic efficiency of finely 
divided nickel, an increase in the activity did not 
run parallel with a decrease in the size of particles, 
but there seemed to be such a parallelity in the case 
of spongy platinum when used in the sulphuric 
acid contact process. 








An Encyclopedia of Ironwork.—Examples of Hand 
Wrought Ironwork from the Middle Ages to the End 
of the 18th Century ; with an Historical Introduction 
by Orro Horver. London: Ernest Benn, Limited, 
Bouverie House, Fleet-street, E.C.4. [Price, 42s. net.} 

Ir may be well to make clear at once that this fine 

work deals with ironwork wrought to artistic forms, 

and while making its chief ..ppeal to the architect, 
will, in a lesser degree, interest the engineer. 

The book opens with an essay on ornamental 
ironwork and consideration of styles—Gothic, late 
Gothic, and the Baroque. The earliest work is 
simple, later work less simple, but with marked 
restraint, and later still, in the seventeenth and 
eighteenth centuries, highly ornate. A magnificent 


set of plates, over 300 in number, is presented, 
giving examples ranging from the twelfth to the 
eighteenth centuries, ranging from the strength- 
ening and surface embellishment of doors, the 
making of door knockers, to the fabrication of 
grilles, screens, railings, gates, or lanterns. The 
plates are very well reproduced, and relate chiefly 








THE MECHANICAL TESTING OF MATERIALS. 
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to works in Germany, Austria, France, Italy, and 
Spain. There is but little English work illustrated, 
which is to be regretted, as there are still fine 
examples in existence. It may not be out of place 
to direct attention to the valuable collection to be 
seen at the South Kensington Museum, which has 
many specimens of English work. The book would 
be much improved by an index to the plates, and 
numbered references to them in the text. 

The character of the works illustrated must have 
been much influenced by the methods of construc- 
tion available to the smith, and much ingenuity 
was exercised by him in piecing his work together. 
Some of the examples are at once so complex and 
so delicate, that one wonders how it can have been 
produced. The worker must have been limited to 
welding, riveting, tenoning, and the use of binding 
collars, and had not command of many methods 
which might now be brought into use. The material 
worked was, however, well suited to his purpose— 
wrought iron of the most accommodating quality, 
easily welded and very ductile. It is only in such 
a material that plate armour of complex forms, 
elaborately fluted, could have been produced, and 
it may reasonably be supposed that the same material 
was available to the maker of ornamental ironwork. 
There is, perhaps, no other branch of art in which 





coo 














Fig. 14. 1}-Ton INGot Sutrpnur Prot. 








\ We yy) Ae 






WG A 
PS WZ LE 
Se =e oe. 





CMWZZ 






a 
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so little is known of the individual worker. In the 
rarest cases only did the smith in any way mark his 
work. There is but one such instance known, in 
the South Kensington Museum Collection, and but 
few names are associated with the work, yet much 
of this is of so high a standard that one is curious to 
be informed on the point, and if the author of the 
textual matter in this book can furnish some informa- 
tion regarding this, the value of his effort would be 
































Nov. II, 1927.] 


ENGINEERING. 





623 








THE MECHANICAL TESTING OF 








(379.C) 








Test Piece R. 





CoRNER SEGREGATION OF INGOT. 





* in? 
§ dacs oe 1 
, r. Poi 
a eat, . Sada] 


Corr Test C.B. 








Y.P. Tons. 


| 


| 
El. Per Cent. |p. Per Cent. || U.T.S. Tons. | Y.P. Tons. El. Per Cent. Ra. Per Cent. 





| 
| 
41-6 | 25-0 | 22-6 44-0 





34-2 20-6 | 24-0 41-8 











Core Test B.B. 

















) | 
U.T.S. Tons. | Y.P. Tons. El. Per Cent. | R.A. Per Cent. || U.T.S. Tons. | Y.P. Tons. | El. Per Cent. | R.A. Per Cent. 
! l 
41-4 | 23-2 | 19°3 33°8 34-6 19-8 | 25-6 47°2 
Fie. 5. (Maenirication 50 DIAMETERS.) 


enhanced. In some cases, the design was furnished 
by the architect, but this detracts but little from 
appreciation of the artistic feeling and the craftsman 
skill of the smith himself, who, without this, could 
hardly have given expression to the original concept. 
In the middle ages, the smith’s art was far in 
advance of that of the ironfounder, both as to artistry 





and in handicraft skill. Very fine work was done in 
wrought iron before the founder—who came later— 
had got beyond crude iron castings in open moulds. 
That this should be so is not surprising, when it is 
considered that iron casting was, almost of neces- 
sity, first practised in the immediate neighbourhood 
of the smelting furnace, by such workers as were 
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there available, but smithwork would be made 
in material brought to the craftsman’s forge, 
wherever that might be. 

Of the many works illustrated, there are some 
which are not in any way striking, others which 
make a distinctly favourable impression, and yet 
others which even offend. In those which appear 
the more satisfactory, it will be noticed that the 
main structural lines are good and clearly apparent, 
ornamental features being subsidiary to these, with 
no loss of beauty because of this. In highly ornate 
examples, there may be a measure of confusion, a 
disturbing “‘ something,” and a straining after effect, 
sometimes a little beyond the reasonable possibilities 
of the material, with consequent loss of dignity. 
The most beautiful are those where a fitting restraint 
has been observed. 








THE MECHANICAL TESTING OF 
MATERIALS.* 
By R. W. Batey. 


THE subject covered by the above title, in its 
entirety, is so extensive that it cannot be dealt 
with in the course of a brief paper. It is intended, 
therefore, to confine attention chiefly to the works 
testing of metals employed in the construction of 
important high-speed machinery. Although some of 





* Paper read before the North Western Branch of the 
Institution of Mechanical Engineers, on October 30, 1927. 
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the tests which will be referred to are hardly of a 
mechanical character, their purpose is to ascertain or 
ensure the ‘mechanical soundness of materials, and 
therefore the term mechanical testing seems justifiable. 
The ordinary methods of testing metals, by the usual | 
tensile, bend, and Brinell hardness tests, together with 
the equipment employed, are so well known that it | 
is proposed to deal with them very briefly. The 
results of such tests may frequently be quite satis- 
factory, but other factors, less well known, are often 
concerned which are of equal, and sometimes of greater, 
importance in deciding whether a part is satisfactory. | 
These factors generally require the development or | 
use of special methods of testing. 

Most of the defects and irregularities of forgings are | 
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found, in an accentuated degree, in larger forgings, Structure. - 60,000 aaadano- 
and consequently, attention is directed first to the wanes 6 
very large forgings such as are required for the field 
me of turbo-alternators. The quality of a forging Fic. 9. Bask or Test Prec. x 12. 
is determined very much at its birth, i.e., at the ingot, 
and in order to appreciate the purpose of some of the TABLE I.—PuysicaL PROPERTIES OF FoRGED STEEL ROTORs. 
tests made at a later stage, it is desirable to notice| — : 
some of the more common birth-marks. The problem P.F. No. | (roms). | Position. U.T.S. YP El. R.A Bend 
of the heterogeneity of steel ingots is now being investi- = at 
gated by a sub-committee of the Iron and Steel ae | - TL | ice me se is nem. 
Institute, with the co-operation of the leading steel ; ‘ at... | 44-3 24-8 23 37°5 180 
manufacturers of this country, and a valuable report | x: 1 41-9 24-8 24 38-6 180 
has already been issued. Figs. 1 and 1a, on page 622, Core T. Kt aed i a. te se 
are taken from this report and show the character of Core C. 40-1 22-1 22 42 a 
the defects likely to be encountered in an ingot for Core B 40-8 23-9 21-5 47 - 
large forgings, although the ingots illustrated are. small. 1974 44 - a Bie th a = 
Fig. 2 illustrates diagrammatically, and not to scale, Xl. 37 22.9 28-7 a 180 
the character of crystallisation of an ingot at a cross- | = 2: 37-4 23-4 25-2 — 180 
section. Defects most likely to arise are due to segre- ey 38-4 24-1 = rs re 
gation cavities and slag inclusions, and methods of | Core Hind. 18-5 17 19-7 a 
test must be employed which will ascertain the degree Core C. 36°5 16-1 19-5 24-3 — 
to which these are present. on | - = End. aed 4 4 pe ‘an 

No steel-maker can guarantee the axial soundness of = | Bt 41 5 23.5 23-5 41-5 180 : 
a large ingot, and therefore all high-speed rotors should | Xl... 44-5 31 35 180 : 
be bored and the bore closely inspected for defects. | = a ie as ig Prd j 
The usual inspection is made by means of a periscope, nS. 44-2 18-5 30-6 180 
of which various forms are available. This visual | Core T. 42-7 26 47-4 — 
inspection, where necessary, is supplemented by sulphur : ved “ ote roofed =" = 
printing, and, as will be indicated later, magnetic 7831 | 19 Oe 42-7 26 44 180 
testing may, in special cases, be applied with advantage. Bin <x 42-7 25 43 180 
Further, in all important cases, a core is trepanned from = fe ge ro pote ia 
the rotor in the boring process. This core is carefully | Core T. 49-4 16:8 32-7 =o 
inspected visually, microscopically, and by means of | Core (. 41-2 17 37°5 — 
physical tests. Periscopic examination reveals cavities, | Core B 41-9 aie “ = 
slag inclusions, and other discontinuities in the metal, | ———— — — 
and sulphur printing shows whether what may appear TABLE Il.—Puysicat Properties or Com Brypine Ries. 
to be small isolated cavities or irregularities are parts | * ee ee pores : 
of a large cavity which has been closed up by forging. | A 
This examination and the tests upon the a. taken in Ident. No. | U.T.S. | Y.8 a tnd Bend — — 
conjunction, enable the axial soundness of a rotor | 
forging to be judged. The other tests for soundness — ; Ty Sot y Deg. 5 
are made at the outside and ends of the forging, and, P.F. 8216 | fo-4 | 66 16 = a = 23 = 
apart from physical tests, consist in visual inspection | cae | i | 2 18 38 180 22 92 35 
and sulphur printing. Fig. 3, page 623, shows a/| 7283 74 68 15°5 40 180 21 19 21 
bad case of ingot corner segregation brought out by | 7284 80-4 72 15°5 4 4 4 = 
this test. Every rotor is examined in this way at the | Loved | os aos 40 180 299 29 30 
supplier’s works, and it is reassuring to record that | ] | 











only two cases have occurred in the last eight years | 
where a field-rotor forging has had to be rejected for | shown 
ingot corner defect. 


by Fig. 4, and Table I shows representative| by the core is taken to represent the material of the 


| test figures for high-tensile annealed rotor forgings. 


rotor, as after trepanning, the core is replaced in the 


Turning to physical tests, these consist of tensilé, | Fig. 5 shows the micro-structure of a rotor forging} bore, the ends closed, and the core undergoes all sub- 


bend, and permeability tests of specimens located as‘} at the core and at the outside. 








The condition shown 


sequent heat-treatment with the rotor. 
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In dealing with the testing of forgings for high-speed 
electric generators, reference must be made to the high- 
tensile steel retaining rings employed to support the 
end windings against centrifugal force. These forgings, 
as will be seen from Table II, which gives their physical 
properties, are a tribute to the unrivalled skill of British 
steel makers in the field of large extra-high-tensile steel 
forgings. It will be noticed that tensile, bend, and 
Izod impact tests are also taken. It will be clear that 
the most serious ingot defect in the case of these rings is 
ingot-corner segregation and, consequently, all rings are 
examined at the supplier’s works by means of sulphur 
prints taken at the ends and across the rings. Fig. 6 
illustrates the method of examination. Steam-turbine 
discs are of a different form and character. The usual 
practice is to forge these discs from cheeses or sections 
cut from an ingot, the several sections being parted 
off by one operation in a lathe. An inspection of the 
cheeses is made at this stage for any visible unsound- 
ness. The action of the forging operation upon the 
flow of the metal is well illustrated by a wax model, 
as in Fig. 7, which represents an axial section of a 
cheese before and after forging to a disc. Generally, 
discs are forged from one side in one heat, and it will be 
noticed that the flow of the metal takes place somewhat 
differently upon the two sides of the disc. This has a 
bearing upon the appearance and character of defects 
brought out on examination. The tests generally 
taken are the usual tensile and bend tests, with the 
addition of impact tests in the case of high-tensile 
alloy steels. 

Test pieces are taken at the rim and hub, being cut in 
the tangential or circumferential direction. In addition 
to these tests, each disc, when finished, is given a close 
surface inspection by a metallurgist, and if there is the 
slightest irregularity sulphur prints are taken and 
etching processes are applied. As a check upon 
uniformity of treatment and for comparison with 
acceptance test figures, Brinell hardness tests are 
frequently taken. For this purpose, as in the case of 
other forgings of large size, the hand Brinell meter is 
employed and found to be very useful and reliable in 
the hands of a practised operator. 

For high-tensile cast-steel flywheels, an unusually 
high-class of casting is demanded. Fig. 8 shows the 
disposition of test pieces in castings of this class. 
Differences are expected in test results, and it is 
necessary in every case to determine the cause of any 
irregularity in the figures obtained. This generally 
involves a microscopic examination of the test-pieces 
giving low results. It may be surprising to hear that 
cases arise where important and expensive castings, 
although thoroughly satisfactory, would undoubtedly 
be rejected upon test results, because of careless testing 
by the manufacturer. This generally arises from 
machining the test-pieces too near the skin of the 
casting and making bend tests with the face of the 
test-piece adjacent to the skin situated on the 
tension or outside of the bend. For example, a 
bend test-piece fractured short, and was found 
to be carburised at the skin side, presumably from 
a mould dressing. Fig. 9 shows how complete 
this carburisation was. Removal of the carburised 
layer led to satisfactory results. This was quite 
legitimate as a much greater depth of metal had to 
be machined from the entire surface of the casting. 
The customer’s representative had rejected the casting 
upon the unsatisfactory physical test results, but 
representations were made based upon a microscopic 
examination of the test-pieces and the decision was 
reversed. 

Many forgings and castings being subjected in use 
to high centrifugal stresses, provision is made for 
testing parts at overspeed. The question then arises 
whether the extra severity of an overspeed test can 
initiate a failure that would continue its deveiopment 
under service conditions. Within reason, and given a 
ductile material, this does not appear to be so, but on 
the other hand, there is some evidence which suggests 
that a small improvement may result. Fig. 10 repre- 
sents a cross section of a rotor under stress produced 
by centrifugal action. Three curves are shown, one in 

full line (not to scale), representing the circumferential 
Stress if there were no initial stress, another in dotted 
line, represents the altered stress caused by permanent 
distortion arising from over-strain of the material, and, 
a third, which crosses the horizontal axis, represents 
the internal stress when the rotor is at rest. It will | 
be understood that the calculated stress is always 
represented by the ordinates between the two dotted 
curves, or, given overstrain, the calculated stress is 
really the range of stress. Fatigue tests show that 
the permissible range will be larger if the stress ranges 
from compressive to tensile, than if it ranges from zero 
to @ maximum tensile stress, as would be the case 
if there were no overstrain. Fig. 11, for example, 
shows some results given by Moore and Jasper, which 
illustrate this point. 


(To be continued.) » 
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LETTERS TO THE EDITOR. 


A NON-CLOG CENTRIFUGAL PUMP. 


To THE Eprror oF ENGINEERING. 

Str,—My attention has been called to an article in 
your paper of August 19, 1927, describing a non-clog 
centrifugal pump manufactured by the Rees Roturbo 
Manufacturing Company of Wolverhampton, which 
article would indicate that this design is original with 
these manufacturers. On account of the high standing 
that ENGINEERING holds in the opinions of the engi- 
neering profession, I am taking the liberty of calling 
your attention to the foliowing facts and requesting 
that you kindly publish these. 

The pump impeller described in this article is 
apparently an exact copy of my U.S. Patent 1,182,439 
of 1915. The principles involved are distinctly des- 
cribed and covered by the claims of this patent. This 
patent formed the basis of one of the most widely known 
centrifugal pump patent suits which was prosecuted 
through the courts up to the final tribunal, the U.S. 
Circuit Court of Appeals, and a decision upholding this 
patent granted on March 1, 1923. 

In addition to this, the pump has enjoyed an enormous 
sale throughout the world, and for some years Fairbanks- 
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us, and there. is no justification for Mr. Wood’s 
suggestion that we have done anything “ unethical ” 
in developing, independently of Mr. Wood and without 
any knowledge of his work, from this. starting-point, 
a pump which may resemble the one described in 
his U.S.A. patent specification. 
Yours faithfully, 
Tue Ress Roturso Mre. Co., Lrp., 

P. AtEBon, Secretary. 

Wolverhampton. 





PUBLIC v. PRIVATE ELECTRICITY 
SUPPLY. 


To THE EpIToR oF ENGINEERING. 


Str,—I have read Mr. Ernest G. Pink’s letter in 
your issue of November 4, and I am glad that he 
recognises the necessity for the simplification of the 
tarifis upon which electric current is supplied to 
consumers. I agree with him that simplification is 
imperative, and the tariffs should be so clear that the 
ordinary consumer, who has no electrical knowledge 
or experience in tariffs, will know at what rate he is 
paying for current per unit. It does not matter to 
the consumer how the tariff is made up, but it is 
most important to know how much his current is 








Morse and Company in this country and Smart-Turner 


going to cost per effective horse-power necessary for 


























Maximum Load Factor 
Tins Ti Total Cost Varying Working Hours per Week ; based on Hours 
Load Factor. — Unit Charge. per Unit. 52 Weeks per Annum. Worked per 
arge. Annum. 
| Per cent. 
100 | 0-137d 0-3d. 0-437 45 hours = 2,350 hours per year 27 
90 0-152d 0-3d. 0-452 50 , = 2,600 “ 30 
80 0-171d 0:3d. 0-471 60, = 3,120 mn 35-5 
70 0-196d. 0-3d. 0-496 Oe - 3,640 99 41-5 
60 0-228d. 0-3d. 0-525 80 4,160 mn 47-5 
50 0-274d. 0-3d. 0-574 90 4,680 ee 53 
40 0-342d 0-3d. 0-642 100 ,, = 5,200 “ 59 
30 0:457d 0-3d. 0-757 ne 5,720 +8 65 
25 0-55d. 0-3d. 0-85 120 _ =~, = 6,220 s 7 
20 0-685d 0-3d. 0-985 140, 7,300 oe 84 
15 0-91d. 0-3d. 1°21 168 ,, 8,760 in 100 
10 1-370d. 0-3d. 1-670 --- _ 





Machine Works in Canada have manufactured them 
under licence, and actively advertised them. After 
such wide publicity, I feel that an attempt by the 
Rees Roturbo Company to undertake its manufacture, as 
a development of their own, is distinctly unethical. 

I am taking the liberty of enclosing a copy of my 
original patent and some catalogues describing the 
pumps, which have been, as you will note, in circulation 
for some time. I would also call your attention to 
the proceedings of the American Society of Mechanical 
Engineers of December, 1919, which described this 
pump in considerable detail. 

I trust that you may find this letter of sufficient 
interest to your readers to publish it. 

Very truly yours, 
A. B. Woop. 

New Orleans, La., U.S.A., September 26, 1927. 

[We have submitted a copy of this letter to Messrs. 
The Rees Roturbo Manufacturing Company, and their 
reply is given below.—Eb. E.] 





To tHE Epiror oF ENGINEERING. 


Str,—Mr. A. B. Wood’s letter of September 26 to 
you appears to assume that we must have been cog- 
nisant of his U.S.A. patent and of the suits connected 
with it, which have come before various tribunals in 
the U.S.A., when we devised the pump marketed by us 
as the Non-Clog pump. We assure yourself and 
Mr. Wood that we were. entirely ignorant both of his 
specification and the litigation that has arisen concern- 
ing it, and of the description in the proceedings of the 
American Society of Mechanical Engineers of December, 
1919, until we read his letter. 

If Mr. Wood had a British patent, or any pumps 


operating his works, or for any other purpose for which 
he requires power. 

I have not so far dealt with the cost of current 
for lighting in the principal towns or cities in the 
United Kingdom. I have dealt more particularly 
with the production of power in large generating 
stations, but as the subject of lighting is mentioned 
rather prominently in Mr. Pink’s letter, a few examples 
of lighting rates taken from the Electrician Annual 
Tables, may be of interest, namely :— 


London— 
Battersea ... ree «. 4d. per unit. 
Bermondsey 5d. per unit. 
Brompton ... 6d. to 54d. per unit. 
Charing Cross 6d. to 4d. aa 
City of London 6d. to 24d. 


County of London 54d. plus 30 per cent, 


Fulham 44d. less discount. 
Hammersmith 5d. to 3d. per unit. 
Hampstead 4d. per unit. 
Glasgow Lee oxi we ee na 
Edinburgh ... uaa ann re 
Newcastle... “<a 2, Om 9» 
Hartlepool... “ae wig Oe vs 
Darlington . ae ... 384d. to 14d. per unit, 
York ... aes ia ... 44d. and 4d. oa 
Leeds ... ee roe .. 5d. to 1dd. ‘i 
Manchester = 5d. per unit. 
Liverpool és oe dss OR ee 
Shrewsbury ... ade «an SE es 
Birmingham ... 43d. to 3}d. per unit. 
Sheffield : 4d. to 2d. per unit. 
Harrogate... : 4d. per unit. 


Some of these towns may be nearer the coalfields 
than others, and wages may vary, but surely there 
is no necessity for the great variation in tariffs that 
exist, particularly in a town like Newcastle, where 
cheap coal can be obtained for the power stations. 





embodying his invention had been installed in this 
country, we would almost certainly have become aware 
of them, but so far as we know the pump has never been 
tented, installed or advertised in this country. 

The Non-Clog centrifugal pump manufactured by 
us and described in ENGINEERING of August 19, 
1927, embodies an impeller which, as a matter of fact, 
is a development, directed towards a particular purpose, 
of the impeller described in Rees’ British Patent 
Specification No. 16529 of 1911, which, according to the 
specification, may have no more than three, two or 





even one main blade extending inwards to the eye, and 
the inner tips of such blades are made with a bluff, 
rounded or bulbous entrance so as to keep frictional 
and cavitation losses to a minimum, and reduce the 
liability of solid foreign bodies being caught up and 
entangled on their passage through the impeller. 

This pump impeller of 1911 was the starting-point 


Mr. Pink refers to the Ayr Borough Council, but he 
does not state what his system was or how the charge 
per unit was made up. This, however, is of no interest 
to the consumer, and he is only concerned in the 
price per unit, in the same way as he is concerned 
in purchasing any other commodity. 
To power consumers, however, the matter is of 
still greater importance, and as I find the Kilmarnock 
rates for electricity supply are the same as Ayr, I have 
prepared the above table showing the cost upon a maxi- 
mum demand charge of 5/. per kilowatt per annum, plus 
0-3d. per unit, and to make this table clear to ordinary 
manufacturers I have given some figures showing how 
the hours of working per week affect the manufacturers * 
who purchase their power from a supply company. 
Yours faithfully, 

W. C. Mountaln. 

Sun Buildings, Newcastle-on-Tyne, 





of the Non-Clog centrifugal pump manufactured by 








November 8, 1927. 
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LABOUR NOTES. 


A wRITER in the Railway Review, the organ of the 
National Union of Railwaymen, says that through- 
out the country members of the society have at various 
meetings decided that it is their business to take a 
share of the responsibility for the welfare of the in- 
dustry in which they are engaged. Many, it is 
admitted, are tempted to look cynically upon the offer 
which has been made to them. Either they smart 
from recent wounds, or they think that a dead industry 
may be better dead in order to hasten the reconstitu- 
tion of society which they desire, never doubting the 
resurrection—‘ a resurrection which may be too late 
for most of us to realise.” When the people of this 
country are ready to say to the owners of such an insti- 
tution as the railways : ‘“‘ We are obliged to you for the 
service you have rendered, but henceforth we will 
control these ourselves,” it will be better, the writer 
thinks, to take over the rails ‘“‘ bright with use and 
ready for service rather than moss-grown 
tracks and rusty rails, derelict from lack of use. Idle 
and decaying machinery, whether in Capitalism or in 
Socialism, can benefit no man.” 





A new working rule agreement for building trade 
workers, which has come into operation in the London 
district, is claimed by the trade union side of the 
London Regional Joint Committee to be a definite 
advance on anything previously secured for the men. 
Under it, working hours are to be 44 per week, but 
provision is made for an extension during summer, 
and also for a reduction in winter where no artificial 
light is available. The agreement sets out, in addition 
to the standard rates of wages, the rates for appren- 
tices and learners. It provides that every employer, 
having proper facilities for training, shall be entitled 
to employ one apprentice for every five journeymen 
in any trade, provided that the proportion in the whole 
trade employed in the area shall not exceed one to 
seven. Clauses have also been inserted relating to 
extra wages for special classes of work. 





Writing in Man and Metal, the journal of the Iron 
and Steel Trades Confederation, on the subject of the 
new Unemployment Insurance Bill, Mr. J. A. Newrick 
says that he is not at all surprised that the measure 
does not provide for a reduced contribution, because 
he has held the view all along that the recommenda- 
tions of the Blanesburgh Committee respecting benefit 
involve, if anything, an increase in the cost of the 
scheme rather than a decrease. ‘‘ There are, of course,”’ 
Mr. Newrick adds, ‘“‘ several black spots in the Bill, 
but on the whole it represents an improve- 
ment on the present scheme, giving benefit to a greater 
number of persons, to a greater aggregate amount, and 
under less onerous conditions than are at present 
imposed.” 





In his report to the Minister of Labour on the financial 
provisions of the Bill, Sir Alfred W. Watson, the 
Government actuary, estimates that so long as the rate 
of unemployment approximates to 7} per cent., the 
income and expenditure of the Unemployment Fund 
will balance. If, however, the rate of unemployment 
experienced over a cycle of years should be 6 per cent., 
he estimates an average yearly surplus of 5,400,000I., 
sufficient to admit of reductions in the ‘‘ maximum ” 
rates of contributions. 





No provision is included, Sir Alfred says, “for 
interest on the debt of the Unemployment Fund in 
arriving at the results given. This liability, which at 
the present time is equivalent to over 1,000,000/. a 
year, varies with the amount of the debt and the rate 
of interest fixed by the Treasury from time to time. 
Any surplus remaining in a particular year, after 
providing for the interest on the debt then existing, will 
be applied to reduce the debt, and thus shorten the 
duration of the “‘ extended period.” 


The American Jron Trade Review, in an article on the 
subject, expresses the opinion that the eight-hour day 
has come to be regarded as a fixture in the American 
steel industry. There is no doubt, the American 
paper says, that its adoption has resulted in a reduction 
in the labour turnover, and in greater efficiency among 
the workers. The morale of steel employees in general 
has improved in the four years during which the eight- 
hour day has been operative. There has also been 
a tendency for iron and steel prices to come down during 
the period. Producers generally have found the 
shorter working day definitely beneficial. 








The Miners’ Union of Upper Silesia recently de- 
nounced the collective agreements in force, and 
demanded an increase in wages in proportion to the 
cost of living. The employers refused these demands, 
and in accordance with the legislation in force in Upper 


Silesia, the dispute was brought before a commission 
of arbitration, which considered the question of wages 
in coal mines on September 19 and 20. The com- 
mission decided that the wages fixed on April 1, 1926, 
should be increased by 8 per cent. from September 16, 
and that the new rate should remain in force until 
January 1, 1928. On September 26, the Minister of 
Labour and Social Welfare made this decision binding 
for all coal mines in Polish Upper Silesia. The Minister 
has also confirmed a decision of the Katowice Arbitra- 
tion Commission, increasing by 8 per cent. the wages 
in force in the foundries of Upper Silesia from August 1 
to October 31. 


Tuesday’s conference in London between the General 
Council of the Trades Union Congress and representa- 
tives of the International Federation of Trade Unions 
did not go very far towards a settlement of the question 
which divides the two bodies, although, according to 
the official report, “‘ the discussion was marked by a 
very cordial and friendly tone, and a sincere desire was 
expressed on both sides that agreement should be 
reached.” The General Council submitted certain 
proposals, the most important of which was the 
following :—(a) That, while Great Britain does not, 
any more than any other nation, claim the Presidency, 
it requires that arrangements be made for representa- 
tion on the Executive Committee of the I.F.T.U. 
(b) That the T.U.C. General Council cannot agree to 
allow the Congress to nominate a person as a candidate 
for membership of the Executive Committee, except 
with the consent of the candidate and of the country to 
which such candidate belongs, and that arrangements 
should be made for this condition to be followed in the 
future. 








In regard to paragraph (5), the representatives of 
the International Federation of Trade Unions stated 
that they could accept it only on the understanding 
that the International Congress had the final power 
to approve or reject any nominee. In respect of the 
British nominations for the Executive Committee and 
for the General Council of the I.F.T.U., the British 
representatives reaffirmed their nominations. The 
I.F.T.U. representatives said that they could not 
accept the nomination for the Executive Committee 
after the rejection by the Paris Congress, and it was 
therefore decided to bring the matter up again at the 
General Council meeting of the I.F.T.U. fixed for 
January next. The Congress of the International held 
in Paris in August last refused, it will be recalled, to 
re-elect Mr. A. A. Purcell, M.P., as president, and the 
British delegates protested and left the Congress. In 
the absence of the British representatives, Mr. George 
Hicks was elected to the temporary Executive Com- 
mittee, but declined to serve. 





The Ministry of Labour states that on October 31, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,106,100, of whom 885,000 were men, 33,400 boys, 
156,600 women, and 31,100 girls. Of the total number, 
752,900 were wholly unemployed, 289,400 temporarily 
stopped, and 63,800 ‘‘ persons normally in casual 
employment.” Of 1,074,032 unemployed persons on 
the registers on October 24, 1927, 736,155 were wholly 
unemployed, 274,263 temporarily stopped, and 63,614 
“persons normally in casual employment”; 858,918 
were men, 31,112 boys, 154,092 women, and 29,910 
girls. On November 1, 1926—when, of course, the 
figures were affected by the dispute in the coal-mining 
industry—the number of unemployed persons was 
1,559,236, of whom 1,199,373 were men, 42,047 boys, 
277,358 women, and 40,458 girls. 





Messrs. Thornycroft’s shipyard at Southampton was 
the scene at the weekend of another of the irregular 
strikes which appear to find most favour, at the 
moment, with the rank and file of the Boilermakers’ 
Society. Objection was taken to the continued 
employment by a sub-contractor of several men who 
were not members of the Society, and, on Messrs. 
Thornycroft, quite properly, declining to interfere, 
their own men, to the number of about 250, ceased 
work. The strikers resumed later in the week. These 
irritating, sudden stoppages, are strongly resented 
by employers who will, it is obvious, sooner or later, be 
under the necessity of taking definite action with a 
view to ending them. 





The Whitley Councils Bill, which is promoted by 
the Association of National Joint Industrial Councils, 
seeks to give a Council the option of securing the 
enforcement throughout the industry, of any of its 
decisions regarding which it made formal application 
to the Minister of Labour. Agreement between the 
two sides of a Whitley Council would still be voluntary 
and the Minister of Labour could make no order 








without consultation and agreement with the Council. 
The chief object of the Bill is to stop payment of 
sweated wages and consequent price cutting by minority 
employers, who are not represented on the Council in 
their industry. 





On Wednesday, the annual meeting of the National 
Union of Seamen unanimously adopted the draft of 
a reply to the resolution of the General Council of the 
Trade Unions Congress calling upon them to withdraw 
the proposal for a loan of 10,0001. to a miners’ non- 
political organisation. In the course of the state- 
ment, the General Council is informed that the National 
Union of Seamen will continue the policy which it 
has adopted towards the miners’ non-political organisa- 
tions until it gets an assurance from the Trade Unions 
Congress that moderate men will have the full protec- 
tion of Congress. ‘‘ We have recently contributed,” 
it is added, ‘‘ our quota to the expense of the T.U.C. 
We, therefore, anticipate that should we be disaffiliated 
you will return to this Union the proportion of the 
expenses we have contributed.” 





The Federation of Engineering and Shipbuilding 
Trades have asked the Minister of Labour for a further 
reply to their request for intervention under the 
Industrial Courts Acts, in the deadlock which has 
arisen following the refusal of the shipbuilding em- 
ployers to grant an advance of 108. per week. Recently 
the Federation approached the Minister, who subse- 
quently saw the employers. The six craft unions 
outside the Federation have asked the employers for 
a further conference to discuss their application for 
a similar advance. At the conference between the 
employers and all the unions three months ago, at 
which the application was refused and a proposal 
for arbitration rejected, the employers suggested a joint 
endeavour to prepare a definite index for the automatic 
regulation of wages in accordance with the ability of 
the industry to pay. 

On Monday a deputation from the Confederation of 
Employers’ Organisations discussed with the Prime 
Minister, at 10, Downing-street, various points arising 
out of the Unemployment Insurance Bill. The Prime 
Minister was accompanied by Sir Arthur Steel-Maitland, 
Mr. Winston Churchill, Mr. Neville Chamberlain, and 
Mr. H. D. Betterton (Parliamentary Secretary to the 
Ministry of Labour). 








It is understood that the employees of the London 
Midland and Scottish Railway are responding on a 
considerable scale to Sir Josiah Stamp’s suggestion of 
closer co-operation with the management. In March 
last, it will be recalled, members of the staff were 
invited to submit suggestions for the more economical 
and efficient working of the company’s business. 
About 3,000 suggestions have been received. Many 
of them were of practical value, and have been adopted 
either wholly or in part. Where a suggestion is adopted, 
a reward is made commensurate with its value. 





The official organ of the International Labour Office 
states that trade union committees consisting of the 
officers of the various trade unions under the chair- 
manship of the political secretaries of the Fascist 
Federations have been formed in each province of 
Italy, and a National Trade Union Committee has been 
set up to control general policy. The chairman of the 
committee is the general secretary of the Fascist Party, 
and the meetings are attended by the Under-Secretaries 
to the Ministries of Corporations and National Economy 
and representatives of the Federation of Fascist Trade 
Unions, the national employers’ organisations, and the 
National Co-operative Institute. The Fascist Press 
regards these committees as nuclei of the corporate 
organisations, which have not yet been definitely 
formed. They are believed to be preparing for the 
work involved in the adaptation of economic values to 
the present exchange rate of the lira. 





An Employment Bureau for disabled persons of all 
kinds, including men and women suffering from arrested 
tuberculosis, heart disease, and other ailments, has been 
opened in New York. The bureau is a consolidation of 
the employment services of four organisations—the 
Institute for Crippled aud Disabled Men, the Employ- 
ment Bureau for the Handicapped, the New York 
Tuberculosis and Health Association, and the Jewish 
Social Service Association. It was formed as a result 
of a survey, which showed that 12 separate agencies were 
engaged in finding work for the handicapped, and that 
there was need for co-ordinating the work of these 
agencies. By merging the employment-finding facilities 
of the four organisations, which have done the bulk 
of this work in the past, it is considered that a more 
economical and efficient operation of this service will 





be brought about. 
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X-RAY ANALYSIS OF METALS. 


On Friday, November 4, Sir W. H. Bragg, K.B.E., 
F.R.S., delivered before the Institution of Mechanical 
Engineers the Fourteenth Thomas Hawksley lecture. 
His subject was ‘ The Application of X-rays to the 
Study of the Crystalline Structure of Metals.” 

In commencing his address, he said that about 
the year 1913, physicists had begun to see their way 
to examining the structure of crystals; and since 
that date so many papers on this subject had been 
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more carefully this was examined, the greater 
would be our success in handling these materials. 
This had, in fact, long been recognised, and the 
microscope had proved its value in metallurgy, 
where the microscopic study of the minute crystal- 
line structure of alloys had led to great industrial 
advances. Below the structure made clear by the 
microscope there was, however, a much finer 
structure, which could never be investigated by 
optical methods. 








We saw, by means of waves in the ether, if he 
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published, that it was hardly possible to keep 
count of them. He proposed, in this lecture, to 
give a sketch of the principles on which the new 
method of analysis was based, choosing his illustra- 
tion mainly from materials employed by mechanical 
engineers. This he did not because these were of 
special value from the physical standpoint, but in 
the hope that they would be more interesting to 
his audience. The methods in question were 
employed both in pure and applied science, and were 
concerned with the fine structure of materials. 
Since the properties of materials were dependent 





on this fine structure, it might be expected that the 
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might, for the purpose of this lecture, be allowed 
to assume that the ether existed. The finer the 
details we desired to detect, the shorter must be the 
wavelength employed. Hence, when very fine 
details were to be examined by optical methods 
use was made of quartz lenses and of ultra-violet 
light. The wavelength of this light was so short 
that it showed up fine detail, which would otherwise 
escape detection. On the other hand, red rays were 
employed when it was desired to penetrate fog. 
Thus, as detail got finer and finer, there wasa tendency 
to resort to shorter and shorter waves. The minutest 


built up on still finer structure which thus determined 
all the properties of our materials. 

Atoms were built up into molecules and molecules 
into crystals, and the X-rays provided the right 
kind of illumination for disclosing how these atoms 
and molecules were arranged. For such purposes, 
eye observations were inherently useless and recourse 
must be had to indirect methods. As stated, 
we found in the X-rays light of the wavelength 
required, but how were these rays to be used ? 








crystals disclosed by the microscope were, however, 





Fortunately, for our needs, nature was charac- 
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terised by an extraordinary regularity which 
excelled anything dreamt of prior to the discovery 
of the X-rays. Solid materials were all built up 
of crystals. Nature added atom to atom, and 
molecule to molecule, in a perfectly regular way. 
We thus got crystals, the faces of which showed the 
underlying regularity on which they were built 
up. The crystals we could see were in general, very 
few indeed when compared with the number of the 
smaller crystals we could not see. 

For success in studying the inner structure of 
materials, two things had been necessary, viz., the 
right kind of light and regularity in this structure. 
If any regularity of structure existed, and the 
right kind of light were employed, we got defraction 
effects, of which familiar instances were the halos 
often seen round the moon—or those round street 
lamps in a fog. The colours of mother of pearl and 
on a butterfly’s wing, again, were due to the arrange- 
ment of fine points in a regular way. This was 
Nature’s method of producing permanent colours, 
for which she did not resort to dyes. For diffraction 
effects two regularities were needed, viz., a regular 
succession of waves and a certain periodicity in 
the substance traversed by them. These two 
periodicities must, however, be of approximately 
the same dimensions. Thus the distance between 
the striations of mother of pearl were some thou- 
sands per inch, and the average wave-length of 
ordinary light was about 5, 

Wave-lengths were commonly measures in 

ngstrém units of 10-§ cm., and X-rays had 
ordinarily a wave-length of about 1 AU., but 
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sometimes they were very much shorter, and 
sometimes two or three times as long. The regu- 
larities met with on the inner structure of materials 
had generally dimensions of some 2 or 3, 4 or 5 A.U., 
but occasionally were of the order of 50 or 60 A.U. 
They were thus well adapted to diffract the X-rays. 
This quality of diffraction was an infinitely varied 
one. The halo round the moon depended on a 
uniformity in the size of particles of mist. This 
was one kind of regularity, but diffraction effects 
might be due to other kinds of regularity, and some 
kind of diffraction effect was, therefore, to be 





expected if X-rays were sent through a crystal 














on to a photographic plate behind it. If this were 
done, we got, in fact, a series of spots on the plate, 
and our problem was to decipher the patterns thus 
formed. 

Some light on the matter could be obtained by 
considering the case of the reflection and diffraction 
of wavelets in a pond. If we had a series of parallel 
waves passing across a pond in the middle of 
which was a post; this post became the source 
of a series of concentric ripples, which spread out 
in circles across the pond. If instead of one post 
we had a group arranged at random, then, although 
in the immediate vicinity of the group there would 
be turmoil, at a sufficient distance away we should 
still have only a series of concentric ripples just as 
when the initial disturbance was due to a single 
post. Thus, whether we started with a single 
post or with a group of posts the effect at a dis- 
tance was ultimately of the same quality. In 
crystals the atoms and molecules were grouped 
together at certain points, the number in each 
group being often quite small. As the X-rays 
rolled over the group, each electron in the structure 


became the centre of a spherical wave, just as 
the solitary post in the pond became the centre 
of concentric ripples, and a group of electrons 
would act similarly to the group of posts. Hence, 
each of the elements of which a crystal was built up 
might be regarded as scattering into space a series 
of spherical waves. Each of the elements in 
question was exactly alike, so the waves scattered 
by each were identical in character. If, instead of 
a random group of posts in a pond we arranged them 
at regular intervals in a straight line, then it was 
possible for the circular ripples sent off from each 





post to combine so that they formed a series of 


Fie. 17. 


straight waves, just as if the reflection had been 
effected at a continuous plane surface. 

Coming now to the case of X-rays incident on a 
crystal let 1, 2, 3, &c., in Fig. 1, represent the 
elements (all alike), of which the crystal was built 
up. The beam of X-rays was indicated as coming 
from the left and striking the particles 1, 2 and 3, 
from which reflection occurs as indicated. The 
wave fronts were represented in the figure by the 
lines drawn perpendicularly to the corresponding 





incident and reflected beams. It would be noticed 


that starting from any one wave front in the 
incident beam and ending in a wave front in the 
reflected beam, the total distance travelled by 
the ray which was reflected at 1 was exactly the 
same as that travelled by the rays reflected at 
2 and 3. The waves were then all in phase and 
their effects welded together. It might be men- 
tioned in passing that every reflection we met with 
in nature was of this character, since no surface 
was really continuous. Hence, the light reflected 
from a mirror was really thrown back by points. 
In the case of X-rays only a very minute fraction of 
the incident radiation was reflected at the surface. 


ia. 13. 
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The rest passed further into the crystal. The 
question then arose: Would the radiation reflected 
by the points 4, 5 and 6 also be in phase with that 
reflected from the points 1, 2 and 3? In general it 
would not, but if the angle of incidence were so 
chosen that the length of the path travelled by the 
light from a wave front in the incident beam to a 
wave front in the reflected beam, was exactly one 
wave-length longer than the length travelled by a 
ray reflected from the point 1, the two reflections 





would be in phase and their effects would add 
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together. Similar considerations applied to the 
rays reflected from particles at8, 9 10,and from those 
in deeper layers. If the total distance travelled 
by the light from any layer was exactly a definite 
number of wave-lengths longer than the path 
traversed by the light reflected by the surface 
groups, the reflected radiation would all be in phase 
and their effects would add together. 

By altering the angle at which the beam of uni- 
form X-rays met the face of the crystal it was always 
possible to attain this end. We then got the result 
represented in Fig. 2. Here a beam of X-rays was 
shown traversing the crystal C, the presentation of 
which was adjusted so that the reflected rays were 
allin phase. These accordingly were all sent to the 
same point R, where they produced a spot on the 
photographic plate. Unreflected rays passed on, 
giving rise to a spot on the plate at P. To geta 
spot developed at R it was necessary that the 
conditions cited above were met. Until this was 
done nothing appeared in the plate, but, at the 
proper angle of incidence, the regularly reflected 
ray suddenly flashed out. The regular reflection 
of ordinary light was a surface effect, and re- 
quired the surface to be polished. The regular 
reflection of X-rays was a body effect, and the 
rays took no notice of the condition of the 
surface. 

Suppose next that the crystal C was caused to 


each lay directly above the centre of the shot 
immediately below it. 

Reverting back to Fig. 3, this represented the 
result obtained with a powder of aluminium, the 
individual crystals of which were arranged entirely 
atrandom. When this condition was satisfied, we ob- 
tained the complete set of rings shown. When, how- 
ever, we examined in the same way a sheet of rolled 
aluminium we no longer obtained complete rings, but 
the broken arcs represented in Fig. 5. This was due 
to the fact that the process of rolling led to some 
orientation of the crystals, the axes of which then 
lay predominantly in a certain direction. The rolled 
metal had in fact been given a certain amount of 
fibre, and this resulted in the rings being incomplete. 
An analysis of the photograph would show how the 
crystals had been shifted and also the direction of 
| the rolling. Thus in Fig. 6 we had a photograph 
taken with the incident beam of X-rays making 
an angle of 90 deg. with the direction of rolling. 
Fig. 7 was a photograph obtained with aluminium 
wire in which case the “ fibreing”’ was still more 
complete. 

Figs. 8 and 9 were due to Dr. Rosenhain, and 
were obtained with rolled magnesium. This metal 
had the curious property when rolled of joining 
itself into layers of hexagonal plates, which re- 
garded in plan were arranged quite at random, and 
| we thus got the complete circles shown in Fig. 8 





rotate round the axis of the incident beam of rays. | If, however, the angle of incidence were altered, 
These rays would still meet the crystal face at the | the flaking was indicated by the way by which the 
same angle and reflection would occur as before, rings had shrunk up into short arcs. 

but the spot R would describe a circle round the| The powder method above described was not the 
point P. The same result might be obtained in| only one used for the X-ray analysis of materials. 
another way. Thus, instead of taking one crystala| Another plan was to get as perfect a crystal as 
powder might be taken, consisting of some thousands | possible, and turn it round an axis lying at right 
of minute crystals. If we passed through this a/ angles to the incident beam of rays. When this 
narrow beam of X-rays, as these crystals would 'was done we obtained in the photograph a series 
point at random in all ways, a small fraction of | of spots regularly arranged. A photograph thus 
the total number would be so directed as to reflect | obtained from benzoic acid was represented in 
a ray to R or to some other part of the circle.| Fig. 10. The pattern in this case was a very 
Fig. 3 represented the rings thus obtained when the | complicated one, and there was far more to be 
beam of X-rays was passed through powdered | read from it than from the rings obtained with 
aluminium. The multiplicity of rings was due to| powders. Every individual spot had a meaning, 
the fact that the atoms of a crystal could be regarded | and would tell us something, but the complete 
as lying in more than one set of parallel planes. | interpretation had in most cases still to be worked 


Thus, in Fig. 1 lines drawn through 2, 4 and 3, 5 
and 6, 9, were parallels just as the lines through 
1,3 and 4,5 were. Analysis of Fig. 3 showed that 
the atoms of an aluminium crystal were arranged 
like a pile of shot in close packing. 

X-ray photographs might in some sort be regarded 
as analogous to Hittite mocuptreus, the meaning 
of which was plain if we knew the language. In 
addition to telling us how the atoms were arranged, 
the photographs also made it possible to determine 
the distance between one atom and the next. A 
very similar photograph to that of aluminium was 
obtained from y-iron and from gold and silver. 
In all three cases the arrangement of the atoms 
was similar, but the scale varied from element to 
element. In fact, every substance in the world 
had its own set of rings, which made it impossible 
to mistake one from another. Chemistry could tell 
us merely the proportionate number of atoms in 
a substance, but X-ray analysis disclosed also its 
structure. 

An X-ray photograph of cotton wool was repro- 
duced in Fig. 4 and this, when interpreted, would 
give the structure of the cellulose crystal. In the 
case of the diamond, X-ray analysis had shown that 
each atom might be regarded as arranged at the 
centre of a regular tetrahedron, the apices of which 
were occupied by its nearest neighbours. The per- 
fect symmetry thus attained was responsible for 
the hardness of the diamond, each of the four 
valencies of the carbon atom being completely 
saturated. In graphite the atoms were arranged 
in layers, but whilst those in each layer were 
strongly united, each was coupled only by a weak 
bond to the atoms in the adjacent layer. This 
change of structure changed the hard diamond 
into a useful lubricant. 

In the case of iron the structure of the constituent 
crystals altered with temperature, and showed that 
in the y state the atoms were piled together like 
those of aluminium, but with « and 8 irons, the 
packing was quite different, and corresponded to 
the case in which shot were piled together so that 





|out. Fig. 11 was a photograph obtained from 
sugar. 

An X-ray photograph from asbestos was repre- 
| sented in Fig. 12. With a single crystal we got, 
|as stated, a spot pattern, but it was necessary to 

rotate the crystal round an axis perpendicular to 
| the incident rays. With a bundle of asbestos, 
| this rotation was, however, unnecessary, as every 
possible presentation of the crystals to the incident 
rays was found in some one fibre or another. 
The resultant photograph might be regarded as 
representing the effects of fibering at its worst. 
As already shown, when a certain structure was 
given to aluminium the rings characteristic of the 
| powder tended to gather into spots, and ultimately 
the asbestos effect might be obtained. 

For the interesting photograph represented in 
Fig. 13, he was indebted to Dr. Clark, of the 
| Massachusetts Institute of Technology, where par- 
| ticularly good work had been accomplished in the 
| application of X-rays to the study of metal struc- 
| ture. It was obtained from steel intended to be sub- 
jected to forming processes. The lack of symmetry 
evident in Fig. 13 showed that the metal was un- 
suitable for the intended purpose, Dr. Clark had 
also applied the method to the study of castings, 
and an example was illustrated in Fig. 14. Figs. 15 
and 16 showed allotropic forms of manganese, « in 
Fig. 15, and 8 in Fig. 16. 

In addition to the methods described above, 
there was a third way of conducting an X-ray 
analysis. In this a good crystal was selected, 
but was held stationary, while a beam of hetero- 
genous X-rays was passed through it. In the 
process previously described monochromatic rays 
were used. 

Some interesting X-ray photographs had been 
obtained from transformer steel, in which, as 
indicated in Figs. 17 and 18, there was a close 
connection between the X-ray pattern and the 
magnetic hysteresis of the metal. Some beautiful 
results had been obtained at the Siemens labora- 
tory, Berlin, with single crystals of copper, and 











other workers had investigated the connection 
between the hardness of steel as modified by 
annealing under different conditions and the corre- 
sponding X-ray photographs. The method must 
still, however, be regarded as in its infancy, but 
he was glad to say that provisions had now been 
made for its systematic study at the National 
Physical Laboratory. 








THE BREWERS’ EXHIBITION. 


Amon the first industries in this country to recog- 
nise the value of specialised trade exhibitions seem 
to have been those associated with the many phases 
of the art of brewing. Evidence of this is afforded 
by the fact that the Brewers’, Maltsters’, Distillers’ 
and Allied Traders’ Exhibition and Market, which was 
held in the Royal Agricultural Hall, Islington, London, 
from Saturday, October 29, to Friday, November 4, 
was the forty-fourth of its type. If, again, the support 
and patronage of those in the industries may be 
accepted as any criterion of the success of a trade 
show, this example must be regarded as one of the 
greatest of all the series that are held annually. All 
the space available, including that in the galleries, 
was fully taken up for the display of machinery and 
products, and, what was of greater significance, there 
were indications everywhere that good business was 
being done. 

The equipment of breweries and distilleries is of 
the most diverse character, comprising as it does 
units for steam raising, power generation, pumping, 
refrigeration, the preparation of the raw materials, 
and the storage, bottling and handling of the finished 
products. Machines of different designs for all these 
varied purposes, and for the auxiliary ones, were 
available for inspection on the stands of the Exhibition, 
and their design bore testimony to the progress made 
in meeting the exacting requirements of the industry 
and to the knowledge and ingenuity of the engineers 
who specialise in this work. It is true that much 
has become standardised in the course of time, but 
there are still to be found many examples of machines 
with novel features, through which increased efficiency 
is obtained or the labour required for operation is 
reduced. 

In dealing with the raw materials of the industry 
it is essential for consistent results that every endeavour 
should be made to have uniform initial and process 
conditions. As an example, the barley received at 
the works is not always in the same condition as 
regards moisture content. Whenever there is an 
abnormal amount of moisture present germination 
does not take place freely, and it is therefore advisable, 
before the grain is stored in suitable garners, which 
are thoroughly dry, that some type of controlled 
drying or sweating be resorted to. In this process 
the barley is subjected to a temperature of between 
100 deg. F. and 110 deg. F. Messrs. Robert Boby, 
Limited, of Bury St. Edmunds, an associated company 
of Messrs. Vickers, Limited, showed a rotary plant 
for this purpose, as well as other machines for cleaning, 
polishing and grading the barley. The Robertson- 
Galland sweating plant made by the firm consists 
of a furnace for air heating, a revolving drum to 
receive the charge of barley, and an exhaust fan. 
Once the proper temperature is attained in the heater 
the air is drawn through the grain in the revolving 
drum and discharged into the dust room above. 
Substantially constructed of steel plates and sections, 
with reinforcements to form the track of the drum 
on its supporting wheels, the Boby plant must be 
regarded as a good example of British plant for the 
industry. Large bearing surfaces for the worm shaft 
and ample proportions for the threads are also amongst 
its characteristics. Revolving steel drums with an 
air supply to an outer annular space, from which 
it can be drawn through the grain to an inner tube, 
by an external fan, are used for germination in the 
Robertson-Galland system. The plant supplied by 
Messrs. Boby, Limited, for the purpose also includes 
conical steeping tanks, erected overhead, from which 
the wet barley is run into the drums, and suitable 
plant for the cooling, moistening and purification 
of the air used in the process. Band conveyors and 
elevators are put to service in modern installations 
to take away the green malt, after withering in the 
same drum, when the operation is completed. Usually, 
in Britain, the revolving drums are of suitable dimensions 
to deal with 6 tons or 10 tons. The grain is not 
damaged in the process, as is commonly the case 
on the floor by the shovels or feet of the workmen, 
but is turned out ready for the kilns under the most 
favourable and consistent conditions. Ample supplies 
of pure water at uniform low temperatures are 
necessary in brewing, and Messrs. C. Isler and Company, 
Limited, of Artesian Works, Bear-lane, Southwark, 
London, showed many’ models and actual examples 
of plants for the purpose of obtaining it. These 
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comprised deep well pumps, air lift systems, and 
bore hole turbine pumps. 

The constructor of the large tanks and other vessels 
used in the fermentation industries has other problems 
than those of mere strength to consider. Materials 
must be used in the plant which cannot in any way 
affect the product, and thus, when the common metals 
used in other industries are resorted to, provision must 
be made for lining them with impervious and non- 
corrodible materials. Fortunately, glass enamelling 
has been developed to get over the difficulty, and the 
display by Messrs. Butlers (London), Limited, of 62, 
Minories, London, of examples of their range of ‘‘ one- 
piece ’’ bottling tanks, made for capacities of 5 to 300 
barrels, afforded a good example of its application. 

In these days, when rapid developments are being 
made in the metallurgical industries, new means of 
getting over old troubles have become available. The 
brewing industries have their problems, like almost 
every other, and it is of interest to note that fermenta- 
tion vats and tanks made of pure nickel are now used 
in many modern breweries. Examples, the products 
of the Berndorf Metal Works, of Berndorf, Lower 
Austria, were shown by Mr. Robert Whitehead, of 86, 
Hatton-gardens, London. This metal, being free from 
corrosion troubles and combining strength with the 
capacity for being formed into various shapes, without 
seams, is not only suitable for vat construction, but 
also for large barrels and for the cells used in the 
production of ice. The examples shown on this stand 
comprised those referred to, as well as an air filter 
and a tilting pan for yeast. Another interesting 
exhibit was a double-walled barrel, the inner lining 
being of aluminium and the outer of galvanised iron, 
corrugated to afford additional strength. This con- 
struction ensures lightness, freedom from the necessity 
for re-pitching, and the elimination of cooperage. 

Refrigerators for dealing with the miscellaneous 
duties of large breweries and the ordinary retailer 
were shown. Amongst the many interesting features 
of the show in this respect must be mentioned the 
exhibits of Messrs. H. J. West and Company, Limited, 
of 72 and 74, Gray’s Inn-road, London. Of these, 
the machines using carbon-dioxide as the refrigeration 
medium had pressure lubrication, while the cylinders, 
crankcases and manifolds were made of steel, machined 
out of solid forgings. Oil for their lubrication was 
circulated through the crankshaft to all the bearings, 
and the rotary gland, by means of a valveless pump, 
driven from the end of the crankshaft. The ammonia 
compressors shown were of the sleeve valve type with 
single, two and four cylinders. In the last two types 
double suction was provided for, with a supercharger 
arrangement, permitting the use of two entirely 
different suction pressures in each cylinder. Messrs. 
L. Sterne and Company, Limited, of Crown Iron Works, 
Glasgow, exhibited three of their standardised refrigera- 
tion units. The largest of these was an electric motor 
driven set of 20 tons capacity, using ammonia as the 
refrigeration medium. To ensure continuous working 
with the minimum of attention, it was fitted with 
forced lubrication to all moving parts, including the 
crankshaft gland. The other sets were smaller, 1} tons 
and. } tons respectively, but included the condenser as 
an integral part of the equipment. 

Washing plants for casks and for bottles are essential 
features in the equipment of a modern brewery, for 
their use results in the reduction of labour charges and 
ensures at the same time the thorough cleanliness of the 
receptacles. Messrs. G. Hopkins and Sons (Clerken- 
well), Limited, of 40-52, Holloway-road, London, 
showed one of their ‘‘ Super-Goliath ’’ automatic cask- 
washing machines, which was fully described in ENat- 
NEERING of March 31, 1924 (vol. cxvii, page 367). 
Several minor, though significant, improvements have 
been made in the construction, and these deserve 
reference, although the general design remains much 
as before. The nozzles for the introduction of the 
scouring liquor are now made of a slotted type and 
revolve, and are constructed entirely of stainless 
steel. Improvement has also been made in the 
balanced valves, resulting in improved efficiency of 
the internal cleansing of the barrels, with a reduction 
in the consumption of liquor. 

The John Thompson-Burton cask washers made by 
Messrs. John Thompson (Wolverhampton), Limited, 
of Wolverhampton, the well-known firm of boiler- 
makers, was also shown. With this the casks are 
rolled on a turntable provided at its centre with a 
nozzle, and as the cask is revolved the entire interior 
is subjected to hot water sent through the nozzles at a 
pressure of 200 lb. per square inch. The pressure, and 
consequently the cleansing action, is continuous, and 
the time occupied in the operation is 35 seconds, during 
which period the cask is made to revolve through 12 
complete cycles, when the machine is automatically 
thrown out of gear and the cask is removed. Air under 
pressure is introduced into the cask for the removal of 
the cleansing water. Everything but the turntables, 
except the water pump and rotary air blower, which may 








be arranged in any suitable position in the works, is 
below the floor level, and the timing gear works auto- 
matically and outside the control of the operator, 
preventing slacking. 

Bottle washing may be effected by the use of sprays 
of liquor and water under pressure, alone or in combi- 
nation with brushes. Examples in great variety were 
on show on many of the stands throughout the exhibi- 
tion. A good example of a modern machine is the 
four-duty cleaner and soaker made by Messrs. Bratby 
and Hinchliffe, Ltd., of Sandford-street, Ancoats, Man- 
chester. It consists of two parts, a rotary soaking 
wheel and a rinser conveyor. The dirty bottles are 
put on a loading platform on the cylindrical face of 
the drums and are then fed automatically into the 
spaces provided for them in the soaking wheel, which 
is given an intermittent rotary motion. In each of 
three complete revolutions the bottles are filled with 
hot caustic solution and then emptied, and before 
being discharged are drained, during the period 
required for a half-revolution, to prevent the caustic 
solution being carried away. As they are discharged 
the bottles have to pass through a spray of pure 
water into a fresh water bath. They are then trans- 
ferred by one of the operatives to a travelling cup 
conveyor, which carries them through the fresh water 
bath. Then the rinsing operations are started, and 
as the conveyor proceeds jets of water of varying 
temperatures are discharged into the bottles in turn, 
ample time for drainage being provided in the intervals. 
In another type of machine, such as the Dostal and 
Lowey hydro, shown by the Purdy Patent Machinery 
Gompany, Limited, of 10, Euston Buildings, George- 
street, London, N.W.1, a conveyor is used to carry the 
bottles, neck downwards, over a series of nozzles in 
turn, while external treatment is effected by the 
application of jets of caustic solution. Final rinsing 
is done with water-jets at temperatures decreasing 
towards the point of egress. The machine referred to 
has a direct motor drive for the centrifugal pump, 
which supplies the high-pressure nozzles. Motion is 
taken also from the motor to a shaft situated above it, 
but below the table of the machine, to a gear-box, 
from which the motion is taken for the conveyor. 

As, in former years, there was a great display of 
bottle-filling appliances, crown corking devices and 
labelling machines, and most of the best-known makes 
were to be seen in operation. Amongst the other 
exhibits, attention should be called to the small-size 
equipment for the treatment of boiler-feed water shown 
by Filtrators, Limited, of Astor House, Aldwych, 
London. This is similar to the models for ships, land 
installations, and locomotives already described in 
ENGINEERING (vol. cxvii, page 623, and vol. cxxii, 
page 415), but is much smaller, is made in bronze, 
and has been expressly produced to meet the require- 
ments of steam wagons. Transport vehicles of this 
type have to get their feed water wherever they can, 
and consequently experience troubles, due to the 
formation of deposit, which put them out of efficient 
action. By placing a means of preventing the forma- 
tion of scale in these small boilers at the disposal of 
the users, Filtrators, Limited, have contributed to 
lengthening the useful life of a type of boiler which 
cannot always receive the best of attention. 








THE InstTITUTION OF CHEMICAL ENGINEERS.—The 
annual reception of the Institution of Chemical Engineers 
was held in the Royal Institute of Oil Painters, New 
Prince’s Galleries, on Wednesday of last week. Members 
and guests were received by the President, Sir Alexander 
Gibb, who recently succeeded Sir Frederick Nathan 
in the Chair. Chemistry, engineering and _ kindred 
sciences, and their chief institutions were well repre- 
sented in the large gathering, which included also the 
Lord Mayor and the Mayors of Westminster and other 
London boroughs. A _ pleasant evening was spent. 
The Institution of Chemical Engineers, which has its 
offices at Abbey House, Westminster, was founded five 
years ago. The officers are now Messrs. W. A. 8. 
Calder and J. Arthur Reavell, vice-presidents, Professor 
J. W. Hinchley, honorary secretary, and Mr. F, Heron 
Rogers, honorary treasurer. 


DEMONSTRATION OF WIRELESS AUTO-ALARM DEVICE. 
—For the benefit of shipowners and others interested in 
marine work, the Radio Communication Company, 
Limited, of Norfolk-street, London, W.C. 2, recently gavea 
demonstration of their auto-alarm apparatus for the 
reception of radio-telegraph distress signals, at the Baltic 
Exchange. The details and method of working of this 
device were fully described on page 321 of our issue of 
September 9, last. It will be remembered that the 
signal consists of four long dashes, preceding the con- 
ventional SOS. These dashes actuate the alarm device 
only when properly sent within certain degrees of toler- 
ance. Incorrect signals, atmospherics and, of course, 
ordinary messages do not affect the device. 'The demon- 
stration consisted in showing how accurately the 
apparatus would work, even when the appropriate signal 
was transmitted simultaneously with four Morse messages, 
and received an added interest owing to the recent loss of 
the Principessa Mafalda. We understand that numerous 
ships are now bcing fitted with this apparatus, 





AIR-PRESSURE BOOSTERS FOR 
WATER SUPPLY. 


DweE Lters in the high-lying portions of towns, though 
they have usually the advantages of a better air circu- 
lation and a more extended view than their fellow- 
citizens on the lower levels, are often troubled with a 
shortage of water, particularly at the hours of a peak 
demand. A similar inconvenience, though on a 
necessarily smaller scale, occurs where a heavy demand 
for water exists in a single building, or where an 
outlying part of a group of buildings on one supply 
system lies at a high level. The cause in every 
instance is, of course, lack of pressure. The remedy 
is equally clear—namely, to increase the pressure of 
the supply to the area or building affected by a pump 
drawing from the main, the pressure in which is 
adequate for its normal duties. The actual method of 
employing the pump is, however, not quite so simple a 
problem. The demand, for instance, is likely to be 
variable, and even a small pump kept running con- 
tinuously would be operating at an uneconomically low 
load. On many supply systems, therefore, an arrange- 
ment termed an air-pressure booster is now being used. 
Figs. 1 to 4 are examples of such an installation, as 
made by Messrs. Mather and Platt, Limited, Park 
Works, Manchester. 

The general principle is perhaps best understood 
from Figs. 3 and 4. A pump, in this instance a motor- 
driven centrifugal pump, draws from the main and 
delivers to a closed pressure tank of adequate capacity. 
The pump fills the tank until the entering water 
compresses the contained air to a predetermined limit, 
when it is automatically stopped. The water is then 
under a pressure higher than that of the main, and 
may be run off until the air pressure in the tank falls 
to another predetermined level, when the pump is 
re-started and the cycle again repeated. The air- 
pressure limits depend upon the quantity of water 
required at the higher pressure, and the size of tank is 
proportioned upon this quantity. The automatic 
control panel, actuated from the pressure gauge, is 
shown in the illustrations near the motor. Water-level 
and pressure gauges are provided on the end of the 
tank, and a drain valve is fitted on the underside. The 
small motor-driven air pump is used occasionally 
to renew the air which is slowly dissolved or entrained 
in the water, thus incidentally effecting a desirable 
aeration. The automatic panel may be omitted if the 
apparatus be installed in a place where an attendant 
is always available to stop and restart the pump. 
Apart from its use as a boosting plant, the system, it is 
clear, can be used for any small supply instead of 
running a pump continuously on light loads. 

As an example of town use, it may be stated that 
Messrs. Mather and Platt have installed a plant at 
Darwen, very similar to that just described, to supply 
an elevated and isolated part of the town. In this 
case, however, there are two pumps in series to give the 
requisite pressure. The plant is situated underground 
and is automatically controlled. As examples of the 
principle applied to buildings, we have selected two 
installations, which are illustrated in Figs. land2. The 
first shows the plant at the Crumpsall Institution, and 
the second that at the Booth Hall Infirmary, two 
separate institutions of the Manchester Union, by 
the courtesy of whose Superintendent of Works, Mr. E. 
Hargreaves, we are able to reproduce them. At the 
former institution, the existing town supply at the 
highest point on the service mains gave a standing 
pressure of 24 lb. per square inch, which fell to only 
2 lb. per square inch under the severest running condi- 
tions. Under these conditions, at the same point, it 
was desired to provide a minimum pressure of 40 Ib. 
per square inch. Further, an adequate pressure was 
required for fire-protection purposes. The heavy 
demand was of too intermittent a character to permit 
an ordinary booster pump to be used, but by employing 
an air-pressure booster plant the minimum pressure of 
40 lb. per square inch could be guaranteed. The plant 
described below was accordingly installed to Mr. 
Hargreave’s specification by Messrs. Mather and 
Platt, Limited. 

As will be seen in Fig. 1, the installation at the 
Crumpsall Institution consists of two motor-driven, 
single-stage turbine pumps, with a horizontal compres- 
sion tank adjoining. Each pump can deliver 400 gallons 
per minute at a pressure of 40 lb. per square inch, and 
can be run automatically for service purposes singly 
or in parallel. For fire duty they are hand-controlled 
and run in series. The automatic control is actuated 
by a pressure regulator connected to the air space in 
the upper part of the compression tank. The motors 
are 20 brake horse-power of the pipe-ventilated, squirrel- 
cage type, running at 1,455 r.p.m. with current at 
420 volts, 3-phase, 50 cycles. The working range of the 
water level in the compression tank is about at the 
middle of the tank, and from the highest to the lowest 
level, the capacity is equal to about 20 minutes steady 
operation of the pump. The automatic control starts 
the pumps when the level has fallen to a point 
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equivalent to a pressure of 40 lb. per square inch. They | in series for fire service under hand control, a total of 
continue to work in parallel until the pressure in the | 400 gallons per minute at a pressure of 80 lb. per square 
tank has risen to 80 lb. per square inch, when the| inch, plus the pressure in the town mains, can be de- 
automatic control operates to stop them. When used |livered. This fire service is augmented by a Mather and 


Platt two-stage turbine pump. This is situated in the 
| Same pump house and has a duty of 1,000 gallons per 
| minute at 80 lb. per square inch pressure. It is 
driven by a 50 brake horse-power motor running at 
1,450 r.p.m. 
| ‘The installation at Booth Hall Infirmary is shown in 
| Fig. 2. The conditions to be met were somewhat 
| similar to those at the other institution, and a pair of 
Medivane centrifugal pumps of the split-casing type 
were installed. Each of these can deliver 250 gallons per 
minute against a pressure of 40 lb. per square inch. 

As at Crumpsall, the pumps may be run either singly 
or in parallel for water supply, and in series for fire 
service. The motors are direct coupled to the pumps 
and are of the, direct-current pipe-ventilated type, the 
current, at 235 volts, being obtained from two 75-kw. 
Mather & Platt rotary converters supplied with alter- 
nating current from the corporation mains at 6,500 volts, 
3-phase, 50 cycles. Fig. 2 shows, in addition to the 
pumps and motors, the arrangement of the automatic 
pressure-operated switchgear, which for both institu- 
tions was manufactured by Messrs. Electric Control 
Company, Limited, Glasgow. The switchgear consists 
of a double-pole circuit breaker with overload and no- 
volt releases, time lags, change-over switch, totally- 
enclosed contactor-type starter panels, and pressure 
regulator. There is an automatic no-volt cut-out 
operating when the pressure on the suction side of the 
pumps falls below 10 lb. per square inch. The com- 
pression tank and rotary converters do not appear,in 
Fig. 2. 








THE S.S. ** LAURENTIC.”’ 

A NOTABLE addition to the fleet of the White Star 
Line was made on November 1 last, when the triple- 
screw steamer Laurentic was handed over by her 
builders, Messrs. Harland and Wolff, Limited, after 
the completion of satisfactory trials in Belfast Lough. 
The vessel is of the cabin class and has been designed 
to carry 1,600 cabin, tourist-cabin, and third-class 
passengers. She has a gross tonnage of 18,724, a 
length, overall, of 600 ft., a beam of 75 ft., and a 
depth of 40 ft. The vessel is divided into 12 water- 
tight compartments, and the double bottom extends 
throughout the whole length of the ship; she has a 
straight stem and cruiser stern. The accommodation 
for the cabin passengers is of the most luxurious charac- 
ter, while that for the increasing number of tourist 
third-class cabin passengers is roomy and well appointed. 
The most modern appliances for the swift and efficient 
handling of cargo have been installed, and the vessel 
has an unusually large capacity for refrigerated cargo 
of all descriptions. The electric current required on the 
ship is supplied by three 100-kw. turbo-generators. In 
addition to these, a 36-kw. oil-driven dynamo has been 
| installed ; it is situated well above the water line and is 
intended for use when the main sets are not functioning. 
As already indicated, the vessel is propelled by three 
screws ; each wing shaft is driven by a four-cylinder, 
triple-expansion, reciprocating engine, which exhausts 
|to a low-pressure turbine direct-coupled to the cen- 
tral propeller shaft. The low-pressure turbine, itself, 
exhausts into two condensers of the regenerative type. 
Steam is supplied by four double-ended and four 
single-ended boilers burning coal under natural 
draught, and the steam is superheated before delivery 
to the engines. 








MacHINE-CuT Coat IN BRITAIN AND IN THE UNITED 
Srates.—The director of the Colliery Owners’ Publicity 
Department, 5, New Court, Lincoln’s Inn, London, W.C. 2, 
informs us that an American organisation, described 
as the Institute of Economics, has been engaged, for 
several months past, in an investigation of the British 
coal industry. Little is known by the Department 
concerning this Institute and its members. In a 
cabled report alluding to the organisation’s activities 
and received in this country recently, it is stated, 
as evidence of the inefficiency of British mining 
practice, that only one-fifth of British coal is cut by 
machinery as contrasted with two-thirds in the United 
States. As a matter of fact, according to the annual 
report of the Secretary for Mines, 53 per cent. of the coal 
raised in Scotland is machine cut, and 33 per cent. of 
that mined in Northumberland, with varying percentages 
in other districts. In this connection, however, Sir 
Richard Redmayne’s evidence before the Sankey Com- 
mission is of interest. He said that it was quite rash 
and quite wrong to suppose that mechanical coal cutters 
could be employed broadcast in all coalfields. | They were 
quite impossible of application in a great number of the 
Welsh coal mines and in a number of other collieries in 
the United Kingdom, because the coal would not stand 
to be cut ; no sooner did the machine proceed to work 
on the face than the coal fell uponit. It might be argued 
that one could stay up the coal, but then the machine 
could not travel. Again, the condition of the roof did 
not allow of the application. Sir Richard also stated, 
in his evidence before the Samuel Commission, that too 
much should not be made of the comparison between the 
quantities of coal machine cut in this country and that 
mined by this means in the United States, for the natural 
physical conditions in the latter country were, on the 
average, vastly more favourable to machine cutting than 
was the case in Great Britain. 














632 


ENGINEERING. 





[Nov. II, 1927. 














THE DESIGN OF LARGE LOW- 
PRESSURE WATER CONDUITS.* 
By H. H. Burness. 

In the development of water power, and, to a smaller 
extent, in works for the supply of water to communi- 
ties, it is often economical to cover part of the distance 
by means of an open channel or conduit. In order to 
keep the cost of earthwork low, this channel is sited 
to follow a contour of the ground as closely as possible. 
It sometimes happens that, owing to natural features 
or artificial obstructions such as roads, bridges or 
buildings, the conduit must be sited a few feet lower 
than would otherwise be the case, thus sacrificing 
part of the available head. In low or medium head 
power plants, this lost head may be an appreciable 
fraction of the total. The question of constructing a 
closed conduit must then be considered. For small 
conduits, a rectangular or circular section may be suit- 
able, but, in the larger sizes, the bending moments 
induced in either of these sections by the water pres- 
sure are considerable and necessitate a heavy form of 
construction. The most economical cross section will 
be that in which direct stress (tension) only occurs ; 
that is the shape which would be assumed by a flexible 
inextensible membrane when filled with liquid under 
the particular conditions. 

The problem is similar to Rankine’s ‘‘ Hydrostatic 
Arch,” but, as the conditions and data in front of the 
designer are different from those of Rankine’s problem, 
it may be of interest if the design of such conduits be 
worked out. The solution given by Thomson and 
Tait of, and the application of Kirchoff’s ‘‘ Kinetic 
Analogue” (see Love’s ‘‘ Mathematical Theory of 
Elasticity”) to, one of the special cases of Bernoulli’s 
** Elastica,” are also suitable, but as Rankine’s method 
never loses sight of the mechanics of the problem the 
writer has used his method with slight extensions and 
variations. 

Tasce I.— Values of Half Widths x, and x, and Curved 

Lengths 8, and s, for a Constant Vertical Diameter 
(Y_ — Yo) of 10 Ft. for Values of yo from 1 Ft. to 40 Ft. 


























YO - 

Yo v2 ln —w 22 1 82 8} 
= | 

11 0-1 9-883 | 12-79 | 20-63 15-88 
2 2 0-2 7°459 | 10-55 18-81 13-69 
3 13 0:3 5-877 9-14 17-70 12-31 
4 14 0-4 4-998 8-40 17-20 11-58 
5 15 0:5 4-369 7°89 16-88 11-10 
6 16 0-6 3-908 7°54 16-67 10-70 
7 17 0:7 3-523 7-23 16-50 | 10-40 
8 18 0:8 3-203 7-00 | 16°35 10-10 
9 19 0-9 2-952 6-81 16:24 | 9-95 
10 20 1:0 2-735 6-67 16:15 | 9-78 
12 22 1-2 2-416 6-43 16-08 9-53 
14 24 1-4 2-131 6-25 16-01 | 9-32 
16 26 1-6 1-910 6-09 15:94 | 9-15 
18 28 1:8 1°741 5-99 15:89 | 9-038 
20 30 2-0 1-601 5-90 | 15:86 | 8-95 
22 $2 2-2 1°478 5:83 15-83 | 8-87 
24 34 2-4 1-372 5-76 15°81 | 8-79 
2 36 2-6 1-288 5-72 15-80 | 8-72 
28 38 2-8 1-187 5-66 15-79 8-66 
30 40 3-0 1:134 5-61 15-78 | 8-61 
34 44 3-4 1-006 5°51 15:77 | 8-53 
38 48 3:8 0-920 5-48 15-76 | 8-47 
40 | 50 4-0 | 0°877 5-467) 15°75 | 8-43 





Since, in any case, the determination of the various 
dimensions and areas involves the use of elliptic 
integrals, tables of which are not ordinarily available 
to the designer, a series of values of these has been 
worked out and tabulated for a constant vertical 
diameter of 10 ft. (see Table I). For larger or smaller 
conduits, the dimensions are simply to be increased in 
proportion, and the areas varied as the squares of the 
vertical diameters. The fundamental condition to be 
observed is that the ratio of the head of water on the 
crown to that on the invert of the conduit must be the 
same as that for the figures which are taken from the 
tables. The tables cover the range of this ratio from 
ix to ¢. 

Again, since the height of the free water surface, and 
consequently the pressure at the various points in the 
shell of the conduit, is likely to vary between certain 
limits once the structure has been erected, bending 
moments will be induced in the shell due to its efforts 
to adjust its shape to the altered conditions. A 
method of calculating these moments has therefore 
been given which can also be applied to determine 
the stress conditions due to earth pressure on the out- 
side of the conduit when the latter may have to be 
buried at various depths. The special case of the free 
water surface coinciding with the crown of the conduit 
is particularly interesting, and is dealt with separately. 
Finally, the economic justification for the use of this 
type of conduit is shown by comparing the estimated 
cost of an actual design with the cost of the alternative 
open channel. 

To determine the best form for the cross-section of 
& conduit carrying a fluid where the pressure on the 
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r read before Section G of the British Associa- 


tion, at Leeds, on September 7, 1927, 


crown is a fraction of that on the invert, we have, 
referring to Fig. 1, 

AD the vertical centre line of the conduit, 

EF the level of the free water surface, and 


O their point of intersection, chosen as origin of | 


co-ordinates. 

The depth of the crown of the conduit below 
EF = OA = %. 

The depth of the invert of the conduit below 
EF = OD = y. 





The pressure p on the shell at any point (x y) = 
wy, where w = weight of unit volume of the liquid. 


i 





and from (2) and (4) 
x2 =o = 


oe Je + Yo 


It will be seen that the curve is symmetrical about the 
vertical axis, and that, if continued beyond the lower 
horizontal tangent points C, it will form the loops 
shown dotted in Fig. 1. For our purpose, the points 
C may be connected by a straight line without altering 
the conditions in the shell. 


Ya" + yo? 
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In order that the stress at any point 
in the shell may be direct tension, with 
no bending moment induced, we must 
have the well-known relation pr = T, 
where r is the radius of curvature and T 
is the tension in the shell. Since the fluid 
exerts normal pressure only, i.e., there is 
no tangential component along the shell, 
T is constant throughout the circum- 
ference. 

Now p= wy 


















1 w y T 
- wyr=T or > at “se where a a 
Also 
ey 
1 d 22 
ar 2) 3% 
{1+ (a) }° 
dz 
zy 
* dz? 
y= : eo 
f id (52 } 
71 et 
Multiplying by 2 dy and integrating 
dimes as (2) 
fy, (2yyey am 
l dz) 
Integrating again 
“= ————— , , (3) 
Referring to equation (2) and Fig. 1, 
dy 
dz 2 Sty=mandy=y 
y= +/c—2a 
teeth Ve+2a 
42 +L yo? 
en BT” — (4) 
and 
Yo? — Yo? =4¢@= 4ry 
ee! e—- . ww -w 
-f 4y » 10 in *' *" <=, © 


This determines the radius of curvature at any point, 
and the curve can therefore be drawn out by describing 
short arcs of radii inversely proportional to the distances 
of the mid points of these arcs from the free surface. 


is infinite at the vertical tangent point y,, 
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The solution of equation (3) for the horizontal ordi- 
nates may be effected in terms of elliptic integrals 
by the substitution of properly chosen amplitudes and 
moduli, but the writer, for reasons given above, prefers 
Rankine’s method (Applied Mechanics, 10th edition, 
page 190). 

Using Legendre’s elliptic integrals of the first and 
second kinds 


F(0y) = Wereeereer 

ali ie, * J/1 — sin? sin? yy 
‘ ay 
a A J/1— sin? 6 sin? y 


2 


F, (9) 
and 


E (0 #) 


ll 


ry 
\ Jl — sin? @ sin? f.d ye 


E, (9) 


I 


T 
|° /1 — sin? @sin2 o.d yp 
“0 
Rankine chooses the constant modulus @ such that 
4r, 2 
oe =., 80 that cos = Yo 
Y2 Yo Ys 
and the variable amplitude y as 90° — . wher; 9 is 
the slope of the tangent to the curve (see Fig. 1). He 
then shows that the horizontal co-ordinate is given by 


z= n{(1-=)°)( 1 — FO) - EO 
+E (0y)} 


The maximum value of 2 = x,, the half width of the 
conduit, and 


==924{(1- ) (FL) - F (0 45°) ) 
— E, (6) + (9 45°) } 


The half distance between the horizontal tangent points 
C, where ¢ = 180 deg. and y = 0, is given by 


asm nf (129) (r09) 2.0 } 


























oe 











Nov. II, 1927.] 


ENGINEERING. 


633 








We shall assume that the conduit is supported by a 
uniform upward pressure between the points C. 
Obviously, this must be equal to the downward pressure 
on the inside of the shell, whichis wy,. Also wy, X 2x2 
must equal the weight of water in the conduit. Hence, 
the area of the conduit must be equal to 27,y,. This is 
an important result, since the designer is faced with the 
problem of determining the dimensions of a conduit 
to give a certain water area. The values of this area, 


for various ratios of ie are tabulated in column 5 
2 


of, Table IT. 
Rankine also shows that the length s along the curve 
from A is given by 


Yq sin? (0) \ 
oo Be { F, (0) — F (6) } 
in2 
= SO {F, (0) — F(0 s*)} 


in2 
quotes? F,(6) } 


The full length of the perimeter of the conduit is 
2 (%, + 8). The area is 2x,y, and the hydraulic 


mean depth is therefore given by re . See Table IT, 
2 + 8 





column 6. 
These various lengths are required in estimating the 
quantity of material needed in the construction of the 


TaBLeE II.—Values of Water Area and of Hydraulic Mean 
Depths for Various Ratios of - 














Hydraulic 
Peri- Mean 
vo ¥2 _.. meter i Depth 
Y2-YO | 2(a_ + 8)| “72v2 2 YP 
2 + 82 
1 11 0-1 61-02 217-4 3-56 
2 12 0-2 52-54 178-8 3-40 
3 13 0:3 47-16 153-0 3-24 
4 14 0-4 44-40 140-0 3-16 
5 15 0-5 42-50 131-0 3-09 
6 16 0-6 41-16 125-0 3-04 
7 17 0-7 40-04 119-2 2-98 
8 18 0:8 39-10 115-4 2°95 
9 19 0-9 38-38 112-0 2-92 
10 20 1-0 37-76 109-4 2-90 
12 22 1-2 37-00 106-3 2-88 
14 24 1°4 36-28 102-4 2-84 
16 26 1-6 35-70 99-2 2-78 
18 28 1°8 35-26 97-4 2-76 
20 30 2-0 34-92 96-0 2°75 
22 32 2-2 34-62 94-4 2°78 
2 34 2-4 34-36 93-4 2-72 
26 36 2-6 34-16 92-6 2-7 
28 38 2-8 33-96 90-2 2-67 
30 40 3-0 33-82 88-7 2-65 
34 44 3:4 33-56 88-5 2-64 
38 48 3:8 33-36 88-3 2-63 
40 50 4-0 33-26 87-7 2-63 

















conduit. They are also used in the following demon- 
stration of the stresses induced in a given design, due to 
variation of the free-surface level or to the conduit 
having to be laid to a longitudinal slope, causing the 
ratio ¥ to vary along the length. It is obviously 
impracticable to change the shape to suit this alteration, 
and a mean section would be used. It then becomes 
important to determine the stresses at points other than 
that for which the section is correct. 

Assume that a conduit has been designed for a head 
on the crown of yo feet and on the invert of y, feet. 
Let the head be increased by a feet, as in Fig. 4. 
The weight of water in the conduit is unaltered and the 
upward pressure on the length 2, is still wy,, since x24, 
is half the area of the conduit. The downward pressure 
on the length x, is now w (y, + 4), i.e., there is an 
unbalanced downward pressure intensity of aw from 
D to C. Since the conduit is symmetrical about AD, 
there is no shearing force at A or D. The downward 
shearing force at C is, therefore, awz,. 

Assuming a bending moment M, at D, the moment M 





at any point between D and C is M,+ 7“, and 


2 

: ‘ 2 
in particular at C M = My + SS . The shearing 
force at C will also cause a bending moment at 
any point between C and A, of aw2,(x — 2»). 
The bending moment between C and A is, therefore, 
given by M = M, + 2% 
resulting from the increase of pressure aw on the curved 
surface. 

In order to investigate this jlast term, take any 


element of the curved surface 5s, Fig. 2, at which the 
radius is r. From the parallelogram of forces we have 





+ awz, (x — x) + moments 


pis= oT sin 98 


ie. prd0=TS0 
go nse 
F lai 
Now r is fixed for any one point on the curved surface. 








Assume, for the time, that T, the tension in the shell, is 
also constant. Then, if p = wyis increased to w(y + a), 
the increase in pressure 5p = aw. This, not being 
balanced by T, will induce shearing forces and bending 
moments in the shell. 
At the point (zy), Fig. 4, this shearing force is given 
by 
(sg— 8 
\ 
[(C = 0, since F = 0 at s = 8g] 


F= awds=aw (s,—s)+ C. 


2 


and the bending moment 





8, — 8 (*3 —s? 
= a w (8s, — 8) ds = aw “~~ + D. [D=0] 
0 - 
The total moment at (ay) is therefore 

M = My + 282 + w 24 (eq — 2) + SPO 

= My + (2ag% — x2 + 8,2 — 28g8 + 8%) (1) 

The effect of the variation in T due to the increase of 
head is dealt with separately. It remains now to 
determine M,. This is probably most conveniently 
done by the principle of least work or minimum 
resilience. Neglecting the strain energy due to direct 
and shearing stresses, and assuming the elastic proper- 
ties of the shell to be constant round the circumference, 
we have the resilience 


% M2 $2 M? e 
v-[" ser -@+(° Er” ° ‘ - (2) 
and M, will be such as to make U a minimum 
Substituting the proper values of M in the two 
terms of (2) performing the integrations, differentiat- 
ing with regard to My and equating to zero, we get 
82° 24° $2 
aw (*2 — 242 8, + “) oo aw2e, x.ds 


a naa 2 (X_ + 82) 





(3) 
8 
In this expression all terms are known except “x . ds 


which cannot be easily evaluated mathematically. 
Geometrically, it is the value of the first moment 
of the curve ABC about the vertical axis, i.e., 8, z 
where z is the distance of the centre of gravity of 


the curve from the vertical axis AD; z will normally 
have a value of 0-7 to 0:75 21, where x, is the hori- 
zontal semi-diameter of the conduit. Assuming a 


mean value for x of 0°72 2, 


3 3 
pes (*$ — 242 84+ = + 1-44 2 2, +2) 


2 3 (3a) 





mee Xe + 8 


Inserting this value in the equation (1) for M gives 
the bending moment at any point in the cross-section 
of the conduit, neglecting the effect of the alteration 
in T previously mentioned. 

Let 5T be this change due to a rise of water level 
of a feet. 

We have 


T = 5 (ys? — 4°) 
and 
w 1 
T+ $T= 4 { (ys + ay = (fee i 


- 3T = = (ya — y). 


Referring to Fig. 2, this will be equivalent to the 
addition of a pressure Sp’ over the element 8s acting 
against the previously-considered increase of internal 
pressure aw, and such that 

oO 
dp = gus 

Now, 
= Yai — 0 

4y 
,_ 4 (Y2 — Yo) 
*. §p’= > 
- 2 92? — yo? 
2aw 
Y2+ Yo ’ 








=ky 
where 

_ 2aw 

Y2+ Yo 

This § p’ only acts on the curved portion of the section, 
and will induce shearing forces and bending moments 
in that portion of values respectively corresponding 
to 





8 3s 
| ky-de ana | \ ky -ds-ds, wheres = Oat A. 
0 oJo 
At C particularly, the moment will have the value 


82 [82 
ky-deds, 
o Jo 








and, since the vertical forces due to this effect are 
balanced between A and C, the moment thus caused 
will be unaltered between C and D. 

These integrations are again inconvenient. If, how- 


3 
ever, we assume the pressure § p’ to vary with s? 
instead of with y, the resulting moments approximate 
very closely to the true values. This is shown in 
Fig. 3, which also shows the errors involved in assum- 
ing 5 p to vary with s or with s? 
Commencing at A, we have 


Yo 
s = 0,8 p’= 2aw —— 
‘ Y2 + Yo 
and at C, s = 8 
Y2 
8p’ = 2aw ——— 
Ye + Yo 


and at any point distant s from A 


8 
Sp'=2aw —%_ 4+ ( )’ -2awtz2_” 


Yo + yo Sq Yo + Yo 
=a-+ B of 
where 
9 9 ae 
= ee and g= a 1 # 
Y2 + Yo Sgt Yet Yo 
The shearing force at the point 
i 3 
=| (a+ Bs*)ds 
J0 


=as+ 2 Bs? + Cc. [C=0.] 


The bending moment 


a i. (as +2 ps!) ds 


ast 48 3 
= — aa oe 
2 + 35 
where Ma is the moment at A (s = 0) such that the 
resilience is a minimum, as before. 
Proceeding, as in the previous case, we find 


a 8,8 8 9 @ 87 4 ) 
6 + 315% + (° a + 35 Pat) 


wa 


+ M, - « &@ 





Ma nt a 

Inserting this value in equation (4) gives the bending 
moment at any point. This acts in the reverse direc- 
tion to the one previously considered, but since we 
have, in this case, measured s in the opposite direction, 
the final resultant moment at any point on the curved 
surface may be written 


M=M,+ oe (Qty 2 — x42 + 8,2 — 29,8 + 2°) 


a s* 4 7 
+ Ma + - > + 35 B 8% 


observing that M, and M are of opposite sign to the 
other terms. 
At a point between C and D in the length x, 


aw x as? 4 z 
M = My +—3- + Ma + —3* + 3 Basi 


These two equations enable us to determine the 
bending moment at any point whatever on the circum- 
ference of the conduit. They are shown graphically, 
for a particular case, in Fig. 4. Should the water level 
fall, the moments are calculated from these formule, 
but are, of course, reversed in sign. 

The best form of conduit will be that in which the 
maximum moments due to the water being at its 
highest level are equal to those, of opposite sign, due 
to its being at its lowest level. 

It will be seen from the tables that, when y, becomes 
small, the half-width of the conduit x, increases very 
rapidly, as do the area and perimeter for a given vertical 
diameter y,—y). In the limit, when the water surface 
coincides with the crown of the culvert (y, = 0), the 
elliptic integrals degenerate into the logarithmic form, 
and the various values become infinite or indeterminate. 
The problem proved of considerable mathematical 
interest and the solution may be of use in the design 
of tanks for holding or transporting liquids or in 
the case of conduits running partly full, i.¢., y, becom- 
ing a negative quantity. 

When y, = 0, the pressure p at A is zero. Hence, 
the radius of curvature is infinite and oe and peat 

dz d x 
both zero. 
- CY 

If we give _ 
Fig. 5, for equilibrium, we must apply an upward force 
at A. Calling this P, we have P = 2 T sin a, T again 
being the constant tension in the shell of the conduit. 
In large conduits, this force would be provided by a 
central longitudinal wall or by a series of columns, 
carrying a beam. By assigning various values to a, 
a wide range of half-widths and perimeters may be 


at this point an artificial value tan «, 












































a 





634 


ENGINEERING. 


[Nov. II, 1927. 











obtained for a given vertical diameter, or for a given 
area by altering the vertical diameter. Table III 
has been calculated to give the various values for 
a vertical diameter of 10 ft., for values of a between 
2 deg. and 30 deg. The equations for the ordinates x 
and lengths s for the case when a has any value and 
¥Y) also has any value, are derived in the appendix. 

Economy of Conduits of this Design.—The economic 
aspect of this type of conduit for power purposes may 
perhaps be shown most clearly by taking a particular 
case and comparing the cost with that of an open 
channel, taking into account the loss of power involved 
in the unavoidable lowering of the channel due to 
various obstructions and the natural features of the 
ground. 

In an actual case of a projected scheme in this 
country, there was an available quantity of 750 cub. ft. 
of water per second under a head of 35 ft. With the 
highest possible siting of an open channel, the available 
head was reduced to 31 ft., reducing the available 
power from 2,373-h.p. to 2,100-h.p. Allowing so high 
a velocity of flow as 10 ft. per second, a concrete-lined 
channel with sides sloping at 1 to 1, would have a 


TaBLeE III.—Values of 2, &c., for Special Case yo = 0 











for Various Values of a, fory, = 10. (See Fig. 5.) 
Peri- Hydraulic 
a 82 2% meter Area.* Mean 
2(a2 + 82) Depth. 
Degs 
2 27-18 17°17 88-69 345-1 3-89 
a 23°71 13-69 74°80 277°3 3-71 
6 21-69 11-64 66 -66 238-1 3-58 
8 20-26 10-18 60-88 210-6 3°47 
10 19-16 9-03 56-38 189-4 3-37 
12 18-26 8-09 52-69 172-3 3-27 
14 17-50 7°28 49-56 157-9 3-19 
16 16-85 6-57 46-84 145-5 3-11 
18 16-28 5-94 44-42 184-7 3-04 
20 15:77 5°37 42-26 125-0 2:97 
22 15-31 4-84 40-30 116-3 2-89 
24 14-89 4-36 38-50 108-4 2-81 
26 14-51 3-90 36-83 101-1 2°75 
28 14-16 3-48 35-28 94-5 2-68 
30 13-40 3-08 33-83 88-4 2-61 

















depth of 7 ft. 6 in., a bottom width of 6 ft., and a 
top width of 21 ft. The earthwork on this particular 
site, over the conduit length of 900 ft., was 3,128 cub. 
yards. 

Estimated Cost of Open Channel.— 


£ a. d. 
Earthwork excavation, 3,128 cubic 
yards at 4s. ... rp == 626 0 0 
Concrete lining, 8 in. thick, 600 cubic 
yards at 50s. = aoe = 1,500 0 0 
£2,126 0 0O 
On costs, etc., at 15 per cent.... 320 0 0 
Total £2,446 0 0 
The closed conduit had a vertical diameter of 9 ft. 
horizontal __,, te 
perimeter - 34, 
and was designed for normal head on crown = 4 ft. 


maximum head =), 


minimum head = 2, 


With a uniform thickness of concrete of 8 in., rein- 


forced with two layers of steel 0-75 sq. in. per foot, 
the cost per foot-run was as follows :— 
8 £ er 8 
Concrete 12 * 34 x 23 cubic feet at 2s. 2 6 
Wood centring, 6sq. yards, at 3s, 6d. = ee 
Steel, 14 ewts., at 12s. ae 018 O 
Total per foot-run £4 5 0 
£ « d. 
Length = 900 ft. at 4’. 5s. ... = 3,825 0 0 
Excavation, 1,500 cubic yards at 4s. = 300 0 0 
On costs, etc., at 15 per cent. = 625 0 0 | 
Total cost = £4,750 0 0 


The additional cost over an open channel = 4,7501. — 
2,446]. = 2,3041. The a power obtained is 273 | 


h.p. at a capital cost of => 


Allowing a further 5/. per horse-power for additional 

cost of plant and buildings, we have a total cost of 

131. 5s. per horse-power gained. Putting charges on 

capital at 8 per cent., and assuming no increase in 

running costs, on a load factor of 30 per cent., the 

cost per pil -power-hour is 
13:5 x -08 x 240 x 100 

365 x 24 x 30 


= 8I. 5s. per horse-power. 


= 0-1 penny, 








* The areas in this case are derived from the fact that the weight 
of fluid in the conduit is my moon by the upward pressure «yz 
over the length 2z2 and by the applied force at the crown P = 
2T sina 


+, wararea = w2 myo + 2T sina 
we? wyr2 
Now aces ae FT + cos «) 


- atea = 2 myo + 





1+cosa’ 





or 0-133d. per kilowatt- a a very remunerative 
figure. 
AppEenpix I. 


Referring to Fig. 5, page 632, the horizontal pressure 
on the vertical plane AD is balanced by the tension T 
at D, and the horizontal component of this tension at 
A =T cos «a. 


i.e. © (ys? — yy?) = T (1 + 608 a) 
Yo" — Yo" 


a 
4 cos? — 
2 


= gt ax Ya" — Yo" - 
w 2(1 + cos a) 





(1) 


and at any point on the curve y = 


avi dy : 
0 0 a ee ee ce 
a 5 ( ) ae sin ?. 


§14 
1% 


oe qd sa do d 
we as de? aa ae 
1 d/l) 

: p- Slt 8 
r=. 3(3) sin @. 
y 
C —cos¢ = 3 at’ (2) from (1) 


__ 


a? 
Integrating 2 .4- 


at Y¥=%P=a 


: Yo" = 
._C= dat + C84 cos B,say . ‘ . (8) 
aty=%. g=7m .. cog = — 1. 


From (3) y? = 2a? (cos B — cos ¢). : . (4) 








ogein St? mgm : 
dg J/2 a/cos B — cos ¢ 
ip d 
ale — (5) 
a “cos B — cos @ 
dz ss ote cos } 
l = gee iF — = ee ed 
ae “do seine 5 »/cos B — cos 
re 
ae ? nett (6) 
V2 }a cos B — cos p 





and y = a,/2 /cos B — cos 9 ‘ + 8) 
The equations (5), (6), and (7) form ‘he complete 
solution to the required curve. 


To perform the necessary integrations, we have 
cos B — cos d = 2 (cost # - cost $ ) 


cos 


rol @ 


and making the substitutions sin ~ = and 





cos 


rol 


6 = 5 _ , where # and @ are, respectively, the 


variable amplitude and constant modulus of Legendres’ 
elliptic integrals, we get the following results :— 


8, = acos © (F (0 ¥0) — F (6 ¥4)1 | 
(8) 
8, = acos 5 [F (8 Yo)] | 
@, = acos ie eee re 
+ 2E(6¥,)) (9) 
[F (8 Yo) — 2E (8 Yo)] | 


X_ = acos: 


tot Sit ‘eres 





where 
__ ‘ys? = — 0 B 2a 
a oa mows « 0) + cost 
cos ¢ es 
Yo = sin-! . ¥, = sin-l i 2 cos B 
cos 3 2 
If 9 = 0, B=a sd 9 = 
2 cos % 
2 
and the equations then become 
o, =F, (6) — F (8 ¥3))| 
r (8a) 


“UF, (8)] | 


ig 6—F(0¥,)—2E, (0) + 2E(0¥3))| 


3 


I 


4 


r= “3 (F, (8) — 2, (8)) 
(9a) 


and y, = sin-! 





fete. ak 
n/ 2008 
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CATALOGUES. 


Pumps.—A new catalogue of power-driven pumps 
received from Messrs. Tangyes, Limited, Birmingham, 
shows a very wide range of ram, centrifugal and turbine 
types, with engine, motor and belt drives. 


Colliery Equipment.—Messrs. MHadfields, Limited, 
Sheffield, have issued three new leaf catalogues describing 
a dust-proof coal tub, a mechanical catch for run-away 
tubs and a toughened cast-steel self-aligning pedestal 
bearing. 

Cranes.—A sheet of illustrations of runway-type 
overhead cranes, operated by electrical or hand power, 
and showing a great variety of applications, is to hand 
from Messrs. The Vaughan Crane Company, Limited, 
Openshaw, Manchester. 


Lubricants.—Messrs. Sterns, Limited, Royal London 
House, Finsbury-square, London, E.C.2, have sent us 
pamphlets discussing the lubrication of different types 
of oil engines, and also dealing with methods of determin- 
ing the best lubricants for steam turbines. 


Oil Engines.—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have issued a new edition of their catalogue of 
vertical oil engines up to 750 brake horse-power. A 
large number of engines in actual service are illustrated, 
and records of tests for power and fuel consumption are 
included. 

Filters —The Visco Engineering Company, Limited, 
162, Grosvenor-road, London, 8.W.1, have sent us a 
further catalogue describing their air filters, which are 
suitable for all kinds of buildings, industrial and resi- 
dential, and for factories in which the processes produce 
an injurious atmosphere. 

Valves.—A leaf catalogue of valves suitable for steam 
at the highest pressures, with wrought-steel bodies 
and made in sizes up to 24 in., is to hand from Messrs. 
Victory Valves, Limited, Stockport. Valves of the types 
known as full-flow parallel slide, twin-seat stop, full-area 
stop, drain, blow-off, feed-check, junction, open-flow, 
safety, &c., are dealt with. 

Mechanical Draught.—A new edition of their catalogue 
of mechanical draught and cinder eliminating apparatus 
is to hand from Messrs. Sturtevant Engineering Company, 
Limited, 147, Queen Victoria-street, London, E.C.4. 
The catalogue, after describing the principles of natural 
draught, deals with the systems of mechanical draught 
under the headings of forced, induced, balanced, and 
ejector. 

Tubes.—The Wellington Tube Works, Limited, Great 
Bridge, Tipton, Staffs, have sent us a new issue of their 
catalogue of iron and steel tubes and fittings. The 
range covers all requirements for gas, water, steam, and 
oil, as well as boiler tubes and stays, well linings, masts, 
conduits, &c, All types of joints, diversions and con- 
nections are dealt with, and some useful technical informa- 
tion is added. 

Electric Motors.—Messrs. Hugh J. Scott and Company 
(Belfast), Limited, Ravenhill-avenue, Belfast, have issued 
a new series of catalogues of their induction motors and 
control gear, giving all necessary particulars and standard 
list prices. The range of powers is from the smallest up 
to about 225 brake horse-power. Special motors for lifts, 
cranes, blocks, etc., are listed, and a separate list of 
motors in stock is also to hand. 

tives.—Messrs. Beyer, Peacock and Company, 
Limited, Gorton, Manchester, have issued a new cata- 
logue of Garratt articulated locomotives with striking 
illustrations of engines in service at home and abroad. 
These engines are mainly used for the heaviest loads 
and the most severe conditions of work, but the makers 
claim that they are also economical for ordinary loads 
and gradients and for fast passenger trains. 


Mill Gearing.—A new edition of their catalogue of 
clutches and mill gearing, including all types of toothed, 
rope and belt gears, shafts and shaft fittings, is to 
hand from Messrs. David Bridge and Company, Limited, 
Castleton, Manchester. Several sets of reduction, 
driving, hauling and other units are also shown with 
special safety appliances. The requirements of mines, 
quarries, and open yards are met, as well as those of mills 
and factories. 

Locomotives.—A rail tractor type of steam locomotive, 
made by Messrs. Atkinson Walker Wagons, Limited, 
Preston, has two pairs of wheels, each driven by two 
roller chains from cross shafts. The shafts are driven 
by bevel gears from the engine shaft. The engine is 
of the vertical three-cylinder uniflow type, supplied with 
steam from a vertical boiler with superheater. The 
engine and boiler are mounted on the platform, which is 
fully enclosed, 








SHort-SERVICE COMMISSIONS IN THE RoyaL AIR 
Force.—The Air Ministry informs us that a considerable 
number of short-service commissions, for five years on 
the active list and four in the reserve, will be granted 
in December next. Applications will now be considered 
from candidates between 18 and 25, who wish to fly, 
are well educated, and have good eyesight and physique. 
Those accepted, ‘after interview at the Air Ministry, by 
a selection committee and a medical board, enter as 
pilot officers, on probation, and, after a period of training 
in this country or in Egypt, are employed at home or 
overseas commands of the Royal Air Force. A strictly 
limited number of short-service officers are retained in 
the service, a competitive examination being held 
annually, open to officers who are recommended and 
satisfy certain conditions as to age and service. Applica- 
tion for forms and regulations relative to short-service 
commissions should be made to the Secretary, Air 
Ministry, Kingsway, London, W.C.2. 
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THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 


By Brysson CunnineuaMm, D.Sc., M.Inst.C.E. 
IV.—TueE Port or BaLTiMore. 


Port Approaches.—Lying at the head of tide water 
navigation on the Patapsco River, Baltimore, a 





the North West Branch, or Inner Harbour; the 
Middle Branch, or Spring Garden ; and Curtis Bay. 
The North West Branch penetrates into the heart 
of the city, and is about three miles long, varying 
in width from 800 to 3,000 ft. The Middle Branch 
is two miles long, and from 1,200 to 2,500 ft. wide. 
Curtis Bay, lying on the south side of the 
river, about eight miles above its mouth, is three- 
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city with three-quarters of a million inhabitants, is 
about 12 miles from Chesapeake Bay, and about 173 
miles from the Virginia Capes. The Patapsco 
rises in Maryland and, above Baltimore, is a stream 
of fair size, but of insignificant commercial import- 
ance. Opposite the city it becomes a navigable 
tidal estuary, from three-quarters of a mile to over 
four miles in width, with a number of arms or 
branches. The three principal branches are called 








quarters of a mile wide. There are a number of 
lesser branches, and coastal indentations of minor 
importance. 

The programme of channel improvement, as 
arranged and carried out by the United States 
Government, provides for a minimum depth of 
35 ft. from the sea to the port. Natural depths in 
excess of this minimum obtain in Chesapeake Bay, 
from the entrance between Cape Charles and Cape 





Henry, to a shoal area about 158 miles below Balti- 
more. Here a channel, three miles long and 1,000 ft. 
wide, has been dredged to the standard minimum 
depth. From the northern end of this channel to 
the mouth of the Magothy River, some 20 miles 
below Fort McHenry, there is natural deep water. 
Thence there is an artificially deepened ship channel, 
35 ft. deep and at least 600 ft. wide, extending all 
the way into Baltimore Harbour. 

The continuation of this channel in the inner 
harbour, or North West Branch, has been improved 
by the municipality at its own expense. The 35-ft. 
depth is continued from the limit of the Government 
channel past the overseas piers of the Baltimore and 
Ohio and the Pennsylvania Railroads, to a point 
where it is joined by a 24-ft. channel serving the 
municipal piers along Pratt-street, and the bay and 
river line wharves along Light-street. The city 
has also dredged a channel 27 ft. deep from the 
upper end of the 35-ft. area to the heads of the slips 
on both sides of the municipally-owned Broadway 
Pier, and a channel 28 ft. deep in front of the Ameri- 
can Sugar Refining Company’s wharf at Locust 
Point. 

The Federal Government controls the dredging 
operations in the other two important branch 
channels. The channel which leads into Curtis Bay, 
and was completed in 1920, is 24 miles long, 230 ft. 
wide, and 35 ft. deep. The channel into the Middle 
Branch is 150 ft. wide, and has depths of 35 ft., in 
the outer portion, and 27 ft., in the inner portion. 

Tides and Currents.—The tidal range at Baltimore 
is extremely small. The mean range in the harbour 
is 15 in. and at York Spit Light, 2 ft. Just outside 
the Patapsco River, at Seven Foot Knoll, it is less 
than a foot, and it varies within the foregoing limits 
at different parts of the Bay. Exceptionally 
extreme ranges have been experienced, due to wind 
and meteorological causes, in one case of 6:8 ft. 
above, and in another case of 4-5 ft. below mean 
low water. The ordinary maximum range is from 
5 ft. above, to 3 ft. below, mean low water. 

The flood current has a velocity varying from 
1} knots in the lower bay to 4 knot in the Patapsco 
Rivey and the velocity of the ebb current approxi- 
mates to the same figures. Fogs occur chiefly from 
October to March inclusive and during that period 
there is an average of 12 days of dense fog. The 
harbour and the river are frozen over in severe 
winters, but, by means of ice-breakers, the channel 
to the port is kept open. 

Port Administration—The port of Baltimore 
follows the general practice at American ports, 
being administered locally by the mayor and city 
council, in whom is vested the title of waterfront 
property acquired or held by the city. This control 
has, by legislative enactment, been extended beyond 
the municipal limits so as to include the entire 
Patapsco River and its tributaries, in order that 
the whole harbour may enjoy unity of control. 
The powers of the mayor and city:council over the 
port are exercised principally through the Bureau 
of Harbours, a branch of the Department of Public 
Works of Baltimore, which has charge of the adminis- 
tration of harbour affairs, in succession to the 
former Harbour Board of Baltimore, The functions 
of the Bureau of Harbours are to maintain the water 
depth, build and repair municipally -owned water: 
front structures, maintain and operate bridges over 
navigable waters, supervise all construction by 
private interests, operate ferries, establish and 
regulate anchorages, and maintain channel 
approaches in Chesapeake Bay and’jts tributaries. 

There is also a Port Development Commission, 
created in 1920 by legislative enactment, consisting 
of seven members, five of whom are appointed by 
the mayor for a term of 6 years, the other two 
members being the mayor himself and the city 
engineer, who are ex-officio members. 

A comprehensive scheme of port development has 
been adopted, comprising the construction of new 
terminals, notably the ocean terminal on McComas- 
street and adjacent properties, and various harbour 
improvements. Preliminary’ steps have also been 
taken towards the development of existing municipal 
terminals. A law passed by the General Assembly of 
Maryland, and approved in April, 1920, authorised 
the mayor and city council to incur indebtedness to 
an amount not exceeding fifty million dollars “ for 
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columns set in a row, 19 ft. apart, centre to centre, 
transverse to the main axis, in bays of 20 ft. The 
undersides of the main and cross girders, 2 ft. 3 in. 
in depth, supporting the upper floor, are at a height 
of 14 ft. above the floor. The columns, which are 
built up of steel sections, ascend to the roof, where, 
with a headroom of 12 ft., they carry a series of 
steel-framed trusses. Various parts of the shed 
structure are detailed in Figs. 8 to 16. 

On the quayside, the columns are still further 
prolonged to a height of 57 ft. above deck level, 
in order to support the cargo beams (Fig. 11) for 
burtoning operations. Provision is made for form- 
ing, at some future date, grain galleries along the 
front of the shed above the level of the cargo 
beams, as indicated in Figs. 3 and 6. 

The ground floor has a covering of wood blocks, 
while the upper floor is formed of 5}-in. reinforced 
concrete slabs, with 1 in. surface finish of cement. 

The shed is provided with two fire walls, dividing 
it into three longitudinal compartments, capable of 
being completely cut off from one another by fire- 
proof doors. There are also fireproof doors along 
the central railway track, separating the two side 
portions of the shed. 

The constructional cost of Pier No. 3, including 
bulkheads, double-storey sheds, railway tracks, 
power and distribution systems and all equipment 
complete was about 2,700,000 dols. This sum, of 
course, does not include any allowance for land 
purchase. The plans of the pier, from which the 
figures have been prepared, were courteously sup- 
plied by the Baltimore and Ohio Railroad Company. 


(To be continued.) 








LITERATURE. 


The Working of Unstratified Mineral Deposits. By 
GeorGceE J. Youna, M.I.E.E. London: Ernest Benn, 
Limited. [Price 42s. net.] 

Tar tendency of modern engineering practice is 
ever towards greater specialisation, and it is 
evident that without specialisation it is impossible 
to keep pace with the most recent developments 
and to maintain the maximum of efficiency. Most 
of the branches into which engineering is arbitrarily 
divided are, however, interdependent, and it is 
not an easy matter to define with precision the 
confines of anyone of them. This is particularly 
true of mining engineering which involves operations 
that come within the scope of the civil, mechanical 
and electrical engineer, not to mention other 
specialists such as the geologist and metallurgist. 
But although the mining engineer may rightly be 
expected to know something of all these subjects, 
they are nevertheless regarded by him more as 
side issues or auxiliaries in the accomplishment 
of the main object of mining, i.e., the extraction 
of the mineral, which must ever be his chief 
concern. The larger and more important the 
undertaking, the greater is the necessity for concen- 
trating on the problem of finding the most suitable 
and the most economical method of working. 

Mining may be conveniently sub-divided into two 
main groups: (a) stratified deposits or true beds, 
represented typically by coal, and (4) unstratified 
deposits, veins and irregular masses, typified by 
the vast majority of metalliferous ores. A few 
notable examples occur, however, of metalliferous 
deposits which belong to the first group, such as 
certain iron ores, and alluvial deposits of gold, tin 
and platinum may also be classified as belonging 
to that group. 

The methods employed fo» working these two 
main classes of deposit differ so widely that they 
have come to be regarded as completely separate 
branches of mining, for each of which the engi- 
neer is specially trained. In each case, modern 
improvements and modifications of methods have 
been developed along their own lines to meet a 
wide diversity of conditions. In these circumstances, 
it is hardly possible for both branches to be dealt 
with satisfactorily by one author within the 
confines of a single volume. Indeed, specialisation 
must now be carried considerably farther, and 
not only must each of these main branches of 
mining be given individual treatment, but also the 
operations themselves, such, for example, as shaft 








sinking and adit driving, as distinct from the actual 
stoping or breaking of the mineral. 

For a long period, our own literature available 
to the metalliferous mining engineer was very 
limited. A general treatise on ore mining, while 
excellent in its way, was bound, in the nature of 
things, to become rapidly out of date. Such works 
are also liable to suffer from incompleteness, and 
to betray the fact that the author is less interested 
in some sections than in others. : 

In the mining series being published by 
Messrs. Benn, Limited, the shortcomings are being 
overcome; each subject is dealt with according 
to its individual importance in a separate volume 
by a recognised authority, under the editorship 
of Professor Henry Louis. The second volume 
of the series which was published recently, 
The Working of Unstratified Mineral Deposits, 
by George J. Young, is admirably designed to 
fill the gap in the bookshelf of the metalliferous 
miner already alluded to. The fact that it is 
the work of an American engineer is all to its 
advantage, for in this class of mining we have 
nothing in Great Britain which can compare with 
the great metalliferous mining fields of the Western 
States of America. The student of this book, 
therefore, obtains detailed descriptions, amply and 
clearly illustrated with diagrams, of the methods 
evolved after much experience to overcome problems 
of the most diverse nature, which methods have 
been carried out with that freedom from precedent 
and custom, and with efforts to introduce time 
and money-saving appliances which are typically 
American. 

Mr. George J. Young, as associate editor of the 
Engineering and Mining Journal Press, is obviously 
in a unique position to obtain details of the latest 
practice in all branches of metalliferous mining. 
A glance through the pages of his book suffices to 
convince one of the thoroughness with which he has 
carried out his task. 

Mining, in the past, may have been open to the 
charge, in some cases, of having been run by rule of 
thumb, and to have been very conservative in 
retaining old-fashioned or even primitive methods 
of working. But in large modern mining operations, 
the margin of profit is frequently very small. A 
small decrease per ton in the operating costs will 
often convert a considerable annual loss in to a 
handsome profit. The importance, therefore, in 
bulk mining of finding the best and most economical 
methods of working, combined with safety to the 
miners, can scarcely be exaggerated. Frequently 
it is not merely a case of modifying existing methods, 
but of scrapping them entirely and adopting a new 
but proved system. 

An instance might occur where, with the methods 
of mining first introduced, great trouble from 
falls of rock are experienced, resulting not only 
in constant accidents to the miners, but heavy 
expense in timbering all excavations. This apparent 
drawback, when properly handled, could, under 
suitable conditions, be converted into an advantage, 
and the liability of the ground to caving be 
utilised as a cheap way of breaking ground. On the 
other hand, the adoption of such methods when 
the surrounding rock is liable to break off and thus 
dilute the ore has been known to render a mine 
unpayable. This again might, however, be over- 
come by a process of selection by which the waste 
rock is removed before the ore is sent into the mill. 
But these considerations, together with a large 
number of other factors, have to be carefully taken 
into account by the engineer with relation to actual 
conditions arising out of each individual case. 

The so-called “ pilot-mill” principle, in which a 
comparatively small-scale mill plant is first erected 
and run, under actual working conditions, to test the 
efficiency and suitability of the system and plant pro- 
jected, before erecting the final plant, has much to 
recommend it in tackling new propositions. A new 
ore body, where the conditions are not thoroughly 
understood, may often with advantage be opened 
up on similar lines, and mining methods which 
appear suitable can first be tried out on a small 
scale before making a heavy capital outlay on 
development working which might later prove un- 
satisfactory, or. for some reason be found not to 
fit in with local conditions. 








After discussing types of ore deposits and general 
considerations, the author gives a short chapter 
on the mechanics of rock masses, before proceeding 
with the classification and general features of mining 
methods, in which such important items as stull 
timbering, bulkheads, square-set timbering, waste 
filling, ore arches and pillars, filling with broken 
ore, underhand and overhand stoping, top-slicing, 
caving, &c., are dealt with. This paves the way 
to the three main chapters, which deal at length 
with mining of narrow and intermediate sized veins, 
mining of wide ore bodies of the vein type, and 
mining large ore bodies, respectively. The two 
final chapters deal concisely with mining tools and 
underground structures, and the control of mining. 
A special chapter on the hematite ores of Cumber- 
land and Furness has been contributed by T. S. 
Durlan, F.G.S., which represents the only example 
of any importance in Great Britain of the mining 
of irregular masses. 





Zur Sicherheit des Dampfkesselbetriehes. Edited} by 
the VEREINIGUNG DES GROSSKESSELBESITZER, E. ,V. 
Berlin: Julius Springer. [Price 28.50 marks.] 

TuHE title of this book, as pointed out in the preface 
does not by any means indicate the scope of the 
volume. The safety of steam boilers is taken to 
mean not only safeguards for the boiler house, 
personnel, but protection against any interruption 
to steaming. The decreased number of actual 
explosions is regarded by the author with satisfac- 
tion, but he states that considerable uneasiness 
is caused by the failure of flanged boiler ends, 
cracks at rivet holes, opening of butt welds and 
bursting of boiler tubes and steam pipes. It is 
noted that the causes of failure are being studied by 
comparing similar failures from different sources, 
and active co-operation between owners, survey and 
insurance companies, material testing laboratories 
and steel makers and boiler makers. The dangers 
arising from a small flange radius are well known. 
The cause of the small cracks in riveted seams is, 
it is stated, so far known that such defects can be 
guarded against in new construction. Various 
failures have shown that such cracks only appear 
in a mild steel, which, after cold working and 
subsequent heating to 200° C., has lost its tough- 
ness. A mild steel, the author states, can now be 
supplied which is not subject to this deterioration 
in toughness, and this steel, known as Izett, repre- 
sents one of the successful issues of co-operative 
work. The swelling of water tubes and bursting of 
boiler tubes and steam pipes at weakened places 
are receiving great attention. 

The contents of the book consist of five sections— 
two on boiler material, its manufacture and testing, 
one section dealing with German and American 
views on the influence of feed water on the formation 
of intercrystalline cracks in riveted seams, a fourth 
on protection from the influence of the feed water, 
and a fifth on the safety of very high-pressure 
boilers. 

In the first section, reports on thirteen failures, 
all involving cracking, are critically considered. 
It was concluded that, in each case, the cracked 
material had undergone alteration. The cracked 
material showed great sensitiveness towards all 
processes involving working, such as_ riveting, 
caulking, hammering, or straining through heat. 
It was also established that only parts which were 
subjected to high stresses were damaged when the 
material had this property. An undamaged ring 
was invariably adjacent to the cracked one in the 
same boiler, and the effects of alkali were only 
observed in a few instances in the cracked plate. 
It had been known for years that alkali brittleness 
existed, but only in the presence of stresses which 
exceed the yield point. The following points must 
be observed to avoid cracking at rivet holes: Tight 
jointing by very careful fitting, including machining 
if necessary; processes such as cold working, 
caulking and hammering, which give rise to addi- 
tional stresses, must be avoided ; a steel which is 
immune from such usage, either an alloy steel, or 
one of normal strength but insensitive to the above 
effects, must be employed. 

Concerning boiler material, the requirements are 
ability to be hot and cold worked and welded, and 
resistance to corrosion. These are met by modern 
materials, but the further requirements, that, in 
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the making up or use of the material no alteration 
in properties should occur, cannot be fully complied 
with. Cold working of the material almost inevitably 
results when forming it into a boiler; this causes 
an alteration in properties, as is proved by com- 
paring mechanical tests on material taken from the 
finished boiler with those taken at its acceptance. 
If the cold working has occurred at room tempera- 
ture, and is followed by heating to 100 deg. to 
300 deg., the material is “aged.” This ageing 
is revealed particularly in the notched-bend or 
single-blow notched-bar impact tests. The Izett 
steel, above referred to, does not become brittle 
after 10 per cent. cold deformation and subsequent 
tempering, 7.e., this material does not age. It 
has also been shown that the resistance of this 
material to alkali and weak acids considerably 
exceeds that of ordinary mild steels. The com- 
position and treatment of the material are not 
given. 

As regards tube material, it was recommended 
by one authority that sulphur and phosphorus be 
kept low, and that only quiet non-rimming steel be 
used. It was stated that, at one works, sulphur 
was 0-025 per cent. and phosphorus 0-009 per cent., 
which are very low indeed, and that, as against 
quiet steel with silicon, a rimming material was 
quite homogeneous, had the advantage of greater 
toughness and could be worked very well either hot 
or cold. It was noted, at another works, that tubes 
from rimming steel withstood tests better than quiet 
steel. Further, in tests carried out at 400 deg. C. for 
carbon under 0-12 per cent., the rimming material 
had a higher yield point than a steel with silicon, 
but for high tensile stresses, or yield points, over 
84 tons per square inch at 400 deg. C., a steel with 
silicon was necessary. 

The sections on feed water are interesting, but 
the conclusions arrived at are hardly as definite as 
those in reference to material and design. As to 
high-pressure plants, it is noted that over 600 drums 
without riveted seams have been delivered in two 
years, which represents an extraordinary develop- 
ment. 

The conclusion which this very interesting book 
conveys, is, that, for safety in every sense, design, 
material and workmanship must be of the very 
best. The illustrations are really excellent, and 
the book can be strongly recommended to all 
interested in its growingly-important subject. 





175-TON OIL-ELECTRIC DRAGLINE 
EXCAVATOR. 
(Concluded from page 610.) 

THE jib is constructed of rolled steel sections, 
large angles being used, thus dispensing with gusset 
plates on the angle bearings. The jib is hog-backed, 
so that the downward thrust tends to relieve the 
bending due to the dead weight. The maximum 
length of the jib is 90 ft., but, as we have already 
stated, this can be reduced, by removing sections, to 
80 ft. and 70 ft. respectively. Three buckets with 
capacities of 3, 3} and 4 cubic yards, respectively, the 
construction of which is described later, are provided 
for working at the respective jib lengths. A cast- 
steel pulley, turned on the tread to receive the rope, 
is fitted at the jib head and is carried in gun-metal 
bushes. The details of this pulley are given in 
Figs. 10 and 11, page 640. Rope slewing stays 
tun from the outside of the revolving framing to 
various points on the jib. Each stay is fitted with an 
adjusting screw to take up any slack, and at each 
point of attachment there are web diaphragms, 
which are stiffened with cross angle-irons. The 
stress in slewing is distributed to the main angles 
by means of mild-steel beams. The jib is well plated 
on the top and bottom, and steel castings are fitted 
at the bottom for stepping into the appropriate 
casting at the front of the revolving framo. The 
pulley is universally mounted on gimbals, as shown 
in Fig. 11, so that when the machine is working fast 
and the bucket is slewing and hoisting at the same 
time, there is no risk of the rope leaving it. This, 
it is claimed, is an improvement over the method of 
employing stationary guards. 

A fairlead is fitted to provide an efficient means 
of leading the drag rope on to the drum. Two 
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casting and are also provided with gun-metal 
bushes, which are lubricated by means of screw- 
down grease cups. These pulleys support the 
drag rope, when the bucket: deviates sideways. 
Two cast-steel pulleys are fitted to allow the wire 
rope to move vertically and these are again pro- 
vided with gun-metal bushes. The vertical pulleys 
are mounted on a cast-steel swinging frame, so 
that when the rope swings sideways they do not 
restrict its movement (see Fig. 1, Plate XLI, ante). 

The buckets are of mild steel and have been 
carefully designed, both with regard to shape and 
weight, so as to enable difficult material to be 
dug. The bottoms are curved to a radius, which 
ensures that the weight is concentrated on the two 
centre teeth when entering the material. The drag 
chains are connected to the bucket by means of 
heavy steel plates. which are bolted to each side of 
its front end. Steel swivel castings connect these 
plates to the drag chain shackles, thus reducing 
the wear and tear on the chain and its links to a 
minimum, and allowing side slopes to be excavated 
with ease. Three equally spaced holes, which are 
fitted with renewable steel bushes, are provided 
to enable the drag chains to be moved up and down. 
In this way the cutting angle can be varied to 
suit the material that is being excavated. The 
hoisting chains are connected to cast-steel turn-over 
brackets, which are bolted to the sides towards 
the back of the bucket. Doubling plates are 
riveted to the sides to stiffen the bucket at the 
point where these brackets are fitted. Three 
positions are provided for the turn-over brackets, 
to adjust the carrying balance of the loaded buckets. 
A strongly constructed mild-steel arch is fitted over 
the front of the bucket and to this the dumping 
rope is attached, four holes permitting the position 
of the latter to be altered as required. The arch- 
plate is stiffened by heavy rolled steel angles and 
the top of the bucket is strengthened at the back 
by a gusset plate, which extends over its entire 
width. <A detachable steel lip-plate is fitted, as well 
as four rubbing bars for protecting the bottom of 
the bucket. The four teeth are each made of a steel 
shank with reversible manganese steel points. 

The ropes are constructed of Wright’s ungalva- 
nised flexible plough steel, with a tensile strength 
of 110 to 120 tons per square inch. The drag rope 
is 12-in. in diameter, and has a breaking strain of 
79-25 tons. The main hoisting rope is 1 in. in 
diameter and 330 ft. long and has a breaking 
strain of 42 tons. The tipping rope is of the same 
diameter and strength. The derricking rope is 1 +- 
in. and the safety stay ropes 1§-in. in diameter. 
The slewing stay ropes are 1} in. in diameter. 

As shown in the view, reproduced in Fig. 3, ante, 
the driving gear is contained in a housing, which 
consists of a rolled steel frame. The floor of this is 
covered with tongued and grooved boards. The 
roof is of corrugated iron, below which is a ceiling 
also of tongued and grooved boarding. The lay-out 
of the driving gear for performing the various 
motions is shown in Figs. 1 and 2, Plate XLI, ante, 
and will now be described in more detail. 

The engine is of Messrs. Ruston and Hornsby’s 
solid-injection, enclosed type and has an output of 
250 h.p. It is of the vertical cold-starting pattern, 
and is arranged for running on crude and low-grade 
fuel oils. The features of an engine of this design 
and of approximately the same output have recently 
been described in ENGINEERING,* and it is therefore 
unnecessary to repeat them here. It may be 
recalled, however, that it is exceptionally simple 
in construction and control, and that both the 
horizontal inlet and exhaust valves are operated 
from a single camshaft at the level of the cylinder 
heads. Cast-iron is employed for the bed-plate, 
crank-case and cylinders, a rigid construction being 
obtained by the use of cross-ribbing. The cooling 
water is circulated by a centrifugal pump, and the 
jacket temperature of each cylinder can be controlled 
separately. The lubricating oil is circulated by a 
gear pump, to which it is supplied through a dupli- 
cate filter and cooler. The fuel pump is of the 
double-plunger type and supplies the atomisers 
through a special distributor. There is a fuel-oil 
filter in the service tank and a second filter between 








the pump and distributor. In addition, there is a 
separate filter on each valve. The governor, which 
is driven by a vertical shaft with skew gearing from 
the same wheel as that which drives the pump cross- 
shaft, operates by by-passing the oil supply at the 
fuel pump. The engine is started on compressed 
air, the distributor valve being operated by a cam 
on the camshaft. When the engine has gained 
sufficient speed, the air is cut off and the starting 
system is thrown automatically out of action. 
Great attention has been paid to accessibility 
throughout. The engine is cooled by two fans, 
which are driven by an 8-h.p. motor of the venti- 
lated, enclosed type. The six radiators themselves, 
the position of which is shown in Figs. 1 and 2, are 
of the Reliance Manufacturing Company's tubular 
type and have been generously designed, so that a 
minimum of make-up water will be required. They 
have an aggregate cooling surface of 103 sq. ft. They 
are supplied with air by electrically driven Sirocco 
fans with a total output of 40,000 cub. ft. of air 
per minute. To ensure that the engine shall work 
satisfactorily in a dust-laden atmosphere, the air 
intakes have been fitted with “‘ Protectomotor ”’ air 
filters, details of which have already been given in 
ENGINEERING.* The fuel filters and lubricating-oil 
filters are provided in duplicate, owing to the 
conditions under which the equipment will operate, 
and the exhaust is passed through the fuel tank, 
so that it can be used for thinning the oil during the 
cold weather. The fuel pump is driven by a belt. 
The fuel tank can be used as a driving platform, as 
shown in the drawing (Fig. 2). On the 250-ton 
excavator to which reference has previously been 
made,f the water tanks could be filled, while the 
machine was in operation, through a pipe with 
packed swivelling joints, which passed up through 
the axis of the revolving frame. On this excavator 
a similar arrangement has been adopted for supplying 
the fuel tanks with oil, as is clearly shown in Fig. 9. 
The direct-current dynamo, which, like the 
remainder of the electrical equipment on this 
excavator, was manufactured by the British 
Thomson-Houston Company, Limited, of Rugby, 
has a normal output of 120 kw. at 240 volts, when 
running at 300 r.p.m. A low generating pressure 
has been chosen, partly owing to the fact that power 
does not have to be transmitted over any great 
distance and partly owing to the conditions under 
which the equipment will work. A further point 
is that the drop in pressure from 240 volts on the 
generator to 200 volts on the motors allows the 
latter to be worked on a better characteristic. The 
generator itself is of the enclosed ventilated type 
with series-wound fields and compensating poles. 
It has an end-shield, marine-type journal at the 
commutator end and a protection cap at the half- 
coupling and driving end. As shown in Fig. 4, 
it is direct-coupled to the engine. It is rated on a 
continuous basis, and its temperature rise does not 
exceed 75 deg. C. 
Fig. 2, Plate XLI, ante, also shows the general 
layout of the control gear, from which it will be 
seen that there are separate motors of 148 h.p. and 
68 h.p. for the hoisting and dragging, and for the 
slewing motions, respectively. Power for travelling 
is obtained from the hoisting motor, as already 
explained. It will also be seen by comparing the 
various outputs that considerable reserve of power 
is available between the engine and the motor 
shafts. The hoisting motor runs at 765 r.p.m., and 
the slewing motor at 710 r.p.m. Both motors are 
of the series-wound enclosed ventilated type. They 
are equipped with two end-shield marine-type 
journal bearings and fire-proof insulation, and 
have been specially manufactured for employment in 
tropical climates. They are rated on a one-hour 
basis, and the temperature rise at the end of a full- 
load run for that period does not exceed 75 deg. C. 
Both motors are controlled by reversing con- 
tactors of the B.T.H. mill type. The contactors 
on the hoisting panel are provided with overload 
and over-winding relays, and those on the slewing 
panel with an overload relay and no-volt contactor. 
In all cases, the equipment is mounted on individual 
slate bases and is provided in front of the panel 
with covers. The connections are made by vulcanised 











cast-steel horizontal pulleys are fitted to the front 





* See page 12, ante. 





* See page 151, ante. 
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175-TON OIL-ELECTRIC DRAGLINE EXCAVATOR. 


CONSTRUCTED BY MESSRS. RUSTON AND HORNSBY, LIMITED, ENGINEERS, LINCOLN. 








rubber insulated and armoured cables, which are 
cleated to the structure, so as to be easily accessible. 

The hoisting, digging and slewing operations are 
controlled by two master controllers, which are 
provided with vertical lever handles. These are 
placed well to the front of the platform, so that the 
driver has a good view of the bucket. The move- 
ment of these controllers causes the appropriate 
contactors to be closed by current limit relays in the 
usual way, so that the motors run up quickly and 
smoothly, in accordance with the load. Braking 
notches are provided and are put in circuit by 
throwing the controller handle in the reverse 
direction from that used when starting. Reversing is 
effected by a special lever, the reversing contactors 
being electrically and mechanically interlocked, so 
that those applying to the forward and reverse 
directions respectively cannot be closed at the same 
time. Speaking generally, the contactor equipment 
is of such design that it is unaffected by vibration 
and all contacts which are exposed to arcing are 
easily renewable. The resistanves are of the B.T.H. 
unbreakable type, and the apparatus as a whole is 
practically foolproof. 

In addition to the main equipment there is a 
small electrically-operated air-compressor for sup- 
plying air to the clutches on the hoisting and 
dragging gear, and a lighting set for supplying the 
head and other lights on the excavator itself. 

The first of these consists of a 33 h.p. motor 
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driving a Reavell air-compressor, which is connected 


to an air-receiver. The second comprises a 2-kw. 
lighting set, consisting of a petrol-paraffin engine 
driving a dynamo. This set has its own switch- 
board and the usual fittings. The 8-h.p. motor 
for driving the fans, which supply air to the 
radiators, has already been mentioned. 

Turning to the hoisting and digging machinery 
this, as shown in Figs. 1 and 2, ate, is mounted amid- 
ships on the superstructure. The motor and first 
motion gearing are carried on one cast-steel bedplate. 
The gears are of the double-helical type, are 
machine cut, and run in an oil-tight case. There 
are two drums, one carrying the drag rope for 
pulling the bucket through the material that is 
being excavated, and the other for the rope 
which raises the bucket, at the completion of the 
cut. 

The hoisting drum shaft is mounted on the 
two main steel beams of the revolving frame, and 
carries the hoisting gear wheel. The drum, clutch, 
brake and drag gear pinion are also mounted on 
this shaft (see Figs. 13 to 15 above). The hoisting 
gear wheel is a heavy steel casting with spur 
teeth. These teeth have a pitch of 2 in., with 
a 5}-in. face, and are cut from the solid. The 
wheel also carries the operating levers and 
anchorages for the friction clutch, as well as a 
weight for balancing these details (see Fig. 16). 








The hoisting drum is loose on the shaft, motion 








being transmitted from the spur wheel to it 
through the clutch. The clutch itself is of the 
outside band type, and is operated by compressed 
air from a cylinder, which is mounted on the 
drum shaft bearing in a line with the centre 
of the shaft. The drum shaft is bored to take 
a thrust spindle, and is also slotted to receive 
the bell crank lever, which is fitted to the hoisting 
wheel. This lever is extended to the centre of 
the shaft, and engages with the thrust spindle. 
A gun-metal thrust coupling is fitted to the thrust 
cylinder piston rod, and a thrust spindle, so that 
the latter can revolve round the piston rod. This 
coupling also acts as a thrust bearing. A forked 
connecting rod transmits motion from the bell 
crank lever to the loose end of the band. The 
latter is anchored to a pin securely fixed in the 
hoisting wheel. 

The band, which is 6} in. wide, is made of the 
best quality mild steel, and to facilitate erection 
and dismantling was constructed in two pieces, 
which are joined by a butt strap. The fixed end 
consists of a mild-steel eye, with a large palm 
riveted to the band, while the loose end consists of 
a palm with a left-hand screwed end. The band 
is lined with Ferodo fibre. All the levers, rods and 
fixings on the clutch are mild-steel forgings, and all 
the pins are of nickel steel. 

The hoisting drum is a heavy steel casting, 
a clutch rim being provided at one end and a 
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brake rim at the other. The latter is a separate 
casting, being located on a spigot and fastened 
to the drum by means of bolts of a driving fit. 
Both the clutch and the brake rims are turned 
and polished. The drum is 3 ft. in diameter. 

Gun-metal bushes 7 in. in diameter and 8 in. long 
are fitted to each end, so that it can revolve freely 
when the bucket is being lowered. The hoisting 
brake is of the band type, and is foot operated 
from the driving platform. The fixed end is a 
mild steel forging, which is bolted to an anchor 
beam. The loose end is similar in design to that 
used for the hoisting clutch. The band is 8} in. 
wide, and is made of mild steel lined with Ferodo 
asbestos. 

In the same way the drag drum shaft carries 
the dragging gear wheel, band clutch, drum and 
band brake. It is mounted in front of the hoisting 
equipment, with its gear wheel meshing with the 
dragging pinion. The construction of this wheel 
and of the clutch, drum and brake is similar to 
that just described. The bearings on the hoisting 
and drag drum shaft are of gun-metal, and are 
fitted with large thrust flanges to take the thrust 
from the clutch cylinders. They are fitted into 
the same cast-steel supports, so as to secure accurate 
permanent centres for the gears. 

The clutch cylinders for the hoisting and dragging 
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motions are of the ordinary compressed-air type, 
and carry the usual air and exhaust ports and 
slide valve. The latter is operated by the driver. 
When it is moved one of the ports is opened and 
the piston is driven to the other end of the cylinder, 
thus engaging or releasing the clutch, as the case 
may be. 

The slewing gear, which is mounted at the front 
end of the revolving framing, is shown in Figs. 17, 
18 and 19. It consists of a motor and gearing, 
whereby power is transmitted to the gear ring, 
which is bolted on to the bottom carriage. The 
first motion gear is of the double-helical type, 
while the second motion gear is a spur pinion. This 
pinion has 15 teeth, of 1}-in. pitch and 5 in. face, 
and drives the third motion shaft through a spur 
wheel with 84 teeth of 1}-in. pitch and 5 in. face. 
As shown in Fig. 17, this spur wheel is not fixed to 
the second motion shaft, but transmits its power 
through a friction clutch so as to protect the 
machinery from careless handling. At the other end 
of the third motion shaft is a bevel pinion, which 
gears with the bevel wheel at the top of the vertical 
shaft (Figs. 18 and 19). These bevels are made of 
cast-steel, with stub teeth cast from the solid. The 
pinion has 14 teeth of 3-in. pitch, and the wheel 
30 teeth. Both the wheel and pinion are carried 
on squares, which are machined on the respective 
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shafts. These are so designed that there is no 
rapid change of section at the point of maximum 
stress. Large washers pulled hard up by studs, are let 
in at the ends of the shaft and prevent any movement 
endways, while gunmetal thrust washers are fitted 
behind both the bevel wheel and pinion. The 
vertical slewing shaft, on which the final pinion 
is forged, is of 3 per cent. chrome steel, with a 
tensile strength of 55 tons per squareinch. With 
the exception of the lower bearing, all the slewing 
machinery is carried on one steel casting, with the 
bearings cast integral. This casting is bolted to 
special members let into the revolving frame. The 
upper bearing for the vertical slewing shaft is 
6 in. in diameter by 123 in. long, and is combined 
with the slewing gear casting. The lower bearing is 
a flanged-steel casting, with a dead-eye bearing. 
The flange is 2 ft. 34 in. by 2 ft. 52 in., and is held 
in position by 40 driving-fit bolts { in. in diameter. 
The dead-eye bearing is 10} in. long by 6% in. in 
diameter, and is bushed with gunmetal. Both 
bearings are lubricated by screw-down grease 
cups. 

The derricking machinery, which is used for 
raising and lowering the jib, consists of a worm and 
worm wheel, by means of which power is transmitted 
to a drum, over which the derricking rope is wound 
after it has passed over the pulleys at the top of the 
A frame and jib head. This is illustrated in Figs. 20, 
21, 22 and 23. A cast-steel bracket, containing the 
rope drum, worm wheel and worm, is bolted to 
special girders placed between the main and sub- 
sidiary girders on the right-hand side of the machine. 
This bracket is planed on the underside, and is 
bored and faced to take the drum and worm shafts. 
The drive is taken from the end of the hoisting 
drum shaft, the connection between this shaft 
and the worm shaft being effected by a dog clutch. 
The worm shaft is a mild-steel forging, with the 
worm cut from the solid, the thrust on it being 
taken by washers. The worm wheel is of gun metal, 
and is spigotted and bolted to the rope drum, 
which is a steel casting and of a size sufficient to 
accommodate the rope necessary for the longest 
jib. The rope from the derricking drum is led over 
sheaves at the top of the A frame to sheaves at the 
jib head by means of a six-part rope. One hand 
brake, lined as before with Ferodo, is provided. 
This is applied by means of a handle and screw, 
and operates on the rim of a brake wheel keyed to 
the drum shafts, as shown in Figs. 20 and 21. It 
should be noted that this brake is on the slow motion- 
shaft, and not on the worm shaft. This change 
has been adopted to avoid any risk of damage 
owing to the load running away. As shown in 
Figs. 2 and 12, hand-operated derricking gear is also 
provided, which is operated by a screw-rod. 

A compressed-air operated brake is fitted on the 
motor extension shaft, and is controlled by a 
solenoid for checking the slewing machinery, so 
that, when the controller handle is in the middle 
position, the brake is hard on. When the current 
is put on, the pressure gradually rises as the motor 
runs up, and the piston in the compressed-air 
cylinder is lifted, thus releasing the brake. 








THE PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 


Ir is two years since the last exhibition devoted 
to public works, roads and transport material 


was held in the Royal Agricultural Hall, Islington. | 


The current show, which was opened on Monday 
and will close to-morrow, gives proof that the 
interval has been used to develop and improve 
road making, and even more, road maintenance 
plant and machinery on sound economical and 
practical lines. In the interval new arterial and 
subsidiary road and associated works, some of 
them of a very costly nature, have been completed. 
There is still scope for a continuance of the big 
programme of road improvement, which, Sir Henry 
Maybury stated, at the lunch which was held on 
the opening day of the exhibition, has already 
involved an expenditure of some 30 million sterling. 
Sir Henry stated that 200 miles of new arterial roads 
had been constructed in the London neighbour- 
hood, and about an equal number in the pro- 
vinces. The large industry which has developed 
in road machinery since the war is reflected by 
the well-filled appearance of the Royal Agri- 
cultural Hall for the present show. The plant is 
international, but British products predominate, 
and on the whole are characteristic of the orderly 
progress and improvement associated with the 
country’s mechanical industry. A marked develop- 
ment in the use of the oil engine is very noticeable. 
It is the usual prime mover in the most notable range 
of plant shown, namely the small and medium type 
of portable machinery. The trend is in the direct 
use of light and economical plant, self-propelled, 
and rubber-tyred. Labour and other influences 
affecting the cost of road upkeep are responsible for 
much of this trend, which brings economical and 
reliable plant within reach of builders and contrac- 
tors of limited means. The large use of cement and 
asphaltic materials for buildings, as well as roads, 
benefits by this development. As much of the 
newer plant is for repairs and maintenance of the 
roads it must necessarily be compact, light and 
portable. The excavator, too, is finding a larger 
scope by means of auxiliary fittings, which increase 
its range from digging and grabbing to trenching 
and skimming or levelling. Cheap machinery in 
the categories of small portable concrete mixers 
are improved both as regards material and reduc- 
tion of friction, ball bearings, for instance, being now 
used for the principal journals. The present show has 
few novelties, but many improved models and an 
increased range of standard types of machinery, 
which shows, as implied above, a tendency towards 
reduced weight and greater portability. 

In reviewing some of the exhibits, we may begin 
with an example of a portable concrete mixer, a 
type of plant which has become of great import- 
ance in recent years. The example to which we 
refer is exhibited by Messrs. Goodwin Barsby and 
Company, Limited, of St. Margaret’s Iron Works, 
Watling-street, Leicester, who show a new series 
of portable concrete-mixers of the open-drum 
type. Fig. 1 above is an illustration of the 
1}-h.p. model, which weighs 12 cwt. and has a 
capacity of 34 cub. ft. per batch and 22 cub. yards 
per day, at a cost of 3s. for power. The speci- 
fication is interesting as showing a combination of 
materials of superior quality, which result in light- 
ness without a sacrifice of strength. The type has 
been introduced specially for the overseas market, 
and for the large number of small contractors and 
builders at home, where the trend is steadily towards 
concrete in place of brick or stone. The drum is 
driven by a roller chain and bevel gearing, of which 
the crown-wheel member is int»gral with the base 
of the pan, which is machined and is supported 
on a ball race. Tipping is effected by a hand- 
worked spur-gear, but is operated by a power 
friction drive in the large models. 

Mention may here be made of this firm’s new 
Jacta portable type of tar and bitumastic macadam 
plant. As we hope to illustrate this machine later, 
it will suffice now to mention that four sizes of 
this are made with output capacities per hour of 
3-5 tons, to 16-24 tons. The machines weigh from 
15 to 30 tons and the power required ranges from 
16 to 40 brake horse-power. They are fitted with 
a belt-pulley for an independent power drive. 
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33-Cus. Fr. Open-Drum ConorEeTE Mixer; Messrs. GooDwIn, BaRsBY 


AND Company, LIMITED. 


Turning now to various examples of plant mainly 
intended for road work, we may refer to the exhibit 
of Messrs. Foden, Limited, of Sandbach, Cheshire, 
who have introduced an asphalt mixer fitted to 
their steam wagon chassis. This is illustrated in 
Fig. 2, on Plate XLII. The steam chassis calls for 
no description, its details being known to most of our 
readers. Regarding the mixer, the tank or heater 
is in two sections, of which the inner section is the 
boiler proper and the outer forms the flue space. 
The outside plates are extended down to form 
an enclosure for the firebox which runs the full 
length of the boiler. The mixer consists of eleven 
cast-steel arms bolted at intervals along a 4}-in. 
square steel shaft, which is housed in bearings at 
each end of the boiler. It is driven by a 5-in. belt 
from the flywheel of the Foden engine through worm 
gear carried on roller bearings and mounted at the 
front of the tank. The discharge outlet from the 
boiler is at the rear immediately above the firehole 
door. It is sealed with a machine-faced disc fixed 
on a pivot at the side, and is opened and closed 
by a lever. A substantial steel spout is fixed under 
the outlet to carry the material clear of the fire- 
hole door when emptying into buckets. 

A platform is fixed the full length of the tank 
on both sides and is supported on the frame channel 
irons by steel stanchions, which when not in use 
can be removed, while the platform, being hinged, 
can be folded down to the sides of the boiler. 
The top is fitted with six close-fitting doors, three 
oneitherside. They are hinged in the centre of the 
boiler and can be opened independently as required. 
The smoke-box is formed on the top of the boiler 
at the front end, and is provided witha long hinged 
chimney which, when down, rests on a support 
provided at the end of the boiler. Two adjustable 
supports are fixed under the rear end of the chassis 
frame to relieve the springs of the weight while 
standing for long periods. About half way up the 
side of the tank, a tee-iron fixed between the out- 
side flue plate and the inner boiler extends from the 
front to within 18 in. of the rear. This causes 
the hot gases, instead of passing directly up the 
chimney, to pass to the front where, striking the 
tee-iron, they are deflected back to the rear, whence 
they pass through the top half of the flue and travel 
forward a second time to the chimney at the front. 
The mixing arms are placed at different angles on 








the shaft so that when it revolves it gives a spiral 








motion which works the material towards the out- 
let door at the rear. 

A 7-ton mastic asphalte cooker is shown by 
Messrs. Braham, Patterson and Benham, Limited, 
of Grenade-street, Limehouse, E., and Straysfield 
Works, Enfield, Middlesex. It will be gathered from 
the illustration of the machine given in Fig. 3, on 
Plate XLII, that it has a self-propelling chassis and 
is a compact unit of modest dimensions. The chassis 
is composed of double sets of channel members, 
which are inswept at the front end to provide a 
platform for the power plant, and is supported on 
a cast-steel swivel carriage and four cast-steel 
wheels. The outfit weighs about 8} tons. The 
power unit is a 9-h.p., water-cooled, paraffin engine 
of standard type. The drive is by a roller chain 
and sprocket to the main driving shaft, which is 
provided with a friction clutch. The stirring shaft 
within the cooker is driven by spur gearing on the 
main driving shaft, driven in turn through a 
countershaft by worm gearing, and is controlled by 
a dog-clutch by which the stirring shaft is thrown 
in and out of gear, as desired. 

The self-propelling mechanism consists of bevel 
gearing on either side of the main driving shaft, and 
is operated by a double dog-clutch, which provides 
forward and reverse motion, through longitudinal 
worm-shafts gearing with worm wheels on the 
rear road wheels. The rear worm-shaft bearings are 
swivelled to allow the worms to be disengaged, 
leaving the road wheels free, so that the machine 
can be hauled behind a tractor. The worm-gearing 
on the rear wheels is independent, and can be 
engaged singly or together. Steering is effected by 
a chain-operated steering gear, and the engine, 
sprocket wheels, chains, and bevels are protected 
by sheet-metal guards. The machine is designed 
to travel under its own power at a rate which 
enables it to be kept just ahead of, and in close 
touch with the spreaders, thus economising in the 
labour and time which would be necessary for gangs 
of men required to convey the material between the 
cooker and the spreaders. 

The implement has been evolved to do away 
with the inconvenience of conveying and ar- 
ranging on the job the portable steam boiler 
and engine and other units hitherto used for 
running asphalte cookers. The cooker consists of a 
mixing pan surrounded by an asbestos-jacketed 
casing and a furnace with return flues, which run 
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the length of the pans and have outlets at the 
sides into the chimney. The stirring shaft is of mild 
steel, 43 in. square, and carries annealed cast-steel 
arrow-head type stirrers. It is driven by a mild- 
steel worm cut from the solid, and a worm wheel 
of cast-iron with machine-cut teeth. The whole 
is supported by a cast-iron bracket, which carries 
both the worm-shaft and the stirrer-shaft bear- 
ings. The worm-shaft is of mild steel, 3 in. 
diameter, and runs in gunmetal-lined cast-iron 
bearings, and has ball-thrust collars at both ends. 
The outlet for the cooked asphalt is by an 11-in. 
diameter sluice valve of improved design. A saving 
in labour cost of from 4d. to 6d. per square yard, it 
is stated, has been obtained by users of this machine. 

The developing use of emulsified bitumen applied 
cold to roads, adds interest to the special plant of 
Messrs. Colas Products, Limited, 38-39, Parliament- 
street, S.W., which is illustrated in Fig. 4, on Plate 
XLII. Messrs. Colas Products supply their prepa- 
ration Colas for direct use on roads by means of 
motor lorries fitted with a 1,000-gallon tank and the 
necessary plant for ejecting it through sprayer jets. 
The illustration shows the method of applying this 
material. For the purpose, the motor lorry is 
equipped with an air compressor driven from the 
engine. The compressed air is delivered at the top 
of the tank, and the Colas is thus pressure-sprayed, 
through a series of jets at the back of the chassis. 
A special speed and recording instrument, calibrated 
to show square yards of surface covered per gallon 
used, is fitted in the driving cab. The makers claim 
that this method of cold-spraying is much quicker 
and cheaper than treatment with hot material. 

Messrs. John Fowler and Company (Leeds), 
Limited, of Leeds, besides showing their steam 
vehicle equipped for gully emptying and street 
watering, are concerned with a road display 
and demonstration outside the Exhibition of 
the same Fowler equipment on a Karrier K5-type 
petrol chassis. We have dealt so recently (ENat- 
NEERING for October 21 last, page 534) with the 
steam vehicle and equipment, that it will suffice 
to give a few details of the petrol-engined model 
which is shown in Fig. 5on Plate XLII. The Karrier- 
Fowler gully emptier, street washer and waterer 
has chassis dimensions of 15 ft. wheelbase and 5 ft. 
10 in. track, and is rubber tyred. The engine is a 
four-cylinder model, with side valves and a detach- 
able cylinder head, and develops 60 to 82 h.p. 
The transmission and other details are those 
standard to this model, and the gross weight 
empty is 6 tons 16? cwt. The gully tank and 
fittings are identical with those on the Fowler 
steam vehicle, which is shown on the maker’s 
stand. The vacuum in the vacuum chamber above 
the sludge tank is obtained by a Reavell centrifugal- 
type exhauster, which produces 20 in. to 23 in. of 
vacuum, and can reach this figure in about 30 sec. 
from starting. This exhauster is driven from the 
layshaft in the change gear-box, and is controlled 
from the driver’s cab. An independent pump, 
driven from the top of the change gear-box, supplies 
water both for the sprinkler heads and the washing 
nozzles. The sprinkler heads are placed forward of 
the tank, and are controlled by levers at the back 
of the cab. The spray can be limited to one side, 
and when both are in action, a road width of about 
50 ft. can be sprayed effectively. The washing or 
flushing nozzles are operated with water at high 
pressure ; the nozzles being fixed to a pipe which is 
set obliquely in front of the back wheels. The 
nozzle jets can be altered and made to operate 
together or otherwise relative to the roads, as 
required. The tank holds 850 gallons of clean 
water, or 670 gallons of sludge-water; the waste 
water compartment holds 65 gallons and the 
vacuum tank 165 gallons. 

Mention may here be made to Messrs. John 
Fowler and Company’s other exhibits. These 
include a 40-h.p. petrol-paraffin shunting type rail 
locomotive with outside balance weighted coupling 
rods. The hauling capacity of the engine on a 
reasonably ballasted and laid out road is 350 tons 
on the level and 110 tons up a gradient of 1 in 10. 
A new 7-5 concrete mixer embodying improve- 
ments from the older 6-4 model, is shown. The 
improvements are of details rather than structural 


output, and a substantial stiffening of the chute 
and loading skip. 

Messrs. Ruston and Hornsby, Limited, of Lincoln, 
are showing their new Universal No. 4, petrol- 
paraffin-engined, crane-type navvy of a half-cubic 
yard capacity. It is of all-round utility and is 
designed for fitting with a steam, electric or 
combustion-engine drive. The model shown has a 
four-cylinder Dorman engine, giving 32 b.h.p. on 
paraffin, at 1,000 revolutions. The machine weighs 
14 tons, and has a jib 16 ft. 9 in. long, which gives 
it a big working range. The fuel consumption 
averages from 1 to 1} gallons per hour, and the 
fuel tank holds 30 gallons of paraffin and three 
gallons of petrol, which is used for starting. 
The machine is operated by one man, and the 
controls are placed well forward, enabling him to 
see the work clearly. The pulleys and leads are 
of large diameter, and the fair-lead (at the base 
of the jib) is fitted so that its angle is unaffected by 
derricking the jib to any position. Swivel connec- 
tions are also fitted to the discharge gate of the 
shovel. The self-propelling gear is all enclosed, 
and all drives are by gearing, including the gear- 
type track-belt. The track-links are steel castings, 
and are connected by pins of 3 per cent. nickel 
steel. Each belt has two driven and two intermediate 
idler wheels mounted on two H-section cast-steel 
axles, bolted under the bottom frame. This member 
is a rectangle, composed of wrought, steel channels 
heavily braced and gussetted. On this is mounted 
the combined roller path and centre post, and a large 
spur-gear wheel all forming a single steel casting. The 
revolving frame also is a steel casting supported 
by four brass-brushed cast-steel parallel rollers on 
steel pins in lugs, which are cast integral with the 
frame. Provision is made for removing the rollers 
without having to raise the super-structure. The 
power is transmitted from the engine through a 
dry-plate clutch and enclosed machine-cut gears to a 
second motion shaft, and thence by a protected spur 
gear to the winch barrel. The travelling motion is 
effected by fabric-faced reversing dry-plate clutches 
athwart the frame and spur gearing, and is trans- 
mitted through the centre post shaft by machine-cut 
cast-steel bevel-gears to a transverse shaft over 
the back-axle. This shaft is fitted with double-jaw 
clutches, by means of which the rolling track units 
may be held stationary or can be engaged for 
travelling. The final drive to the back-axle is by 
machine cut-cast steel spur-gear wheels. All under 
gearing is carefully enclosed. Lifting is effected by 
two cast-iron drums, side by side, with machine-cut 
grooves for the wire-cables. Each drum is combined 
with a large clutch and brake race. The clutches 
are of the band type, and have a dry-plate servo- 
action, which reduces the manual effort of the lever 
control to apply them. The brakes are of the band 
type, and like the clutches are fabric lined and are 
foot controlled. When fitted for working a grab- 
bucket, one of the lifting drums supplies the hoist- 
ing and lowering motion, and the other is used for 
holding or releasing the opening rope. Steering 
motion is derived from large fabric-lined reversing 
plate clutches, and the machine-cut cast-steel spur 
gear already referred to. For derricking, a gear is 
fitted, corresponding with the purpose for which the 
machine is used, ¢.g.,as anavvy with drag-line bucket 
or grab-crane, or fitted with a skimmer scoop. The 
standard jib for hoisting a grab-line is composed 
of rolled steel channels and angles, and has cast 
steel, bronze bushed, head pulleys. A special jib 
is fitted, when required, for operating a skimmer 
scoop, and another for use as a back-trenching 
machine. The jib can be slewed through a complete 
circle, and the machine will pass through an opening 
74-ft. wide. Figs. 6 to 8, on Plate XLIII, show 
the machine utilized for the alternative operations 
of skimming, as a trench pull-shovel, and for trench 
digging. 

Two new motor rollers have been introduced 
by Messrs. Barford and Perkins, Limited, of 
Peterborough, which are styled respectively types 
T.K.G. and T.H.D. The T.K.G. machine, which 
is illustrated in Fig. 9, on Plate XLIII, is 
fitted with a Berliet-Imbert gazogene producer- 
gas plant for wood fuel, and has also a petrol 
craburettor as an auxiliary, though starting can 
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operation of a hand-geared rotary suction blower, 
fitted for the purpose. The necessary purifier 
and cooling plant, as well as the gas generator, 
are compact, though they necessarily increase 
the bulk and girth of the machine. The 
engine is a four-cylinder petrol motor, with 
special combustion chamber and ports, and the 
compression pressure is about 118 lb. per square 
inch, the ratio being about 5 to 1. The producer- 
gas is cool when it reaches the engine’s induction 
pipe, and its admission is controlled by a butterfly 
valve in a tee-piece. There is another similar 
valve, which controls the air supply. The strength 
of the mixture is regulated by two levers on the 
dash-board, and the change-over from petrol to gas 
is effected by means of the same levers. Under 
running conditions, the speed is hand- and governor- 
controlled by a separate throttle lever. The 
machine shown was driven from the works at Peter- 
borough to the Agricultural Hall, Islington, a dis- 
tance of 84 miles, at a cost of 4s. 84d. for fuel and 
lubricating oil. The wood consumed was 6 cwt. 18 lb. 
of hard wood waste, consisting of blocks averaging 
about 2 in. cube. A small quantity of petrol was 
used for re-starting after meal-times. The engine 
develops 36 brake horse-power, and has a _ bore 
and stroke of 44 in. by 5} in. Ignition is by a 
Simms’ high-tension magneto, with impulse starter ; 
the carburettor is a Zenith, and both water and 
oil circulation is by pump, the oil being pressure- 
fed. The rollers and the transmission equipment 
are of the makers’ standard three-wheel type ; the 
details include power steering, three-speed gear 
change forward, and two reverse (the forward 
speeds ranging from 1-125 m.p.h. to 4 m.p.h.) 
double brakes and a belt pulley. A three-tine 
Price scarifier, and a 120-gallon water tank, 
with pipes leading to both sets of rollers, are 
provided. The two back wheels are 5} ft. diameter 
by 1 ft. 74 in. wide,’ and the front rollers are 
4 ft. diameter by 4 ft. 2 in. wide. The gross 
weight (light) is 12$ tons, and with water ballast. 
about 144 tons. Type T.H.D. roller has a 
two-cylinder solid injection vertical Benz, four- 
cycle Diesel engine which has a bore and stroke of 
5 in. by 7% in., and develops 32 to 35 brake horse- 
power at 800 r.p.m. The engine is illustrated in 
Fig. 10, on Plate XLIII. It has overhead enclosed 
valves. The engine is cold-started by a geared- 
down motor-cycle engine, and has a compression 
of 450 lb. per square inch. On a six-months’ 
working test of a Diesel-engined 11}-ton roller, the 
operating cost was 2s. 44d per. normal eight-hour 
day for crude-oil fuel and lubricating oil for the 
whole machine. The gross weight of the outfit 
is 8 tons light, and approximately 10 tons with 
water ballast. The back rollers are 5 ft. diameter 
by 17 in., and the front rollers 34 ft. by 4 ft. 2 in. 
Another novelty of Messrs. Barford and Perkins is 
the Pioneer tar macadam softener, which is shown 
in Fig. 11, on page 644. It consists of a low-frame 
trailer on metal wheels, with a low-pressure vertical 
steam boiler, and coal bunker and water tank. 
Steam at 20-25 lb. per square inch is used through 
a flexible pipe, with spears to soften the tar 
macadam. It costs 1s. 10d. per hour in operation, 
and is offered as a much cheaper alternative to using 
a steam-roller, to supply heat for the same purpose, 
Patching machines and appliances for repairing tar 
macadam and bitumen-surfaced roads have become 
a necessary item of road plant. We illustrate in 
Fig. 12, page 644, a new machine of this type shown 
by Messrs. Johnston Brothers, of 78, Mark-lane, 
E.C., whose Smart’s Midget patching outfit for tar- 
macadam surfaces is well known to road authorities 
and contractors. Bitumen requires a higher tem- 
perature for liquifaction than tar, and to meet 
this requirement the new machines have an 
improved furnace, fitted with Messrs. Johnston 
melting grid. This is composed of a number of 
tubular supports near the top of the cauldron, 
on which the solid bitumen rests. The hot gases 
from the furnace pass through these tubes on their 
way to the chimney. It is stated that a bitumen 
content of 30 gallons can be melted and heated 
to 350 deg. F., in 20 min. The outfit is pro- 
vided with two chipping trays. One serves as a 
drier and the other holds chippings for treatment 





with the hot bitumen before being used to repair the 
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Fie. 11. Tar Macapam Sorrener; Messrs. BARFORD 
AND PERKINS, LIMITED. 











road. This outfit weighs only 24 cwt. The other | Fig.13. 5 
machine shown is for larger requirements such ) 
as re-making the surface of a filled-in trench or a al — = = 
large area of re-made road and jobs of this class. 


This outfit weighs 18 cwt. The boiler holds 30 galls. 
of bitumen and the drying chamber for the chippings | 
has a capacity of 7 cub. ft. Situated between these | 
two units is a small hand-operated mixer of 2 cub. ft. 
capacity. It is heated by the furnace gases. | 
Messrs. Frederick Parker, Limited, of Catherine- | 
street, Leicester, show their new range of C-type 
of open-drum, wheel-mounted, portable, concrete 
mixer. The general layout may be gathered from the | 
end and side views given in Figs. 13 and 14 annexed. 
A special point of interest of this implement lies in 
the forced lubrication provided for all the main | 
bearings. For this purpose hollow steel shafts | 
are used for the central column and main drive | 
members. Three sizes are made ; and their output 
ranges from 50 to 100 cub. yards per eight-hour day. 
They are driven by 3} to 6 h.p. engines. The gross 
weight ranges from 26 to 52 cwt. Besides the four-| which discharges into a chute slung from the 
wheel model illustrated, a two-wheel type with level- | mast by wire ropes. A scoop on another inclined 
ling screw-jacks is built. Power is provided by a} conveyor-chute receives the mixture and delivers 
standard Lister petrol engine with single water-cooled | it where required on the work. For quick laying 
cylinder, and throttle-governed. The drive is by a| of concrete flooring this plant seems ideal. It is 
stout roller-chain, provided with adjustment for | stated that a single operator can deliver 30 batches 
stretch, and machine-cut gears protected by a steel| per hour, and with two operators the normal output 
casing. The main driving shaft has forced oil-feed | is 40 to 50 batches per hour. The portability of the 
through the centre of the shaft as mentioned | plant also effects a marked saving of time. 
above, and force feed lubricators are fitted to all} The desirability of a low centre of gravity for 
bearings. The lubrication of the centre column | road rollers has induced several designers to leave 
is by a forced feed through the centre of the| the beaten track of more or less orthodox lines and 
shaft. The drum is specially large to ensure a | adopt designs which involve a considerable depar- 
quick and clean mix, and the blades are designed ture from earlier practice. Fig. 15, on page 645, 
to prevent any grading of the aggregate in the|shows a new three-ton steam roller exhibited by 
drum. The drum is self-balanced when loaded | Messrs. Wallis and Steevens Limited of Basingstoke. 
and is carried on grit-protected ball bearings. The | It has a single cylinder engine, steam-jacketted, and 
loading hopper has an evenand direct action through- | with bore and stroke, 4 in. by 6 in. The cross- 
out its traverse along the runner guides, and is fitted | head guide is of the trunk pattern, and link motion 
with an automatic knock-out to prevent over-wind- | reversing gear with a D valve is fitted. The 
ing. It is claimed that the steep angle of tilt|engine is of the over-type, but inclined to the 
ensures a quick and clean discharge. The machine | angularity of the boiler barrel. The drive is 
is controlled by a lever and hand-wheel at one side,| through spur-gears to each back roller. The 
and can be supplied with an extra axle which} maker’s type of self-aligning rear axle is used in 
makes it adaptable for either side or end loading. | principle, but not on the usual lines. The aim 
As illustrating a modern development of portable | is for the rolls automatically to lay to the contour 
concrete making plant, it may be mentioned that | of the road’s camber so as to avoid spreading 
Messrs. Parker supply a combined wheel-mounted | or ridging due to unequal pressure. The axle lay- 
portable mixer with a steel lattice-type of chuting| out of the roller consists of a differential gear on 
tower. The plant is necessarily stiffened and the intermediate shaft, and each roller has its hub 
adapted to carry the tower but is otherwise the} bushed with gun-metal, and is mounted and driven 
maker’s normal type with power drive. The/ independently on its own axle. The two axle- 
tower is a hollow mast and houses the skip|shafts are pivoted in cast-steel brackets attached 
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Mgssrs. JOHNSTON BROTHERS. 














ENGINEERING” 


Figs. 13 anp 14. PortTaBLeE ConcrETE MIxeR; MEssrs. FREDERICK PARKER, LIMITED. 


to the saddle box. The automatic camber self- 
alignment thus arranged for is restricted to about 
a 3 per cent. camber, and provision is made to reduce 
this range, or to hold the rollers parallel. The real 
novelty of the design obviously is the boiler, both 
as regards its slope and shape. The result is that 
the crank saddle box and the rear details are 
lower than in the case of a normal locomotive design. 
The arrangement of the boiler is shown diagram- 
matically in Fig. 16, and the details are self-explana- 
tory. The following points may be noted :—The 
shell, with fire-box and smoke-box is wholly cylindri- 
cal, and has no stays ; both tube plates are inclined ; 
there are no pockets, and there is always a good head 
of water over the tubes. The grate is horizontal, and 
the furnace front is a casting which can easily be 
removed and replaced when needed. The working 
pressure is 130 lb. per square inch. There are 2 
independent boiler feeds, consisting of a plunger 
pump driven by an eccentric, and an injector. 
The water tank capacity is 75 gallons, and the fuel 
carried in two bunkers on each side of the engine is 
about 1 cwt. The fore-carriage saddle casting is 
under the smoke-box and provides a long sleeve 
bearing for the pintle of the steering fork, which has 
an overhead steering gear by worm and quadrant. 
The wheelbase is 7 ft. 1 in., and the turning radius 
approximately 12 ft. The overall dimensions are 
11 ft. 3 in. length, 5 ft. 14 in. width, and 8 ft. 4 in. 
height. At an engine speed of 300 revolutions, 
the road speed is about 14 m.p.h. 

Messrs. Marshall, Sons and Company, Limited, of 
Gainsborough, exhibit three samples of their steam 
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Fics. 15 anp 16. 3-Ton RoLuer witH INCLINED BorLER; Messrs. WALLIS AND STEEVENS, LIMITED. 


road rollers, namely, a three-wheel, 10-ton, single- 
cylinder model, with piston valve, and a new type 
of cast-steel road wheel which combines hub and 
spokes in a common casting ; also a tandem-type 
two-wheel roller with a quick reverse and a vertical 
boiler, and the Universal model with an engine 
similar to that of the tandem two-wheel roller. 
This model has an articulated main axle which 
can be set to suit any normal angle of road camber 
from 1 to 24 deg., by means of a positive and inde- 
pendent adjustment of the half axle shafts. 

The Marshall-Cummer 4-ton asphalt plant which 
was described in ENGINEERING for November 20, 
1925 (page 636), is also exhibited. In common with 
other firms, Messrs. Marshall are specialists in 
concrete mixers of the light and portable types with 
a tilting mixing drum. These machines are of the 
Marshall-Benson type, and comprise three models 
with output capacities of 6, 9 and 14 cub. ft. of 
concrete per batch, and 70-80, 120-130, and 200-220 
cub. yards per working day. Perfect mixing 
and a clean discharge of the mixer are claimed. 
They are self-contained units on a four-wheel 
chassis with cast wheel for the casters, and have 
Lister petrol engines of 3}, 5 and 10 h.p. A smaller 
and lighter two-wheel mixer also is shown. This 
has a fan-cooled Lister 1}-h.p. vertical engine en- 
closed in a casing. The output is three cub. ft. 
per batch and 20 to 30 cub. yards per working day. 








For small or localised repairs and renewals, and for 
small builders’ requirements this model should 
prove satisfactory. An illustrated description of 
the Marshall-Benson concrete mixers was given in 
ENGINEERING for July 15 last (page 73, ante). 

A pumping outfit having many applications in 
connection with public works is exhibited by 
Messrs. Petters (Ipswich), Limited, of Ipswich, 
and is illustrated in Fig. 17, on page 646. The 
set includes one of the maker’s C series of 
heavy-oil engines, developing 70 brake horse- 
power at 350 revolutions. It is direct-coupled 
on a common bed-plate to a Mather and Platt 
Medivane medium-lift centrifugal pump. It has 
two cylinders of 11l-in. bore and 12-in. stroke, and 
operates on the two-cycle principle. The com- 
bustion chamber is completely water cooled, and 
ignition (after starting) is effected by the heat of 
compression which is approximately 300 lb. per 
square inch, while the maximum pressure in the 
cylinders is approximately 400 lb. per square inch. 
The fuel consumption is guaranteed at 0-43 Ib. 
per brake horse-power per hour. Crankcase com- 


pression is used, and it is claimed that the tendency 
of the air to become contaminated by excess of 
lubricating oil thrown off from the large and 
small-end bearings of the connecting rods has 
been successfully overcome by a simple device 
on the crankwebs which catches all excess oil, 
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and drains it away to a sump without mixing 
with the scavenge air. This claim is borne out 
by the very low lubricating oil consumption 
obtained; the maker’s figure is 0-006 pint per 
brake horse-power per hour. A hand regulator 
enables the speed to be varied 15 per cent. to 20 
per cent. whilst the engine is running, and by 
means of a simple wick device it is claimed that the 
engine can be started from dead cold and put on 
load within one minute. 

Messrs. Mather and Platt’s Medivane centrifugal 
pump is of the split-casing type, the suction and 
discharge branches being in the lower half of the 
casing, which enables the top half to be lifted for 
inspecting the working parts without breaking the 
pipe joints. The double-entry impeller is of 
phosphor-bronze fitted on a steel shaft, and is 
hydraulically balanced without the use of a thrust 
block. Renewable and specially hard zincless 
phosphor-bronze neck rings are fitted. The bear- 
ings are of the split ring-oiling type, and are lined 
with white metal. 

Messrs. the Atlas Diesel Company, Limited, of 35, 
Surrey-street, Strand, W.C., make a large range of 
motor-driven air compressors, mostly of the portable 
type for road-breaking and general contractors’ 
requirements. They are built more or less to a 
standard design and are loaded to 100-lb. pressure 
per square inch. The company also supply the 
necessary tools, including pneumatic caulkers and 
hammers, pile-drivers, tampers, and diggers. The 
chisels and spade blades are of Swedish steel. At 
the present show their exhibits include the MK-2V 
twin-cylinder set illustrated in Fig. 18, on page 646. 
This is a compact four-wheel mounted unit compris- 
ing a direct-coupled four-cylinder petrol engine with 
overhead, enclosed valves. The working speed is 
800 r.p.m., at which rate the actual output of the 
twin-cylinder compressor is 71 cub. ft. of free air 
per minute at 100 lb. per square inch. The engine 
develops 17 brake horse-power, and on an average 
load the petrol consumption does not exceed 1 gallon 
per hour, which at present fuel rates represents 
a cost of about 44d. per 1,000 cub. ft. air 
delivered. This plant, it is stated, will operate 
two Atlas concrete breakers, or three pick ham- 
mers or diggers, or one or two rock-drills, or 10 to 
12 stone-dressing and carving tools, besides such 
varied uses as operating a 2-ton pneumatic hoist 
or winch, or hand grinders as used for cleaning 
painted steel structures, bridges, &c., and the 
requirements of a structural works, such as grinding 
and rivet-breaking. The compressor cylinders have 
a pressure release which under heavy duty serves 
also to cool the cylinders by the atmospheric air 
inducted and expelled without being compressed. 
The cylinders, of course, are water-jacketed. There 
are also the usual relief valve and stop-cock fittings 
on the receiver. The unloading valve on the 
compressor can be hand-operated to facilitate 
starting against a full headin the receiver. A special 
type of light self-acting ring valve is used for the 
compressor. Lubrication of the working parts is 
effected through the hollow crankshaft for the 
main and connecting-rod bearings. Free lubrication 
of pump and an oil-circulating gauge are provided 
for both the engine and the compressor. The usual 
filters for air and oil and a simple form of control, 
including a centrifugal governor, and magneto with 
an impulse-starter, are provided. The set is about 
8 ft. long by 44 ft. high and 4 ft. wide, and can be 
transported on a 1-ton lorry if mounted on skids, 
or drawn by a light tractor ifon wheels. In common 
with other modern portable compressor units, 
rubber-tyred wheels can be supplied for road use. 
The Fordson and similar frameless tractors 
in recent years have been given an extended scope 
and a sphere of all-round utility. They are used as 
locomotive hoists for goods and for contractors’ re- 
quirements, and for working excavating and loading 
shovels. Fig. 19, on page 647, shows the Hi-Lift 
loading shovel of Messrs. The Chaseside Engineering 
Company, of Enfield, London, N. It will be seen 
that this is a combination of a standard rubber- 
tyred Fordson tractor, with an angular structure of 
channels and angle-pieces suitably trussed and built 
on to the tractor-casing. The shovel in this case is 
not intended for excavating, but for loading, and is 





worked by a tilting carrier, attached by a pivot to 
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the back-struts of the frame, and operated through a 
cable-purchase by a drum which is driven by gearing 
off the pulley-shaft. This shaft, being at right angles 
to the fore-and-aft line of the tractor, enables the 
drive to be in the same plane throughout. The 
shovel is of half-yard capacity, and can tip up to 
the height of 9 ft., so that it can load railway 
trucks. According to recent figures from users of 
these shovels, the cost is 3s. per hour, of which 
ls. 2d. is for labour, and 10d. for fuel, 8d. for 
depreciation, 2d. for capital interest, and for repairs 
and tyres 2d. per hour. Three of these shovels used 
by the Sheffield Corporation handle tar-macadam 
at the rate of 20 tons per hour, and one used by the 
Manchester Corporation loads lorries with sand at 
an average rate of 35 tons per hour. 

An interesting and generally well-thought-out 
excavator and loader of }-yard capacity is shown 
for the first tinie by Messrs. Denholm Contractors 
Machinery Company, Limited, of Astor House, 
Aldwych, London, in company with a petrol-engined 
winch embodying features which are also used 
in the drum mechanism of the excavator. Figs. 21 
to 24, on page 650, illustrate the excavator and 
some of its details, while Fig. 20, on page 647, 
illustrates the winch in one of its two alternative 
forms. It will save space and make the general 
design of both the excavator and the winch clearer 
if we explain first the mechanism of the barrel 
and winding drums of the two machines. The 
barrel or drum shaft has the driving spur-gear 
wheel keyed to it, and attached to the latter’s 
inner face is the fixed member of a cone clutch 
with an asbestos fabric lining. The barrel or drum 
acts as the sliding member of the clutch, and runs 
free on the main shaft when not clutched to the 
gear-ring half. Phosphor-bronze bushes are fitted 
to the two end bearings of the barrel or drum. 
The clutch engagement is effected by a lever (or 
pedal) by means of a small quick thread spindle, 
and an internal thrust-pin at the end of the shaft. 
This serves to displace the barrel or drum sufficiently 
to engage with the fixed half of the cone clutch. A 
thrust spring between the clutch members keeps 
them normally disengaged, beside which there is the 
positive action of the engaging screw at the control 
end of the shaft. 

The excavator chassis is built of stout chan- 
nels reinforced by plate members. It is carried 
on a pair of transverse joists of I-section and 
supported on an exceptionally strong track belt 
carriage, the belts rolling over a group of close- 
fitting sheaves, driven by two chains and sprockets 
on the ends of a special transverse countershaft 
below the chassis frame. The latter, as already 
pointed out, is rigid, the absence of slewing move- 
ment being determined largely to meet conditions 
when working in a narrow space. The chassis 
measures 10 ft. 9 in. long by 4 ft. wide, and the 
total width across the track belts is 74 ft., which 
enables the machine to work in a width of 8 ft. 
The gross weight of the machine is approximately 
10 tons. Steel is used for the entire details 
excepting the bearings ; the frame scantlings and 
the chassis structure are of standard section in 
mild steel, and the gearing and chain sprockets 
and the track belts or elements are of cast steel. 
All gear teeth are machine cut. Three Renold 
chains are used, the one transmitting the drive from 
a clutch on the engine to a countershaft being of 
inverted tooth pattern, the reduction being as 19 
to 72. The other two are of the roller-type, and 
drive the track belts together or independently as 
required. The normal speed of the engine is 1,000 
revolutions, at which speei the travelling rate is 
about 14 miles an hour. The whole of the trans- 
mission is in the same plane and by spur gearing. 

The engine is athwart the chassis. It is of astan- 
dard make, and can be run on motor spirit or paraffin. 
There are four cylinders, with a bore and stroke of 
4 in. by 5 in., and the output is 35 brake horse- 
power at 1,150 r.p.m. The two cable drums are 
geared together and have the same speed, the back 
drum being driven off the chain-driven reduction 
countershaft. Both drums have the special form of 
friction cone clutch already described, and both 
have the same form of control, by levers of the same 
length, which also operate band brakes on the 
drums. There are three other levers, of which the 
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two shorter are only operated to steer or turn the 
machine in the usual way for track-driven machines 
by declutching one or other of the driving chains, 
and applying a band brake. The third of these 
levers is amidships and is used to operate 
a right and left-hand dog-clutch for travelling 
forward or backwards. Near the double pair of 
control levers are a pair of short pedals which 
control the jib slewing movement. This has a 
range of 90 deg. on both sides, and full lock-over 
takes about 5 seconds. The operation is effected 
by a worm and quadrant gear bracketted to the 
chassis, together with the. jib’s foot bracket, the 
power being applied through a pair of opposed cone 
clutches which give the necessary right or left 
motion for slewing. The operating spur gear is in 
mesh with the gear ring of the front drum. A 
small diameter band brake on the end of the 
worm shaft is normally held on by a tension spring. 
It serves to steady and cushion the jib’s movement 
and prevent swaying. There is also a special pro- 
vision against over-running of the quadrant. The 
above-mentioned slewing pedals are linked to the 
respective members of the pair of opposed cone 
clutches and also to the band brake, so that appli- 
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cation of one or the other clutch for slewing simul- 
taneous holds off the brake until the pedal is 
released. Protection of the wire cables against 
twisting and cross strains while the jib is being 
slewed is provided by a self-compensation type of 
swivel motion of the head pulleys. All controls 
are on the near (left) side of the machine. The 
machine can be fitted and used for the complete 
range of purposes within the scope of the modern 
light excavator-crane, and the necessary conversion 
and installation of the interchangeable jibs and 
accessories, it is stated, can be made by the driver 
and an assistant in a few hours. The Denholm 
motor winch referred to at the outset is combined 
with a Fordson engine and is geared down for a 
speed of 40 revolutions of the barrel at 1,000 r.p.m. 
of the engine. A second drum may be attached, 
as shown in Fig. 20, by adding a pair of combined 
extension brackets and pedestal bearings to the 
front corners of the sole plate. The two drums 
are geared for the same speed and have the same 
friction clutch mechanism described above. The 
lifting capacity of the hoist is for 4,000 Ib. at the 
rate of 125 ft. per minute. 
(To be continued.) 
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THE PUBLIC WORKS CONGRESS. 


IN connection with the Public Works, Road and 
Transport Exhibition, it is usual to hold a congress 
at which papers are read under the auspices of the 
many different associations and institutions which 
participate in the organisation. This year the meetings 
of the congress were started on Monday, November 14, 
and will conclude to-morrow, Saturday, November 19. 
At the opening session, the County Land Agents’ 
Association was the responsible body, the chair was 
taken by Mr. H. L. French, of the Ministry of Agri- 
culture and Fisheries, and the paper, on the subject of 
“The Advancement of Agriculture,” was read by 
Mr. F. H. Osmond-Smith. In this paper many sug- 
gestions were put forward whereby it was hoped to get 
an increased amount of land put under cultivation. 
Being mainly concerned with the law relating to 
agricultural development, it had little interest from a 
purely engineering standpoint—and the discussion 
centred round the small holdings question. One 
matter of great national importance was referred to, 





however, in that suggestions were made of various 


LIMITED. 


means by which local authorities could assist afforest- 
ation. Adequate supplies of timber are a vital need, 
and in the time of the European War it was obvious 
how much we depended on foreign sources for such 
material as pit props. A commission had been set up 
under the Forestry Act of 1919 which aimed at planting 
1,770,000 acres of new land in eighty years. It had 
been suggested that 110,000 should be dealt with by 
local authorities and the existing 3,000,000 acres were 
to be improved, and thus there would ultimately be 
4,880,000 acres of land planted with timber in Britain. 
Planting trees makes for the conservation of water. 
Soil erosion also was prevented by the binding action 
of the roots of the trees. The planting of trees around 
reservoirs was therefore very much to be desired. 
Many of the large cities, such as Liverpool, Manchester 
and Leeds, had developed afforestation schemes for 
the catchment areas of their water-works. 


Street LIGHTING. 


On Tuesday morning, November 15, the conference 
was held under the auspices of the Incorporated 
Municipal Electrical Association and the Institution 














of Gas Engineers, when Sir Joseph Petavel was 
chairman. Two papers on Street Lighting were dis- 
cussed. In the first, Dr. J. W. T. Walsh, of the 
Photometric Division of the National Physical 
Laboratory, discussed “ Street Lighting Regarded as 
an Illumination Problem.” When enumerating the 
essential features of a good street lighting scheme, 
the author pointed out that objects on a roadway 
were only made visible by their contrast with the 
background, which was usually the road surface. The 
factors which affected this contrast were the illumina- 
tion and reflection characteristics of the objects and 
of the roadway. The roadway some distance ahead 
of the observer was viewed in a direction which made 
a very small angle with the surface, under which 
conditions the reflection factor of the surface for very 
obliquely incident light was considerably increased. 
Through this a large variation in the range of illumina- 
tion very frequently resulted in a much smaller variation 
of brightness. Glare was considered, and it was 
suggested that the ordinary lanterns used at present 
in many suburban streets should be modified by the 
provision of a simple shade cutting off the light in 
directions close to the horizontal. This would leave 
the illumination of the roadway completely unaffected 
but would cause a reduction in glare and an improve- 
ment in the ease of discernment. 

The second paper was presented by Mr. W. J. Jones 
and concerned ‘‘ The Street Lighting of London.” 
After referring to the requirements in street illumina- 
tion, a suggestion was made that a joint committee 
should be established, with representatives from the 
various authorities, to control the entire street lighting 
of London. 

Captain Liberty opened the joint discussion of these 
papers and spoke of the great differences in the 
standards of illumination in London streets, and 
emphasised the necessity for joint action by the various 
civic authorities, but claimed that on any such joint 
committee the Institution of Public Lighting Engineers 
and the Illumination Society should be represented. 
Mr. Leon Gaster referred to the changes in traffic 
conditions and the necessity for improved illumination 
to reduce the number of street accidents. Other 
speakers agreed that there was need for a central lighting 
authority for London, but Mr. A. C. Cramb, the 
President of the Institution of Public Lighting Engi- 
neers, suggested that the need was not for consolidation 
of the authorities but for the institution of an advisory 
board of experts to work in consultation with the 
various borough authorities. In his reply, Dr. Walsh 
referred to experiments made with workers under 
flickering lights. Once the initial discomfort was got 
over there was no change in the amount of work done 
as compared with working under steady illumination. 
Mr. Jones thought that a consolidated body, with a 
single engineer in charge, should be responsible for all 
the lighting of the streets of the 28 boroughs constituting 
London. Planning should be done for all, but the local 
lighting engineers would carry out the maintenance. 


Coat, GAS AND SMOKE ABATEMENT. 


When the meetings were resumed on Tuesday after- 
noon, Mr. H. D. Madden presided over a meeting, 
arranged by the Institution of Gas Engineers, at which 
a paper on “The Gas Industry’s Contribution to 
Smoke Abatement,” by Mr. F. W. Goodenough was 
submitted, in the absence of the author, by Mr. W. M. 
Mason. Putting the assessable loss due to smoke, 
including waste of unburnt fuel, damage to property, 
and loss of time through transport delays in fog, at 
forty million pounds a year, the author claimed that a 
determined effort to reduce the smoke nuisance was the 
most urgent need of to-day. About forty million tons 
of coal a year were consumed in the raw state for 
domestic purposes and a greater amount—nearly 
fifty million tons—was the annual raw coal consumption 
of the manufacturing industries. It was estimated, 
however, that five times as much soot was emitted from 
domestic chimneys as came from those of the factories. 
Another feature of importance was that the smoke 
from domestic fireplaces was produced at a com- 
paratively low temperature, and contained more tar 
than that sent out by works chimneys. 

In 1912 the annual fall of soot in London stood at 
75,000 tons. In the following years reductions were 
made, and in 1925 the fall had been reduced to 35,000 
tons. This change took place in spite of the fact that 
the amount of raw coal burned for domestic purposes 
remained almost stationary. The increased fuel 
consumption necessary for the increased population had 
been met by the use of other fuels than coal. In 
explanation of the changed conditions Mr. Goodenough 
cited many reasons, the most important of which was 
that gas cookers had replaced the worst offenders from 
the smoke-producing standpoint, the coal consuming 
kitchen ranges. In addition to supplying this means of 
reducing the smoke evil in cities, the gas industry had 
made possible the use of coke for hot water systems. 





The boilers for this purpose were constructed to obtain 
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efficiencies as high as 65 per cent., or nearly four times 
what was obtained from the ordinary back flue boiler. 
Improved design, construction, installation and mainte- 
nance and the approval of the medical profession had 
proved the chief factors in the increased use of gas 
heating. The principal considerations which retarded 
the general adoption of gas fires for the heating of rooms 
were said to be prejudice, price and the preference for 
solid fuel. Prejudice was due to the early bad examples 
of gas fires which had now been completely replaced by 
efficient types in which the products of combustion 
were all taken away. Coal gas was actually cheaper 
in direct fuel cost than coal under the most favourable 
conditions. Electricity could not compete with gas 
for heating. A further displacement of coal for domestic 
heating was likely to result from the extended use of 
coke. 

The gas industry had also materially reduced the 
industrial smoke nuisance, and there was every prospect 
of a great and early extension of this through a more 
widespread use of gas. For the power load electricity 
was finding increasing use, but where direct steam power 
was retained there was no reason why the process should 
not be made smokeless, in part by better methods of 
burning coal, in part by the use of gas boilers and in 
part by the burning of coke. The ultimate aim for the 
great majority of industrial purposes must be the 
elimination of solid fuel. The discussion on the paper 
only served to emphasise the great belief of the gas 
engineers that the use of coal gas was the greatest 
contributory cause in the diminution of the smoke evil, 
which had undoubtedly taken place. 


Ligut RarLways. 

In opening the proceedings of the other section 

in the North Gallery Annexe, Alderman James Bowes, 
President of the Municipal Tramways and Transport 
Association, said that as the purpose of all roads was 
transport, it was imperative that the needs of the 
road users should be paramount. The problem was 
a difficult one for the highway engineers, for they 
had to produce a surface to meet the specific needs 
of every type of user. Compromise was ‘essential. 
Tramways were not always appreciated by highway 
engineers, but in many conditions they were, he said, 
an economic necessity. The maintenance of the road- 
way to 18 in. each side of the tramway tracks was 
decided upon when horse-drawn vehicles only were 
in use, and was to-day an anomaly. The chairman 
then called upon Mr. R. D. Gauld, of the electrical 
staff of the Southern Railway, to read his paper, 
which had the title, ‘‘ Is there any Future for Light 
Railways in the British Isles ?’’ Compared with 
the mileage of light railways in the other European 
countries and in India, he said, the position of Great 
Britain was negligible. Ireland had a great number 
of narrow-gauge railways, and, although they had 
not been a great financial success, they had done 
valuable work in contributing to the general welfare 
of the districts through which they passed. All that 
were within the Free State had now come under the 
control of a single authority, and formed a valuable 
adjunct to the main lines. The most successful form 
of light railway in the British Isles was the tramway, 
nowadays always operated electrically. Many towns 
had grown in such a way, however, that they were 
quite unsuitable for the laying down of tramways, 
but others were admirably adapted for the purpose. 
After reviewing the legislation relating to the subject, 
the author pointed out that in agricultural districts 
the chief cause of the failure to stimulate construction 
of light railways was the difficulty of operating the 
lines on a remunerative margin. Several light railways 
that were constructed had gone out of business 
through the competition of road vehicles. It was 
often thought that the cost of a light railway service 
must be in excess of that by road, but Mr. G. A. Burls 
had shown that this was not so in a report to the 
Light Railway Development Commission, in which 
a specific case between Headcorn and Robertsbridge 
was dealt with. The conclusion reached was that a 
light railway of normal gauge would permit goods 
and passenger traffic to be handled at 60 per cent. 
of the cost that would be incurred by a road motor 
concern doing the same work. Recently the operators 
of light railways had received valuable assistance in 
working their lines cheaply by the improvement of 
the light steam rail units, such as the Sentinel-Cammell 
vehicle. The running costs with such stock were only 
30 per cent. of these of an ordinary locomotive and 
they were shown in one case to have, on a passenger- 
mile basis, an advantage on the ratio of four to one 
over the road vehicle. 

Mr. Stokes, who opened the discussion, said that 
he could not think of a single example of a tramway 
system being laid out so faultily that it was carried 
to the wrong suburbs, which was a contention of the 
author of the paper. He thought that if light railways 
were to have any future use at all it could only be 
got by the active co-operation of them with the main 


lines. Tramways suffered the disadvantage that they 
must maintain the roads they ran on, for the other 
users. This burden should be removed when the 
tramway would have an-equal opportunity with 
other road users. Mr. Mathieson stated the general 
difficulty of knowing what was meant exactly by a 
light railway. He had found it cost as much to get 
a Light Railway Order passed as to get a Parlia- 
mentary Bill through, and consequently the suggestion 
of dealing with tramways on that basis would not 
prove of any advantage. As generally understood, 
there were not many areas in England suited to light 
railway operation, and the great difficulties that had 
to be faced even then were those of wayleaves and 
privileges. Under these conditions he did not believe 
that light railways had much prospect of use in the 
future. This view was shown to be held by many 
others, and Mr. McLeerie, of Belfast, gave a review 
of the history and the reasons for the ill-success of 
the light railways in Northern Ireland, due to the 
motor vehicle and other causes. In the course of his 
reply to the discussion Mr. Gauld owned that he 
could not give an exact definition of a light railway, 
and then proceeded to make comparisons between 
what he termed badly-designed tramway systems 
and those which might with greater ease become 
successful. Various opposing views were expressed 
to the opinions given by him, and it was contended 
that comparisons could not be made without con- 
sidering whether the service was provided at an 
economic fare, in which respect the tramway concerns 
referred to had their main difficulties. 
(To be continued.) 
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TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries, Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case. The State Electricity Supply Works at Montevideo 
are calling for tenders for the supply of 65 three-phase 
oil-cooled static transformers. Sealed tenders to be 
presented at the head office of the ‘‘ Administracion- 
General de las Usinas Eléctricas del Estado,’ Calle 
Mercedes 993, Montevideo, by January 12. A copy of 
the specification and the conditions of tender may be 
seen on application to the Department of Overseas Trade 
(Ref. No. BX.4001).—-The Department of Works and 
Railways of Australia is calling for tenders, to be received 
in Melbourne by March 5, for the supply, delivery and 
installation of a 4-motor, electric, travelling wharf crane 
at the Commonwealth Naval Depot, Garden Island, 
Sydney. Local representation is essential. (Ref. No. 
A.X.5493).—The Ministry of the Interior, Cairo, is in- 
viting tenders to be presented in Cairo by December 10, 
for the supply and installation of a steel reservoir of 200 
cub, m. capacity on a steel framework tower. Local 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The marked disparity, reported last 
week, in steel trade and engineering conditions continues 
to be the outstanding characteristic. As compared with 
the heavy-steel trade, progress in the finished branches 
is fairly satisfactory. Within the past few weeks sub- 
stantial contracts have been booked, both on home and 
export account, for railway materials. Business in heavy 
industrial plant is restricted, and is subject to keen 
competition from Continental rivals. On the other hand, 
makers of machinery for cement-making and similar 
processes, have been successful in securing valuable 
business, including contracts from Oxfordshire, Australia, 
New Zealand and Nottingham. Tramway track is being 
made in Sheffield for the Manchester, Liverpool and 
Glasgow Corporations, For this work, a substantial 
proportion of manganese steel, in which Sheffield firms 
specialise, is going into consumption. In mining 
machinery for overseas installation, moderate activity is 
reported. Home requirements are below normal, 
though developments are stated to be probable within 
the next few months. The automobile and electrical 
industries are still providing Sheffield steel makers with 
a lot of work. Continuous-shift operations have been 
authorised to cope with the inland demand for motor 
cranks and transmission gear. Makers of ship steel 
expect to do better in the early future when sub-contracts 
are placed in-connection with orders received at northern 
shipyards for steamers and liners. A fair volume of 
business is circulating in acid steel, but there is no 
improvement in basic steel, and the continued shrinkage 
in the demand is causing anxiety at plants specially 
erected to meet Continental competition. Business in best 
tool steels is patchy, while the average demand for edge 
tools, saws and files, is well below production capacity. 
The market for raw and semi-finished materials reflects 
the irregular conditions prevailing in the finished branches, 
Siemens acid billets are quoted at 10/., hard basic billets 
71. 12s. 6d. to 81. 2s. 6d., soft basic billets 7/., Yorkshire 
crown iron bars 11l., Derbyshire foundry iron 65s. 6d. 
Derbyshire forge iron 62s. 6d., Lincolnshire foundry iron 
65s., and Lincolnshire forge iron 62s. 6d.—in each case 
per ton, delivered. 

South Yorkshire Coal Trade.—While the advent of 
colder weather has strengthened the inland demand 
for best house coal, there is still on offer a considerable 
surplus of secondary and inferior sorts at what are 
regarded as attractive prices. Gross deliveries are well 
below the average for this period of the year. The 
inland demand for industrial fuel is of a moderate 
character at fairly steady rates. Exports tend to im- 
prove, but the demand is insufficient to occupy collieries 
at full time. Special bargains are to be had in slacks 
owing to the big tonnage available at pitheads and in 
railway sidings. Furnace coke is suffering from the 
weakness of the export demand. Quotations: Best 
branch handpicked, 28s. to 30s. 6d.; Derbyshire best 
bright house, 23s. to 24s.; best house coal, 22s. 6d. 
to 23s.; screened house coal, 19s. to 20s.; screened 
house nuts, 16s. to 17s. 6d.; Yorkshire hards, 14s. 6d. 
to 16s, 6d.; Derbyshire hards, 15s. to 17s.; rough 
slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s. ; smalls 
38. to 48. 6d. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Values of Cleveland pig iron 
are well maintained. Current requirements are such as 
more than absorb the restricted output, with the result 
that stocks continue to decrease Prin and ironmasters 
are thus aided in their determination to adhere to their 
fixed quotations. The bulk of the make is going into 
local consumption, but home buyers at a distance are 
drawing rather more of their supplies from this district, 
and occasional sales are made to the Continent. As is 
often the case after a period of fairly active business, 
buyers are rather backward just now, but the check in 
operations is expected to be of brief duration. For 
home purposes, No. 1 Cleveland is 70s.; No. 3, g.m.b., 
67s. 6d. ; No. 4, foundry, 66s, 6d.; and No. 4, forge, 66s. 
The f.o.b. Tees prices for shipment to Scotland and to 
destinations abroad are 2s. 6d. below these figures. 
Hematite.—Production of East Coast hematite slightly 
exceeds demand, and makers, in their anxiety to ook 
orders, do not hesitate to cut prices. Definite quotations 
are difficult to fix. Buyers report they experience no 
difficulty in purchasing on the basis of mixed numbers at 
71s. 6d., both for home use and for export. Customers 
as a rule stipulate for iron to special analysis. 
Foreign Ore.—Consumers of foreign ore are still off the 
market, but sellers have not weakened in their attitude ; 
best rubio remains at 21s. c.i.f. Tees. 
Blast-Furnace Coke.—Makers of Durham blast-furnace 
coke find buyers very backward, and have been reluctantly 
compelled to lower their unprofitable quotations. They 
now offer good average qualities at 17s. 9d., delivered 
here, but the concession has not tempted local users to 
negotiate for anything like extensive supplies. 
Manufactured Iron and Steel_—Though new orders are 
scarce, values of most descriptions of finished iron and 
steel are upheld. Sheet makers, however, have dropped 
their quotations by 5s. Common iron bars are 101. 15s. ; 
best bars, 117. 5s. ; best best bars, 11/. 15s. ; iron rivets, 
111. 15s.; packing (parallel), 8/.; packing (tapered), 
111. ; steel billets (soft), 7. 2s. 6d. ; steel billets (medium), 
7l. 12s. 6d.; steel billets (hard), 81. 2s. 6d. ; steel ship 
plates, 8/. 2s. 6d. ; steel angles, 71. 12s. 6d. ; steel joists, 
71, 128. 6d. ; heavy sections of steel rails, 81. 10s. ; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—A dull tone continues to be 
very general in the Scottish steel trade. Consumers 
are still ordering sparingly, and none seem inclined to 
commit themselves to much in the way of forward 
business, and the result of this is that producers cannot 
see any distance ahead. It is an unsatisfactory state, 
and one which is causing managements a great deal of 
thought. The limited amount of business passing means 
a hand-to-mouth existence at the works, and the small 
inquiry does not augur well forthe future. From the 
shipping industry there is a fair amount of business 
being received, but the tonnage of Continental material 
consumed recently is quite considerable. No change 
of any note has taken place in the black-sheet trade. 
The market quotations are as follows :—Boiler plates, 
107. 10s. per ton ; ship plates, 8/. 2s. 6d. per ton ; sections, 
7l. 12s. 6d. per ton ; and sheets, }-in., 87. 15s. to 81. 17s. 6d. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland malle- 
able-iron trade the position is still very difficult for pro- 
ducers, because of the small tonnage being ordered. 
Buyers are few, and they are not inclined to risk much 
in present circumstances. The demand for re-rolled 
steel bars is as poor as that for ordinary bar iron. The 
current price for “Crown” bars is 10/. 15s. per ton, 
delivered Glasgow stations. 

Scottish Pig-Iron Trade.—There has been no improve- 
ment of any kind in the Scottish pig-iron trade, and 
producers are not any more optimistic than they were. 
The demand is very poor indeed, and stocks continue 
to grow. Shipments are also of small tonnage. The 
following are the current market quotations :—Hematite, 
76s, per ton, delivered at the steel works ; foundry iron 
No. 1, 77s. 6d. per ton; and No. 3, 72s. 6d. per ton, 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shipmenits.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 12, amounted to 531 
tons. Of that total, 460 tons went overseas and 71 tons 
coastwise. For the corresponding week of last year, 
the figures were 207 tons to foreign destinations and 
80 tons coastwise, making a total shipment of 287 tons. 





EmprrE Mining AND METALLURGICAL CONGRESS.— 
At a meeting of the Empire Council of Mining and 
Metallurgical Institutions, which took place after the 
closing session, in Quebec, of the Second (Triennial) 
Empire Mining and Metallurgical Congress, it was 
decided to hold a dinner in London, in order to afford 
an opportunity of acknowledging the indebtedness of 
the constituent institutions to the Canadian Governments 
and people. The programme of the function has now 
been drawn up, and the dinner will be held on Tuesday, 
November 22 next, at The Hotel Victoria, Northumber- 
land-avenue, London, W.C.2, at 7.15 for 7.45 p.m. The 
guests will include The Hon. Peter C. Larkin, High 
Commissioner for the Dominion of Canada, and the 
Right Hon. Sir Robert 8S. Horne, honorary President of 
the Congress. The arrangements for the dinner are in 
the hands of the Hon. Secretary-General of The Empire 
Council of Mining and Metallurgical Institutions, Cleveland 
House, 225 City-road, London, E.C.1. An invitation to 
hold the third triennial Congress in South Africa, in 1930, 
has been accepted by the Empire Council. 





THE INSTITUTE OF MARINE ENGINEERS.—An interesting 
suggestion regarding engineer officers in the mercantile 
marine was made by the President of the Institute of 
Marine Engineers, Engineer-Captain W. Onyon, at the 
thirty-second annual dinner, held on October 28 last. 
In replying to the toast to the Chairman, Captain Onyon 
said he would advise shipowners to encourage more of their 
engineer officers to join the Royal Naval Reserve, though 
the time occupied by the training periods in the Navy 
might seem more than could be afforded. As a matter of 
fact it would probably be an advantage if the reserve 
period of training could, with the younger officers, be 
arranged to take place before they took up their work in 
the mercantile marine. The public hardly appreciated 
the length of time required to train an engineer officer. 
A typical case was that of a naval officer who got his 
watch-keeping certificate nine years after his Osborne 
days. He thought it was of the highest importance also 
that all officers, whether engineer or otherwise, should be 
on the same footing and, if the course of training per- 
mitted, should pass through the same college. The 
toast to the Naval, Military, and Air Forces of the 
Empire was proposed by Sir Basil Kemball Cook, and 
replied to first by Vice-Admiral Sir Ernle Chatfield, 
who pointed out that the Admiralty had more than 
fulfilled its promise to economise, in some directions 
great hardship being thus involved. Referring to the 
Geneva and Washington conferences, he said that the 
latter, by limiting the size of vessels, had thrown more on 
the skill of the engineer, as a fight might be between ships 
of the same size and not dependent on the power of the 
purse, — General Sir Noel Birch followed, and alluded to the 
increasing part played by the mechanical engineer in the 
Army. Sir Alan J. Cobham, also replying, alluded to the 
forthcoming flight round Africa in a seaplane. The 
toast to the Mercantile Marine was proposed by Sir W. H. 
Ellis, and replied to by Mr. J. Foster King. In the 
course of some reminiscences the former stated that 
from personal experience at sea, he was convinced that 
all passengers should be compelled to attend boat drill. 
The list was concluded by a toast to the Chairman, 
proposed by Mr. A. J. Campbell. The function was most 
successful and was attended by some 650 members of 
the Institute and guests. 


NOTICES OF MEETINGS. 





Tue INstITUTION OF MECHANICAL ENGINEERS.—To- 
night, at 6 p.m., at Storey’s-gate, St. James’s Park, 
S.W.1. General Meeting. ‘‘ Modern Portland Cement 
Plant,” by Mr. H. Gutteridge. Monday, November 21, 
at 6.30 p.m. Graduates’ Section. “The Locomotive 
Boiler in Service,”” by Mr. G. K. Wood. 


THE JuNIor INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at Caxton Hall, Westminster, S.W.1. Inau- 
gural Meeting. Presidential Address. ‘“‘ The Nile and 
the Use of Its Waters,” by Sir Murdoch MacDonald. 
Friday, November 25, at 7.30 p.m., at 39, Victoria-street, 
S.W. Lecturette. ‘A Talk About Pioneers in High- 
Pressure Steam,” by Mr. L. P. Perkins. 


THe Society or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING Grovup.—To-night, at 8 p.m., at the 
Chemical Society, Burlington House, Piccadilly, W.1. 
‘*Some Modern Methods of Recovery of Lubricating 
Oils,” by Mr. A. J. Broughall. 


Tue INSTITUTE OF BRITISH FOUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SECTION.—Saturday, November 
19, at 3 p.m. Visit to the Metallurgical Laboratories, 
Manchester University. Lecture by Professor Thompson. 


THe Hutt Association. oF ENGINEERS.—Saturday 
November 19, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture. ‘*‘ Modern Practice 
in Steam Turbines,” by Professor G. Stoney. 


THE Roya Society or Arts.—Monday, November 21, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor Lecture. 
** Alloy Steels, Their Manufacture, Properties and Uses ” 
(Lecture II.), by Professor H. C. H. Carpenter, F.R.S. 
Wednesday, November 23, at 8 p.m. Ordinary Meeting. 
‘* Malay Varnish Resins,” by Mr. T. Hedley Barry. 


Tue Royat InstituTion.—Tuesday, November 22, 
at 5.15 p.m., at Albemarle-street, W.1. “A Year’s 
Work in X-Ray Crystal Analysis ’’ (Lecture I.), by 
Sir William Bragg. 


THE InstITUTION OF STRUCTURAL ENGINEERS.—Tues- 
day, November 22, at 7 p.m., at the Birmingham Chamber 
of Commerce, New-street, Birmingham. Discussion on 
“Standard Specification for Concrete.” Introduced by 
Mr. H. Jackson. Thursday, November 24, at 6.30 p.m., 
at 10, Upper Belgrave-street, S.W.1. Discussion on 
“The Probable Building Material of the Future.’’ Intro- 
duced by Mr. E. L. Cotterell. 


THe Society or Guass TECHNOLOGY.—Tuesday, 
November 22, and Wednesday, November 23, at Stour- 
bridge. Tuesday, November 22, at 7.30 p.m., at the 
Congregational Schoolroom, Lower High-street, Stour- 
bridge. Lecture. ‘*‘ Modern Artistic Glass,’’ by Professor 
W. E. S. Turner. Wednesday, November 23, at 10.30 
a.m., at the Talbot Hotel, Stourbridge. Furnace Survey 
Committee. At 2.30 p.m., General Meeting. ‘‘ Fire Clays 
as Applied to the Glass Industry,” by Mr. M. H. Edwards. 
‘* Glass-Pot Manufacture in Great Britain,’ by Professor 
W. E. S. Turner. ‘‘ The Homogeneity of Glass Melted 
in Pots,” by Mrs. G. A. Green and Professor W. E. S. 
Turner. ‘‘ The Effect of Iron Oxide on the Properties 
of Glass,’ by Dr. 8S. English, Mr. H. W. Howes, and 
Professor W. E. S. Turner. 


Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLAND.—Tuesday, November 22, at 7.30 p.m., 
at 39, Elmbank-crescent, Glasgow. ‘The Uses of 
Nickel Deposits for Engineering Purposes,’’ by Mr. C. H. 
Faris. 


THE SHEFFIELD METALLURGICAL ASSOCIATION.—Tues- 
day, November 22, at 7.30 p.m., at 198, West-street 
Sheffield. ‘* Perlit Iron—Its Properties and Uses.” by 
Mr. A. E. McRae Smith. 


THE INSTITUTE OF TRANSPORT.—Tuesday, November 
22, at 7.45 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Annual 
General Meeting. At 8 p.m., Joint Meeting with the 
Institution of Automobile Engineers. ‘“‘ Military Trans- 
port Vehicles—Recent Developments and their Com- 
mercial Significance,”” by Captain C. H. Kuhne. 


Tue INSTITUTE OF FuEL.—Annual Meeting. Wednes- 
day, November 23, and Thursday, November 24, at 
10.30 a.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Presiden- 
tial Address by Sir Alfred Mond. ‘“ National Electricity 
Supply and Better Utilisation of Our Fuel Resources,” 
by Sir Philip Dawson. ‘The British Coking Industry 
and Some of its Products,” by Mr. R. Ray. ‘“‘ Vertical 
Intermittent Chamber Ovens,” by Mr. N. J. Bowater. 
‘“* Measurement of Steam Flow in Works Practice,’’ by 
Mr. T. Nordenson and Mr. N. C. Armstrong. ‘‘ Conver- 
sion of Coal into Oil by the Bergius Process,’’ by Mr. J. I. 
Graham and Mr. D. G. Skinner. “ Liquid Fuels,’ by 
Dr. A. E. Dunstan. ‘“ Air Preheating,” by Mr. P. H. N. 
Ulander. ‘‘ Carbonisation of Coal by Internal Heating,” 
by Professor M. W. Travers. ‘A Critical Study of the 
Determinations of the Heats of Formation of Steam 
and of Carbon Dioxide,’ by Professor M. W. Travers. 
‘“‘ Practical Experiences of Steam Production at High 
Pressure,”’ by Mr. J. Anderson. 


Tue LIvERPOOL ENGINEERING SocireTy.—Wednesday, 
November 23, at 6 p.m., at the Temple, Dale-street, 
Liverpool. ‘‘ Coastal Lights of Australia,” by Mr. J. F. 
Ramsbotham. 

Tue INSTITUTION OF CIVIL ENGINEERS : MANCHESTER 
AND District ASSOCIATION.— Wednesday, November 23, 
at 6.45 p.m., at the Manchester Literary and Philo- 
sophical Society, 36, George-street, Manchester. “‘ Modern 








Welding and Cutting,” by Mr. A. V. Booth. 
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THe Royat AERONAUTICAL Soctety.—Thursday, 
November 24, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Modern Developments 
in Aircraft Instruments,’’ by Major C. J. Stewart. 


Tue INSTITUTION oF CIv1L ENGINEERS: BIRMINGHAM 
AND District AssocraTIon.—Friday, November 25, at 
6 p.m., at the Birmingham Chamber of Commerce, 
New-street, Birmingham. ‘‘ Hams Hall Sidings,’’ by 
Mr. H. L. Folkes. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
SrupEnts’ Section.—Friday, November 25, at 6.15 p.m., 
at Savoy-place, Victoria-embankment, W.C.2. ‘* Sources 
of Illumination,” by Mr. G. H. Wilson. 


TxHE InstrruTion or LocoMoTIvE ENGINEERS: MAN- 
CHESTER CENTRE.—Friday, November 25, at 7 p.m., at 
the College of Technology, Sackville-street, Manchester. 
Lecture: ‘‘ Manufacture of the Various Types of Super- 
heaters,” by Mr. R. W. Whittle. 


THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, November 25, at 7.15 p.m., at the Engineers’ 
Club, Albert-square, Manchester. ‘‘ Fuel Economy in 
Small Installations,” by Mr. W. F. Rhodes. 


Tue InstiTuTEe oF British FoUNDRYMEN: PAISLEY 
Section.—Friday, November 25, at 7.45 p.m., at the 
Paisley Technical College, George-street, Paisley. ‘‘ The 
—— of a Steam Hammer Cylinder,” by Mr. H. 

urst. 


THe INstITUTE OF BRITISH FOUNDRYMEN: EAST 
MIDLANDS BrancH.—Saturday, November 26, at 6 p.m., 
at the Technical College, Derby. ‘The Control of 
Hardness, Softness, and Soundness in Grey Iron Castings,” 
by Mr. J. E. Fletcher. 


Tue Institute oF British FouNDRYMEN: NEw- 
CASTLE AND District Brancu.—Saturday, November 
26, at 6.15 p.m., at the Neville Hall, Newcastle-on-Tyne. 
** Oil Sand for Motor Cylinders,”” by Mr. W. West. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—Conditions in the Welsh steam-coal 
trade continue unsatisfactory, but there are signs of 
a gradual improvement. Exports as cargo foreign, in 
the past week, totalled 495,710 tons, which was 108,000 
tons more than in the preceding six days, and repre- 
sented the highest weekly total for five months, The 
improvement was due in a measure to tonnage, which 
had been delayed by the recent gales, reaching port 
and causing a temporary acceleration in shipments. 
Exports to Italy were increased from 60,200 tons to 
122,840 tons, heavier quantities being despatched from 
Swansea than has been the case for some months past. 
Clearances to Argentina were also raised from 38,200 tons 
to 70,700 tons, to Brazil from 12,500 tons to 18,370 tons, 
and to Spain from 29,580 tons to 37,100 tons. On the 
other hand, exports to France were lowered from 100,650 
tons to 96,400 tons. At Cardiff, the quantity despatched 
was increased from 239,420 tons to 283,850 tons, at 
Newport from 62,040 tons to 96,520 tons and at Swansea 
from 38,830 tons to 75,360 tons, but at Port Talbot 
reduced from 42,900 tons to 39,130 tons and at Llanelly 
from 4,350 tons to 850 tons. Demands for Welsh coal, 
though showing some improvement, continue insuffi- 
cient to keep collieries anything like fully employed. 
Except in isolated cases, vessels experience delay in 
securing cargoes, which is due to the fact that while 
some collieries have more tonnage in dock than they 
can deal with promptly, others have insufficient boats 
in loading berths to keep them going with empty 
wagons. Best Admiralty large coals were round 19s. 6d 
with best steam smalls available at 12s. 6d., and other 
classes at relative levels. 


Iron and Steel.—Welsh tinplate makers have volun- 
tarily decided to endeavour to stabilise the price at 
17s. 9d. per basis box f.o.b. at work’s port. At the new 
figure a fair amount of business has been transacted, 
while some orders have been booked at 18s. There is 
also talk of a further curtailment in output under the 
pooling scheme. Orders have been booked up by the 
Far East and India, while the Continent, too,. has placed 
a small volume of business. Shipments of iron and steel’ 
goods in the past week totalled 14,861 tons, which was 
4,000 tons below the quantity dealt with in the preceding 
week. Exports of other iron and steel goods were 
raised from 5,888 tons to 7,089 tons, but those of tin- 
plates and terneplates were lowered from 8,135 tons to 
4,497 tons, blackplates and sheets from 1,475 tons to 
557 tons, and galvanised sheets from 3,028 tons to 2,718 
tons, 





ContTRrRAcTs.—Amongst recent contracts of interest 
received by the Cement Plant Department of Messrs. 
Edgar Allen and Company, Limited, Imperial Steel 
Works, Sheffield, are the following :—Plant for the pro- 
duction of 120,000 tons of Portland cement per annum 
for a new factory which is being erected in Oxfordshire ; 
the machinery includes two rotary kilns, 200 ft. in 
length, with complete crushing, grinding, and packing 
equipment, all of which is to be driven by electric motors 
totalling about 4,000 h.p. New plant for a Portland 
cement factory at Berrima, New South Wales, which is 
to have a capacity of 120,000 tons perannum. A 50,000- 
ton capacity Portland-cement plant for the Milburn Lime 
and Cement Company, Limited, New Zealand. A 35,000- 
ton capacity Portland-cement plant for the Barnstone 
Cement Company, Limited, Nottingham. A_ 35,000-ton 
capacity Portland.cement plant for Mr, E, W. Benton, 
Chinnor, Oxfordshire. 
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EXHIBITION. 


(For Description, see Page 642 ) 


EXHIBITS AT THE PUBLIC WORKS, ROADS AND TRANSPORT 
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Fic. 6. MACHINE EMPLOYED AS SKIMMING SHOVEL. 























Fic. 7. MAcHINE USED AS TRENCH PULL-SHOVEL. Fie. 8. TRENCH DUG BY MACHINE. 


Fias. 6 To 8. PrrroLt-PARAFFIN TyrE UNIVERSAL Excavator; Messrs. Ruston anpD Hornssy, LIMITED. 
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Fig. 9. 12§-Ton Roap Rover FITTED WITH Suction Gas Fic. 10. Benz Four-Cycie DigeseL EnGIne ror Roap ROLLER; 
Propucer; Messrs. BARFORD AND PERKINS, LIMITED. Messrs. BARFORD AND PERKINS, LIMITED. 
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FOUR-WHEEL OMNIBUS CHASSIS WITH SLEEVE-VALVE ENGINE; 
COMMERCIAL MOTOR EXHIBITION. 


CONSTRUCTED BY MESSRS. THE ASSOCIATED DAIMLER COMPANY, LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 655.) 

















Fig. 4. CHASSIS ARRANGED FOR CAB AT REAR OF ENGINE. 























Fie. 5. CHASSIS ARRANGED FOR CAB ALONGSIDE ENGINE. 























Fia. 7. Front AXLE. 























Fic. 8. Rear Axe. 


Fic.6 SreEertna GEAR AND ConTROLS. 
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THE EROSION OF TURBINE BLADING. 


So long as steam speeds remained low there was 
very little erosion of steam-turbine blading. In fact, 
speaking at a meeting of the Institute of Metals 
on September 17, 1915, Admiral Oram stated that 
blade erosion was unknown in the Navy, and in land 
practice it is certainly true, that the blading of old- 
type reaction turbines showed no material wear even 
after two or three years’ continuous service. Such 
slight erosion as did occur was evident rather to the 
sense of touch than to that of sight. If the finger 
were run along the leading edges of the blades near 
the tips, a certain roughening could be detected, 
much as if the object felt had been a very fine saw. 
Such blades were also apt to be coated with a layer 
of lime derived from the drops of water entrained in 
the steam and carried by it into the superheater. 
The evidence available until comparatively recently 
was insufficient to show whether the erosion observed 
was due to this lime or to the water, and, so far 
as they went, Admiral Oram’s observations seemed 
rather to point to the lime as the agent responsible 
for the erosion, since in the Navy distilled water 
is used for making up the feed. It was, therefore, 
not unnatural to connect this absence of erosion with 
the absence of entrained solids. 

The evidence now secured, however, seems to 
show very definitely that, in general, it is the 
water suspended in the steam which is the main 
agent of destruction. The modern power station 
employs a feed as free from dissolved solids as that 
used in the Navy. Nevertheless, erosion, at times 
of a very serious character, has been far from 
uncommon. We have seen blades of 5 per cent. nickel 
steel of which the leading edges in the neighbour- 
hood of the tips were as full of holes as a colander. 
At times, moreover, this erosion is curiously selec- 
tive. In a certain impulse turbine where, in the 
high-pressure section, the steam was expanded 
down from the stop-valve pressure to atmospheric 
pressure in seven stages, the fifth-stage blading was 
cut to pieces in the course of a few weeks, and had 
to be replaced by blades made from more resistant 
material. The succeeding stages had suffered very 

















little, although traversed by a still larger proportion 


of water. It has been suggested that this waiiite 
limited attack was due to air entrained in the steam, 
which it was assumed became an active corrosive 
agent near the saturation line, when the separation 
out of moisture wetted the blades, and thus provided 
the catalytic agent without which Professor Arm- 
strong has ever emphatically maintained that 
chemical reactions are impossible. 

The escape of the succeeding stages was attri- 
buted to the fact that all the oxygen was used up 
in oxidising the blading of the row first attacked. 
It is, however, very difficult to believe that this 
could be the case, and it seems much more probable 
that the selective effect observed was really con- 
nected with the phenomenon of supersaturation. 

Whatever view may be taken as to the extent 
to which supersaturation persists in the low-pressure 
section of a turbine, there is a general agreement that 
condensation does not occur immediately the satura- 
tion line is crossed, but is delayed until the steam 
is very considerably under-cooled. There is then a 
sudden condensation, some 3 per cent. of the steam 


5|(possibly much more) being practically instanta- 


neously deposited in the form of droplets. Hence, 
at this one stage there is a very large amount of 
water uniformly suspended in the steam. This is 
subsequently flung out by the centrifugal forces 
developed when the steam flows through a moving 
row of blades, and thus passes subsequently mainly 
through the clearance spaces rather than through 
the blading. It is true, of course, that further con- 
densation occurs as the expansion of the steam is 
carried further, but it seems probable that never 
again is there so instantaneous, so copious, and so 
uniform a condensation of moisture as occurs on the 
first crossing of the Wilson line. The subsequent 
progressive condensation is progressively expelled to 
the casing walls and makes its way down the turbine 
as best it can. It is probably this concentration of 
the moisture by centrifugal forces into the clearance 
spaces which is responsible for the very high estimate 
at one time made as to the loss due to tip clearance in 
reaction turbines. Owing to centrifugal action, the 
fluid passing through the outer clearance spaces 
contains far more than its due proportion of mois- 
ture ; and the weight thus traversing the clearance, 
and doing accordingly little or no useful work, may 
thus be much greater than purely geometrical con- 
siderations would indicate. With superheateds team, 
on the other hand, it is mechanically and physically 
impossible that the loss by tip clearance in the axial 
flow type of turbine should be proportionately more 
than the percentage of the steam way through the 
clearance to the total steam way provided. 

Some firms have long made a practice of draining 
off stage by stage the water thrown out to the wall 
by centrifugal action. It would be natural to 
expect that this would result in some increase of 
efficiency, but the test figures so far published 
provide at best no clear indication that this quite 
rational expectation is actually realised. The plan 
in question is now being adopted by certain other 
turbine builders, and it will be of great interest to 
see whether an appreciable improvement is realised. 

As noted above, the evidence now available 
seems to demonstrate quite definitely that it is 
water in suspension which is the active agent in 
producing erosion. It will be remembered that 
Sir Charles Parsons, as the result of an elaborate 
investigation, concluded that the erosion of screw- 
propeller blades was due to the hammer blow 
resulting from the collapse of cavities generated in 
the water. This conclusion was confirmed both by 
direct experiment and by calculation, and has been 
pretty generally accepted. In the case of a 
propeller working in: water, we have gas or 
vapour-filled cavities ‘“‘suspended”’ in a large 
volume of water, whilst, in the case of the 
erosion of steam turbine blading, we have on the 
contrary droplets of water suspended in a gaseous 
medium of very much smaller density. Obviously, 
the two sets of conditions differ widely, and the 
hammer blow, by which the erosiqn of turbine 
blading is effected, must be simply due to the 
impact of the droplets, and not to the collapse of 
cavities. At first sight, it seems difficult to see how 
the very high local pressures needed to excavate 
highly-resistant metals could be produced in this 





way. It has, however, to be borne in mind that 
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an experiment of very ancient date proved that it 
was possible to fire a tallow candle through a deal 
door, though anyone who wishes to confirm this 
result may be advised to stand some little distance 
from his target, or his clothes may give unmistak- 
able evidence that not all the candle ‘ passed to 
the other side.”’ 

A candle, it is true, is a solid, whilst a drop of 
water is a liquid. It is, however, a viscous liquid, 
and it is this fact which makes possible the 
development of the very high local pressures 
required to produce the erosion observed. Thus, if 
a drop is flung against a solid wall, it strikes, in 
the first instance, at a point, and to a first, 
though no doubt very rough, approximation, we 
may take it that the liquid along a little central 
cylinder having this point as base is brought to rest 
by a wave of compression which traverses it with 
the speed of sound. The layer of liquid surrounding 
this little cylinder carries on for a little longer, and 
in the meantime there is accordingly a very great 
difference in the velocity of the little central cylinder 
and that of the fluid immediately surrounding it. 
A shearing force is thus developed between 
the two which is proportional to the co- 
efficient of viscosity ps multiplied by the rate 
at which the axial velocity of the fluid changes 
as we pass outwards radially from the central 
cylinder. This rate of change of velocity may 
be represented by : =. and the shearing force on the 
surface of the little inner elementary cylinder will 
thus be proportional to na It may therefore be 
very large, even when wis very small. The viscosity 
of the fluid therefore makes the little drop act 
almost as if it were solid, and the pressure on the 
point of impact is very much greater than it 
would be were the metal attacked by a steady jet of 
water moving with the same velocity as the droplet. 
In the case of a plate attacked by such a steady 
jet of water, the axial velocity of the flow varies 
quite gradually from layer to layer. The viscous 
forces are therefore small, and the maximum 
pressure attained is represented simply by the 
velocity head of the moving fluid. 

The subject has been investigated experimentally 


very close spacings, moreover, the trailing edges of 
the blades have, in certain cases, been eroded, 
apparently due to the effect of splash from the inlet 
edges of the succeeding row. 





WORLD MOTOR TRANSPORT 
CONGRESS. 


Dur1NnG the current week, a World Motor Trans- 
port Congress, of which the Prince of Wales is 
President, has been held in London. The delegates 
attending numbered 250, and represented 50 
countries. A large number of communications were 
dealt with, and for the purpose of our account, it 
will be convenient to group these into sections, 
dealing with the necessity for co-operation between 
road and rail transport ; road construction ; 
the development of motor vehicles for service 
on bad roads and across country; and the present 
position of'motor transportation in various countries. 
These communications provided a great deal 
of interesting information and comment, based 
on widely different conditions and varying points 
of view. 

The necessity for co-operation between road and 
rail transport was first stressed in a paper by Major 
James Paterson and Mr. J. B. Osler, who remarked 
that the existence of road transport made passengers 
and traders consider the journey they desired to 
make as a whole. To provide such a complete 
journey, the railways must develop road services, 
whereas the need for co-operating with the railways 
was not clearly evident to those providing road 
transport. Those engaged in working railways 
should co-operate with modern road transport, so 
that wherever the railway could offer an equal or 
superior service to any other, road transport should 
be available from the points where the rail transport 
respectively began and ended. In this way a com- 
plete movement would be provided. This applied 
equally to passengers as to goods. A paper on this 
subject submitted by the delegates of the German 
State Railway Company and of the Office for 
German Railway Motor Traffic pointed out that the 
conclusion had been reached that the railways could 
not hope, by reducing their tariffs and facilitating 





by Messrs. Brown, Boveri and Company, with 
characteristic ingenuity and thoroughness. A series | 
of little rods of different materials, and about 
5 mm. or 6 mm. in diameter, were mounted on the | 
rim of a disc which in one set of experiments 
rotated at a speed corresponding to a peripheral 
velocity of 250 m. per second. A jet of water was 
shot at a moderate velocity across the path of the 
rods and was cut at each revolution by these 
rods. There was thus a very violent impact 
between the water and the rods. In some cases the 
consequent erosion was so rapid that the rods were 
cut half-way through in about half an hour, the 
number of impacts made in this time being about 
150,000. In all cases, even in that of hard 


materials, the rods were very deeply pitted, and | 


when examined under the microscope, presented 
an appearance closely resembling that of eroded 
turbine blading. Where perforation of such blading 
occurs, microscopic examination shows, on the far 
side, a ridge raised round the hole, just as if the 
metal had been pierced by a solid projectile. 

In reaction turbines of the ordinary type, the 
erosion appears to be confined to the moving 
blades, which, as Dr. von Freudenreich has sug- 
vested, would seem to be due to the fact that the 
moving blades fling out to the wall of the casing 
any moisture which separates out whilst the steam 
expands through them. 
of reasoning be has, moreover, been able to deduce 
the probable average velocity of the water droplets, 
and finds it to be very much less than that of 
the steam. He suggests that the relative low 
efficiency of turbines operating with wet steam may 
originate here, and shows that curves calculated 
on this assumption agree in form, if not in absolute 
value, with standard correction curves. 

It may be noted in passing that with axial flow 
reaction turbines, the efficiency depends to some 
extent on the axial spacing of the blades. Close 


crowding of the rows results in some loss of effi- 
ciency, but even an apparently excessive axial 


By an ingenious course | 


transport, to regain the traffic which had been 
diverted by the motor vehicle, and that co-operation 
between railways and motor transport was essential, 
both in their own interests and that of the public. 
An agreement had therefore been concluded in 
Germany between the railways and an association 
of all the large motor companies in Germany 
whereby, if certain traffic was to be diverted from 
the railway to the roads, a special contract was 
signed between the two concerns, by which their 
mutual rights and obligations, tariffs and the distri- 
bution of profits, were fixed. 

M. A. M. Pourcel, chief engineer of the Paris, 
Lyons and Mediterranean Railway, dealt with the 
motor vehicle as an extension of the railway, 
and pointed out that in France services of 
tourist motor coaches had been greatly developed 
since 1909, especially in mountainous districts. 
In 1911, the Paris, Lyons and Mediterranean Rail- 
way operated 22 road services. running 140,625 
vehicle-miles. ‘This had increased to 156 services, 
running 1,567,500 vehicle-miles in 1926. Last year, 
250,000 passengers were carried, and the receipts 
amounted to 12,000,000 fr. These services were 
operated by contractors, the scheme including a 
guarantee which enabled the latter to cover their 
expenses. 

Mr. DU. L. Bacon, of the New York, New Haven 
and Hartford Railroad, called attention to the 
| benefits of a co-ordinated rail and highway system 
in that portion of New England which lay between 
New York and Boston, a distance approximately 
equal to that from London to Plymouth. This area 
was densely populated, was becoming more and 
more industrialised, and was well served by rail- 
ways. But the concentration of the population in 
large towns had led to a loss on local railway traffic, 
which was assisted by the great increase in the use 
of the motor vehicle, with the result that the 
railway was forced to curtail its services. Co- 
ordination of the various means of transport was 
therefore undertaken, petrol-electric cars running on 
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spacing has little or no detrimental effect. 





the rails, and omnibuses running on the roads, both 


being used as feeders to the existing railways. The 
latter service was operated by the New England 
Transportation Company, which at present had 
191 omnibuses. These covered 1,245 miles of route, 
running .7,000,000 miles, and carrying 4,500,000 
passengers annually. The average length of the 
40 routes was 30 miles, while the interchange 
booking facilities between rail and road transport 
was complete. Local passengers between points 
served by tramways were not accepted by the 
omnibus company. The omnibus service was, as 
far as possible, operated in connection with, and 
supplementary to, the rail service. 

In Hungary, according to Mr. T. 8. Hattenberger, 
the more comfortable and economical service 
provided by road transport had adversely affected 
the short-haul rail traffic and had led to the forma- 
tion of a branch of the State Railways to operate 
motor vehicles on certain routes. For goods 
purposes, a 3-ton vehicle with covered body hauling 
a similarly designed trailer was used. These were 
based on several central depots established about 
100 km. apart, from which 20 routes, on which a 
total of 50 lorries and 70 trailers were running, were 
operated. Proposals had been made for greatly 
extending these facilities during the coming year. 
The technical part of the organisation was in the 
hands of private firms, and there was also close asso- 
ciation with the railways, through the central depots. 
The effect of these innovations on the commercial life 
of the country had been profound. Stocks could be 
reduced, and the time taken in obtaining replace- 
ments was much shorter. At first, the loading 
capacity of the vehicles was not fully utilised, but 
the percentage had now risen to as high as 70 per 
cent. Motor-buses were being utilised for passenger 
transportation in districts where the rail facilities 
were poor. 

A second group of papers dealt with road con- 
struction and facilities for international travel. In 
one submitted for the Commercial Motor Users 
Association by Major R. A. B. Smith, the parking 
of cars in streets was deprecated. Where new 
roads were being constructed their exits should be 
bell-mouthed, and residential premises should not 
be constructed along main roads, but in the areas 
between them. The adoption of by-passes round 
towns should be made compulsory, but the layout 
of these in relation to a particular town should be 
considered as a whole. At present the number of 
motor vehicles was increasing at a higher rate than 
the expenditure on highway construction and 
improvements. 

The position with regard to road construction in 
India was dealt with by Colonel T. M. Hutchinson, 
on behalf of the Army Department of the Govern- 
ment of India. The enormous distances and the 
risk of flooding, it was pointed out, gave rise to 
special difficulties, while the need for extension every 
day became more apparent. At present, only about 
216,000 miles of road were maintained by the local 
authority, and until that mileage was increased, 
motor transport could not be fully utilised. Unfortu- 
nately the conditions of the roads was, if anything, 
becoming worse. The railway system was also under- 
developed. The Indian showed a great readiness 
to make use of motor transport, which was acting as 
a competitor rather than as a feeder of the railways, 
and the problem therefore required attention from 
the latter point of view. The development of 
motor vehicles suitable for service on bad roads or 
cross country was important, and the War Office 
was conducting trials on this matter. 

From the engineering point of view, the most 
interesting group of papers was that which dealt 
with the design of motor vehicles. The first of 
these was submitted by the British War Office, 
and gave an interesting account of the development 
of motor vehicles for service on bad roads and across 
country during, and since, the war. The Chanak 
expedition, in 1922, especially brought home the 
necessity of producing for Army needs something 
better than the ordinary solid-tyred heavy lorry. 
At that time, the advantage of spreading the load 
over a number of wheels was not realised, and a 
30-cwt. lorry, with pneumatic tyres and a trailer, 
was designed. The employment of this vehicle 
was, however, limited. In 1925, therefore, a six- 





wheel Renault vehicle was purchased and tested. 
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but, though this was satisfactory in principle, it 
lacked certain features which experience showed 
to be desirable for cross-country work. A design 
was, therefore, prepared by the War Department 
experimental staff at Aldershot, important points 
about which were the use of eight wheels, pneu- 
matic tyres, two gear boxes, and an overall track 
encircling each pair of twin wheels. The Army 
was, therefore. now provided with a really satis- 
factory all-round vehicle, capable of carrying on 
the road a load similar to the 30-cwt. pneumatic- 
tyred lorry and a slightly-reduced load across 
country at a running cost comparable with that of 
the tradesmen’s van. Progress beyond this point 
had also been made. The 5/6-ton vehicle was 
in being, and further developments in the number 
of load-carrying and driving wheels might be ex- 
pected. The six-wheeled vehicles had proved success- 
ful in Egypt and in India, while tests had been 
carried out satisfactorily in the snow of Scandinavia, 
and the bush of West Africa. 

Two papers on the six-wheel motor ’bus and on 
modern processes for utilising gases in engines, 
respectively, were presented by M. L. Bacqueyrisse, 
on behalf of L’Union des Voies Ferrées et des 
Transports Automobiles de France. The former 
described experiments which had been carried out 
on two types of six-wheel motor ’bus, one of which 
carried 48 and the other 25 passengers. In the 
first design, which had been fully tested in the 
recent shock-absorber trials of the city of Paris, 
the middle axle is the driving axle, the suspension 
of each of the three axles consisting of two semi- 
elliptical springs. The two front springs were inde- 
pendent, but the middle and rear springs on each side 
were connected by an equalising lever rocking on 
a pin fixed to the chassis. The result was that the 
loads on the wheels were independent of the profile 
of the roadway, and that the loads on the middle and 
rear axles bore a constant ratio to each other, 
depending on the ratio of the arms of the lever. 
In this way the loads on the two steering axles 
could be made approximately equal, thus facilitating 
steering, ensuring adherence of the middle axle, and 
providing against skidding. The movement of the 
two middle and rear suspensions, though connected, 
were independent and asynchronous, owing to the 
fact that neither were called into action at the 
same time or place. This enabled the one to act 
as an elastic shock-absorber of the other. Reactions, 
both on the ground and on the chassis, were thus 
reduced, as was fully brought out in comparative 
trials with the four-wheel *bus. The dynamic 
action on the ground, and of the accelerations in 
the interior of the vehicles, was also measured, 
while comparative tests on the acceleration by means 
of an accelograph, though showing that there was 
little difference between the two types of ’buses, 
indicated that the greatest vibration occurred when 
the ’bus was lightly loaded. These six-wheeled 
*buses had been in service for six years and had 
given every satisfaction. The other ’bus dealt with 
had two driving axles, each of which was connected 
to the chassis on both sides by a cantilever spring. 
The two springs on the same side were hinged at 
their centres on the chassis, their ends resting on 
the two axles, thus absorbing the reactions received 
by one of the two axles and reducing the unsuspended 
deadweight. 

In his second paper, M. Bacqueyrisse dealt with 
the use of gases as fuels on motor vehicles. Such 
gases as acetylene and producer gas could be 
generated on the vehicles themselves, but the 
thermo-dynamic efficiency of the former was low, 
while the low calorific value of the latter, when 
obtained by the combustion of wood charcoal or 
wood, led to a diminution of power of from 25 to 
40 per cent., as compared with petrol. Attempts 
had been made to compensate for this by increas- 
ing the ratio of compression or the stroke capacity, 
or by supplying the mixture under pressure. Acety- 
lene in the dissolved state, coal gas, coke-oven gas, 
methane, hydrogen, carbon monoxide, and the gas 
from cracking processes, could be carried in flexible, 
low-pressure containers, and were worth con- 
sideration. The gas was expanded before admission 
to the carburettor, and carburation was effected 
most satisfactorily in automatic. mixers. Tests 
undertaken in Paris with town gas had proved 
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satisfactory as regards the working of the engine 
and the power developed. The observed consump- 
tion was 0-632 cub. metres of gas, with a calorific 
value of 4,500 calories per cubic metre, compared 
with 0-4 litre of a volatile liquid fuel containing 
8,240 calories per litre. The respective consump- 
tions, in calories, were, therefore, 2,850 for town gas 
and 3,290 for liquid fuel, the result being due to 
the more homogeneous mixtures. Coal gas, in par- 
ticular, therefore, seemed likely to become a serious 
competitor of petrol. 

The final paper on this subject was presented 
by Sir John E. Thornycroft, who represented the 
Institution of Automobile Engineers. He said that 
it was now appreciated that the six-wheel vehicles 
which had been developed would be most valuable 
in acting as feeders to existing railways, and in 
opening up territory in undeveloped countries. 
The subsidy type of vehicle had been designed to 
give a much greater range of motion to the bogie 
and axles, and much greater tractive effort per 
ton, so as to enable it to travel over soft ground 
or up steep gradients. Now that it had been 
shown that a metal track could be satisfactorily 
used, there was little doubt that single tyres would 
be more generally adopted than twins. Six-wheelers 
for cross-country work differed in several ways 
from those for use on roads. In the former case 
the employment of a differential gear between the 
axles was a disadvantage, as if one wheel was not 
gripping it prevented the other three from obtaining 
any driving grip. The spring mounting must 
provide for a transverse difference in the levels of 
the wheels of some 2 ft., and in the War Department 
vehicle this was effected by attaching the spring 
to the axle by a ball-and-socket joint or gimbal. 








NOTE. 


MopERN CONCEPTIONS OF MATTER AND CLASSICAL 
SCIENCE. 


In his discourse on “* Les Conceptions Modernes 
de la Matiére et la Science Classique,” delivered at 
the Royal Institution, on Tuesday evening, M. Paul 
Painlevé, the French Minister of War, rapidly 
reviewed the history of the struggle of human 
genius with the mysterious problem of matter. 
Some years ago, M. Painlevé stated, science was still 
regarded as an infallible deity ; some principles 
were accepted as absolute truths and awkward 
phenomena were ignored. In the modern aspect 
of things, even elementary megascopic phenomena 
appeared as a swarming collection of entangled 
microscopic phenomena. If they seemed to follow a 
general law, it was because, by their number, the 
multitude of little events, the impulses of which 
balanced each other, gave the impression of one 
statistical phenomenon simple in nature. The dis- 
continuity of matter and the discrete particles of 
Greek philosophers, and the vortices of Descartes, 
had been discarded by Newton’s Non fingo 
hypotheses : ** Fluids appear to be continuous ; let 
us treat them as continuous.” Yet, Newton had 
himself to suggest a corpuscular emission of light. 
The whole science of chemistry was built up on 
Avogadro’s atoms and molecules, and Brownian 
movements, the properties of thin films, and the 
discovery of radiations, electrons and protons, had 
forced the molecular reality upon us. It was wonder- 
ful that the chemical properties of an element 
should depend solely upon the number of planetary 
electrons moving within it. But how could we 
explain the stability of the atom and the charac- 
teristic luminous radiations ? There the quantum 
and orbital theories of Planck, Einstein and Bohr 
had come to help. But the difficulties of the quan- 
tum discontinuity remained so great that combina- 
tions of an undulatory continuous and an undu- 
latory atomic conception had been proposed by 
Broglie and by Schr6édinger, and that Heisenberg, 
Born, Divac and others sought a solution in quantum 
mechanics. In the vicinity of the nucleus, Louis de 
Broglie suggested, the undulatory aspect predomi- 
nated ; the individuality of the electron seemed to 
vanish in a continuous system of stationary waves. 
M. Painlevé, who is an Honorary Member of the 
Royal Institution, illustrated his lecture by some 
slides of Brownian movements, stratified soap films, 
photo-electric effects and electron collision, studied 
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in the Cavendish Laboratory, and by P. Auger in 
Perrin’s laboratory. 





THE LATE SIR WILLIAM GALLOWAY. 


WE regret to announce the death of Sir William 
yalloway, D.Sc., for many years Professor of Mining 
at the University College of South Wales, and a pioneer 
in the investigation of coal-dust explosions. He died 
in Cardiff on November 2, aged 87 years. 

William Galloway, born on February 12, 1840, was 
the son of William Galloway, of Paisley. After private 
tuition he went to the University of Giessen and the 
Mining Academy at Freiberg, in Saxony, to which the 
fame of Clemens Winkler, only a few years his senior, 
afterwards drew many mining engineers. He also 
studied at University College, London. His D.Sc. was 
honorary and was conferred on him by the University 
College of South Wales, with which his work in Welsh 
mines, and as one of H.M. Inspectors of Mines for the 
West of Scotland and South Wales districts, had brought 
himin contact. Galloway first took the risk of sinking 
pits in the deep trough south of the anticline in the 
South Wales coalfield at Llanbradach in 1887, and he 
invented and introduced there, and later at Maesteg, 
many devices for increasing efficiency and safety ; such 
as rope guides for suspending a stage during sinking, 
pneumatic water-winding barrels, pneumatic coal-tram 
gear, and hydraulic columns for carrying rock-drills. 
~ That coal dust endangered the lives of miners at 
great distances from the actual source of a colliery 
explosion had been recognised at the beginning of 
the nineteenth century, long before Faraday and 
Lyell reported to the Home Secretary that, in the 
Haswell explosion of 1844, firedamp could not have 
been the only fuel burnt or the only source of 
the choke damp. But the direct explosibility of 
the fine dust was not understood, and little attention 
was paid to the problem until the ’seventies, when 
Galloway and others began to experiment, both here and 
on the Continent. In the period 1876 to 1887, Galloway 
contributed a series of five papers to the Royal Society, 
on the influence of coal dust in colliery explosions. 
Unaware, at the time, of Faraday’s researches, he 
stated, in his first paper, that, if it could be shown 
that a mixture of air and coal dust was in itself 
inflammable at ordinary temperature and pressure, 
there would be no difficulty in accounting for the 
violence of colliery explosions in the absence of 
considerable amounts of firedamp. From his first 
experiments he concluded that the dust-air mixture 
was not itself explosive, and his final conclusion, that it 
was explosive, seemed to be based more on his study 
of a series of disastrous colliery explosions of that 
period than upon actual experiments, although, in the 
Liwynpia colliery, he made use of a wooden gallery, 
2 ft. square and 126 ft. long. He noticed that 
wet dust and stone galleries free from dust, checked 
the advance of the explosive wave, and he introduced 
the practice of keeping the coal dust wet; later he 
proposed stone dusting. 

A Royal Commission of 1891 to 1894 reported that 
coal dust alone, in the absence of firedamp, could not 
only carry on an explosion, but could also cause it. 
Miners, however, asked why explosions were unknown 
in non-gassy mines, and why they were not of daily 
occurrence in other mines, and it required further 
demonstrations in large-scale galleries, such as had 
been used on the Continent for the study of explosives 
and for this particular purpose, to convince the miners 
of the coal dust dangers. By 1906, the Royal Com- 
mission on Mines provided such an experimental 
gallery in the Altofts Colliery, where William Garforth, 
who was put in charge of these researches, had been - 
experimenting since 1886. The report of 1910 on 
this work, by the Mining Association of Great Britain, 
was reviewed in three articles published in our columns 
in July and December, 1910. Sir William Garforth 
died in October, 1921*. The Government took over 
the work in 1911, using the new experimental gallery at 
Eskmeals, Cumberland, which has recently been re- 
moved to Buxton. Galloway was a member of the 1906 
Committee. He received a grant from the Royal Society 
for his work on coal dust and safety lamps, in 1874. 
Most of his papers were on mining matters, and 
were presented to the South Wales Institute of Mining 
Engineers, of which he was a past president, and by 
which he was awarded a gold medal. He was on the 
Referee Panel under the Coal Mines Act of 1911. His 
services as mining expert were much in demand and 
took him all over the globe. It has been stated, 
however, that his insistence upon the coal dust danger 
led to his losing, in 1875, his appointment as inspector 
of mines ; public recognition of his work also came late. 
The Royal Society of Arts awarded him the Shaw gold 
medal, and a medal was awarded by the: Institution of 
Mining Engineers in 1925. He was knighted in 1924. 





* See ENGINEERING, October 7, 1921, page 516, 
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EDITOR. 


LETTERS TO THE 


10,000-14,000-KW. LJUNGSTROM 
STEAM TURBINE. 


To THE Eprror OF ENGINEERING. 

Sir,—We notice that in the article describing the 
10,000-14,000 kw. Ljungstrém Steam turbine in your 
issue of October 21, it is stated that the governor is of 
‘* isochronous type.” 

This is obviously a misuse of the term as it mentions, 
a little further on in the description, that an alteration 
of speed may be obtained by a movement of the relay 
valve sleeve. This arrangement, the principle of 
which is very commonly adopted in steam turbine 
control, is only effective because it brings the governor 
to a new position, and if it were isochronous it would 
obviously have no effect on the speed. In actual 
working such governors are given a variation up to as 
much as 10 per cent., a portion of the travel only being 
used so as to give a no-load to full load difference of 
speed on the turbine of about 3 per cent. P 

As is well known, we are specialists in truly isochro- 
nous governors, and we can state definitely that what- 
ever arrangements are made to dispense with friction, 
and in our governors they are much more effective 
than in the one illustrated, they cannot avoid the hunt- 
ing difficulty if nothing more is included in the design 
than is shown in this case. We may say also that 
while ball bearings are quite effective when new, they 
rapidly deteriorate owing to the formation of small 
pits in the races. 

It is somewhat curious we should have had occasion 
to write to you correcting an error of description of 
the governor of this turbine because in 1912 we wrote 
in connection with your article on, what we believe, 
was the first Ljungstrém turbine commercially made, 
pointing out that your description of the governor 
(which was a truly isochronous governor supplied by 
us) as “‘ having no special features ’’ was not correct. 

We feel sure that the figures of the speed variation 
with the load accompanying that article are greatly 
superior to anything obtainable by the larger turbine. 

Yours faithfully, 
For The Monovel Governor Company, Limited, 
Bury, Lancs., F. O. W. CHORLTON, 


October 25, 1927. Director. 


AN AEROPLANE STATION IN MID- 
ATLANTIC. 


To THE Epiror oF ENGINEERING. 





Sir,—In his article in EnGainrerine of August 19, 
Professor Hovgaard shows that the anchorage of a 
ship in deep water is a very difficult problem. He 
proposes to use a cable 5 in. in diameter 20,000 ft. 
long. If the cable is supported all along its length by 
floats the buoyancies of which are equal to its weight 
in water, it will, under tension, become a straight line 
instead of a catenary between the anchorage and the 
ship. In this way a cable 10,000 ft. long, or half 
that proposed by Professor Hovgaard, making an angle 
of 24 deg. with the horizontal could be used. It might 
be supported, say, every 300 ft. by means of steel drums 
having a buoyancy of less than half a ton. The 
anchorage would, of course, have to be much heavier, 
but could be made of concrete and, with 4,000 ft. of 
cable, would be a permanent fixture. 

Iam, 
Yours truly, 
J. H. JoHNnston. 
P.W.D. Secretariat, Lahore. 
September 27, 1927. 





LABOUR NOTES. 


A DEPUTATION from the Miners’ Federation of Great 
Britain visited Montagu House last week in order to 
call the Minister of Labour’s attention to the distress 
prevailing in the mining areas owing to unemployment. 
The Government were asked to take the following steps 
with the object of bringing abc ut an improvement :— 
(1) Appoint a committee representative of all political 
parties to inquire into the mining problem. (2) Raise 
the school-leaving age in the mining areas. (3) Pension 
miners aged 60 years and upwards, to relieve the over- 
crowded state of the industry. (4) Take action along 
these or similar lines at once, before the winter season 
comes on. The deputation was assured by Mr. Better- 
ton, Parliamentary Secretary to the Ministry of 
Labour, that each of the points raised would be con- 
sidered by the Government and a reply in writing sent 
to the Miners’ Federation. 





Mr. John T. Batey, of Messrs. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne, has been elected 
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the office for three successive years. Mr. A. J. Campbell, 
of Dalmuir, and Mr. J. H. Edwards, of South Shields, 
were re-elected vice presidents, and Mr. A. L. Ayre, of 
Burntisland was elected a vice-president, to fill the 
vacancy caused by the elevation of Mr. Batey. Mr. 
W. A. Henderson, of Glasgow, was elected chairman, 
and Mr. G. W. Barr, of Barrow, vice-chairman of the 
Conference and Works Board. At Edinburgh, on 
Thursday last week, Mr. John Barr was entertained 
to dinner by the members of the Federation and 
presented with a piece of silver plate in tribute to his 
work on behalf of the industry and as an indication of 
esteem. 





The Ministry of Labour states that on November 7, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,111,700, of whom 884,700 were men, 33,500 boys, 
162,100 women, and 31,400 girls. Of the total number, 
764,000 were wholly unemployed, 284,200 temporarily 
stopped, and 63,500 ‘“‘ persons normally in casual 
employment.” On October 31, 1927, the number of 
unemployed persons was 1,106,057, of whom 752,909 
were wholly unemployed, 289,337 temporarily stopped, 
and 63,811 ‘‘ persons normally in casual employment ”’ ; 
884,984 were men, 33,371 boys, 156,617 women, and 
31,085 girls. On November 8, 1926—when, of course, 
the figures were affected by the dispute in the coal- 
mining industry—the number of unemployed persons 
was 1,562,959, of whom 1,209,150 were men, 41,246 
boys, 272,568 women, and 39,995 girls. 





A joint committee consisting of twenty representa- 
tives of the Engineering and Allied Employers National 
Federation and twenty representatives of the Engi- 
neering Trade Unions is to meet in London to-day for 
the purpose of considering a number of questions of 
interpretation arising out of the memorandum relating 
to the wage advance of 2s. per week granted recently to 
plain time-workers. The committee was formed on the 
suggestion of the employers, who stated, in the course of 
a letter to the unions, that several questions of the kind 
had come up in Central Conference, when it was decided 
that they should be referred to the parties who made 
the agreement. ‘‘ We are of the opinion,” the com- 
munication proceeded,” that the most satisfactory way 
to deal with these questions would be for a small 
committee of this Federation to meet a committee of the 
Trade Unions concerned in the agreement with a view 
to considering questions that have arisen, and arriving 
at decisions thereon, which, of course, would be of 
general application. Incidentally, we would mention 
that this proposal is in accordance with the suggestion 
contained in our letter to you dated June 23, 1927.” 


The Federation of Gas Employers and the Amal- 
gamated Engineering Union have set up new machinery 
for the negotiation of labour affairs. It applies to 
craftsmen who are members of the Union. Should a 
question arise at any gas undertaking which is a unit 
of the Federation of Gas Employers, the matter is to be 
discussed between representatives of the undertaking 
and representatives of the union. Failing a settlement, 
the matter may be referred by either party to the 
Secretary of the District Committee of the Federation 
of Gas Employers, who shall arrange a joint conference 
between representatives of the District Committee and 
representatives of the Union in order to endeavour to 
facilitate a settlement. When a settlement cannot be 
arrived at locally, the matter is to be referred to three 
representatives of each of the two parties, who shall be 
selected from a panel consisting of representatives of 
each of the parties nominated for the purpose by the 
Central Committee of the Federation and the Executive 
Council of the Union. The six representatives are to 
meet in London “in order to discuss the matter 
referred to them and use every endeavour 
to arrive at a settlement or to devise means of arriving 
at a settlement of the question.” There is to be no 
stoppage of work pending the result of the negotiations. 
The agreement is to remain in force for twelve months 
and be terminable thereafter on three months’ notice. 





In October the home branch membership of the 
Amalgamated Engineering Union decreased from 
192,156 to 191,935, and the Colonial branch member- 
ship increased from 28,050 to 28,251. The number of 
members in receipt of sick benefit decreased from 
5,333 to 5,329, the number in receipt of superannuation 
benefit increased from 9,690 to 9,708, and the number 
in receipt of donation benefit increased from 6,938 to 
7,146. The total number of unemployed members 
decreased from 14,937 to 14,903, making the per- 
centage 7-18. 

At summoned branch meetings in December of the 
United Pattern Makers’ Association, members are to 
vote for or against determining the national agree- 
ment with the employers on the subjects of overtime 





president of the Shipbuilding Employers Federation in 
succession to Mr. John Barr, of Barrow, who has filled | 





and payment by results. In the November report of 











the organisation Mr. Findlay gives his views for and 
against the agreement. In favour of the agreement he 
says that it is national. It ensures a degree of stability 
between employers and employees without which the 
progress and success of the industry could not be 
assured. It lays down regulations generally applicable 
to the whole engineering industry, as well as to mem- 
-bers of the United Pattern Makers’ Association. It 
stereotypes minimum conditions of employment, 
apart from wages, of all engineering workmen as well 
as for members of the United Pattern Makers’ Associa- 
tion. It places a limit on the amount of overtime 
that can be worked. It increases the rates of payment 
for overtime to a majority of the members of the 
Association. It makes provision for workmen earning 
more money. 


The fact that it is national also figures in Mr. Findlay’s 
list of points against the agreement. Further adverse 
arguments are that :—It prevents one section of the 
industry acting on its own for the betterment of 
conditions which are,not strictly local or domestic ; 
stereotypes maximum conditions of employment for 
all engineering workmen as well as for members of the 
Pattern Makers’ Association; gives the employers the 
right to introduce payment by results systems ; provides 
employers with unaudited reasons for unlimited over- 
time; prevents the Society placing an embargo on 
overtime in any town or district where members are 
unemployed. The number of unemployed members 
of the United Pattern Makers’ Association increased 
from 657 to 791 in October. ‘‘It would appear,” 
Mr. Findlay says, “‘ that little betterment is to be 
expected before the spring. While the majority of 
branches report fair, the North East Coast, Yorkshire, 
and Lancashire must be reckoned as bad or very bad.” 





In the course of a survey of the industrial situation 
in Russia, Industrial and Labour Information, the 
organ of the International Labour Office, says that 
the present system of unrestricted piece-rates is 
regarded as obsolete and out of harmony with the 
needs of the day. The proportion of workers employed 
at piecework has become stereotyped ; they represent 
about two-thirds of the total number of workers 
employed in State industry. The level of the output 
per worker hardly ever rises. The Superior Council is 
of opinion that it is necessary to re-examine this 
question and to have the level raised. At the same 
time, in order to encourage greater effort on the 
part of the worker, the Council suggests the introduc- 
tion of a system of piece-rates with bonuses, and of 
team-work. The trade unionists, on the other hand, 
challenge the methods of computation used by the 
Superior Council. They contend that it is not fair 
to reckon the increase in wages in nominal values 
(chervonetz roubles) without taking into account the 
cost of living, while reckoning the output in fixed 
values (pre-war roubles). 





The reasons for the high cost of production in Russia, 
in the opinion of the officials managing State industry, 
as expressed in a report presented by the Superior 
Council of National Economy to the Council of Labour 
and Defence, are:—(1) The high prices and poor 
quality of raw materials; (2) the high price of build- 
ing materials ; (3) the increase in various charges, and 
especially in railway rates; and (4) the relatively 
high cost of labour. From the discussion on this report 
in the Superior Council it is clear that those responsible 
for the administration of nationalised industry attach 
particular importance to the labour factor. It is con- 
sidered, in the first place, that the number of workers 
employed is too high, and that it could easily be reduced 
by between 5 and 8 per cent. In support of this view 
statistics are quoted showing that, in the metal working 
industry, for example, there are now from 75 to 100 
per cent. more workers employed than in 1913 for the 
production of an equivalent volume of output. 





At a meeting in Cardiff on Monday of the Concilia- 
tion Joint Board for the South Wales coal-mining area, 
Mr. Evan Williams gave detailed particulars relating 
to the effects of existing railway rates and dock charges 
on the industry. The total effect of the increases 
that had taken place, directly and indirectly, repre- 
sented, he said, an additional charge on the industry 
of over 4,500,000/. per annum. Mr. Williams also 
indicated the rates that were charged by foreign 
competing countries on coal sent for shipment. Mr. 
Morrell and Mr. Richards replied on behalf of the 
workmen’s representatives, and thanked the owners 
for having placed the position so fully before them. 
Mr. Richards said that, while agreeing that the matter 
submitted was one of importance to the coal trade 
and to the workmen, there were other matters which, 
the workmen’s representatives submitted, required 
consideration by the joint board if there was to be a 
restoration of good feeling between owners and men. 
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DETAILS OF OMNIBUS CHASSIS AT THE COMMERCIAL VEHICLE EXHIBITION. 


CONSTRUCTED BY MESSRS. THE ASSOCIATED DAIMLER COMPANY, LIMITED, ENGINEERS, SOUTHALL. 





Fig. 9. 


unnecessary to discuss these in detail, as the 
ground was admirably covered by Captain C. H. 
Kuhne in his paper on ‘The Development of 
Mechanical Vehicles for General Load-carrying 
Duty in the Army,” read before the Institution of 
Mechanical Engineers. This paper was reproduced 
on page 336 of our issue for March 18 last. The 
main difference between the various rigid six- 
wheelers which have been developed in the last 
few years, lies in the arrangement of the rear 
axles, and it will be recalled that the War Office 
favour a design in which two rear axles of normal 
type are employed, the torque reaction being 
taken from each axle to the main frame of the 
vehicle. This particular design, which has been 
embodied in the subsidy-type vehicle, has proved 
extremely successful as regards War Office require- 
ments, but for ordinary commercial work it is 
open to the objections of high cost and certain 
limitations in flexibility imposed by the mounting 
of the two rear axles. Examples of the various 
alternative designs are to be seen at the exhibition, 
and we shall deal with them in more detail when 
describing the actual exhibits. 

Rightly or wrongly, it is now considered essential 
that. commercial vehicles, particularly those of the 
passenger type, should be capable of relatively 
high speeds, and this has led to the adoption of 
highly-efficient engines. There is a very natural 
tendency to copy the private-car engine closely, 
as the powers achieved in this type, for a given 
cylinder capacity, might justly be called phenomenal. 
There is, however, an obvious danger in following 
the designs of touring-car engines too closely, 
as the average load approaches more nearly to 
the maximum in commercial vehicles, and this may 
well lead to a relatively short engine life and high 
upkeep cost. Excessive crankshaft speeds are, in 
fact, to be deprecated in commercial work, as 
low engine weight and econcmical consumption 
may easily be purchased at too high a cost. The 
influence of private-car design is also to be seen 


in the increasing adoption of six, in place of four, | 


cylinders, and the extended employment of sleeve 
valves, tendencies which are probably all to the 
good, 

We do not propose to discuss progress in detail 
design, as this can best be dealt with when 
describing the actual models, but a reference should 
be made to the employment of low-level frames. 
A few examples of such frames were to be seen 
at the last show, and were described in our pages, 


but their employment has increased to such an| 














CLuTcH AND CoNTROL GEAR. 


extent that examples are now exhibited on the 
stands of practically all the builders of the heavier 
class of vehicle. The advantages of the design are 
obvious, and it is only surprising that they were 
not more fully appreciated in the past. 

Turning now to the actual exhibits, an excep- 
tionally interesting six-wheeled omnibus chassis is 
being shown by Messrs. Tilling-Stevens Motors, 
Limited, Victoria Works, Maidstone. The model 
exhibited, which is illustrated in Figs. 1 to 3, 
page 655, is fitted with the firm’s well-known 
electric transmission, but the same vehicle can also 
be supplied with the more orthodox gear-box. The 
chassis is capable of carrying a total load of 7 
tons, giving a useful load of approximately 4} tons, 
equivalent to about 68 passengers. The frame, of 
which the construction can be seen in Figs. 1 and 
2, is of pressed steel throughout, and is braced by 
cross-pieces having gussets forged on the actual 
members. The dynamo and motor are carried on 
brackets from the side channels. 

The engine, which has an R.A.C. rating of 36-15 
horse-power, actually develops 60 brake horse-power 
at 1,000 r.p.m., 83 brake horse-power at 1,500 r.p.m., 
and 95 brake horse-power at 2,000 r.p.m. It is a 
four-cylinder model, and is generally on the lines 
of the smaller engines previously fitted to the firm’s 
four-wheeled chassis. The bore of the cylinders 
has, however, been increased to 4? in., and the 
piston stroke to 6 in. The cylinders are of the 
monobloc type with two detachable heads, one for 
each pair of cylinders. The crank-case is of deep 
section to ensure rigidity, and is arranged to facili- 
tate the removal of the bottom half without lifting 
the engine out of the chassis. The crankshaft has 
three main bearings, and both these and the big-end 
bearings are fitted with phosphor-bronze shells 
lined with white metal. The camshaft is driven by 
helical spur gearing, the idle pinion being adjustable. 
The valves are of the side-by-side type, the inlet 
and exhaust valves being interchangeable. Both 
the magneto and water pump are driven from a 
cross-shaft at the front of the engine, the magneto 
being on the near side and the water pump on the 
off side. Lubrication is effected by a gear-type 
pump, driven by a skew-gear from the camshaft, 
all the bearings being pressure-fed. 

The general principle of the Tilling-Stevens 
transmission is too well known to require descrip- 
tion, but it may be mentioned that the various 
units have been entirely re-designed to permit of a 
low loading line for the chassis. The dynamo and 
motor yokes have both been made octagonal in 





Fie. 10. Grar-Box. 


shape, as will be clear from Figs. 1 and 2. The 
yokes and interpoles are made from high-permea- 
bility magnet steel. The yokes are supported by 
brackets from the main side members of the frame 
in such a manner that the machines can be easily 
removed from above or below. The main poles 
and armature cores are built up with annealed 
iron laminations. The windings are of high- 
conductivity copper, and are insulated with micanite. 
The armature windings are secured in place by 
steel binding wires. 

The controller and resistance are carried in 
separate aluminium cases. The controller is of the 
tramway type, with screw adjustment for the 
contact fingers. The resistance is of the multiple- 
contact type, and operates by varying the resistance 
in the shunt field of the generator, and by shunting 
the series field of the motor. Both controller and 
resistance are fitted in accessible positions on the 
off-side member of the frame, and are operated by 
small levers fitted to the steering column. 

The universal joints between the engine and the 
dynamo are of the flexible-disc type, while those 
between the motor and forward driving axle, and 
also between the two axles, are of the all-metal type 
with taper-roller bearings. The latter are entirely 
enclosed in water-tight casings. The back axles 
are of the underslung-worm type, with bevel-wheel 
differentials and full-floating axle shafts. The 
casings are steel stampings, and the axle shafts are 
made from nickel-chrome steel. By withdrawing 
the shafts and disconnecting the universal joints, 
the differentials can be taken out without removing 
the road wheels. The front axle is an H-section 
stamping; the swivel pins are carried on taper 
roller bearings at the upper enc, and renewable 
phosphor-bronze bushes at the lower end. The 
wheels are of pressed steel, and are bolted to steel 
hubs carried on taper-roller bearings. The springs 
throughout are of the semi-elliptic type, and are 
fitted with phosphor-bronze bushes for the hardened- 
steel shackle bolts. The spring leaves are not 
drilled at the centre, but are held by a special clip 
registering with the spring pads. Two brakes 
of the Westinghouse type, independently operated, 
are fitted, that on the forward driving axle being 
hand-controlled, and that on the rear driving axle 
being operated by the pedal. There is a third 
brake, mechanically operated by the hand lever, 
which acts on the forward driving axle. The 
common air reservoir for the Westinghouse brakes 
can also be used for tyre inflation. 

The wheelbase is 18 ft. 9 in., the front track 
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LOW-BODY OMNIBUS AT THE COMMERCIAL VEHICLE EXHIBITION. 


CONSTRUCTED BY MESSRS. LEYLAND MOTORS, LIMITED, ENGINEERS, LEYLAND. 


Fic. 15. Rear View or CuHassIs, 


6 ft. 38 in., and the rear track 6 ft. 3 in. The over- 
all length is 30 ft., the maximum overall width 
7 ft. 54 in., and the minimum ground clearance 
63 in. The height of the frame, when the chassis 
is = loaded, is 2 ft. 1 in., and the turning circle is 
66 ft. 

The recent amalgamation of The Associated 
Equipment Company, Limited, with the commercial- 
vehicle section of The Daimler Company, Limited, 
was an event of considerable importance to the 
commercial-vehicle industry. As both firms have 
a very wide experience in this class of work, it would 
naturally be anticipated that the pooling of their 
resources would lead to the marketing of a chassis 
of somewhat exceptional merit, and for this reason 
the first model produced by the new firm, The 
Associated Daimler Company, Limited, Southall, 
Middlesex, illustrated in Figs. 4 to 10, on Plate 
XLIV, and on the opposite page, will undoubtedly 
attract great attention at the show. The chassis 
is made in two forms, shown in Figs. 4 and 5, 
respectively, which are identical except that in one, 
provision is made for accommodating the driver 
in the conventional position, while in the other, he 
occupies the more forward position first introduced, 
we believe, by the A.E.C. Company for the London | 
*buses. 

The leading feature of the chassis is a high power- | 
weight ratio, achieved not so much by an exception- | 
ally powerful engine, as by the free employment of 
aluminium alloys for the major chassis components 
and also for many smaller parts. In view of the 
great improvements made in sleeve-valve engines in 
the last year or two, in which the Daimler Motor 
Company have taken a leading part, it is not 
surprising to find an engine of this type adopted, 
and it may reasonably be anticipated that the 
combination of these two features will lead to a 
vehicle of exceptional road performance, combined | 
with a high degree of silence and low upkeep costs. | 
The engine has six cylinders with a bore of 81°5 


























Fig. 16. Comparison or New AND EARLIER TYPES. 
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engine is actually capable of an output of over 
70 brake horse-power. The cylinders are cast 
in two groups of three, as can be gathered from 
Fig. 6. At one time, the employment of sleeve 
valves in itself led to a relatively heavy engine, but 
the introduction of steel sleeves by the Daimler 
Company produced a marked reduction in weight, 
and as aluminium-alloy pistons and crank-case are 


—_ (33¢ in.), the piston stroke being 114 mm. | employed, the engine has actually a high power- 
(4+ in.). The R.A.C. rating is 24-7, but the| weight ratio. It is not necessary to describe it in 





detail, as it is generally similar to the Daimler 
touring-car engines previously described in our 
columns. A reference, however, should be made to 
the method of mounting this unit. In the past, we 
have frequently commented on the fact that makers 
have claimed to have adopted three-point suspension 
when bolting the engine rigidly to the chassis frame 
at three points. Such a system can be little, if 
any, better than four-point mounting, and it is 
satisfactory to note that in the new A.D.C. chassis, 
the front engine bearing is a true trunnion, while the 
rear bearings are held down to their seatings by 
suitable springs. The trunnion bearing is fabric- 
lined, and therefore constitutes a torque-reaction 
damper, which, in combination with the Lanchester 
vibration damper on the crankshaft, should ensure 
that torque vibrations are effectively insulated 
from the chassis frame. 

Turning now to the transmission details, a single- 
plate clutch is employed, shown in Fig. 9. The 
clutch discs are mounted on the driven member, so 
that the heat generated when the clutch is slipping 
passes directly into the flywheel and slip ring, 
instead of through the fabric discs. The makers 
lay stress on the importance of quickly dissipat- 
ing the heat generated in the clutch, which is often 
considerable in the case of ’bus service, as excessive 
heat is liable to cause warping of the steel clutch 
plate, and to reduce the life of the fabric discs. 
The gear box is fitted with four forward speeds and 
reverse, and is connected to the clutch by a shaft 
having a flexible-dist joint at each end. The box 
is shown in Fig. 10, but as the control mechanism 
has been removed in the photograph, it should be 
explained that control is effected by a single shaft 
carried in dust-proof and alignable bearings. This 
shaft connects the gear box proper to a selector 
box adjacent to the change-speed lever. The 
arrangement eliminates all ball-jointed connections, 
and the parts are totally enclosed and work in oil. 
The gears are case-hardened and ground. The gear 
box itself is made from high-tensile aluminium 
alloy, which is heat treated. The box is heavily 
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ribbed externally with diagonal intersecting cross 
ribs. 

From the gear box, the drive is taken by a cardan 
shaft to the emergency brake, a second shaft being 
provided between the brake and rear axle. Both 
shafts are fitted with Spicer universal joints. The 
rear axle, shown in Fig. 8, is of the inverted worm- 
driven type, with spur differential. The casing is a 
steel casting, and the wheel hubs are carried on 
taper-roller bearings. The worm, worm wheel, and 
differential are carried in a high-tensile aluminium- 
alloy casting bolted to the underside of the axle. 
The worm shaft is carried on two Timken bearings, 
back to back, at the rear end, and in a parallel-roller 
bearing at the front end. The arrangement thus 
permits of both backward and forward thrust being 
taken up without backlash, while leaving the shaft 
free to expand. The whole worm assembly can 
be dropped on removal of the axle shafts, which are 
fully floating. The front axle, shown in Fig. 7, is 
of the usual H-section between the spring pads, 
merging into an elliptical section towards the steering 
pivots. Taper-roller bearings are used for the front- 
wheel hubs, and are adjustable, with a positive lock. 

Braking is on all four wheels, with an emergency 
hand brake, to which reference has already been 
made, on the transmission shaft. The brake drums 
on the wheels are of exceptionally large size. those on 
the rear wheels being 16 in. in diameter by 5 in. 
wide, while those on the front wheels are the same 
diameter by 2} in. wide. The Dewandre Servo 
system is employed to operate the wheel brakes, 
and it is interesting to note that no compensating 
mechanism between the various shoes is employed, 
the makers’ experience being that such compensa- 
tion is seldom satisfactory in practice. The utmost 
care has, however, been taken to ensure that any 
spring in the brake tackle is equally divided between 
the rear and off sides. Steel ribbon is employed, 
wherever possible, for the brake leads, and a single- 
point master adjustment is provided outside the 
frame, by means of which all four brakes may be 
adjusted at the same time. The chassis is supplied 


with a wheelbase of either 17 ft. 3Z in. or 16 ft. 3} in., | 


the front-wheel track being 5 ft. 11 in., and the rear- 
wheel track 5 ft. 6} in. The height of the frame, 
with the vehicle laden, is 2 ft. 0? in., and the overall 
length 27 ft. 6 in. or 26 ft. 53 in., according to the 
wheelbase. The weight of the two models is 2 tons 
14 cwt., and 2 tons 13 cwt., respectively. 

Another example of the growing preference for 
six-cylinder engines for the heavier type of vehicle 
is afforded by the current programme of Messrs. 
Leyland Motors, Limited, Leyland, Lancashire. 
This firm are showing two new models, to be known 
as the “‘ Tiger ’’ and “ Titan,” respectively, with six- 
cylinder engines ; while a third model, known as the 
“ Titanic,” with a similar type of engine, but with 
three axles, is actually in production, although not 
being exhibited at Olympia. The Tiger chassis 
is designed for a single-deck ’bus body seating 36 
passengers ; the Titan for a double deck ’bus body 
seating 51 passengers; and the Titanic for a double 
deck "bus body seating up to 72 passengers. 

Various illustrations of the Tiger model are 
given in Figs. 11 to 15, Plate XLV, and page 657, 
while a front view of the Titan model, showing 
its height in comparison with an earlier model, is 
given in Fig. 16, page 657. A section through the 
Titan body is given on the same page. The chief 
differences between the two models are that the Tiger 
has a wheelbase of 17 ft. 6 in., a rear-axle reduction 
ratio of 5-5 to 1, a front-wheel track of 6 ft. 4} in., 
and a frame height, unloaded, of 1 ft. 10 in., while 
the corresponding figures fcr the Titan are 16 ft. 
6 in., 6-5 to 1, 6 ft. 52 in., and 1 ft. 9 in. There 
are, of course, corresponding differences in the 
overall length and the body dimensions. 

The engine, of which two views are given in 
Figs. 13 and 14, is identical for the two chassis. 
It has a bore and stroke of 4 in. by 5} in., giving 
an R.A.C. rating of 38-8. It develops 50 brake 
horse-power at 1,000 r.p.m., and 100 brake horse- 
power at about 2,500 r.p.m. A single monobloc 
casting is employed for the cylinders, carried on an 
aluminium-alloy crankcase, the latter being of deep 
section, and heavily ribbed internally, to ensure 
adequate rigidity. Inspection covers are provided 
in the sump base, through which the pistons can be 





withdrawn if necessary. The crankshaft is a stiff 
nickel-steel forging, dynamically balanced, and 
running in seven main bearings 2} in. in diameter. 
The valve gear is of the overhead type, with an 
overhead camshaft driven by roller chain and skew 
gears from the crankshaft. The chain also serves 
to drive the dynamo and magneto, visible in Fig. 14, 
and is provided with a spring-loaded jockey pulley. 
The cylinder head is, of course, detachable. The 
valves are vertical, and tappet adjustment is 
provided for by adjusting screws in the rocker arms. 
The lubricating pump is driven from the front end 
of the camshaft by spiral gearing, and is of the 
gear type. The pump gears are in duplicate, one set 
supplying the main bearings and big ends, and the 
other the overhead gear. An interesting feature of 
the lubrication system is that the oil pressure is 
automatically controlled by the position of the 
throttle. 

Passing now to the transmission, it will be 
observed from Fig. 15 that the engine is off-set in 
the chassis. By this means the casing for the 
reduction gear and differential in the rear axle is 
brought under the seats, permitting a lower floor 
level, and giving more room for the driver’s cab 
beside the engine. As will be clear from Fig. 13, 
unit construction is employed for the engine and 
gear box. An unusual feature of the design is 
that the selector gear is mounted directly on the 
side of the engine, as shown in the same figure, in 
order to locate the control lever in a convenient 
position in the cab. The clutch is of the single 
fabric-disc type, and adjustment for wear is effected 
by a wing nut under the driver’s footboard. The 
driving plates are of cast-iron, inserted into the 
forged-steel flywheel. The clutch runs on ball 
bearings, and the whole design has been worked 
out to give a light foot pressure combined with an 
easy gear change. 

The gear box, shown in Fig. 13, is very compact, 
but in spite of this, the parts are very amply pro- 
portioned, the shafts being 2} in. in diameter, and 
the wheels 13 in. wide. Both gear teeth and shafts 
are ground. All the gears, together with the shafts, 
can be removed through the inspection covers. 
Four forward speeds are provided, the ratios being 
6-5, 10-4, 18-0, and 28-7 to 1. The reverse ratio 
is 33-6 to 1.. The propeller shaft is made up in two 
parts, being carried at the centre on spherically- 
mounted ball bearings. The two halves of the shaft 
are each 3 in. in diameter. The couplings are of 
the Spicer type, and are readily accessible. 

The rear axle casing is a one-piece nickel-steel 
forging, with underslung worm drive and large 
diameter nickel-chrome steel axle shafts. The worm- 
gear box is of aluminium alloy, and has a capacity 
of 24 gallons of oil. Spring-loaded leather oil seals 
are provided for each axle shaft, to eliminate the 
possibility of grease reaching the brake drums. 
Six pairs of brake shoes are fitted, four pairs on 
the rear wheels and two on the front wheels. The 
front-wheel brakes, and one of the sets on the rear 
wheels, are operated'on the Dewandre servo system, 
the other set on the rear wheels being hand operated. 
All brake adjustments can be effected from the 
driver’s seat. As in the case of the Daimler chassis, 
already described, there is no brake-compensating 
gear, and the brake connections are made by steel 
strip. The leading dimensions of the chassis have 
already been given, but a reference may be made to 
Fig. 17. In this view, it will be noticed that the 
lower gangway has been dropped between the seats, 
and that the gangway on the upper deck runs along 
one side only, enabling sufficient headroom to be 
secured on both decks, while keeping the total 
height of the *bus relatively small. 

(To be continued.) 








THE Use oF ALUMINIUM FOR STREET CaRS.—We learn 
from a recent issue of the American Metal Market that 
an aluminium street car has been in operation on the 
Cleveland Railway Company’s system since December 1, 
1926. The caris stated to be 30 per cent. lighter than 
a steel car of the same design. Furthermore, it.is oper- 
ated at a power saving of more than 20 per cent., and the 
savings in maintenance and in wear of the track are also 
considerable. It is claimed that operating costs per car, 
in power alone, are 500 dols. a year less than those of the 
older heavy type of street car. The aluminium car, it is 
further stated, possesses the additional advantage that it 
can come to rest quickly from high speeds, and that it 
accelerates rapidly after starting. 











THE SPONTAN TRANSMISSION GEAR. 


Tue motor vehicle, whether of the commercial or 
private passenger type, is becoming more and more 
essential in daily life, with the result that the more 
progressive nations are faced with a variety of problems 
arising from the great increase in the number of 
vehicles on the roads. Not the least of these is that 
of public safety, and it is particularly unfortunate 
that, whereas the increasing intensity of traffic demands 
a higher degree of skill on the part of the driver, the 
low first cost, and the confidence inspired by familiarity, 
tend greatly to increase the number of users who have 
no natural driving aptitude. While the control of cars 
has been greatly improved, there is no doubt that many 
accidents arise through the failure of the average 
driver to carry out the operations necessary to bring 
a car to rest in a minimum time in an emergency. 
Apart altogether from the question of safety, there is 
also a growing demand for increased manceuvrability 
under normal conditions on the road, particularly as 
regards gear changing, and the past year or two have 
shown a wide recrudescence of interest in devices 
designed to simplify this operation. A priori, it will 
be generally admitted that no gain results from com- 
plicating the controls, and that every simplification 
in this respect is a step in the right direction. Simplified 
control involves an automatic gear change, and more 
than one such device is now available. The simplifica- 
tion can, however, be carried much farther than this, 
as exemplified by the new Spontan transmission, 
designed by Mr. F. Ljungstrém, of Aktiebolaget 
Spontan, Stockholm, in which every operation neces- 
sary for the control of a car, other than that of steering, 
is performed by the movement of a single pedal. 

The most important feature of the design is un- 
doubtedly the automatic gear, and this may, with 


Fig. 





advantage, be described before dealing with such points 
as the control of the engine and braking. Apart 
from the difficulty involved in changing the gear, 
the usual step-down arrangement in a gear box permits 
of four ratios, as a maximum, being conveniently incor- 
porated in the box, whereas to meet theoretical require- 
ments, an indefinite number of ratios should be avail- 
able. The simplest solution of the problem, and the 
only one that has been a practical success for heavy 
vehicles, is to effect the transmission electrically, but 
the complication and cost of such an arrangement have 
militated against its success for cars of medium or light 
weight. Inthe latter cases, several exceedingly ingenious 
mechanical solutions of the problem have already been 
put forward, of which the best-known are probably 
those due to Constantinesco and de Lavaud. In both 
of these, however, the operation of the gear involves 
the continuous action of some form of mechanical 
valve, such as a ratchet or one-way clutch. This may 
be considered as open to certain objections, and it is, 
therefore, particularly interesting to observe that in 
the Spontan transmission, the valve only comes into 
operation when a change of speed is taking place or 
the car is running on the equivalent of a low gear 
ratio. 

The essential feature of the gear will, perhaps, be best 
understood by a reference to Fig. 1, which, however, 
is merely diagrammatic, and does not represent the 
apparatus as now actually constructed. In the figure, 
the wheel shown, carrying three pins on which 
planet wheels are mounted, may be assumed to be 
the flywheel of the engine. The sun wheel is attached 
to the transmission shaft, and an unbalanced weight 
is attached to each planet wheel. If it be assumed 
that the resistance on the transmission shaft is 
exactly equal to the engine torque, the whole 
of the elements will rotate together as a solid 
body, without any rotation of the planet wheels 
about their own axes. This condition corresponds 
to the normal direct drive on a car. If now it 
be assumed that the resistance to rotation of the 
inner shaft increases, as would be the case if the car 
commenced to ascend a hill, the flywheel, on the same 
throttle opening, will tend to rotate faster than the 
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SINGLE-LEVER CONTROL FOR MOTOR-CARS. 


CONSTRUCTED BY MESSRS. AKTIEBOLAGET SPONTAN, STOCKHOLM, SWEDEN. 
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transmission shaft. Such a motion involves the 
revolution of the planet wheels about their own axes, 
the rate of revolution depending upon the required 
difference in speed between the driving and driven 
shafts. The actual difference is established by the 
relation that, frictional losses being neglected, the 
torque multiplied by the angular velocity must be the 
same on the two sides. When the planet wheels 
commence to revolve, the balance weights will be 
carried towards the common centre, a movement which 
will be opposed by the centrifugal force on the weights 
during half a revolution, and assisted by the same force 
during the second half. In their inward motions, 
therefore, the weights must be absorbing energy from 
the engine, this energy being given out again on their 
outward motion. Since the turning moment on the sun 
wheel will be alternately positive and negative, accord- 
ing to whether the weights are moving outwards or 
inwards, means must be provided to transmit the drive 
to the propeller shaft during the incidence of the 
positive moment, and to afford an anchorage to a non- 
rotating element, such as the casing of the gear-box, 
during the incidence of the negative moment. 

The method by which the fluctuating impulses are 
transferred to the propeller shaft can best be eluci- 
dated by reference to the gear as actually applied in 
practice. Various views of the apparatus, as fitted to an 
1l-h.p. Fiat car, are given in Figs. 2 to 12, on this page 
and on page 660. Referring first to Fig. 2, it will be 
observed that the sun and planet wheels are replaced 
by a system of eccentrics. A sleeve, concentric with 
the propeller shaft, carries three eccentric discs at the 
right-hand end, as viewed in the figure, and the 
weights embrace the discs by means of ball-bearing 
rings, as shown in Fig. 5. The two outer eccentrics 
are equivalent to a single eccentric, as the sheaves are 
coupled together by one of the weights, the arrange- 
ment shown being merely adopted to avoid the intro- 
duction of a rocking couple. The weights are con- 
nected to the flywheel of the engine by pivoted links, 
which can also be seen in Fig. 5. A photograph of 
the weights and eccentrics is reproduced in Fig. 11, 
and other details are shown in Figs. 7 to 10 and 12. 

Again referring to Fig. 2, it will be seen that, in 
addition to the sleeve carrying the eccentric discs, 
there are two shorter inner sleeves, one of which, 
shown to the right in the illustration, is coupled to the 
driven shaft, while the other is connected to a second 
wheel, embracing a spring coupling. A second fly- 
wheel is provided, mounted on the driven shaft. 
Between the outer and each inner sleeve, there is a 
set of rollers, the inner sleeves being provided with 
inclined surfaces in such a way as to form a mechanical 
valve, or one-way clutch, of the usual type. In passing, 
it is of interest to mention that this type of valve was 
first patented, about 35 years ago, by the inventor’s 
brother, Mr. Birger Ljungstrém, who is known 
internationally as the designer of the Ljungstrém 
turbine. 

The reverse motion for the car is obtained by 
having two inclined surfaces, facing in opposite 
directions, on the inner sleeves. The rollers are 
carried in cages, as shown in Figs. 8 and 9, and 
these cages can be turned in relation to the sleeves 
so as to bring one or other of the inclined surfaces 
into engagement with the rollers. Lugs on the end 
flanges of the cages engage with slots in a central 
member, shown immediately surrounding the trans- 
mission shaft at the centre in Fig. 2. This member, 
which can also be seen between the roller cages in 
Fig. 8, can be moved axially, but is prevented from 
rotating ; it is connected by the pins shown in Fig. 2, 
passing through slots in the outer sleeve, to an outer 
member provided with a flanged ring carried on 
ball bearings. A pin mounted eccentrically on the 
end of the reversing spindle engages with the flanged 
ring, the arrangement being shown in Fig. 3. 

It has been mentioned that the left-hand inner sleeve 
is attached to a wheel immediately adjacent to the 
transmission flywheel. This wheel, which acts as a pen- 
dulum, is illustrated in the photograph reproduced in 
Fig. 12, and is shown in section in Fig. 4. It will be 
observed that it is connected to a central ring by six 
radial springs. It has an outer and inner rim, as 
shown in Fig. 12, the inner rim having a ring of 
teeth with which a pawl, not shown in the illustrations, 
engages. This pawl normally prevents rotation of 
the ring and forms part of an operating device which 
is employed when changing from forward to reverse, 
or vice versa. By means of a system of levers and 
cams, terminating in a shaft coupled to the reversing 
spindle shown in Fig. 3, the pawl is lifted for a 
short period, and then returned into engagement 
with the teeth on the ring, when the spindle is moved. 
The object of the arrangement is momentarily to free 
the pendulum wheel, and consequently the sleeve to 
which it is attached, to facilitate the reversal of the 
locking devices. This is of particular importance 
when, for example, a car provided with the gear is 





stopped on a hill. In such circumstances, the contact 
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Fig. 7.—CRANKSHAFT AND Rotary UNIT. 














Fie. 10. CRANKSHAFT AND ENGINE FLYWHEEL. 

















Fig. 8. Rotter CAGES AND OPERATING MECHANISM. 





























Fig. 9. CrnTRAL SHAFT, ROLLER CAGE AND GROOVED SLEEVE. 


between the rollers and the inclined surfaces on the | great extent, taken up by the flywheel attached 
sleeve forms a brake, or sprag, which automatically pre- | to the driven shaft in the gear box, so that the 
vents the car from running backwards. Without the | actual torque on the propeller shaft follows the 
device described, it might be impossible, on account | slightly-undulating curve shown in the upper half 
of the weight of the car, to change the gear into the | of Fig. 15. Such small angular fluctuations as occur 
reverse position if it were desired to do so. in this flywheel are still further eliminated by the 
There are a number of further interesting features | elasticity of the propeller shaft itself, so that the 
of the gear which will be brought out by a study of | torque on the back-axle is practically uniform. The 
the design. Referring to Fig. 13, which shows the two | negative component of the torque is taken up by the 
weights and their associated parts, the conditions| pendulum wheel attached to the stationary sleeve, 
corresponding to the car being at rest with the engine | which, as explained, is coupled to the casing of the 
running may first be considered. Under these circum- | box through a number of springs, which are radial 
stances, the outer sleeve of the clutch will be sta-| when the wheel is at rest. Here, again, the torque 
tionary, and the flywheel wil be revolving. It will| actually transmitted to the casing is practically 
not afiect the principle of the gear if it be assumed | uniform, as shown in the lower half of Fig. 15, because 
that this motion is uniform. The turning moment on | the small angular movements of the pendulum wheel 
the sleeve will then be given by the radius OO’ multi- | only produce a slight difference in the stresses on the 
plied by the component of the centrifugal force, due to | springs. One of the objects of the pendulum wheel, 
both weights, at right angles to the line OO’. If C is| that of freeing the reversing mechanism, has already 
the centrifugal force due to each weight, the turning | been explained, but it should be pointed out that the 
moment is evidently OO’ x 2C sin «. Since the radius | presence of this wheel, and its flexible attachment to 
R is constant, and we have assumed uniform rotation, | the gear-box casing, results in the angular oscillations 
C must be constant, and the torque can be represented | in the negative torque being confined to the elements 
by a simple sine curve, as shown in Fig. 14. The | within the box, instead of being transmitted to the 
actual values for the torque given in this figure are | car frame and setting up vibrations in the latter. 
based on the proportions of the gear as fitted to the | 
1l-h.p. Fiat car already referred to. 





Space does not permit of our entering into the | 
| theoretical considerations involved when both the | 
The variations in the positive torque are, to a/| flywheel and sleeve are revolving, but a curve showing | 


Fie. 11. Weriauts AND EcCENTRICS. 

















Fie. 12. PENDULUM WHEEL. 


the actual variation in torque when the propeller shaft 
is running at half the speed of the motor is given in 
Fig. 16. —It will be observed that there are two periods 
in each revolution in which no torque is being trans- 
mitted to the propeller-shaft flywheel, and these corre- 
spond to the absorption of power to overcome the inertia 
of the stationary parts, and the giving out of this power 
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when the parts are again brought to rest. When the 
engine is driving the propeller shaft, as in the above 
case, only the torque actually produced by the engine 
can be directly transmitted to the shaft. The utilisa- 
tion of the additional torque produced by the action 
of the weights implies the existence of a suitable 
stationary point on which the reaction can be taken, 
such as the casing of the gear-box in the application 
described above. Since the reaction on this point must 
act through the anchor springs, its magnitude can be 
measured by suitable apparatus, and the results of 
such an investigation are given in Fig. 17. In the upper 
half of this figure, the torque due to the weights has 
been replotted from Fig. 16, and then reduced to the 
mean value shown by the undulating curve. The 
direct motor torque has also been plotted, and the total 
effective torque is thus represented by the distance 
between the undulating curve and the base line. In 
the curve in the lower half of Fig. 17, representing the 
torque on the anchor, the direct. engine torque is not 
represented, as it is always positive. 

The two final curves, given in Figs. 18 and 19, repre- 
sent the tractive force at the road wheels at various 
speeds, the first showing the usual curves for the Fiat 
car on each of the four gear-ratio speeds, and the 
second, the equivalent curves with the Spontan gear. 
The portion of the second diagram with vertical shading 
represents asynchronous running, while the portion 
with horizontal shading corresponds with the direct 
drive. It is particularly interesting to note that when 
the change over from one form of drive to the other 
takes place, at about 42 kilometres per hour, the speed 
may be decreased to about 30 kilometres per hour with 
the gear operating synchronously, since the weights 
will naturally come to rest in the outward position, 
and before they can be set in motion again, the force 
necessary to overcome the centrifugal force acting upon 
them in this position must be supplied by the engine. 
A point that should be noted in connection with these 
curves is that the engine iis, in effect, free from the 
drive when the latter is moving at very low speeds, so 
that it can be very rapidly accelerated to give a high 
starting torque, with the result that the actual accele- 
ration on the car is correspondingly high. 

It was stated earlier in the description of the gear, 
that when fitted in an actual car, the controls could be 
so arranged that all operations, other than that of 
steering, could be controlled by a single pedal. The 
actual arrangement of the controls is shown in Fig. 20. 
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The cranked lever I is keyed to the same shaft as the 
pedal, and, therefore, always moves with it. It is 
fitted with a block K', with a recess in which a roller 
on the end of the lever K engages. The latter lever is 
mounted on the end of a long circular rod rigidly held 
at the opposite end, and serving the purpose of a 
brake spring. The brake rod G is coupled to the lever 
I, and, in the position shown, the brakes are full on. 
To release them, the pedal is depressed, forcing the 
roller on the lever K out of the recess, the face on the 
head of the lever I being so formed that, as the 
pedal is further depressed, the resistance offered by the 
torsion rod, to which the lever K is attached, gradu- 
ally becomes less. At a certain point, the pedal 
reaches the throttle lever S, and, in this position, the 
resistance transmitted to the pedal by the torsion 
rod is very slight. Further movement of the pedal 
opens the throttle to any desired extent, and thus 
governs the speed of the car. To slow the car down, 
the pedal is allowed to rise, first closing the throttle, 
then passing through the free-wheeling position and 
finally applying the brakes. To reverse the car, it 
is necessary to pull the lever back from the position 
shown in the figure, and a stirrup P, which fits over 
the foot, is provided on the pedal for this purpose. 
The act of raising the pedal causes a spring-loaded 
pawl X to engage with the rachet wheel Y. The latter 
wheel is mounted on the end of the reversing shaft 
in the gear box, and when the pedal is again de- 
pressed, this shaft is turned and actuates the gear-box 
sleeve, reversing the gear as already explained. On 
completion of the reverse movement, the pedal is again 
pulled up by the stirrup, and again depressed. This 
has the effect of turning the reversing shaft further, 
and restoring the sleeve to the forward position. 

We recently had an opportunity of testing the 
Fiat car to which the gear has been fitted on the road, 
and found the designer’s claim regarding the simplicity 
of control fully substantiated. A slight difficulty 
occurred, in the first instance, in letting the brake in 
gently, but this could be overcome with a few minutes’ 
practice. In spite of the fact that the car was fitted 
with a relatively heavy body and a small engine, the 
acceleration from rest was quite exceptional. We 
may say, in conclusion, that this gear is being shown 
at the Commercial Motor Exhibition, Olympia. 





ELEctTRICITY IN THE TEXTILE INDUSTRY.—According 
to Trade Survey, a quarterly publication of the British 
Electrical and Allied Manufacturers’ Association, the 
contention that textile mills do not lend themselves to 
electrification is not borne out by the fact that in America, 
63 per cent. of the textile mills are operated on this 
system. The corresponding figures for Great Britain 
are 26 per cent., or 19 per cent. for cotton alone. 





ENGINEERING” 








30 40 530 60 WW 80 90 


70 20 
Kuometres perHour  4nc:xerninc 


(382.0.) 







Fig?9.Fiat CAR WITH SPONTAN TRANSMISSION 





20 30 4 530 60 W 
Km. per Hour 
“ENGINEERING” 





(382.C.) 


PLASTIC YIELD, SHRINKAGE, AND 
OTHER PROBLEMS OF CONCRETE 
AND THEIR EFFECT ON DESIGN.* 


By Oscar Faser, O.B.E., D.Sc., M.Inst.C.E. 


In this paper it is shown that (1) Structures of rein- 
forced concrete with stresses inside those allowed 
in good practice continue to deflect without change 
of load or temperature, a result due partly to shrinkage 
and partly to plastic yield. (2) Consequently, the 
absence of permanent set or deflection must not be 
insisted on as a necessary criterion of safety where the 
test involves an appreciable time element. (3) This 
yield and shrinkage produce a large, though gradual, 
redistribution of stress between the steel and the 
concrete in a reinforced-concrete structure, of such a 
nature generally as to relieve the concrete and add to 
the steel stress. Compression steel in columns loaded 
at four weeks, may, at the end of a year, be stressed to 
21,500 Ib. per square inch, when the concrete is only 
stressed to 389 lb. per square inch (a result many times 
greater than figures as normally calculated), and if 
loaded earlier or left loaded longer the stress may reach 
higher values still, and may indeed reach the yield-point. 
(4) Present regulations, which take no account of 
these matters, leave much to be desired. (5) The 
deflection of reinforced-concrete beams, while only 
about six-tenths of the calculated deflection when the 
load is first applied, may amount to about six-tenths, 
more than the calculated deflection after about six 
months, the final deflection then being about 2% times 
the original, and still increasing. (6) When the load 
is removed, only the initial elastic deflection disappears, 
the deflection due to shrinkage and plastic yield remain- 
ing as a permanent set. (7) Reinforced-concrete 
structures are not dangerous by reason of these pheno- 
mena when properly designed, but special care is 
necessary in binding compression steel, whether in 
beams or columns. (8) The modulus of elasticity of 
concrete is much greater than that specified in most 
regulations, but yield and shrinkage, in some cases, 
produce results similar to those obtained with a very 
low modulus. 

References are given to records showing that actual 
deformations on structures over long periods, such 
as a year or two, amounted to five or six times the defor- 
mation when the load was first applied. Concrete 
slabs designed for 300-lb. per square foot deflected 
§ in. in three years, though standing without applied 
load. 

The values of shrinkage in concrete given by various 





* Abstract of a paper read before the Institution of 
Civil Engineers, on Tuesday, November 15, 1927. 
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authorities are shown to agree, in the main, with the 
author’s values, namely :— 


a 0-00008 RR POUER, open sevens 0-0004 
2 weeks......... 0-0002 4 a CSunacesakaee 0-00045 
ee 0-00025 ees 0-0005 
O tgncevrsoreee 0-00029 


These figures may seem small, but they must be com- 
pared with deformation due to other causes, such as 
shrinkage of concrete, strain in steel stressed to 15,000 
lb. per square inch, expansion of steel or concrete 
due to 91 deg. F. change of temperature, strain in 
concrete having E'= 4,000,000 lb per square inch, 
stressed to 2,000 lb. per square inch, and strain in 
concrete having E 2,000,000 lb. per square inch 
stressed to 1,000 lb. per square inch. In each of 
these cases, the deformation is 0-0005. 
Experiments.—Four test-beams were made of rein- 
forced concrete 15 ft. by 5 in. by 2 in., reinforced in 
tension only, and so loaded that beam No. 1 was stressed 
to 676 lb. per square inch in the concrete and 13,750 lb. 
per square inch in the steel, beam No. 4 to approxi- 
mately 2} times these stresses, and beams Nos. 2 and 3 
intermediately. The load was applied at the age of 
four weeks, and it was found that the deflection, 
instead of remaining constant, increased from 0-3 in. 
to 0-82 in. in beam No. 1, from 0-5 in. to 1-32 in. in 
beam No. 4 (and beams Nos. 2 and 3 proportionately) 
in a period of about 30 weeks. The increase was com- 
paratively rapid at first, but slow after the age of 14 
weeks. It is shown that plastic yield and shrinkage 
afford necessary and sufficient explanation of the 
results. Shrinkage which would not produce deflection 





Tests were made on shrinkage of mortars. Rapid- 
hardening cement shrinks more than twice as rapidly 
as ordinary cement in the early stages, but at the age 
of 28 days the total shrinkage is substantially the same. 
This confirms the author’s view that the shrinkage 
is due chiefly to the irreversible changes accompanying 
hardening and only slightly to drying out reversibly. 
Applications of the author’s formule, which allow for 
shrinkage and plastic yield, to a concrete column 10 in. 
square with 1 per cent. of steel, loaded with 60,000 Ib., 
give the results shown in Table I, below. 

Table II gives a comparison with the stresses as 
ordinarily calculated. 

If the load is applied earlier and left longer, the steel 
stress may, in about 12 years, reach 29,150 lb. per 
square inch or even more, and the stress may eventually 
reach the yield point under certain conditions. These 
figures are entirely consistent actual measurements on 
American buildings. 

Beams Reinforced in Tension Only.—The shrinkage 
of beams, of which the ends can move without restraint, 
has little effect on stress, as the unequal shortening 
of the top and bottom can relieve itself by deflection. 
Plastic yield, however, virtually increases the modular 
ratio from m to mk, where k is the “‘ plasticity factor.” 
Taking the latter between four and 52 weeks as three, 
the effect is as if m were increased from 7} to 22}. 
This has the effect of lowering the neutral axis, reducing 
the concrete stress by approximately 30 per cent., and 
increasing the steel stress by about 7 per cent. 

Beams with Compression Reinforcement.—These can 
be treated, as regards the compression reinforcement, 


TABLE I.—Srresses: Ls. Per Square INcH, CALCULATED BY AUTHOR’S FORMULZ. 






































Due to Shrinkage. Due to Load. Total Stresses. 
Age. Load 
Concrete. Steel. Concrete. | Steel. Concrete. Steel. 
! 
Weeks. Lb. 
(a) 4 0 — 674 6,750 0 0 ; — 67} 6,750 
(b) 4 60,000 — 67h 6,750 — coro} 496 10,980 
(c) 52 60,000 — 104 10,400 493 11,100 389 21,500 
( — denotes tension.) 
TABLE Il.—SrressEs: Ls. Per SquaRE INcH, aS ORDINARILY CALCULATED. 
As Ordinarily Calculated. 
Stresses by Author’s 
Formule. 
sella m=15 m= 7:5 
Concrete. | Steel. Concrete. Steel. Concrete. Steel. 
(a) — 67 6,750 0 0 0 0 
(b) 496 10,980 525 7,900 564 4,230 
(ce) 389 21,500 525 7,900 564 4,230 














in a homogeneous beam will do so in beams in the 
special condition of reinforced concrete. 

Extensometers were fixed to the top and bottom of 
the beam. The shortening of the top flange is shown 
to consist of :—(1) Elastic strain proportional to the 
stress divided by a Young’s modulus of 4,000,000 1b. 
per square inch (actually measured). (2) Plastic 
yield proportional to the stress and amounting to 
approximately twice the elastic strain previously given. 
(3) A shrinkage independent of stress, of which 0-0002 
occurred between four and 36 weeks, and 0-00029 
occurred between none and four weeks. The total 
shortening of the top flange is about six times the 
shortening due to elastic stress in the case of beams 
stressed to 600 lb. per square inch. 

Two further beams, Nos. 5 and 6, containing com- 
pression steel were then studied. These are also an- 
alysed with the help of extensometers, and the stress on 
the compression steel in beam No. 6, which was 3,553 lb. 
per square inch on first loading, increased to 15,253 Ib. 
per square inch in about 20 weeks, after shrinkage and 
yield had occurred, and it continued to increase. No 
buckling of the compression rods occurred, although 
no stirrups were used. The phenomena studied 
transfer from the concrete to the compression steel a 
large part of the total compression, which relieves the 
concrete of stress and so reduces the plastic yield as 
compared with beams not reinforced in compress.o*. 
Compression reinforcement, therefore, is useful. 

Beam No. 4 was wetted at 30 weeks. This showed 
that the shrinkage which produced part of the deflection 
is chiefly irreversible, and only reversible to the slight 
extent that would follow from the alternate wetting 
and drying of an inert material such as porous brick. 
The load was removed from beam No. 3 at the age 
of 30 weeks, and the reduction in deflection corre- 
sponded to that produced by the elastic strain only, 
the larger components due to shrinkage and plastic 
yield, remaining as a permanent set. 


very much as concrete columns. Shrinkage and 
plastic yield produce a high stress on the steel (it may 
be many times the value normally calculated) and 
correspondingly relieve the concrete. 

Young’s Modulus for Concrete.—It is shown that this 
needs further definition. Taking it as the average slope 
of the stress-strain curve with so short a time under 
stress that no appreciable part of the shrinkage or 
plastic yield is measured, it has a value of about 
4,000,000 lb. per square inch for the concrete used in 
the tests. In general, Young’s modulus is found to 
vary directly with the cube strength of the concrete 
according to the formula E = cube strength x 1,000. 
If, however, the strength of concrete is measured 
on cylinders having a height equal to twice the 
diameter, a lower figure is obtained, so that ap- 
proximately E = cylinder strength x 1,430. Stones 
and timber are also subject to shrinkage and plastic 
yield. 

The Setting and Hardening of Cement.—The colloidal 
conception of the constitution of concrete, and the 
known properties of inorganic colloids, adequately 
account for all the observed properties in connection 
with the shrinkage, hardening, and plastic yielding 
of concrete. 

The Safety of Reinforced Concrete.—Apart from the 
high compressive stress in longitudinal compression 
steel, which calls for greater care in the provision 
against buckling, there is no reason to suppose that 
reinforced-concrete structures are less safe than has 
hitherto been supposed. Nevertheless, the ultimate 
deflections must be expected to be much greater than 
those indicated by short-time tests, and will increase 
over long periods. 

Conclusion.—The analyses given are in general 
terms, but in the examples definite values of the plasti- 
city factor have been adopted, based on the tests. 
The author recognises that more research on these 
values is desirable. 














THE FOWLER ROTARY PLOUGH. 


On Wednesday, November 2, a demonstration was 
given near Leeds of the new rotary plough which has 
been built by Messrs. John Fowler and Company 
(Leeds), Limited, of Leeds. The machine, which is 
illustrated in Figs. 1 to 3, on the opposite page, has been 
designed for work on sugar-cane plantations in Cuba, 
and cultivates the land to a depth of 18 in. It is 
possible that experience may show that the machine is 
equally suited for shallower cultivation, but Messrs. 
Fowler are not yet in a position to express a definite 
opinion on this point. The accepted practice in 
preparing old sugar-cane land for re-planting is to 
plough and cross-plough, and then employ a disc and 
harrow, before the land is considered ready to be set 
up in ridge and furrow. With the Fowler rotary 
plough, however, all these processes are carried out in 
a single operation, and the tilth obtained is claimed to 
be deeper and more thorough than with the usual 
methods. 

As will be clear from the figures, the machine, at its 
rear end, carries two sets of cutters, or ploughs, which 
rotate on vertical axes. As the machine travels 
forward while the cutters rotate, each section of the 
ground is twice broken up by the cutters in their 
circular paths. The working width is 10 ft., and from 
6 to 8 acres of land can be prepared for re-planting in 
a working day. The machine has four forward speeds, 
two for cultivating and two for travelling, while there 
are two different speeds of rotation for the rotary 
cutters. This arrangement gives four different degrees 
of cut as the machine moves forward, as, clearly, the 
amount of fresh soil broken by each cutter as it revolves 
depends partly on the speed of rotation, and partly on 
the forward movement. The degree of pulverisation of 
the soil depends on the cut, and, in practice, it is found 
to be possible to produce any degree of tilth required. 
The extent to which the subsoil is mixed with the top 
soil can be controlled by altering the shape of the 
cutting tools. In many cases, in deep cultivation, it 
is necessary to break up a subsoil to promote drainage 
and root development, but at the same time it may be 
essential that the subsoil should not be brought to the 
surface. This effect can be obtained by using correctly- 
shaped rotary cutters. For sugar-cane work, the 
machine is fitted with two large ridging bodies, in 
addition to the rotary cutters, so that the land is left 
in ridge and furrow, ready for the planting of the 
canes. For flat work, however, two lighter grade 
blades are fitted at the sides to smooth off any ridge 
left by the ploughs, and light type harrows are drawn 
behind to complete the finishing of the surface. 

The main frame of the machine is carried on two 
caterpillar tracks and a front steering wheel, while 
the rotating rings, on which the ploughs are mounted, 
are carried on a pivoted frame at the rear, which can 
be raised clear of the ground, or dropped into the 
working position, as required. The machine is driven 
by a six-cylinder petrol engine developing 225 brake 
horse-power at 1,200 r.p.m., and provided with an 
enclosed governor and throttle control. The cylinders 
are of the Ricardo pattern, each fitted with double 
exhaust and inlet valves, and double sparking plugs. 
The carburettors are of the twin Zenith diffuser type, 
and ignition is by double Bosch magneto. A Bosch 
electric starter is fitted. The engine crankshaft, which 
is carried in seven bearings, has a Lanchester-type 
vibration damper at the forward end. The trans- 
mission from the engine is through a multiple dry- 
plate type clutch lined with Ferodo, a universal joint 
being fitted between the clutch and gear box. As 
already stated, the gear box gives four forward speeds 
for the tracks. Two reverse speeds are also provided. 
All gears are of nickel-chrome steel, mounted through- 
out on ball and roller bearings. 


The front wheel is steered by engine power from a 
cross-shaft mounted in front of the crank-case and 
driven by skew gearing from the crankshaft. The 
whole fore-carriage is rotated from this shaft by a roller 
chain, the main frame being connected to the fore- 
carriage by a large ball bearing. For quick turning, 
the machine may be steered from the caterpillar tracks, 
by means of multiple-disc clutches inside the gear-box 
and independent brakes working on the outer drum of 
each clutch. With this arrangement, either track can 
be held stationary and the other driven round. From 
the clutches, the drive is transmitted by roller chains 
and spur gearing to the rear track wheels mounted on 
the main axle. The tracks are of the rigid type 
carried on cast-steel sub-frames. The rollers, idlers 
and guide rollers are of cast-steel, and are fitted with 
roller bearings throughout.. The track links are of 
cast steel, with wear-resisting steel shoe plates. Flat 
manganese-steel pads are fitted for road work, which 
can be replaced by “ grousers ” to give better adhesion 
on wet or soft land. Each track is 2 ft. wide by 
6 ft. 6 in. long, giving an average pressure on the land 
of 13-5 lb. per square inch. 

The drive is taken from the gear-box to the twin 
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PETROL-DRIVEN ROTARY PLOUGH. 


CONSTRUCTED BY MESSRS. JOHN FOWLER AND CO., (LEEDS), LIMITED, ENGINEERS, LEEDS. 








Fic. 1. GENERAL ViEW OF MACHINE. 














Fie. 2. View witH Rotary PiLoveus in AcTION. 














Fie. 3. View witH PLovuaus RaIsED FoR TRAVELLING. 














rings which carry the rotary ploughs by means of 
double Coventry chains and bevel gearing, which} are 
fully enclosed to protect them from dust and the 
dirt of cultivation. The frame which carries the 
rotary ploughs and the ridging bodies, when they are 
used, is hinged on the centre line of the sprockets of 
the driving chains, so that the drive can be transmitted 
at any angle. The raising and lowering of the frame 
is carried out through chains and segments from the 
lifting gear, which is driven from the cross-shaft at 
the front of the engine. When lowered into the 
working position, the weight of the frame is taken on 
two adjustable tie rods fitted with heavy steel coil 
springs, which also regulate the depth of cut. The two 
rings of the rotary ploughs revolve outward from the 
centre, and each is arranged to carry either three or 
six bodies, as required. The working angle is arranged 
so that the rear portion of the rings is lower than the 
front, and the ploughs, therefore, work deeper at the back 
than at the front. In practice, it is arranged that the 
ploughs cut about half of the full working depth in 
front, and that on the return journey the second half 
is cut at the back. The ploughs are fitted with renew- 
able shares and mould-boards, which can be altered 
in size according to the degree to which it is required 
to mix the top soil and the subsoil. The machine is 
controlled by one man, the driving seat being behind 
the gear-box, and all the control levers are centralised 
so as to be within his reach. 








THE MECHANICAL TESTING OF 
MATERIALS.* 
By R. W. Batey. 
(Concluded from page 625.) 

THE principal methods employed to discover defects 
are by means of X-rays, magnetic characteristics, and 
thermal and electric conductivity or resistance. If the 
X-ray method could be developed to explore with 
certainty and expedition, large masses of metal, it 
would be the most valuable means available for ensur- 
ing internal soundness. At present, however, its appli- 
cation, and the interpretation of its results is limited. 
As an instance of the application of the method to 
important steel castings, the steel castings for the 
1,200-lbs..inch steam turbine installation at Weymouth, 
U.S.A., may be mentioned. Here all important cast- 
ings were radiographed, and where irregularity was 
exhibited, the casting was either cut up or the character 
of its defects interpreted as safe, provided an excess- 
pressure test was satisfactorily withstood. 

Magnetic methods are now being applied to an 
increasing extent for the purpose of the discovery of 
defects in steel and for determining its quality and 
condition. Referring first to the discovery of defects, 


‘!two methods are employed: One depends upon the 


attraction to a surface defect, such as a crack, of iron 





* Paper read before the North Western Branch of the 
Institution of Mechanical Engineers, on October 30, 1927. 
Abridged. 





664 





ENGINEERING. 


[Nov. 18, 1927. 














particles suspended in a suitable liquid applied to the 
surface, the part under examination being magnetised, 
and the other utilises the distortion or change in 
the magnetic flux caused by an irregularity. The 
first method is applicable mainly to defects that 
extend to, or very near, the surface, but the second 
is capable of detecting internal defects. 

Referring to the iron-dust method, Fig. 12 illustrates 
the underlying principle of this test. View (a) represents 
a section of a part with a crack at the surface. When 
magnetised, the magnetic field is distorted by a surface 
crack as indicated, and when the part is immersed 
in a bath containing iron dust, iron particles are 
attracted and held along the crack, marking it out 
as shown by (6) and (c). The strength of the field | 
needed is quite small, so that in most cases residual | 
magnetism is sufficient for the purpose. A magnetising 
field of 20 ampere turns per inch is generally satis- 
factory for a closed magnetic circuit. For open circuits, 
greater magnetising strength is necessary, and no 


figure. can be given, as 
Fig.72. 





different cases vary 80 





in large forgings have been discovered by the method 
of coating the part with a film of wax, and heating at 
one part, the forging being screened from draughts. 
The manner of progress of the boundary between 


| the melted and solid wax will, in simple cases, indicate 


the presence and extent of a large concealed defect. 
A heating method was employed by Lasche for testing 


can be coupled together and a tensile load applied as 
shown. Hence, with uniform temperature conditions 
maintained over the group, a comparison of different 
materials, or the degree of variation in specimens of 
the same material, can be readily determined. The 
test consists in comparing the impact test values before 
and after repeated heatings under stress, and in exami- 








widely. In applying the Grack Surface 
method, the general pro- > SS 
codum, wheresnsil parts Fie. 13. 








are concerned, is to mag- 
netise a number at one 
time by means of a 
suitable coil, immerse the 


(a) 





parts in the bath, remove Tron Dust 
and examine, and finally << 
demagnetise by passing —S—— 


through a coil energised 
by alternating current. 
The method is extraor- 
dinarily searching, in- 
comparably superior to 
the well-known whiten- 
ing and paraffin method, 
and brings out cracks 
which could not be 
detected with an ordi- 


Crack 
marked out 
by fron Dust 





Fia. 15. 





nary magnifying glass. 
Its Recon any however, (c) 

depends upon the use of an iron powder of 
extreme fineness, such as can be produced by 
reducing finely-ground iron oxide. For general 
purposes, paraffin is a very suitable liquid for 
the bath, but it is essential to remove moisture, 
and for this purpose treatment with calcium 
chloride is found satisfactory. Illustrations of 
applications and results obtained by means of the 
method are given in Figs. 13 and 14 which show 


(379.m,) 


GEAR FOR MAGNETIC 
TESTING OF BORE FOR CRACKS. 


Fig.17. 


A-Laminated Yoke. B-MagnetisungCous. 
C-Jet. D-Reservow forIron DustMixture 





grinding and hardening cracks, respectively, 
revealed by the method when applied to gear 











teeth. Fig. 15 shows a defect in bar material 
that was discovered by another apparatus, and 
Fig. 16 is a microphotograph (x 66) of a cross 
section showing the depth of the crack. Where 
large parts are concerned it is generally necessary 
to employ special magnetising equipment and 
to keep the field on during the test. Also, 
since the use of a bath would be cumber- 
some and uneconomical, it is necessary to pour on the 
testing fluid. Fig. 17 shows the bore of a turbo- 
generator rotor under this test. The apparatus shown 
is of an extemporised character, but obviously the 
magnetising gear may form part of, or be supported by, 
a carriage devised to rest upon the rotor, although out 
of magnetic contact with it, e.g., by means of rollers 
of non-magnetic material, and be easily moved into 
any position. Moreover, the limbs of the magnet, 
or their poles, may be adjustable in position to suit 
rotors of different sizes. The method has been found 
useful for the examination of shafts and axles after 
service. In some cases, it is necessary to make a local 
examination of a large part, and, for this purpose, a 
permanent magnet applied to the area is useful. 

Magnetic methods for discovering internal defects 
in steel parts, and for examining quality and condition, 
have been developed largely in the United States of 
America, notably by Dr. Burrows. The methods he 
has employed for detecting defects depend upon a 
change in the magnetic field brought about by the 
presence of an irregularity. Fig. 18 is a record of 
magnetic irregularities found in a disc, obtained by 
Dr. Burrows’ methods. 

Magnetic testing methods provide some useful and 
valuable means of examining materials and others 
which are misleading and unsatisfactory. From in- 
formation supplied by investigators who have experi- 
mented without prejudice, the methods appear to have 
promise in checking the uniformity and condition of 
heat-treated steels, especially tool steels. 

The employment of either thermal or electrical 
conductivity to discover defects depends upon an 
irregularity causing changes in conductivity, which 
would be indicated by its influence upon the tempera- 
ture or potential gradient that occurs. In the thermal 





method, the author understands that obscured defects 
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rotors and shafts. In the case of electrical resistance 
methods, potential gradients are explored by employ- 
ing a potentiometer so that contact resistances are 
eliminated. 

The testing of materials at elevated temperatures 
by means of the ordinary tensile test is fairly old, and 
in view of the phenomenon of creep, the results are now 
regarded as of little value by themselves. For creep 
tests, test pieces of the form shown in Fig. 19 and 
single-lever testing machines,* similar to that illus- 
trated in Fig. 20, are usually employed. 

All engineers are familiar with the fact that some 
steel studs and bolts become embrittled by service and 
readily break short when struck. For this reason, 
wrought iron has had a considerable vogue because 
of its supposed freedom from this defect. Special 
tests are necessary, therefore, to determine the suita- 
bility of a steel for use as bolts and studs in high- 
temperature steam plant or like services. The follow- 
ing describes a test employed for this purpose :—The 
form of test piece used is shown by Figs. 21 to 24, and 
is seen to consist of a short tensile test piece carefully 
turned with two grooves to the form of a standard 
screw thread. When the threaded ends are turned off, 
a special impact test piece is produced which is set 
in an Izod machine with one groove level with the anvil. 
Fracture takes place at this groove, leaving, the other 
groove intact, and being held in the vice comparatively 
undistorted by the test, this is available for microscopic 
examination. The test pieces being short, a number 





* See ENGINEERING, 1925, vol. cxx, page 615. 









ENGINEERING” 







Leads 
to ; 


Section of Electric Furnace. 
Extensometers. 
10 tol Ratio 





“ENGINEERING” 


ning microscopically the changes taking place in the 
structure or as shown by the fracture, Table III gives 
the results for a number of steels tested together, the 
| daily cycle consisting of a period of 8 hours at 400 deg. 
C.; the test pieces are then cooled off for 16 hours, 
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the test pieces being continuously under a load giving a 
mean stress of 10 tons per sq. in. at the bottom of the 
groove. It will be noticed that the 3 per cent. nickel 
steel has behaved particularly badly. Fig. 25 shows the 
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TABLE IIJ.—Emsrirriinc Errect or High TEMPERATURE ON STEELS SUBJECTED TO STREsS, 


necessary which reproduce the salient conditions of a 
particular service. The wear of gear teeth may be 
taken as an example, and it is hoped that a description 
of some tests will prove of interest. 
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| Mark Temp. Stress. Total No. of Initial Impact. Ft. Lb. 
Material. on De. Tons per Beinn Heat- Brinell 
Specimen. C. Sq. In. ings. Hardness. Initial. Final. 
Lowmoor W.1I. Wh 400 10-0 63 15 109 37-5 32-5 | Broke at 400 dg. 
ist “Bar Wlo 400 10-0 0 1 109 37-5 32-5 | 34-05 
‘ ‘ Wis 400 10-0 9-8 6 109 37-5 32-5 | 26-1 
Lowmoor W.I. Wh 400 10-0 0 1 101 41-0 37-0 | Broke at 390 deg. 
Ond Bar Wlo 400 8-0 198-9 29 101 41:0 37-0 | 35-0 
7 : Wis 400 8-0 85-6 14 101 41-0 37-0 | 45-0. One end 
broke at 500 deg. 
3 per cent. Nickel Steel. 3NS) 400 10-0 pr 28 241 48-0 52-0] 30-0 
tatiae 3NSo 400 10-0 197- 28 241 48:0 52-0] 6-0 
° : 3BNSz 400 10-0 178-5 28 241 48-0 52-0] 13-2 
3 per cent. Nickel Steel. 3NS) 400 10-0 178- 5 29 237 50-8 51-8] 18-6 
3NS, 400 10-0 188-9 28 237 50°8 51-8} 15-1 
2nd Bar. 3NS3 400 8-0 198-9 29 237 50-8 51-8 | 11-2 
3NS, 400 8-0 183-0 28 237 50-8 51-8] 15-0 



































results obtained at different numbers of heating cycles 
and shows that. embrittlement is progressive with service. 
Subsequent tests upon another sample of 3 per cent. 
nickel steel, at a mean stress of 8 tons per sq. in. showed 
similar embrittlement but with a more rapid change ; 
see Fig. 26. 

Abrasion and wear of metals in rubbing contact 
is a phenomenon where guesses may be widely in error, 
and most engineers can cite cases where results have 
been the reverse of what was expected. The wear of 


The problem was to devise a testing machine, and 
tests which would afford a reliable guide to the mating 
and wearing properties of different steels when employed 
in gears, such as turbine-reduction gears. The kind of 
wear that takes place on pinion teeth is illustrated by 
Fig. 27, from which it will be observed that the wear is 
greater below the pitch line than above. Comparison 
of the wear of different pinions shows remarkable 
similarity in the distribution of wear, and consequently 
in the worntoothform. The difference in the wear above 


Fig.32 


to the abrading conditions at these regions, and as 
Fig. 28 shows, these are different. Consequently, the 
abrasion or wear test for the purpose required should 
reproduce these conditions, t.e., slipping which tends to 


Fig. 26. 
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throw up abraded material in front and to the rear of 
the moving point of contact. A machine was devised 








metals is, therefore, peculiarly a case where tests are 


and below the pitch line naturally directs attention 





which embodied these features, and the principle of its 














operation will be seen from Fig 29, which is a dia- 
gram of the mechanism; Fig. 30 illustrates the form 
of the test pieces employed. It will be seen from 
the diagram that the flat test pieces are given a ver- 
tical to-and-fro motion over the rotating test pieces 
which are of half-ring form. Two of the latter specimens 
are used, and four flat specimens, so as to avoid shock. 
As the to-and-fro motion of the flat specimens is 
derived from a crank carried by the shaft holding the 
half-ring specimens, it will be seen that the flat specimen 
can be put under an abrading action of the two kinds 
found in agear. Figs. 31 and 32 show diagrammatically 
the construction of the machine, and indicate the method 
of loading. The results of a number of tests showed 
that an abrading action of the kind found below the 
pitch line, i.e., when the direction of slipping over 
the specimen is opposite to that of the motion of the 
point of contact, was more severe than the kind found 
above the pitch line, and thus, in this respect, the tests 
gave results in agreement with the actual wear of 
gears. Figs. 33 and 34 show the results obtained, 
and indicate that, at first, the curved specimen picked 
up metal from the flat specimen. Figs. 35 and 36 show 
the microstructure of the worn surfaces at a magnifica- 
tion of 75 diameters. 

Another apparatus is employed to test the abrasion 
characteristics of metals which accidentally come into 
contact with a shaft or other part rotating at high 
speed, such as, for example, the strip metal used in 
labyrinth glands of steam turbines. The charac- 
teristics required are that the metal shall abrade away 
readily without undue heating and damage to the 
rotating part. In this test, a strip of the metal under 
test is pressed against the rim of a disc, rotating at a 
suitable speed, and the time is taken for a given amount 
to abrade in the radial direction. These times are 
taken for different loads, and it is found that most 
materials give results such as are illustrated by Fig. 37, 
which refers to some tests upon aluminium alloys. 

There is no need to spend time in describing the 
more common endurance tests made upon laboratory 
test specimens, as these are well known. Experience 
shows, however, that manufacturing operations may 
exert very considerable influence upon the resistance 
of a part to failure by fatigue, as may occur, for example, 
due to vibration, and here it is very necessary, if 
possible, to make tests upon an actual part. In this 
way, the influence of casting, design, machining or 
any other manufacturing operation is present and has 
its effect. It is necessary, of course, not to have too 
many variables, or at any rate to arrange to vary one 
factor at a time, in order to reach safe conclusions. It 
has been found necessary to devise apparatus to test 
parts such as turbine blades, to destruction, by vibra- 
tion, and this, in many cases, is carried out con- 
veniently by causing the part to vibrate at its natural 
frequency. 

The subject of fatigue testing cannot be left without 
referring to the important work that has been initiated, 
and is being carried on in the U.S.A., upon the influence 
of corroding media upon fatigue properties. McAdam 
has drawn attention to the influence of water in 
causing very serious reduction in fatigue resistance of 
practically all steels. Illustrations in a paper read by 
him show the reductions brought about in nickel steels, 
and also indicate that minute corrosion pits are asso- 
ciated with failure. Corrosion and corroding media 
thus become a most important factor in fatigue testing, 
and their influence is doubtless receiving the attention 
it deserves by engineering works in this country. 


Tue IwnstTITUTION OF MECHANICAL ENGINEERS.— 
H.R.H. The Duke of York has graciously accepted an 
invitation to be present at the annual dinner of the 
Institution in London, on December 15. 
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CATALOGUES. 


Pumps.—A leaf catalogue describing centrifugal pumps 
constructed of stainless steel, for dealing with acids, is 
to hand from Messrs. Sulzer Brothers, 31, Bedford- 
square, London, W.C.1. 

Petrol Pumps.—A list of kerbside petrol pumps, 
automatically measuring various quantities up to 
5 gallons, is to hand from Messrs. Garvie Accurate 
Measures, Limited, 119, Bishopsgate, London, E.C.2. 

Lifting Blocks.—Messrs. Herbert Morris, Limited, 
Loughborough, have issued a descriptive pamphlet of 
their triple-gear pulley blocks, which are made in 1 
standard sizes, ranging from } ton to 20 tons lifting 
capacity. 

Boiler Plant.—A list of fans for induced and forced 
draught, powdered-coal burners and oil burners, and 
also for boosting and firing gas, is to hand from the 
Blackman Export Company, Limited, 374, Euston-road, 
London, N.W.1. 

Electric Lighting Plant.—A special catalogue describing 
their electric-generating outfits, especially suitable for 
large country houses, has been issued by Messrs. Petters, 
Limited, Yeovil, giving complete particulars and prices 
for a range of sizes. 

Electric Generation.—The Affiliated Engineering Com- 
panies, Limited, Montreal, Canada, have issued a circular 
containing a general description of a 6,000-kw. generating 
plant made by them, complete in all details, for a light 
and power company at Mason City, Iowa. 

Concrete Mixers.—Messrs. Ransomes and Rapier, 
Limited, Ipswich, have issued a new catalogue of their 
concrete mixers, which are made in three sizes, with 
outputs per batch of 3, 5, 84 cub. ft., and requiring, 
respectively, 14, 3 and 7 h.p. for driving. 

Switchgear.—The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, have issued a 
new edition of their catalogue of ironclad switchgear, 
dealing with several new designs, and containing illus- 
trations, particulars and prices of ali the main items. 

Bearing Metals.—A list of eight metals for casting 
various engine and machine bearings is to hand from 
Messrs. Whitbrows, Limited, 85, Gracechurch-street, 
London, E.C.3, who have been appointed selling agents 
for the makers, The Oidas Metals Company, Limited. 

Heating and Drying Plant, Fans, &c.—Three special 
pamphlet catalogues are to hand from Messrs. James Keith 
and Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C.4, dealing with hot-water supply boilers, 
timber-drying plants, smiths’ hearths, and small electric 
blowing fans. 

Tubes.—Messrs. Stewarts and Lloyds, Limited, 41, 
Oswald-street, Glasgow, have issued a reprint of the 
standard specifications of the Institution of Gas Engineers 
for wrought-iron tubes and fittings of gas, water, and 
steam qualities. This, with a similar reprint of steam 
tube specifications, forms part of the firm’s catalogue 
publications, 

Steam Accumulators.—The Ruths steam-accumulation 
system is explained in a special catalogue issued by 





Fig. 36. 


Messrs. Fairfield-Howden Ruth’s Steam Accumulators, 
Limited, 195, Scotland-street, Glasgow. The system 
was described on page 68 of our 118th volume, and 
references to it will also be found on pages 145 and 379 
of our 122nd volume. 


Generators and Motors.—Messrs. Higgs’ Motors, 
Witton, Birmingham, have sent us a revised and fully 
detailed list of motors, dynamos, motor-generator sets, 
and controls. The list includes two new sizes of small 
alternating-current motors, a small battery-charging set, 
and a new back-gear motor fitted with a belt pulley 
on the reduced-speed shaft. 


Aluminium.—We have received some pocket-size 
data books from the British Aluminium Company, 
Limited, Adelaide House, King William-street, London, 
E.C.4, giving dimensions and working particulars of 
aluminium sheets, strips, &c.; similar information for 
sections ; and erection curves for steel-cored aluminium 
cable of sections equivalent to 0-03 sq. in. to 0-225 sq. in. 


Wire-Drawing Machine-——The Vaughn Motoblock is 
a wire-drawing machine made by the Vaughn Machi- 
nery Company, Cuyahoga Falls, Ohio, U.S.A., who 
claim for it smoothness of changes in speed, steadiness in 
pull, higher speed, and, consequently, lower cost of 
production. The text and illustrations in a catalogue 
we have received from the makers clearly explain the 
action of the machine. 


Steel—A new catalogue, issued by Messrs. Brown, 
Bayley’s Steel Works, Limited, Sheffield, describes the 
crucible, electric and open-hearth processes of steel manu- 
facture, and groups the products under the headings of 
tool, structural, rail, tyre, axle, spring, stainless, rustless, 
and other special steels. In all cases, lists are given of 
the tools, structures, or machine parts for which the 
steel is suitable. The notes on cutting, working, and 
heat-treatment are ample and clear. 


Cast-Iron Houses.—Messrs. Newton, Chambers and 
Company, Limited, Thorncliffe, near Sheffield, have sent 
us a catalogue of their standard bungalow, or ground floor 
houses, which they offer to build and finish at a stated 
price within 10 miles of their works, or at greater distances, 
with the cost of carriage added. Two semi-detached 
houses measure 56 ft. by 22 ft. in plan. The main walls 
are of cast-iron plates bolted together, and the division 
walls of the chimneys are of brick. A cooking stove, bath, 
and all usual fittings are included. The specification is 
reasonably detailed. The company also supplies two- 
storey houses. 


Rice Mills.—The catalogue of rice-milling machinery, 
issued by Messrs. Henry Simon, Limited, Mount-street, 
Manchester, which has now reached a third edition, is 
one of the most interesting publications dealing with 
specialised industrial equipments. The processes of 
rice milling are, roughly, riddling, separation of small 
foreign seeds, elimination of iron particles, shelling, 
winnowing, separating shelled rice from unshelled, 
polishing, packing, and weighing. Par-boiling and 
drying, and also grinding, are sometimes carried out, 
and various processes are employed for dealing with the 
offal. For each of these processes there is a variety 
of machines, and complete milling equipments are 
supplied ‘to suit local conditions and varying scales of 
production capacity. 





InsTITUTION OF PropucTION ENGINEERS. — The 
annual dinner of the Institution of Production Engineers 
was held recently at Frascati’s Restaurant, Oxford- 
street, London, Sir Herbert Austin, the president-elect, 
being in the Chair. In proposing the toast of ‘‘ The 
Institution,” Sir Edward Iliffe remarked that high 
wages were impossible without high output, and that 
high output could best be secured by the assistance of 
the production engineer. Production engineering was 
@ new occupation, the importance of which was not yet 
recognised as it should be, and there was a place for a 
man holding the necessary qualifications on the board 
of every industrial undertaking. In reply, Mr. P. 
Vernon said that the great task of the production engineer 
was to save time between the processes, and thus to 
eliminate waste. The attendance numbered about 80, 
and we understand that the membership of this body is 
growing at a satisfactory rate. 
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INTERNATIONAL COMMISSION ON 
ILLUMINATION. 


PrRoGRESS in applied science seems usually to 
take place in one of two very different ways. Either 
practical development is based on previously 
acquired theoretical knowledge or the theory is 
established, from a serried array of collected facts, 
long after everyday employment has been usual. 
The fairly youthful science of illumination is 
in itself an example of both methods. Daylight 
was used for many centuries without its nature 
being understood, and without any real attempt 
being made to formulate the laws governing its 
changes, or to devise apparatus for its employment. 
On the other hand, artificial light of a brightness any 
greater than “ darkness made visible ”’ is a compara- 
tively recent recruit to the ranks of those forces of 
nature which have been adapted for the use and 
convenience of man. Its use, and the principles upon 
which that use is based, have therefore developed 
hand in hand, and the rate of that development has 
increased in recent years during which the intrinsic 
brightness of the light units, the growth of motor 
traffic and the study of the physiological and psycho- 
logical comfort of manual workers, to take only three 
factors, have all been intensified. The study of 
illumination, considered in its broadest aspect, is 
indeed the prerogative of no one branch of science, 
a fact which is now generally recognised. 

This being the case, it is both surprising and grati- 
fying to find that where so many are concerned, so 
much progress has been made along co-operative 
lines. A brief report of the meeting of the Inter- 
national Commission on Illumination, which was 
held at Bellagio last September, in fact, goes far 
to discount the many apothegms on the useless- 
ness of committees in action, and to show that 
scientists, at least where science is concerned, can 
teach a lesson in combination to the world. The 
harmony is, in fact, so complete that the commission 
has advanced rather ambitiously into more than one 
unconquered world. We hope it does not find this 
new country too deeply afforested or there may be, to 
adapt a well-known saying, some danger of more 
attention being paid to the trees than to the light 
coming through them. In other words, the Com- 
mission’s most useful work probably lies in the 
investigation and enunciation of broad principles. 
Too great an attention to detail is not their concern 
and may well be left to others. 

Examining the report of the Bellagio meeting in 
more detail, we find that 70 delegates from 10 
countries attended, and that for the first time since 
the war representatives of the ex-enemy nations 
were present. It may be recalled that this body 
was founded in 1900, under the title of the Inter- 
national Photometric Commission, as the outcome 
of a resolution passed at the Paris Exhibition 
of that year. The first important work it under- 
took was the removal of the difficulty of comparing 
light sources of different colours, while in 1907 
agreement was reached on the standards of 
light. In 1911, its scope was extended to include 
electrical interests, and subsequently to cover the 
study of all matters bearing on illumination in the 
widest sense. At the meeting held in Paris in 
1921, a definition of the unit of luminous intensity 
was agreed, other fundamental definitions were 
approved, and a number of committees, to study 
various branches of the subject, were set up. At 
Geneva, in 1924, the field was further extended, and 
the same is true of the meeting at Bellagio, with 
which we are now dealing. 

Work is, in fact, proceeding, or will shortly be 
started, on no less than 15 subjects, including such 
matters as vocabulary, factory and school lighting, 
automobile headlights, heterochromatic photometry, 
street lighting, signal glass, photometric accuracy, 
glare and colorimetry. The word ambitious may 
not incorrectly be applied to such a programme, 
but in extenuation it may be said that each national 
committee is to accept special charge of one or more 
subjects and is to act as “‘ secretary ”’ for those sub- 
jects. We are glad to learn that industrial lighting 
from the point of view of glare received considerable 
attention, and that the British specification for an 
industrial reflector fitting, which has been prepared 
with a view to eliminating glare, received favourable 





comment. The adjective industrial might, in this 
case, be extended to cover offices where, in too many 
cases, the lighting arrangements are inadequate, in 
view of the character of the work carried on. 
Motor-car headlights were also discussed at some 
length, and it was evident from the trend of the 
remarks that there is a growing consensus of 
opinion against “dimming,” and in favour of two 
light distributors being available on each head- 
light. 

In addition to the meetings of the technical com- 
mittees, which dealt with the subjects we have 
mentioned, two delegate conferences were held to 
discuss the future programme, and there seems to be 
no doubt that the results of the work of the next 
twelve months, which will be reported to the plenary 
session in America in 1928, should prove to be of 
great importance to the specialist illuminating 
engineer, the industrialist and the public in general. 
The programme of the Commission is, as we have 
said, ambitious, but ambition in dealing with a large 
subject is not a fault. If the body, as Dr. E. P. 
Hyde, in his presidential address, claimed, is to 
be considered as a forum where new ideas both in 
theory or practice can be presented and discussed, 
as well as a legislative assembly on matters dealing 
with illumination, it will not only require ambition, 
but super-abundant energy and a bright clarity of 
purpose. 





THE HOLLAND VEHICULAR TUNNEL 
UNDER THE HUDSON RIVER. 
By Frank W. Skinner, M.Am.Soc.C.E. 
(Continued from page 606.) 


In our previous article on November 11, we gave 
a general description of this new tunnel under the 
Hudson River, at New York. The tunnel was 
thrown open to the public on November 12, and was 
immediately patronised by a great deal of traffic. 
No less than 52,285 vehicles passed through the 
tunnel on the first day it was open, and though 
some of these may well have been attracted by 
curiosity, there is, on the other hand, the probability 
that normal traffic will growas people become familiar 
with this new means of access to the city. In the 
present article we propose to deal mainly with the 
construction of the tunnel shafts, and in a subse- 
quent section will describe the organisation and 
methods adopted in driving the shields in the 
construction of the tunnel tubes. 

Tunnel Shafts——Each tunnel tube has two shafts 
on each side of the river, making eight in all, two 
pairs of which, the river shafts, are located 3,374 ft. 
apart just inside government pier head lines, and the 
others, land shafts, about 6,362 ft. apart, near the 
bulkhead lines. The location of the shafts is shown 
in Figs. 2 and 3, page 601 ante. All these shafts 
are used for ventilation purposes as previously 
described, while the land shafts were utilised for 
commencing the shield tunnelling operations. Two 
shields were driven westward from the bottoms of 
the New York land shafts, and work proceeded both 
eastward and westward with four shields from the 
bottom of the New Jersey land shafts. 

All these shafts are rectangular in plan and have 
double vertical walls of steel plating. The space 
of about 6 ft. between the parallel walls is filled in 
solid with concrete. The shafts for both tunnel 
tubes are combined in one structure for the New York 
river shaft which is 37 ft. 3 in. long, parallel to the 
axis, 93 ft. 3 in. wide transverse to it, and 111 ft. 
6 in. high. All the land shafts are single structures 
about 43 ft. long, 47 ft. wide and from 52 ft. to 
70 ft. in height, including the parapet wall 4 ft. or 
5 ft. high on top of the steel shells. 

All shafts were sunk by the pneumatic caisson 
method. The New Jersey shafts and the New York 
river shaft, which formed part of contracts which 
included all of the subsequent shield driven tunnels, 
were let to Messrs. Booth and Flinn. Contracts for 
the two land shafts on the New York side, which 
were first sunk, were awarded to Messrs. Holbrook, 
Cabot and Rollins. The caissons for the New York 
land shafts, the cofferdams above them, and the 
interior walls together contained about 1,150 tons 
of steel plates and angles supplied by the American 
Bridge Company. Great care was taken in assemb- 
ling the cutting edges in open pits excavated to 





ground water level, and in maintaining them in 
true horizontal positions. The outer and inner 
walls were assembled, the latter being carried up 
in advance of the former to facilitate the erection 
of the stiffening girders between the two walls. 
After the roof of the working chamber had been 
assembled, the cofferdam walls were erected to the 
horizontal diameters of circular openings provided 
for the passage of the tunnel shields, and the heavy 
circular drum girders which close these openings 
were assembled, bolted and riveted immediately 
to increase the rigidity of the superstructure. The 
Spring-street caisson was sunk 51 ft. in 18 days. 

The cribs supporting the cutting edge were replaced 
by 34 vertical posts in each caisson. The posts were 
each set on timbers providing an area of about 12 ft. 
By reducing the bearing surface, the caissons 
sank under their own weight to a depth of about 
12 in., thus carrying the cutting edged below ground 
water level and providing a seal to retain the 
compressed air. Excavation was carried on over 
the soft bottom to within about 3 ft. of the cutting 
edge, where a berm was left to maintain the 1 ft. 
penetration of the cutting edge. As the caisson 
descended it pushed the berm toward the centre 
of the caisson, where it was excavated. In hard 
ground no berm was left. In general, continuous, 
rapid, regular sinking of the caissons was promoted 
by undermining alternate posts. Eventually all 
of the posts were removed after the caisson had 
sunk about 20 ft. On a few occasions, the air 
pressure was reduced sufficiently to permit the 
ground water to penetrate back into the soil and 
soften it to facilitate sinking. 

Much of the excavating material was temporarily 
deposited on the caisson roof to a depth of 30 ft., 
thus lowering the centre of gravity and increasing 
the stability of the caisson as well as assisting to 
overcome the skin friction which was computed at 
a maximum of 800 lb. per square foot for the 
5,000-ton Spring-street caisson, and 900 lb. for the 
7,900-ton Canal-street caisson on the New York 
side. Any tendency to lateral displacement was 
easily overcome by placing inclined posts under the 
cutting edge on the encroaching side. The work was 
done by 20-men gangs of non-union labour, working 
six and eight-hour shifts. The air locks were large 
enough for all the men in a shift to enter and leave 
at the same time. Decompression was regulated 
according to law, by special gauge valves. 

The two shafts together required about 6,200 yards 
of 1: 2: 4 concrete made with washed gravel. The 
coarse aggregate was first placed in the charging 
hopper of the one-yard mixer at each shaft, and 
was measured by being levelled off with a shouldered 
strike board. Afterward the fine aggregate was put 
on top and similarly measured, and the requisite 
number of bags of cement were added. The mixing 
machines discharged into bottom dump buckets 
delivered by the derricks to chutes through which 
the concrete was spouted to the required position. 

The 730 yards of concrete in the caisson invert 
were delivered through air locks, in one case being 
shovelled to position, and in the other spouted 
in chutes. In the Spring-street shaft the invert 
was concreted in four sections separated by vertical 
diagonal bulkheads. In the Canal-street shaft,” 
the invert was concreted in sections separated by 
two transverse bulkheads. A 6-in. bottom layer 
of concrete was trowel-finished and covered with 
four-ply waterproof fabric saturated with asphalt, 
then being covered by a single course of cement 
mortar. The steel plates at the sides of the caissons 
were dried and cleaned and painted with China wood 
oil, after which a space 2 in. wide and high, adjacent 
to them, was asphalted, thus bonding together the 
waterproofing on the sides and bottom of the 
caissons. 

After the concrete had set for 24 hours, the 
working chamber was gradually filled with water, 
and the air pressure, which had attained the maxi- 
mum of about 27 lb., was reduced as the hydraulic 
pressure increased until the water in the shaft 
reached ground water level and was there main- 
tained for 10 days, thus avoiding upward unbalanced 
pressure on the fresh concrete. The contractor on 
this work had a force of about 64 men, and with 5,142 
decompressions, only four cases of caisson disease, 
or bends, occurred, none of them serious. 
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THE HOLLAND VEHICULAR TUNNEL UNDER THE HUDSON RIVER. 


Fig.24. SECTION LOOKING EAST 
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At the New Jersey end of the tunnel the 42-ft. 3-in. 
by 46-ft. 3-in. by 68-ft. 9}-in. land shafts are set 
65 ft. apart on centres. They are of similar con- 
struction to the land shafts at the New York end, 
having double structural steel walls filled solid with 
concrete and serving, like them, not only for the 
permanent installation of ventilation equipment, but 
for the installation of the tunnelling shields, one of 
which was driven in each direction, east and west, 
from the foot of each of these shafts. The New 
Jersey land shafts are illustrated in Figs. 24 and 25. 
Fig. 25 shows, on the right, the beginning of one of 
the tubes, and on the left, the temporary bulkhead 
closing the tube opening. The 1,200 tons of 
structural steel in these shafts was erected and the 
caisson sunk in the manner similar to that described 
for the land shafts at the New York end. 

The working chambers and the lower parts of the 
cofferdams, up to a height of 45 ft., above the cutting 
edge, were erected for the north shaft, and while it 
was being sunk, the first 45 ft. of the south caisson 
and cofferdam were similarly erected. These caissons 
are shown under construction in Fig. 34, on Plate 
XLVI. When the cutting edges had sunk to a 
depth of about 42 ft. below the surface, the upper 
portions of the cofferdams were built, and the sinking 
completed. The cutting edges first passed through 
a deep cinder fill in the railroad yard, where they 
were located, and then encountered timber cribs 
through which the excavation was slow and difficult 
because of their rock fill. This is shown in Fig. 26. 
The open excavation for the caissons was effected 
chiefly by orange-peel buckets operated by derricks 
equipped with hoisting enines. The working 
chambers, like those of all the other caissons, were 
each equipped with one T-head man lock and two 
material locks. Thes> are illustrated in Fig. 36, on 
Plate XLVI. For these caissons there were 10,911 
decompressions and only 12 cases of bends. 

The New York river shafts near the pier-head 
line, in which is installed permanent ventilation 
equipment differ, as stated, from all the other 
shafts in that both of them were contained in a 
single pneumatic caisson of the same type as, but 
much longer than, the others. Both tunnels were 
driven entirely through the lower portion of this 
caisson, from east to west, after it had been sunk 
«0 position and concreted. Its overall dimensions 
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Fie. 26. Otp Pinine AnD Rock FILL ENCOUNTERED IN SINKING THE Norta LAND SHAFT, 


New JERSEY. 


have been already given. They were 37 ft. 3 in. by 
93 ft. 3 in. by 111 ft. 6 in. high. It was divided 
into two separate working chambers by a vertical 
partition on the transverse centre line. This 
caisson is illustrated in Figs. 27 and 28, on page 669. 

The working chambers and lower part of the coffer- 
dam were built on slipways at Mariner’s Harbour, 
Staten Island, about eight miles from the shaft 





site, launched with a temporary wooden bottom, 
| put in dry dock, the cutting edge concreted, and 





the sides built up to a height of 55 ft. The caisson 
is shown afloat in Fig. 35, on Plate XLVI, and one 
of the working chambers in Fig. 37, this view being 
taken while the caisson was still on the slip. - When 
drawing about 30 ft. of water, it was towed to 
position and sunk in 35 ft. of water. After the 
cutting edge had penetrated 9 ft. into the soft 
bottom, the working chamber was put under air 
pressure and excavation was carried out in the 
usual manner, the caisson sinking under the weight 











669 


THE HUDSON RIVER. 


Fig.28. SECTION LOOKING NORTH 









































of concrete delivered by mixers installed on a barge 
moored alongside. 

Rock encountered 69 ft. below water level was 
drilled by about ten machines and blasted out in 
6-ft. lifts until the cutting edge reached its final 
elevation. The maximum air pressure required 
was 28 lb., and there were only eight cases of the 
bends, none of them serious, in 14,724 decompres- 
sions. Above the river bed the exterior of the 
caisson was covered with four-ply waterproofing, 
protected where exposed to tidal action by an 











Fic. 29. DERRICKS USED FOR SINKING Pitzes ror NortH River SHart, New JERSEY. 


18-in. facing of granite. The average daily rate of 
sinking the caissons was 7} ft. in silt, 6-2 ft. in 
sand, and 24 ft. in rock. 

Caisson and Pile Foundations.—The ventilation 
shafts on the west side of the river near the pier 
head line were built in two 50} ft. by 374-ft. steel 
pneumatic caissons, 111 ft. 6 in. high, fabricated 
by the Bethlehem Steel Company, and illustrated 
in Figs. 30 to 33, on page 670. As bedrock at this 
point is about 250 ft. below water level, it wgs 
impossible to sink the caissons to it by the pneu- 
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matic process, and steel pile foundations extending 
into the rock were provided for them at a depth of 
1064 ft. below mean high water. This provided 
stability, and avoided all possibility of settlement 
| for the shafts, weighing 10,155 tons ; and for the ends 
| of the tunnel tubes connected to them, which might 
otherwise have experienced some settlement in the 
mud and silt in which they are embedded. 

On the north and south sides of the shafts, 165 ft. 
apart on centres, two 50 ft. by 100-ft. double-deck 
| working platforms were constructed, supported on 
| piles and connected by cross platforms, with a 
long and narrow service bridge, also on pile trestles, 
which connected the shafts with the shore. A 
gridiron of steel girders was set on the working 
platform to provide rigid support for installing the 
steel foundation piles. 
| For each of the two shafts, 42 hollow steel piles 
were driven. They were 24 in. in diameter and 
about 270 ft. long. They were cut off 110 ft. 
below mean high water and 70 ft. below the river 
bottom. Steel pipes $ in. thick, in 20-ft. lengths, - 
were used in this work. The ends of the pipes were 
very carefully faced so as to make butt joints water- 
tight under 50 lb. pressure when screwed to contact 
inside connecting sleeves. A section 60 ft. long, 
made by screwing three lengths together, was 
carefully centred in the guide beams and sunk about 
10 ft. in the river-bottom by its own weight until 
the top was about level with the surface of the 
working platform, 10 ft. above the water. The 
silt inside the pipe was then loosened by. churning 
with a 2,000-lb. bit operated by one of the five 
oil-well derricks, equipped with Lidgerwood hoisting 
engines, installed on the working platform for each of 
the shafts. The derricks and platform for the north 
river shaft are well shown in Fig. 29, annexed. 

Mud was bailed out and excavation continued, 
to a depth of about 20 ft., when another section 
of pipe was screwed on to the top, and the operations 
repeated until the pipe was driven through any 
loose or soft rock to good bearing in solid hard rock. 
The work was carried on continuously, day and 
night, by three eight-hour shifts, the best record 
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high-pressure compressors direct connected to 
after coolers, and driven by synchronous motors 
supplied with three-phase 6,600-volt current. The 
total capacity of the compressors was 28,000 cub. ft. 
per minute at 50 1b. pressure and 3,400 ft. per minute 
at 126 lb. The high-pressure mains were arranged 
to be connected with the low-pressure mains in 
emergency. The three hydraulic pumps had a 
capacity of 25 gallons per minute at 6,000 Ib., 
and were driven by three 100 h.p. induction motors. 

At the New Jersey end of the tunnel the 
contractor’s plant was installed on an overhead 
platform located in the yard of the Erie Railroad, 
and so arranged as to permit the relaying of the 
railroad tracks, and the use of the surface for 
terminal purposes as soon as the land shaft caissons 
were sunk and the work in connection with them 
was completed. The contractor established at this 
point included a general office, workmen’s quarters, 
dressing rooms, lockers, baths and hospital lock. 
Power and machinery equipment was also provided 
substantially equivalent to that on the New York 
side of the river, but differing in detail and arrange- 
ment. 

Electric current was received from the Public 
Service Electric Company at 13,200-volts, three- 
phase, 60-cycles, and was stepped down in two 
banks of water-cooled transformers to 2,300 volts 
and 440 volts. 
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(To be continued.) P “S53 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution of 
Mechanical Engineers was held on Friday last, 
November 18, at Storey’s Gate, Westminster. The 
President, Sir Henry Fowler, K.B.E., who occupied 
the chair, .announced that, to fill the vacancy 
caused by the death of Sir Gerard Muntz. Colonel 
E. Kitson Clark had been appointed a Vice-president 
of the Institution, while to fill the vacancy thus 
resulting on the Council, Mr. D. E. Roberts had 
been appointed a member of it. 


Mopern PortLAND CEMENT PLANT. 


A paper bearing the above title was then presented 
by the author, Mr. Hal Gutteridge. An abstract 
of this paper will be found on page 696 of this issue 
of ENGINEERING. 

Mr. G. V. Maxted who opened the discussion on 
the paper, gave an account of methods prevailing 
when his interest in the cement industry commenced 
in 1880. At that time he believed there were 
no cement testing tensile-strain machines, and it 
was customary to test the cement by its support of 
ordinary bricks arranged cantilever fashion from a 
wall. The old dome kiln was in use then ; but the 
combined kiln and drying floor was introduced 
shortly after, and held the field for years. The under- 
burned cement they produced was considerable. 
These kilns were steadily improved until the intro- 
duction of the rotary kiln in 1900. 

In early days, the millstone was used for grinding 
materials, and it was impracticable to grind hard 
materials fine enough for use. The tube mill was 
a very important advance, as it made possible 
the use of limestone and clay, but to-day few plants 
in this country used other than chalk and clay. In 
America, the material more generally utilised was 
limestone rock from the Lehigh Valley, which 
required a great amount of grinding. Mr. Gutteridge 
had referred to the Rigby method of supplying slurry 
to the kiln—the slurry jet feed—and the method of 
de-watering the slurry. All the wet slurry plants in 
this country and in America used slurry with a water 
content of no less than 36 per cent., and sometimes 
as high as 45 per cent., depending on the nature of 
the materials used. The slurry jet feed blew the 
slurry under pressure into the kiln in the form of a 
spray, so that the water was much more readily 
removed from the small particles than if it went 
into the kilnin astream. This reduced very greatly 
the temperature of the outgoing gases, with a 
saving in cost of manufacture. 

De-watering the slurry was not employed in this 
country. He had made investigations in America, 
where the system was receiving great attention. 
The filters used were simple mechanical appliances, 
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and the material from them was delivered into the | proportionate, and exceeded any advantaze in the 
kilns with such a low water content that the kiln | way of reduced coal consumption. 


became virtually a dry-process one, and arrange- 
ments had to be provided in it for passing the 
caking slurry along. In America, most of the 
dry-process plants used waste-heat boilers, from 
which was raised the whole of the steam needed to run 
the factory. For this purpose, the power required 
varied from 100 units’ per cement-ton used down 
to 75 units. About 75 units was roughly the proper 
figure for the wet-process plant with materials 
such as were used in the chalk and clay districts. 
Hard materials might require, say, 106 units, which 
meant a considerable difference in power costs. 
Power costs could be immensely reduced by the 
installation of waste-heat boilers, and, though these 
entailed large capital outlay the consequent return 
was such that he wondered the industry had not 
adopted them in this country. 

It had been considered that lagging a kiln on the 
outside was not practicable because it would set up 
distortion in the plates at the hot end of the kiln. 
But he could see no reason why the upper end of 
the kiln, say, from the driving gear upwards, should 
not be lagged. Referring to coolers he was 
acquainted with plants in which the coolers formed a 
prolongation of the rotary kiln, a construction with 
many points in its favour. It enabled the horizon- 
tal centre line of the kiln to be brought much lower 
down, reducing the cost of the supporting piers and 
the cost of the covering buildings. With regard to 
the possibility of using insulating material between 
the lining blocks and the shell of the kiln at the hot 
end, there had, in this country, been little attempt 
made in this direction. 

Mr. Percy J. Neate remarked that the author had 
referred to the necessity for putting down boreholes. 
It was not certain, without closely watching the 
process, that in putting down boreholes an accurate 
report of what was down below would be forth- 
coming. It was much safer to dig a big hole. 
Referring to fuel, Mr. Gutteridge had rather 
bemoaned the fact that, in burning coal, the clinker 
was contaminated with a large amount of ash. He 
however, regarded ash as quite a good cement- 
making material. He desired to call attention to a 
slight error in relation to the kibbling rolls illustrated 
in the paper, in which the teeth were all shown 
in line. It was now customary to use these 
machines at a very slow rate of rotation and with 
staggered teeth. 

The author had also referred to the occasional 
necessity for using booster pumps for pumping 
slurry any great distance. What really mattered was 
the viscosity of the slurry. Viscosity did not follow 
specific gravity, and in considering the size of 
slurry pipes or the pressure likely to be encountered 
in slurry pumping, it was absolutely necessary to 
have some idea of the probable viscosity. An inti- 
mately mixed grey chalk had far greater viscosity 
than the ordinary mixture of chalk and clay. 

He could not see any necessity for the use of the 
weighbridge, as there were other ways of measuring 
weight, and he was aware of one excellent works in 
which no weighbridge was used. The chalk and 
clay could be tipped with sufficient accuracy into 
a wash mill so as to produce a very near approxima- 
tion to the correct quantities, and by a little varia- 
tion from hour to hour these could be got right. A 
still better way was to pass the slurry just as it 
came from the wash mills, with very little mech- 
anical analysis, into the silos. Each silo was then 
examined to ascertain the nature of the material. 
Proportionate quantities from two different silos 
were then mixed by the chemist in a silo at a 
lower level, in such a manner that the over-liming in 
the one corrected the under-liming in the other, the 
result being obtained with practically no mechanical 
labour ; the chemist’s labour cost virtually nothing, 
as he dealt with 1,000 tons at a time. 

In conclusion, Mr. Neate observed that the 
author had suggested that in a rotary kiln, the 
results could be improved by putting in a system of 
curved plates to lift the slurry up and dash it down 
again inside the kiln as it rotated. He was sorry 
to say that such plates were, in practice, more 
trouble than they were worth. The length of time 
over which a kiln was stopped by the use of such 
slurry elevators, as they were called, was dis- 





Mr. Thomas Rigby referring to the statement 
under the sub-heading in the paper entitled ‘‘ Effect 
of Atomising Feed,” that a greater output of 
clinker was claimed as a result of the longer calcining 
zone, or a reduction of fuel for the same output, 
said this was not quite the case, as economy of fuel 
resulted whether the output was increased or not. 
With atomising, the gases could be cooled down to 
any practical temperature ; indeed, by the use of 
sufficient zones for atomising, the only limit was the 
temperature to which it was advisable to cool the 
gases to prevent condensation. 

The dried material, deposited by atomising in the 
kiln, consisted of material containing about one- 
third of the original water in the slurry, and was in 
such a state that it would not cohere or form the . 
agglomerations experienced with the old process of 
slurry feed. In consequence, small pieces rolled 
down the kiln, exposing much greater surface for 
the absorption of heat than agglomerations would do, 
and the heat transmission from the gases and heated 
walls was much greater per unit of area than in the 
old process. The gases were generally cooled to a 
temperature of the order of 150 deg. C., as com- 
pared with the 400 deg. C., or thereabouts, in the 
older process. 

He had also found that, owing to the reduced size of 
the pieces travelling through the kiln, a much smaller 
and more uniformly sized clinker was produced, 
with the result that it was better burned and of 
higher quality than that ordinarily made. The 
smaller clinker had another advantage, as no 
difficulty was found in cooling it in the existing 
coolers to the same temperature as with the old 
process, notwithstanding the greater amount 
passed, and (owing to the coal saving per ton of 
cement) less air per ton of cement was needed. 
Further, grinding costs were affected, less breaking 
of clinker being necessary before fine grinding started. 

Some additional power was required for the 
process, but, owing to extra output it was found 
that the power required for extra pumping, for 
atomising and the working of other parts, about 
balanced the saving in power on working the kiln per 
ton of cement. The fuel economy per ton of cement 
depended mainly on the temperature of the gases 
leaving the plant, and, as pointed out in the 
paper, the usual loss of heat in the flue gases was 
over 40 per cent. of that of the gross heat of the fuel 
burned. This included, of course, the latent heats 
involved, but when the gases were reduced to 150 
deg. C. on leaving the kiln, the total loss in the pro- 
cess was only of the order of 10 per cent. for the 
combustion gases proper, with some additions on 
account of the sensible heat of the steam and the 
CO,, produced by decomposition of calcium car- 
bonate, not being cooled to atmospheric tempera- 
ture. The saving from this low exit temperature 
was approximately 25 per cent. of the coal usually 
consumed per ton of cement, 

The author had mentioned kilns 400 ft. long. 
Long kilns showed a reduction in output per unit 
area through the kiln, while much more cooling 
surface was exposed to radiation losses for a given 
output. The draught required in the long kilns - 
was much increased, and was added to if lifters 
were used. In the case of one kiln 280 ft. long, 
he had been told that the horse-power required to 
produce the draught amounted to 5 h.p. per ton 
of cement per hour. 

He had recently received particulars of a 160-ft. 
kiln in Australia, fitted with atomising apparatus. 
It was 8 ft. in internal diameter, and had not an 
enlarged burning zone. The figures showed that 
over 1,100 tons of clinker were made per week 
of about 158 running hours. The volume of the kiln 
proper inside the brick lining was 5,300 cub. ft. 
The load carried was nearly 7 tons per hour, the 
output per 1,000 cub. ft. working out at about 
26 cwt. of clinker, 

A shorter kiln for a given output, provided that 
economy in fuel resulted, was a better and simpler 
engineering job, requiring less repairs and less wear 
and tear in working, with less power to drive than 
the long kiln. A kiln of 400 ft. length by 10 ft. 
diameter weighed, when lined with brickwork, 
nearly 900 tons, and the difficulties of revolving it 








672 





truly and equally without risk of distortion, were 
great. If more economical results could be obtained 
on a kiln only half the length, the shorter kiln would 
be preferred by most engineers, especially in 
countries where earthquakes or earth subsidence 
occurred. He had, however, converted a kiln as 
long as 250 ft. from the old to the atomising 
process with great success, the kiln now making 
over 300 tons, and sometimes as much as 340 tons, 
of clinker per day of 24 hours. 

The diameter ‘to which cement kilns could be 
increased was limited. Beyond about 11 ft. 6 in. 
diameter inside the shell, the brickwork lining 
gave trouble. Consequently, a certain length of 
kiln was required if large size units were to be 
designed. A kiln 11 ft. 6 in. dia. of shell parallel 
269 ft. long, fitted with atomising feed, would make 
480 tons per 24 hours’ continuous running. These 
proportions showed less surface exposed to radiation 
than a kiln of the old style. For smaller outputs, 
the most advantageous sizes would be kilns only 
170 ft. to 200 ft. long, with area and diameter 
to suit. 

Mr. W. H. Woodcock said that the difficulty in the 
early days had been to get the material properly 
burnt, and there was a considerable quantity of 
underburnt material. In modern practice, great care 
was used to see that no unsound cement got into use, 
and unsound cement was now very rare. With the 
arrival of the rotary kiln, it became possible to burn 
materials which required a higher temperature, and, 
consequently, an improved cement could be made by 
putting up the lime content. The modern method, 
which had been described in the paper, enabled 
the lime to be forced up to a higher percentage ; 
in the old days the percentage was about 58, 
whereas now it was 63 per cent., 64 per cent. and 
more. The improvement was partly due to the 
composition and partly to fine grinding. If members 
imagined a particle of clay and a particle of lime- 
stone or chalk, say, of the size of a billiard ball, 
they would understand that a very hot flame would 
be needed to make the two combine. But with 
particles so fine as to be scarcely visible and very 
close together, these would readily combine. 

Another point was that the temperature curve at 
the moment of clinkering was very steep, and it was 
possible either to burn at the very highest tem- 
perature for a short period or at a slightly less 
temperature for a longer period, to get the same 
result. The shorter period was in some respects 
better, but it was a case of working nearer the danger 
point in regard to lime. It was therefore preferable 
to ignore the highest possible temperature and work 
on the longer period. With regard to fuel consump- 
tion, this was largely a question of the balance 
sheet; the high loss for decomposition remained 
fairly constant, and the latent heat of steam could 
not be interfered with. It was left, therefore, to 
effect economies with regard to the flues. At the 
other end there were several methods, including 
the Oliver filter method, and various other improve- 
ments were being tested. One of the firms making 
the latest type of kiln, guaranteed a consumption of 
24 per cent. to 25 per cent. of fuel with about 40 per 
cent of water in the slurry. He could not say whether 
the kiln was in actual service, but that was the 
guarantee. 

Mr. Henry Pooley said that with regard to keeping 
the slurry from settling in the tanks, he wished to 
supplement Mr. Gutteridge’s reference to the 
mechanical and the pneumatic methods, by drawing 
attention to a third method, which, in effect, was a 
combination of the two. This was largely in use in 
the United States, but not, he thought, in this 
country. It was called the Door method, and it 
could be adapted to differen; sizes of tanks, ‘The 
machine hada vertical rotating shaft carrying 
mechanical mixers and air jets on radial arms. 
The slurry thus agitated was lifted by air up a 
central column and again distributed over the 
surface of the slurry from revolving arms. The 


speed of the machine varied from 1 r.p.m. to 
3 r.p.m., and a tank 34 ft. in diameter required about 
6 h.p. to work the arrangement. Air was necessary 
in addition ; in the case mentioned about 50 cub. 
ft. of free air per minute would be required. 

Mr. W. Reavell remarked that in his presidential 
address to the Institution, he had referred to the 
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lesser-known uses of air, but had since found that 
he had omitted more than he had intended to. He 
was much interested in the fascinating problem, 
dealt with by the author, of removing the dried and 
finished cement by air or vacuum ; similar examples 
were the-discharge of wheat and other grain from 
ships by the vacuum system, and the handling of 
pulverised coal. Referring to the mechanical and 
pneumatic apparatus for mixing the slurry, he had 
recently seen a cement works in which both methods 
were employed. The difference seemed to be in 
the form of tank; for the mechanical method the 
tank was of large diameter compared with its depth 
—20 ft. by 11 ft. he believed—whereas, when the 
air system was used the tank, though not of the 
proportions mentioned by Mr. Gutteridge (2}: 1), 
was 12 ft. diameter and 20 ft. deep; a ratio of 
1:1-66. He had endeavoured to discover which 
system was regarded as preferable, and was told 
that the advantage in the use of air was that the 
upward motion of the lower bubbles induced currents 
that lifted up the sediment and stirred it better. 

Mr. C. C. H. Brazier referring to coal ash, which 
one speaker had stated did not actually contaminate 
the cement, stated that some years ago he had 
been in a works in which ash with an argillaceous 
component was purposely added to take the 
place of clay. Turning to the heat balance, it was 
stated in the paper that heat had to be supplied 
to the raw materials to bring them to the exit end 
temperature of the kiln, but evidently clinker 
temperature, and not exit temperature, was in- 
tended. It was also stated that in a careful test of 
a rotary kiln the heat loss by difference amounted 
to 36 per cent. His own experience, in the case 
of comparatively rough working tests, was that the 
loss would be about 6 per cent. to 8 per cent.; in 
research work, the figures were not taken to be more 
than about 2 per cent. or 3 per cent. unaccounted 
for. In connection with grinding, Mr. Gutteridge 
had stated that the horse-power required for grinding 
was proportional to the residue. This meant that 
assuming the horsepower at 5 per cent. residue to 
be 180 h.p., twice as much would be required to do 
2} per cent. The problems of the cement maker 
would be much easier if that were really the case, 
which it was not; it was not a straight line law. 
When it came to the finer grinding customary to- 
day, the horse-power rose considerably. Many 
experts regarded air separation during grinding 
as having a great future. With regard to com- 
pressed air, he regretted the impression that we 
were behind America in the use of this. At the 
present time he was associated with a works in which 
10,000 tons a week were blown by compressed air 
into a silo. 

Mr. Thomas Clarkson observed that it had been 
mentioned that, in 1880, there were no means for 
testing cement mechanically. He had commenced his 
apprenticeship three years before that date, and he 
remembered that the firm now Sir W. H. Bailey and 
Company, of Salford, made a tensile cement-testing 
machine of a simple character. This was quite in 
general use, and he was rather surprised to hear that 
it was not better known now. Thirty-five years ago, 
he continued, he happened to be near Osnabruck, 
and was allowed to see over a cement works where 
ball mills were used for crushing, and he was rather 
under the impression that they were also using a 
rotary kiln. He found that they were sifting their 
cement on flat rectangular screens of very simple 
form, vibrating very rapidly by means of a triangular 
cam. An intense vertical vibration was maintained 
with very small amplitude, which served to keep the 
screen clear. 

Mr. Thomas Walley said that several speakers had 
referred to the more advanced character of the 
cement industry in America than here. Some time 
|ago he had noted a remarkable use of rubber in the 
cement industry of that country. It was a sample 
of the lining used for cement grinding mills. He 
thought that in the United States it was unlikely 
that they would adopt rubber in place of the more 
customary hard steel lining, unless there was really 
something behind that practice. A reduction in 
speed of 10 per cent. to 15 per cent. with rubber- 
lined mills, had been claimed for the same output 
from which followed a saving of power. He under- 
stood that in some cement works in the United 











States they were now taking out steel linings in 
tube mills and replacing them with rubber. 

Mr. F. E. Smidt, referring to a curve of specific 
heat of Portland cement clinker, given in the 
January number of the German journal Cement, 
stated, that in Mr. Gutteridge’s paper, the 
specific heat was given as 0-246, while the results 
of the experiments plotted in the curve showed 
that with temperatures up to 1,000 deg. C. the 
specific heat varied considerably. This irregularity 
might be due to the chemical reaction of the clinker 
with the liquid used in the apparatus, but might 
also be due to the physical reaction, owing to the 
molten state of the clinker at high temperatures. 
It could be assumed, with a steady curve gradually 
reaching a maximum value of 0-29 at temperatures 
about 1,000 deg. C., that the figures rather applied 
to the calculations made in the paper about the 
efficiency of the cooler. Taking different figures 
from those mentioned by Mr. Gutteridge, a “‘ cooler ”’ 
efficiency of 67 per cent. would be obtained, or a 
saving of 11-9 per cent. of the fuel used per ton 
of clinker instead of 55 per cent. and 7-7 per cent. 
respectively, as given in the paper. This was a 
rather considerable saving, which did not materially 
alter the running or thermal conditions of the kiln, 
but which was interesting when considering the 
details of the thermal conditions of the kiln. 

References had been made in the paper to a 
recently introduced type of cooler. Kilns built on 
that principle had been running in this country 
since 1912 or 1913 and were still at work. The 
advantages of that type of cooler, apart from such 
points as cheaper foundations and buildings, were 
based on better control of the air going into the 
kiln. In the old type of kiln, with separate cooler, 
a certain amount of air would always go into the 
kiln direct, but in the new type, with the cooler 
attached to the end of the kiln, all the air used for 
combustion had to pass through the cooler and 
was heated up. This air had a higher temperature, 
and consequently there were more calories available 
in the kiln for useful work. 

The President regretted that time did not permit 
of a verbal reply from the author, and announced 
that an extra general meeting would take place on 
Friday, December 2, at 6 p.m., when a paper 
entitled ‘‘ Cutting Temperatures; their Effect on 
Tools and Materials subjected to Work,” would be 
read by Mr. E. G. Herbert. An informal meeting 
would be held on Friday, December 9, at 7 p.m., 
when the subject of ‘“‘ Economics in Engineering ” 
would be introduced by Major S. J. Thompson. 
The annual dinner would be held on Thursday, 
December 15, at the Connaught Rooms, when the 
guest of honour would be H.R.H. the Duke of 
York. 





ELectricitry Suppty IN STEPNEY.—The annual 
report for the year ended March 31, 1927, of Mr. W. C. P. 
Tapper, borough electrical engineer to the Electricity 
Supply Committee of Stepney, London, discloses the 
satisfactory result that, notwithstanding the coal crisis, 
the sale of electricity during the 12 months was 38,480,999 
kw.-hours, an increase of 2,078,916 over the previous 
year. In addition, 9,852,652 kw.-hours were sold in 
bulk to other undertakings, an increase of 947,628 kw.- 
hours over the corresponding amount in 1925-26. This 
quantity is, however, still considerably below the high 
level reached in 1924-25. The effect of the coal crisis 
was to increase the cost of fuel from 0°322d. to 0-489d. 
per kw.-hour sold. This represents a sum of about 
33,5001. for the year only, about two-thirds of which it 
has been possible to recover from the consumers. 





THE UsE or THE SLIDE RuLE.—We have received 
from Messrs. A. W. Faber, whose London office is at 
13-14, Camomile-street, E.C.3, a copy of a new instruction 
book they have recently prepared on the use of the slide 
rule. The book, which is clearly written and well 
printed, first describes the construction of the rules, 
which are made at the firm’s works at Stein, near Nurem- 
berg, and then briefly explains the use of logarithms, 
afterwards dealing fully with the various arithmetical 
and trigonometrical operations which can be carried out 
on the ordinary slide rule, and giving numerous examples 
in each case. A chapter is then devoted to the appli- 
cation of the slide rule to various problems in mensura- 
tion, gear-wheel design, the calculation of the power of 
alternating-current motors and steam engines, and the 
measurement of timber. Finally, rules with various 
special scales are dealt with, and their applications are 
explained with the aid of examples. The book, which can 
be obtained from the above address, price 2s., will be 
particularly useful to students, and will also be of interest 
to engineers, many of whom might make a greater use 
of the slide rule than they actually do. 
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THE CARDIFF ENGINEERING 
EXHIBITION. 


We have in previous years commented on the value 
of the Cardiff Engineering Exhibition to the manu- 
facturers, engineers, and colliery managers of South 
Wales, and to others engaged in local industries, but 
this does not imply that its sphere of utility is limited. 
On the contrary, though there is perhaps a certain 
element of specialisation in some of the exhibits, 
the stands, generally, show a variety of apparatus, 
a large part of which is either wholly novel or 
illustrates progress in detail, and which should 
appeal to the mining world at large as well as to 
engineers whose work involves the handling of 
those raw materials classed somewhat loosely under 
the heading of minerals. The exhibition is this 
year again held in the Drill Halls, Cardiff, but 
though the number of individual exhibitors is about 
the same as last year, the area of the stands is, in 
general, so much larger that a number of them have 
had to be accommodated in a considerable extension 
forming another hall. This year’s show is thus 
housed in three halls instead of two. Rather more 
than half the exhibitors showing this time were not 
represented last year, a sufficient guarantee of the 
freshness of the display as a whole. As in previous 
years, the exhibition has been organised by The 
South Wales Institute of Engineers, the president 
of which, Mr. T. Allan Johnson, is chairman of the 
executive committee, with Mr. Martin Price as 
secretary. The exhibition was formally opened on 
Wednesday of this week, and will remain open until 
Saturday, December 3. 

The extension hall, which forms the entrance, 
by its varied range of exhibits gives the keynote of 
the exhibition, and one of the most striking things 
in it, a working unit comprising an automatic tippler, 
illustrates our other point, as the appliance may well 
be adapted to mines producing other materials than 
the speciality of South Wales, coal. This appliance 
is displayed on the stand of Messrs. Nortons (Tivi- 
dale), Limited, Hecla Works, Tipton, who are also 
showing a new vertical-pick coal breaker. The 
latter machine, of which we illustrate the arrange- 
ment in Figs. 1 and 2, on Plate XLVII, and repro- 
duce a photograph in Fig. 3, is designed to eliminate 
the crushing and disintegrating rotary movements 
found in many types of coal breaker. The Norton 
breaker operates by piercing the coal with rows of 
picks spaced to the required sizes and moving in a 
purely vertical direction. As will be seen from Figs. 1 
and 2, two plates, carrying the picks, are given a 
reciprocating movement by the oscillation of levers 
actuated by connecting rods from a belt driven 
crankshaft. The coal is fed into the machine on a 
steel plate conveyor, and one set of picks performs 
the preliminary breaking, while the other divides 
the coal to the required size. This size is determined 
by the pitch of the picks, and the plates can be 
readily changed for others having different spacing. 

The machine is made in two types, of which Type A, 
that shown in our figures, is arranged to fit over 
and work with an ordinary steel plate conveyor, which 
means that the coal is kept in continuous move- 
ment whilst being pierced. The Type B breaker, 
however, of which there is an example on the 
stand is, though more expensive, of a more efficient 
pattern. It is provided with a self-contained steel 
plate conveyor which is kept motionless while the 
coal is being pierced, and is then moved forward by 
a ratchet mechanism, operated by the machine, 
through a space equal to one pitch of the picks. 
This method naturally gives remarkable uniformity 
in the size of the broken coal, and as a result, the 
percentage of smalls is very low indeed. A test on 
this type of machine showed that 12 in. to 18 in. 
anthracite was broken down to as high a rate as 
71 per cent. of 4-in. cobbles. The remainder 
consisted of 12 per cent. of 1}-in. to 2}-in. pieces, 
with lesser amounts of smaller coals including 
only 2-7 per cent. below }-in. These figures include 
the smalls from three handlings and a mechanical 
Screening during the process of conveying to and 
from the breaker and to the weighing machine.. 

In the automatic tippler, alluded to above, is 
really implied a combination of three separate 
devices which are shown grouped together in Figs. 4 
to 6, on Plate XLVII. The three devices are an 
automatic retarder, an automatic control platform 


and a fully automatic tippler. The latter cannot 
work effectively unless there is some control 
of the entering tubs. and it is the two former 
which provide this control. The automatic retarder, 
seen at the right-hand side of Fig. 4, consists pri- 
marily of a pair of L-shaped levers projecting above 
the track, to about the centre of the tub axles, and 
connected to a dashpot cylinder containing oil. 
The outlet for the oi! can be regulated, and, when 
set so that the levers are pushed over by a tub 
travelling at a crawling pace, permits the oil to pass 
at an appropriate rate so as not to retard the speed. 
Tubs, however, travelling at higher speeds, are 





checked without shock, and the rate is reduced by 
the resistance of the oil escaping through the smail 
orifice. After a tub has passed, the levers return 
to the original position under the influence of gravity. 
The apparatus can be attached to ordinary tub 
rails by a pair of sleepers. At the point of attach- 
ment the gradient should be 1} in. per yard for 
tubs with ordinary bearings, and 1 in. per yard 
for tubs with roller bearings. 

The speed of the tub having been reduced to a 
crawling pace, it runs on to the control platform, and, 
presuming the tippler is full, it is arrested by the 
stop levers which have been set from the tripping 
of the platform by the preceding tub at the moment 
it entered the tippler. This tub with its front 
axle depresses a pair of levers which set. the tippler 
in motion. It is held in position by chocks at the 
top and angle frames parallel to the rails and close 
to the top of the wheel treads. The tippler is 
rotated by any suitable motive power, the driving 
shaft being geared to run at 24 r.p.m. and 12-h.p. 
being required. When the tippler has emptied the 
tub and has nearly completed one revolution, it 
trips the stop lever and control platform and the 
arrested tub begins to move forward, the empty 
one starting to move out of the tippler immediately 
this comes to rest. This sequence of events occurs 
regularly and automatically as long as there are 
loaded tubs coming forward, but if there is no loaded 
tub on the platform at any time, the stop lever 
will have to be lowered by hand to permit the next 
tub to run right into the tippler. The smoothness 
of working of this combination of apparatus is 
very striking. 

One of the firms, which, on account of the nature 

of its products, is obliged to demonstrate them by 
models is that of Messrs. R. White and Sons, of 
Widnes, Lancashire. Without detailing the whole 
of their exhibits, mention may be made of three 
features. An aerial wire ropeway driven by a 
small electric motor is installed in such a way that 
its operation is automatic throughout, and con- 
tinuous. There is a return terminal, an angle 
station of 135 deg., and a loading terminal, the latter 
being equipped with the continuous loader shown 
in Figs. 7 to 9, on Plate XLVIII. These indicate 
the method by which material is transferred from a 
continuously moving belt conveyor to a ropeway 
in which the buckets, though also in constant 
motion, are intermittently loaded. In Fig. 8 the 
belt conveyor is seen at the highest point ; below it 
is a tray T, and below this again a hopper which 
discharges through a spout into the bucket under- 
neath and to one side of it. 
The material discharged by the belt conveyor 
falls into the tray, which is of the tipping type, and 
delivers its contents into the hopper. This operation 
we will consider to have been just completed. The 
hopper is mounted on a carriage running on short 
rails parallel to the ropeway, and in Fig. 8 is shown 
in its filling position. On a ropeway bucket coming 
along it engages with the hopper, causes it to open 
and discharge into the bucket B. To give time for 
the transfer to take place both bucket and hopper 
travel together for a few feet, at the end of which 
the bucket goes on, but the hopper is released to 
run back to its starting place. This release position 
is shown in Fig. 9. The tray in the meantime, while 
horizontal, has been filled by the belt conveyor. 
It is tilted by the returning hopper, and the cycle 
is again repeated with the arrival of another bucket. 
The loaded bucket is automatically tipped without 
pause, and being of the maker’s self-righting pattern 
is returned to the loading terminal ready for the 
next load. 


this stand is a full-size model showing a successful 
method of dealing with the difficult conveyor pro- 
blem of discharging very sticky material from the 
buckets. Figs. 10to 12, on Plate XLVIII, show the 
provision made for this. The bucket, though sus- 
pended, is not mounted on trunnions as customary, 
but is provided with trunnions carrying pinions, and 
running in slots in the bucket yoke. The pinions 
engage with short racks attached to the yoke, and 
when the buckets are full and locked, are at the top 
of the slots as shown in Fig. 10. When discharging, 
the weight of the full bucket causes it to descend 
the slot, the pinion rolling on the rack, setting up a 
rotary motion. The bucket and its contents acquire 
considerable momentum during this descent, and 
when the movement of the bucket is suddenly arrested 
by its arrival at the bottom of the slot this momen- 
tum overcomes the friction of the stickiest material 
likely to be met with, and it is accordingly discharged. 
The bucket in the position of discharge is shown in 
Fig. 12. Given a constant ropeway speed, the 
termination of the rotary movement takes place 
not only rapidly, but always at the same point, so 
that the discharge can be made with certainty into 
small bunkers, or through a hole in a roof, &c. 

The third exhibit worthy of mention is that of a 
model of hauling rope rollers, with Messrs. White’s 
self-lubricating bearings. The cardinal feature of 
the design is that the bearing surface is not con- 
tinuous over that of the shaft or axle, but is in 
contact for segmental portions only, the metal 
between the segments being shaped as two plane 
surfaces inclined at a very obtuse angle. The 
flattened triangular grooves thus formed are kept 
supplied with lubricant, which is drawn into the 
bearing surfaces by forces in which the surface ten- 
sion of the oil plays a large part. Figs. 13 and 14, 
on Plate XLVIII, show the construction of the bear- 
ing as applied to hauling rope rollers. The pulley is 
cast with a hollow chamber forming the oil reservoir, 
which is fed from a lubricator on the end of the 
shaft through a central hole in the shaft terminating 
at right angles to its surface. A port in the bush 
of the roller opens once a revolution, and so prevents 
flooding. The oil is conveyed to the grooves 
through radial holes in the bush, over which runs 
a chain ring dipping into the reservoir, the oil 








being taken up by the hole as it passes the top 
centre. Bearings so fitted will carry a heavy load 
and run for some considerable time without 
attention. 

As might be expected from a firm having such a 
wide range .of activities as Messrs. Richardsons, 
Westgarth and Company, Limited, Hartlepool 
only a few examples of their smaller products could 
be exhibited. These comprise auxiliaries of the 
Contraflo type for use both at sea and in power 
plants ashore, such as a Contraflo auxiliary con- 
denser, Compact air ejector, surface heater and 
Morison “ Eliminair” de-aerator. Drawings and 
photographs illustrate some of the firm’s larger pro- 
ducts, e.g., turbo-generator sets and a double-acting 
two-stroke oil engine. While these are all well 
known, a distinct novelty is shown in a machine 
represented by a model. This is the Richardsons, 
Westgarth centrifugal cross current gas washer, which 
has been designed to reduce the temperature of, and 
remove the dust from, blast-furnace gases in order 
to fit them for use in gas-engines, boilers, stoves 
and so forth. The construction of this washer will 
be clear from the drawings given in Figs. 15 to 18, 
on Plate XLIX, and the photograph reproduced in 
Fig. 19. Fig. 15 shows the machine with part of 
the casing removed. 

Referring to Fig. 15, it will be seen that the gas 
is set in motion by a high speed double-inlet fan A, 
to the hub of which on each side are attached two 
discs B. These discs are perforated by a number of 
openings covered with wire screens, as shown in 
Fig. 18, and have the remaining portion of their 
surfaces broken up by a series of projections. A 
pair of fixed disc C, Fig. 15, of very similar construc- 
tion to the revolving discs, and arranged close to 
them, are attached to the fan casing at each side. 
That portion of the fan hub to which the discs are 
fixed is formed with two internal grooves, which 
communicate with the spaces between the fixed and 
revolving discs by the small holes D. The method of 








The second contrivance demanding attention on 


operation, which can perhaps be followed more 
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clearly in Fig. 17, is as follows : Water is introduced 
into the grooves of the hub through pipes parallel 
to the axis of the shaft, and having their open ends 
directed into the grooves. It is forced by centri- 
fugal action through the holes D and, after being 
deflected many times from one to the other pro- 
jections on the fixed and revolving discs, it passes 
into the collecting ring E, from which it flows down 
into a water seal below. 

The gas is constrained to pass through the orifices 
in the disc and through the two screens of agitated 
water between them, to which it parts with its 
suspended dust. The path of the gases is practically 
at right angles to that of the water so that the 
washing effect is at its maximum. The clean gas 
is discharged by the fan into a gas main for consump- 
tion, and the dust is removed from the water seal 
as sludge. The machine has yielded very satis- 
factory results under tests, the mean of 13 of which 
show that when passing 70 cubic metres of gas 
per minute (2,470 cub. ft.) the horse-power required 
was 5-5. The gas before washing contained 5-6 
grammes of dust per cubic metre, and after washing 
only 0-0058 grammes per cubic metre. The 
consumption of water to effect this thorough cleans- 
ing was 0-357 litres per cubic metre of gas (6-49 
gallons per minute). The only working parts of 
the machine are the fan bearings, and this, com- 
bined with low consumption of water and power, 
should make for very low maintenance costs. 

An interesting display of lamps and accessories is 
also by Messrs. Thor Lamps and Supplies, Limited, 
of 11, Windsor-place, Cardiff, the outstanding 
feature of which is two new types of shaft and 
roadway lamps, with hooks for top suspension. 
One of these, the MY type, we illustrate in Fig. 20, on 
Plate XLIX. It consists of an aluminium casing 
to take either a 4-volt rectangular battery, or three 
standard miner’s lamp cells. The bulb is fitted 
at the base of the lamp with a plated reflector 
above, and is protected by a thick well-glass and a 
metal cage. When a 4-volt battery is used a 2-5 
ampere bulb can be lighted for 14 to 15 hours, 
with three standard cells, when the voltage would, 
of course, be 6, a one ampere bulb would give a 
light of from 10 to 11 hours. The other lamp, the 
MX type, is a modification of the Thor M type 
which has the bulb fixed on a swinging arm. This 
feature is absent in the MX lamp, and the bulb is 
situated as in the MY type. Otherwise the con- 
struction is very similar to the M type, the casing 
being made to contain four standard cells in series. 
The ‘voltage is 8 volts, and a 6 candle-power bulb 
of the motor-car headlamp type is fitted with a 
plated reflector above it. 

Messrs. Edward Bennis and Company, Limited, 
Little Hulton, Bolton, have working exhibits of 
two of their machines, with detail parts, drawings 
and photographs of others. The Bennis chain-grate 
stoker of the cellular compartment type is generally 
used for water-tube boilers working with forced 
draught, and the example shown is fitted with the 
latest form of narrow links. It is specially adaptable 
for dealing with South Wales fuels. Its general 
construction is already widely known, but we may 
mention that the grate is driven by a totally- 
enclosed gear box, the gears running in oil. There 
are six changes of speed and a safety release gear, 
which effectually prevents breakdowns in the case 
of any abnormal resistance developing in the 
grate. The length of the grate is divided into 
transverse cells or compartments which have 
independent air supplies from a common duct, 
so that the combustion over the whole area may 
be kept under proper control. 

The latest form of the firta’s apparatus is repre- 
sented only by drawings. It is a smokeless and 
gritless coking stoker, with a self-cleaning natural- 
draught furnace, and is being very successfully 
used on Lancashire boilers of comparatively low 
pressure and burning the softer coals. This grate 
is shown in Figs. 21 to 25 above and on page 675, 
from which it will be seen that the fuel is fed to 
the furnace by means of rams which, by means 
of a reciprocating motion, push it forward from 
the base of the hopper on to a stationary coking 
grate several inches below. This coking grate is 


composed of a series of small bars with an inde- 
pendent air supply, and, when completely coked, 
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Fieas. 21 anp 22. LANCASHIRE BOILER FITTED WITH GRITLESS CoKING STOKER; Messrs. ED. 
BrENNIs AND Company, LIMITED. 


the coal is drawn, by the motion of the recipro- 
cating bars of the main grate, on to that grate, 
along which it steadily travels. The motion is 
such that during the transit complete combustion 
takes place, the ash and other incombustibles 
falling over the rear end into the ash pit. The 
small jet shown in Fig. 21 is one of a series of 
steam jets which by playing on the underside 
of the bars help them cool. An independent gear 
box is provided for driving the feed boxes, and 
the amount of fuel fed to the furnace is regulated 
by a small hand wheel which makes suitable 
adjustments in the length of the pusher connecting 
rods. The fire bars are operated by another driving 
gear, and three-speed pulleys permit the speed to 
be adjusted independently of the feed boxes. 

The other working exhibit is an example of 
a sprinkler type stoker and self-cleaning compressed- 
air furnace, which is already successfully at work 
in some of the large South Wales collieries. This 
also has independent fuel feeds and grate speeds, 
so that different classes of coal may be burned 
with equal efficiency and smokelessness without 
requiring more than a simple adjustment. The 
exhibit is completed by parts of the Bennis under- 
water ash conveyor, U-link chain conveyor, and 
tray conveyor. 

Prominent in the display on the stand of Messrs. 
Reavell and Company, Limited, Ranelagh Works, 





Ipswich, is a compact example of a vertical double 
acting, two-stage air compressor direct coupled to a 
motor. We reproduce a photograph of this machine 
in Fig. 26, on page 675. It isof the two-crank type, 
totally enclosed, with high and low-pressure cylinders 
proportioned for a discharge pressure of 120 Ib. per 





square inch, and water-jacketed in both body and 
covers. The valves are of the plate type, the four 
seatings to each cylinder being held in place by a 
single central bolt. The piston rod packing is of 
the hydraulic type, and the distance pieces are of 
such a length that the portion of the rod entering 
the crank case does not enter the cylinder, thus 
precluding any conveyance of lubricating oil into 
the air, while a wiper gland is, further, fitted on the 
top of the case. 

A forced system of lubrication operated by a 
valveless pump, driven from the crankshaft, supplies 
all working parts. This is fitted with a relief 
valve, pressure regulator and pressure gauge. The 
intercooler between the cylinders is of the indepen- 
dent vertical, multitubular counter current type with 
a relief valve, water regulating valve, and drains. 
Automatic unloading gear can be provided by 
the addition of a valve on the low-pressure suction 
to close and open when maximum and minimum 
pressures are reached in the receiver or pipe line. 
When the machine is driven by a direct-current 
motor a further device to regulate the speed of the 
compressor automatically in response to the demand 
for air can also be fitted. The machine is made in 
11 sizes, the smallest delivering 500 cub. ft. of free 
air per minute, at 480 r.p.m., and the largest 
5,000 cub. ft. at 222 r.p.m. The brake horse-power 
is respectively 110 and 1,125, with a delivery pres- 
sure,of 120 lb. per square inch. If the compressors 
are required to be steam driven, compound steam 
cylinders are arranged tandem with and above the 
air compressing cylinders. Other examples of verti- 
cal air compressors are also shown, viz., single cylin- 





der machines both air and water cooled, and a two 
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Fig. 26. Two-Stage VerticaL Air Compressor; Messrs. REAVELL AND CoMPANY, LIMITED. 


cylinder single-stage water cooled compressor, all 
for pressures up to 100 Ib. per square inch. 

Another interesting exhibit on this stand is a 
portable compressing plant. This has a capacity 
sufficient for the operation of one concrete breaker 
operating continuously in hard concrete. It consists 
of a Reavell high-speed single-acting vertical com- 
pressor direct-coupled to a 14-h.p. Atlantic water- 
cooled engine, and regulated by an automatic 
unloading and slowing device. The two are mounted 
together on a substantial four-wheeled carriage with 
yoke and brake blocks, and are sheltered by a canopy 
and side screens. Outside the shelter at the front is 
the engine radiator, a bracket at the back carries a 
large air receiver. The total weight is one ton, and 
the machine is the smallest of a series, the largest of 
which can supply 6 to 7 concrete breakers and weighs 








60 ecwt. A compact little portable substation 
compressor is also shown fitted with hose and nozzle 
for blowing dust out of the windings of electric 
motors, dynamos, transformers and switchboard 
instruments. This is a small rotary compressor 
mounted direct on the spindle of a high-speed motor. 
The display is completed by a rolling drum type 
rotary compressor and examples of the John Bull 
concrete breaker. 

An allied firm, Messrs. The Reavell Mossay 
Pneumatic Tool Company, Limited, of the Ranelagh 
Works, Ipswich, the makers of the Eloy tools, 
are showing a wide range of mining and ripping | 
picks, spades and diggers, rock drills, chipping and 
riveting hammers, and one size of rammer. | 
Although several of the tools are new developments, 
they are based on the original design, with such 
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modifications in detail as modern practice and 
experience suggest. Thus, practically all types and 
sizes of the tools have renewable cylinder liners, 
for, although the firm has always adopted the prac- 
tice of hardening and grinding these, the wear 
which inevitably ultimately occurs results in 
decreased power and increased air consumption. 
The newer designs permit the renewal of the liner 
and piston valve, &c., so that the original efficiency 
can be restored at a low cost. One type of mining 
pick stands out somewhat, however, from the rest, 
as it has been designed for use with air pressures 
above 70 lb., and may consequently be expected 
to give better results than the same weight of low 
pressure tool. Another rather exceptional item is 
a special slow speed long stroke tool intended for 
separating stickers in tin plate. 

Messrs. Allen West and Company, Limited, 
Lewes-road, Brighton, show too wide a range of 
motor control apparatus and switchgear to parti- 
cularise, but a complete winder control unit for 
a three-phase alternating current motor claims 
attention. This we illustrate in Fig. 27, on page 676. 
On-the right is the firm’s standard type of liquid 
regulator, which is already well known. It 
embodies a special method of circulation for cooling 
the electrolyte. On the left is lever gear, with a 
master switch for operating the reverser. This last 
is of new design, and is an oil-immersed contactor 
operated stator reverser, for use on 2,200 volts to 
3,300 volts, with a maximum current of 120 amperes 
continuously. It consists of a ribbed cast-iron 
central body, a portable steel hood covering the 
operating magnets, and a steel oil tank, the latter 
being lined with teak and provided with slow-motion 
lowering gear. The contactor magnets are fully 
exposed when the hood is removed, and each may 
be easily taken complete from the body by removing 
one pin and four screws. The magnet armature 
has three-point suspension providing easy adjust- 
ment. This, with the shading coil over the fixed 
core, eliminates chattering and ensures silent 
operation. A mechanical interlock prevents the’ 
closing of both sets of magnets at the same time. 

The contacts are vertically operated and have 
renewable hard copper tips, and a wiping action to 
keep the contact surfaces clean. Two breaks per 
phase are provided which together give a total 
break of 1} in. per phase. The break between the 
contacts takes place 3} in. below the oil surface. 
The fixed contacts are insulated on a carrier bolted 
to the bottom of the main body. Each contact is 
thus easily accessible. A very quick break is 
obtained from the pressure of the contact springs, 
and the weight of the moving contacts and operating 
magnet armature. The contact insulation is of porce- 
lain, arranged vertically to avoid carbon deposits. 
The switch terminals are all contained in the body, 
but, to facilitate wiring, tail leads are brought out 





into the trifurcating boxes. This type of switch is 
also made for use on low voltages up to 650, with a 
maximum current of 250 amperes continuously. 

Our other illustration from this stand, Fig. 28, on 
page 676, is that of a Type K.2, reversing flameproof 
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WINDER ContRoL Unit; Messrs. ALLEN WEST AND 


Company, LimITEpD. 


controller with crank handle. It is a vertical air- 
break pattern. In the firm’s horizontal oil-break 
type, the larger sizes are arranged with the drum 
fingers carried on a hinged auxiliary frame inside the 
casing so that when the cover has been opened the 
drum, &c., may be pulled forward clear of the 
casing and so be accessible at the back as well as 
the front. This movement does not interfere in 
any way with either the internal or external con- 
nections. An air-break industrial type drum- 
controller for a direct-current series motor is also 
exhibited, together with a collection of apparatus 
in flameproof cases, such as circuit breakers, star 
delta starters, auto-transformer starters, combined 
stator and rotor starters, shunt-type limit switches 
and push button switches. These have all been 
certified by the Sheffield University for use in fiery 
mines. An industrial type of floor-mounted 40 
ampere star delta starter is noticeable, inasmuch as 
the case is made of pressed steel instead of cast iron. 

On the stand of Messrs. Switchgear and Cowans, 
Limited, Old Trafford, Manchester, we find a gate- 
end starter for the remote control of coal cutters, 
and other underground electrical machinery, and 
a new type of oil circuit breaker, both intro- 
duced for the first time. The former is illustrated 
in Figs. 29 and 30. on page 677. It will be seen 
from Fig. 29 that the starter comprises a standard 
gate-end switch fitted with the Williams Rowley 
system for ensuring adequate earth continuity up 
to the coal cutter. To this is coupled a single 
contactor unit, having its oil tank readily remov- 
able for routine inspection. The control arrange- 
ment is operated entirely by the low voltage pilot 
earth circuit of about 10 volts to 20 volts. When the 
apparatus is used with a coal cutter the latter can 
only be started by the man operating it. To effect 
this a small pilot switch is mounted on the coal 
cutter, this pilot switch effecting its operation 
through the pilot earth circuit ; in other words, the 
contactor unit on the gate-end switch starts and 
stops the coal cutter motor, the contactor unit 
being actuated by the pilot switch on the coal cutter. 
As the main cores of the trailing cable are not used 
in the control system, the machine man cannot 
put an earth on the system, due to any delayed 
action of the contactor unit. 

The method of coupling the contactor attachment 
to the gate end switch is by means of a standard 


Switchgear and Cowans’ mining type plug and / mechanical or remote electrical control. 
This is a screw connection pattern so that | contained, with its lever-operating gear. 


socket. 
the plugs cannot be dragged out of their sockets | 








with consequent risk of open sparking. The trail- 
ing cable is not in place in Fig. 29. As the contactor 
unit is the part subject to the greatest wear and 
tear, it should be possible to replace it if it 
becomes defective, without interrupting the work. 
This can be effected as shown in Fig. 29, the 
trailing cable being coupled direct to the gate end 
switch. Coal cutting can thus be continued while 
the defective contactor unit is being repaired, 
provided the coal cutter has a direct operated 
drum controller. 

The contactor attachment contains only, in addi- 
tion to its solenoid, the control relay and an over- 
load trip, but other automatic devices for providing 
protection in the case of a leakage to earth, defec- 
tive earth circuit and faults between phases, are 
fitted as standard features to the gate end switch. 
In an overload, such as may be met with in normal 
working occurs, the machine man can reset the 
switch at the coal cutter by the pilot switch. 
Severe overloads caused by abnormal circumstances 
and likely to result in damage to apparatus are 
met by the tripping of the gate-end switch, which 
has then to be reset by hand at the switch. Should 
the coal cutter stop from failure of supply, the 
resumption of the current will not cause the machine 
to re-start automatically. A short circuit between 
the pilot core and the earth core in the trailing cable 
will not start a standing machine, but will stop a 
working one. The clearing of such a short circuit 
will not of itself re-start the machine. 

The new design of oil circuit breaker is shown 


|separately in Fig. 32, and in place in a draw-out 


truck type cubicle in Fig. 31, the latter being the 
arrangement shown on the stand. The cubicle is 
constructed for pressures up to 11,000 volts, three- 
phase. Interlocks are provided to prevent with- 
drawal of the truck when the switch is on, also auto- 
matic shutters to prevent contact with live parts 
when the truck is withdrawn. The cubicle is of 


| strong construction, while special attention has also 


been paid the strength of the truck, the side frames 
of which are cast in halves to relieve the stresses 
often present in large single-piete castings. The 
position of the alignment wheels at the vertical 
centre of the truck adjacent to the heavier parts of 
the gear prevents any tendency to distortion. The 
circuit breaker is adapted for panel, cell or wall 
mounting, as well as for the cubicle, and for remote 
It is self 


The fixed contacts are self-aligning plates, freely 
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Fie. 28. FrLamerroor Drum TyPE CONTROLLER ; 


Messrs. ALLEN WEsT AND Company, LIMITED. 


suspended on steel tubular springs. The operating 
gear is very simple, no springs, toggles or gear 
wheels being employed. The lever handle is of 
large size, and affords a positive indication of 
whether the breaker is open or closed. The contacts 
cannot be left in a partially-closed position, and 
intermittent on-and-off contact is not possible. The 
breaker cannot be held in the closed position when 
the automatic features are tending to operate. The 
contacts can be arranged in two positions without 
any structural alterations of the circuit breaker. 
In Fig. 31, the terminal insulators are arranged 
parallel to the front panel, but they can be placed 
at right angles to the position shown, as when 
mounted on switchboards and on coupler trucks, 
and the connections to the circuit breaker can be 
simplified to suit the relative positions of the *bus- 
bars and joint boxes. 

Other examples of ironclad oil-immersed switch- 
gear are shown, both in industrial and flame-proof 
form, and an induction regulator for obtaining a 
variable pressure from a constant supply for testing 
purposes where a gradually varying pressure is 
required, also forms part of the exhibit. There is 
further a colliery lighting transformer, and a single- 
phase oil-immersed switch for substation and con- 
sumer’s use. The former is intended for tapping 
a single-phase lighting circuit off power mains. It 
is flameproof, oil immersed, and controlled on the 
primary side by a double-pole switch with oil fuses. 
The fuse holders can be withdrawn on raising a 
hinged lid interlocked with the switch movement, so 
that no live parts can be touched. 

Amongst the numerous conveyors exhibited is a 
model of a new design of belt-chain face conveyor 
made by Messrs. Stothert and Pitt, Limited, Bath, 
| which must not be overlooked. It is interesting for 
its simplicity and compactness of design, which 
should make for economy in both working and 
|maintenance. At the same time, its efficiency does 
not suffer. It consists primarily of two parallel 
endless chains in lengths of 6 ft., one end link of 
each length being slotted to carry a curved bearer 
spanning the space between the chains. The belt, 
which may be of light canvas, rubber, or other 
suitable material, is attached to these bearers, and 
is consequently not in tension other than from the 
stress due to the weight of coal lying in the hammock- 
like portions between the bearers. In Fig. 37, on 
page 678, we give a cross-section of the conveyor 











showing the loaded belt with the return underneath 
it, and a pair of the idlers upon which the chains 
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Gatre-EnpD STARTER; Messrs. SWITCHGEAR AND Cowans, LIMITED. 












































Fie. 31. Draw-Ovut Tyrer Ironctap Switcu CusicLe; Mrssrs. SwitcHGEAR 
AND Cowans, LIMITED. 


run. These are carried on brackets securely 
attached to steel sleepers and are spaced about 
10 ft. apart. The section shows that the sleepers 
are long enough to admit of being wedged by props 
against the roof, if necessary, and that the loaded 
conveyor may be operated in a 12-in. seam. A 
complete sleeper, with bracket and idlers, weighs 
50 lb., and the weight of a 6-ft. length of chain, 
details of which are illustrated in Figs. 38 and 39, is 
29lb. There are no loose pins or bolts in the chains. 
As there is no driving tension on the belt, it may 
be made of only two-ply material; a 6-ft. length 
of this, with one bearer, would weigh 20 lb. when of 
the minimum width of 16 in. The conveyor is 
driven at the head end through reducing gear by 
either an electric or a compressed-air motor. The 
head gear weighs 8 cwt. Tension is taken up in 
the usual way at the tail end, which weighs 3 cwt. 





This type of conveyor may work on an incline of 
25 deg. against the load and 15 deg. to 20 deg. in 
favour of it. The power required to drive 100 yards 
of the conveyor with a belt 16 in. wide, on a gradient 
of lin 6,is 6h.p. The capacity, under these con- 
ditions, is 40 tons per hour. 

Messrs. Stothert and Pitt are also showing, by 
means of a model, an ingenious development in 
their rope-belt conveyor. With the ordinary belt 
conveyer the original design usually provides for a 
power and thickness of belt appropriate to the 
length and load, and the question of extension is 
seriously complicated by the difficulty of supplying 
the additional power at the driving end, and of 
strengthening the belt. In a rope-driven conveyor, 
with ropes in parallel, there is, further, a source of 
trouble in the unequal stretch of the ropes. Messrs. 
Stothert and Pitt’s ingenious contrivance makes it 





Fig. 32. Om Switch ror Draw-Ovut CUBICLE; 
Messrs. SwITCHGEAR AND Cowans, LIMITED. 


possible to extend their conveyor to practically 
any length, even miles longer than its original 
lay-out, without doing more to the pre-existing 
portion than splicing the ropes and belt, and without 
altering the drive at the head pulleys. This is done 
by carrying the belt upon wheeled axles moved by 
the driving ropes, and by adding an independent. 
driving gear, which, by a continuous gripping of the 
ropes passing it, is adequate to supply the power 
needed for the new section. The belt may thus 
remain at its original strength, say 3 ply, and the 
diameter of the rope need not be increased. 

In the new conveyor, which is illustrated in Figs. 
33 to 36, page 678, the axles are pitched 10 ft. apart. 
The centre part of the axle is cambered. It is nearly 
square in section and the belt is bolted to it. At 
each end is a shorter piece carrying the wheels, the 
three pieces being coupled by a single bolt at each 
joint acting like a hinge pin, and the movement of 
the wheel-carrying ends is quite free round it. At 
the joint, however, on both the main axle and the 
ends, is provided a notch in which the driving rope 
lies. If the three parts of the axle were kept stiff, 
no gripping action could take place, and the rope 
would merely slip through the notch. As it is, 
however, the weight of the belt, through the reaction 
on the wheel track, causes the axle ends to be slightly 
inclined upwards, with the result that a gripping 
action takes place between the two notches, in a 
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Fies. 33 to 39. Brit Conveyors; Messrs. STOTHERT AND Pritt, LimITED. 


manner analogous to the action of notched wire 
shears. To free the rope from the grip, as the 
axle in question nears the grooved rope pulley at 
the delivery end, it is only necessary slightly to 
depress the wheel track, when the belt being sup- 
ported by the flat-faced pulley over which it passes, 
the two notches are brought into line and the rope 
released. 

The wheel track is prolonged to the belt pulley, 
and as the axles pass over it, the ends fall free and 
hang downwards. They are restored to their 
correct position by certain guide rails, and grip the 
return ropes as before, though the notch is now 
upwards. The grooved rope pulleys run loose on 
separate shafts and the question of unequal stretch 
does not affect the gripping of the ropes. There 
is no driving tension on the belt, hence it is possible 
to use a light one. The driving unit is illustrated 
in Figs. 33 and 34, above. From these it will be 
seen to consist of an endless chain passing over a 
pair of wheels on each side. The wheels are driven 
in unison by an electric motor and suitable gearing, 
and the chains carry at intervals special gripping 
devices, the nature of which will be seen in the 
figures. The grip is made positive by compression 
springs, and is removed when the rope leaves the 
driving unit by curved guides on which small 
vertical rollers engage. The chains are suitably 
supported against sag by means of rollers underneath 
them, running on a horizontal track. Lubrication 
is provided for by the Tecalemit system, grease 
being supplied to the gripper components, chain 
joint pins, and grooved axle rollers. 

A mechanically-operated method of lubrication is 
demonstrated in the exhibit of Messrs. W. B. Dick 
and Company, Limited, 26, Grosvenor-gardens, 
8.W.1. This is effected by the Lubro valveless 
lubricator, of which there are several models on the 
stand, both in section and complete. We illustrate 
one of them in Fig. 40, on this page. The lubri- 
cator is of the sight-feed type with a separate pump 
to each oil outlet, of which there may be 15 or 
more on a lubricator intended for a marine Diesel 
engine. The whole of the mechanism is situated 
in the oil container, which is of rectangular form, 
and is filled through astrainer. The plungers consist 
of a lower portion with a hole drilled through the 





centre as far as a groove forming a port situated 
about half-way up, and an upper portion cut with 
an approximately spiral groove and having a 
prolongation passing outside the container. The 
shaft is given an oscillating motion by a ratchet 
device worked from the engine, and fingers upon 
it enter the grooves in the upper part of the plunger. 

On the up-stroke, the plunger port is in line with 
the suction passage through the sight-feed glass, 
and a charge of oil is drawn underneath the plunger. 
The amount is determined by the length of stroke 
of the pump, which is regulated by the adjusting 
screws above the plunger spindles. As long as no 
resistance is imposed by these, the plunger moves 
only in a vertical direction and the suction port 
remains open, but stopping the stroke of the plunger 
causes it to rotate under the rising finger of the 
shaft acting in the spiral groove. The full amount 
of rotation is a right angle, and this puts the port 
into communication with the outlet pipe, through 
which the oil is discharged on the down stroke, at 
the completion of which the plunger is again rotated 
into the suction position. By an auxiliary shaft 
and a swashbuckle arrangement, a revolving motion 
instead of a ratchet can be employed. 

A colliery-tram tipping apparatus is exhibited 
on the stand of Messrs. Transporters, Limited, 
87, Union-street, Glasgow, C.1. This firm shows, 
by means of models, a tippler capable of dealing 
with two to six trams at once, with another system 
embodying an aerial ropeway controlled by mechani- 
cal switch gear, in which a tram is transported from 
a loading station to the refuse heap and tipped, 
reversed, righted, and stopped automatically. A 
third model represents a somewhat more unusual 
appliance, which we have selected for description 
and illustrate by Figs. 41 to 44, on the opposite 
page. This is the Hamilton wagon tippler, which 
was originally designed for discharging railway 
wagons on the growing refuse heaps of collieries and 
ironworks, but is being found suitable for disposal 
of spoil generally. The spoil heap, on which the 
tippler is situated, in Figs. 43 and 44, is at one of 
the works of the London, Midland and Scottish 
Railway Company. It is composed of goods-yards 
sweepings and ashes, and was actually on fire when 
the photographs reproduced were taken. 
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In spite of this apparent instability of foundation, 
however, the appliance is quite firm, the load at the 
edge of the spoil-heap being taken by a bearing plate 
of joist and plate construction, shown in Figs. 41 and 
42. The pressure due to the weight of the appliance it- 
self, and the weight of a loaded wagon in its overhang- 
ing part, is, with a 16-ton wagon, about 80 tons. The 
area of the plate is 144 sq. ft., and it carries, on its 
upper surface, rails prolonging the usual line on the 
top of the spoil-heap. The main frame consists of 
a pair of girders, roughly three times as long as the 
overhanging part. This latter is, of course, open in 
the centre, but the remainder embodies a sloping 
platform, with a gradient of 1 in 25, carrying railway 
lines. The frame rests on two four-wheeled, bogies 
running on the line, so that it is an easy matter to 
bring it back to pack up the bearing plate should 
any settlement occur. The lower end of the sloping 
platform is connected by a ramp, at the same 
gradient as itself, to the railway line. 

The method of operation is as follows :—The 
tippler is set in the receiving position, as shown in 
Fig. 43, and the full wagon is pushed up by a loco- 
motive, as shown in Fig. 41. The attendant then 
adjusts the holding-down gear, and lifts the tipping 
bar on to the coupling hook of the engine. Wire 
ropes attached to the tipping bar pass over pulleys 
and round the drums at the ends of the tippler, 
and acting through these the weight of a heavy 
six-wheeled locomotive running back on the plat- 
form gradient is sufficient to turn over the tippler 
with a 12-ton wagon. With a heavier wagon 
or a lighter locomotive, it is necessary for the 
latter to back a few feet under its own steam. 
When the wagon is emptied, the tippler is restored 
to its original position by the movement of the 
engine, which is then coupled up to the empty wagon. 
The actual operation shown in Fig. 44, in which a 
12-ton wagon is in use, occupied only 45 seconds 
from the time the tippler began to turn to when 
the wagon was ready for re-coupling. The spoil 
can be tipped to either side as required, the bank 
resulting from deposits on both sides being 16 ft. 
wide at the top. It is possible for one man to 
attend to all the movements. In the later designs, 
a platform extends right round the projecting 
part of the apparatus to permit access to the 
holding-down gear, which has a vertical movement 
of 2 ft. 6 in., and is suitable for either a ballast wagon 
or a large coal wagon. 


(To be continued.) 





Tur Iron AND STEEL InstITUTE.—The first award 
of the Williams Prize, details regarding which have been 
published in our columns on several occasions, has been 
made by the Council of the Iron and Steel Institute. 
The sum available has been divided between Messrs. 
E. A. Atkins and C. 8. Gill. The former has received 
50 guineas for his paper, ‘The Drawing of Steel Wire 
and its Relation to the Qualities of Steel,’”’ presented in 
May last, and Mr. Gillhas been awarded 30 guineas for his 
paper, ‘“ The Effect of Ash in the Coke on Blast-Furnace 
Working,” presented at the recent autumn meeting in 
Glasgow. 








Nov. 25, 1927.] 


679 


ENGINEERING. 








Q0LI4SIp YIM SUOTZeI[NSUOCD ‘as GINGNZ 10F pouTezqo oq 
P[hOo UOTeMIOFUT OfGeNyeA ‘oTGeITeA O1OM SOOBJINS PROT 
JO svore 04} UOY AA ~“4x10M OY JO UOTSIATP.044 UT podjoy 
qt ‘A410 oy} JO IO spIeM JO UOTSUa}Xe SBM OI044 UOyM 
‘osnBoeg BIQRSTAPR SVM ULOTZBOYISsE]O PIV 4VY4 9YSN0Yy 
ey pres solaeg cog ‘yy ‘Ajdor uy ‘ouop oq 03 yI0M 
UI SUISIAPY UI selzlIOYNe [BOOT INO jo sio0UTZUO oYy 
ur posed oq ysnul souspyuoo oynposqy “4gueqzoduT 
SBM SOTIOYOS YIOM JO uOTyeredoid yeYy poystzes sem oY 
Ve} pres “STM PreMpy “ayy “‘UvULITeYD oy, ‘Tesodstp 
sTY 98 Yes pozrunyy oy} YyIM ofqissoduit punoy oy ssoid 
-oid ul y10M Jo sydvid yo uorstAoad oy, “yIOM oY JO 
UOTzesIUvSI0 O44 PUB ‘pozBoOApe oY YOIyM ‘s10AeAIns 
goLy4sIp 043 Aq wUoryoedsur ‘speor jo UoOTyeoyTsse{O 





YjiM Zuyvop jo poyyour uMO sty poqisosep ‘speey 
jo ‘oudpIoyo0H “ ‘snorosuep sem ‘pres oy ‘sarynp 
yons JO uol4esejap oy} £ USTIOIOZ 4OIIYSIp 94} 04 SpeOr 
oy} JO uorqoodsur oy} I0AO pueYy 0} OYRISTUI B SUM 
41 9BY} PoOpIsUoD 4IVMO4G “G “WY “IPL = “soATyeyUosordor 
PIVM SNOTIvA 9Yy JO sooUONBUI oy} 07 oONp se7qno4 
oY} 0} porsojor OY ‘oorg “Ip 4q postsvyduio sem spre 
Aq spvor JO quowy4ve74 Jo solyjnoyIp oyy, ‘sysoo Jo 
UOTJONPSL OY 09 [VIZUISSO SBAL SOTTATIOR 8, AZLIOYINV [BOOT 
@ JO squouyiedep snoleA 04} Us0M40q UO0TZeI0d 0-09 
‘roded 044 JO 10ygne 043 Aq poqsodsns 4ey4 se Ae Yons 
euros ut 4doy oq 07 104SISoI B IOJ ‘poyIeMEI SUTYUOL “IPT 
‘MOTZONIYSUT YUOMTUIIAOS yNoyATA ‘Aressooou svi 4t AToING 
*sqs00 JO Sutaes oy} ur Areats oatyyedui0s Ayyyeoy 


‘vb “OL 














® 0} po] USMIsIOF POI SNOLIBA 04} JOpuN yIOM o4y JO 
UOISIAIpqng ‘omweIZ0I1d oy} Jo uoTeaedeid oy} pue 
spor Jo uoTzOodsuI 94} UI SBA YOM JULyIOdUIT 4sour Oty 
484} pepuezuoo pure ‘sojdurexe poqlo o1B100g “ay_ ‘STqy 
yo yroddns uy ‘iredor Sutpoou ysour spvor os0yy YAM 
[eep 03 efqeireae Aouour 044 o4OAop 04 oTQearojoid sem 
qnq ‘spied snolea oy} Suoure ofqereae syuvis oyy dn 
OplAIp 09 OOTAIOS [VOI OU JO SeM 4Y “SuOIM ATeyUOUT 
-epUn} SVM SPIVM OZUT YIOM OY} JO UOTSTATP-qns 4vy4 
pepuezuoo JOyeyIY AM “I ‘UOIssnosrp 043 Suruedo uy 
“OUI? OUIES OY} 4B 04 popuszye oq 44 stu 
‘jeMmouel popoou 4eq4 ‘07 ‘so[qeo “‘sUTeUI 4vY4 Os ‘pouI00 
-u00 syuouzredep snorrea oy} 03 pefeauod oq prnoys 
UOIZVUIOJUT O43 ‘poduvize sea YIOM JO ouureIs0Id 
oy} UsyAA = ‘uodn poproep porsod 30x", B 04 poucdysod 
oq 04 98y4 pus ‘10; posuvIIe oq plnoo YOM oyeIpPeTIMIT 
ey} ‘ouop BZuloq sIyy, ‘uouoIOyJ 049 JO sparepuTys 
Ul SUOTFVIIVA OY OFVUTUITTO 03 sUOTyeUTUIeXO JeuOsI0d 
eyeur prnoys sz0f4eAmms oy} ‘poredoid o10M sysIT 944 
eoug ‘siredor 1ourur Sutrmber osoyy osye pure ‘poyyeyour 
pue poylivos oq 0} popoou Ory speorl uwepRoeUr 
punoqi9zeM ‘UOTZONIYSUODeI IO ‘FULUOpIM IOF spBoOI JO 


“CULINI'T ‘SHALAOAISNVUY, ‘SUSSHP[ {UA IddIy, NOOVMA NOLINVH GH], ‘FF OL [FP ‘SdIG 
‘Eh “Ol 














syst] oredoid 0} UoMEIOJ peor YoLIystp O49 UT poovTd oq 
qsnur 4sni4 ‘sny3 ‘pue ‘uooedsut wo sy oUI0O Ayao pynoo 
SPBOI OY} JO 07848 944 JO OBpoymMouy poos W ‘popxooer 
oq plnoys Sutovzms Jo sossep[o oy} pue ‘poytoods oq 
P[Noys spvor oy} JO suotsuomIgG ‘oOWjer} oY Jo omngeu 
94} 03 Zutpr0o90v UOTZROYIssepD B Oq PTNOYS o10y3 ‘spRoI 
yO uorTyeI4sIsor yo uroysAs Aue uy ‘soul, ouoYydozoq pus 
‘soqqvo aomod pue 4ysiy olmoojo ‘sureur sed ‘suteur 
I0}VM ‘SUTIBIP 10ZVM-OVFINS ‘SIOMOS IOJ OsTe ynq ‘ouFeI4 
aoy Ava @ Surptaoid jo osodind Areurtid oy4 Aros 04 
[uo you pey ‘pres oy ‘shemysry “PlounoD A441) Brpreg 
oy} 03 1ofeaIng ‘soraeq oollg “gq “apy Aq sem ., HIOM 
sXemysry JO UOTyesTURBIO ,, 91319 04} Surreoq “ys1y OUT, 
“UOISSNOSIp IOF pozgtuqns o1oM suroiqoid AeMYysry qATMK 
Surpeop sioded OMY, ‘areyo oy Ut Suteq ‘uoTyN4YsUT O44 
JO JUSpIsarg “SITTTM PIVApY “IW ‘s1s9ursugq Ayunop pue 
edrorunyy Jo woTgnyy4suy eYyy Jo sooldsne oy} JOpuN sem 
‘9[ Joquisaon ‘Zuturom AepsoupeM UO <oueIeyU0O AH, 
“SAVMHDIA 
(‘89 2bod wouf penuyuo)) 


“SSHUYONOOD SWHOM OITHNd AHL 











‘NOILIGIHXa 


(‘abog apeoddo vas ‘uoudtsosag wo) 


ONIDAANIONG AMIGUVO WZHL LV SLIadihxd 


680 





ENGINEERING. 


[Nov. 25, 1927. 











inspectors were essential to efficient control, and such 
work should be encouraged. 

The next paper was on the subject of rural roads 
and other work of rural district councils. It bore 
the title “ Rural Simplicity,” and was submitted by 
Mr. R. O. Gooby. As the funds available were small, 
it was essential for a rural surveyor to be economi- 
cal, and his problems were consequently different from 
those involved in dealing with the affairs of wealthy 
counties and boroughs. Rural roads should be graded, 
and attention should be given in proportion to their 
importance. Aninteresting feature of the paper was the 
information given on the use of old bitumen drums 
to serve as a component of retaining walls in place of 
brickwork. Another feature of the paper was the illus- 
tration of the method of using growing trees to save 
the cost of very expensive concrete retaining walls on 
earth-slopes beside the roads. 

The Hon. Alfred Phillimore, in opening the discussion, 
referred to the great advantage of providing the High- 
way Committees with maps of the district, with the 
roads classified by colours. On omnibus routes, it was 
impossible to keep ahead of the traffic conditions by the 
use of current revenue ; loans for reconstruction must 
be resorted to. The Chairman, Mr. Edward Willis, 
did not consider that low first cost always meant 
economy. He thought that on slopes beside the road- 
ways, it was desirable to arrange for a horizontal section 
between the footpaths and the actual slope. That the 
urban people were the greatest users of rural roads and, 
therefore, should contribute largely to the cost of 
constructing them, was a contention made by Mr. 
Sharland. On the score of economy, he also suggested 
that, for rural roads, an 18-ft. width was suitable 
rather than the 20-ft. width advocated by many of the 
authorities. Other speakers, however, contended that 
the future should be considered and the greater width 
employed. Mr. Gooby, in reply, said that the heavy 
cost of making rural roads of 20-4. width was not always 
warranted. 

Sir Henry P. Maybury, Director General of Roads 
of the Ministry of Transport, presided on Wednesday 
afternoon, when the Rt. Hon. Neville Chamberlain, 
the President of the Congress, delivered an address 
and presented the premiums to the successful authors 
of papers. In opening his speech, the Minister of 
Health called attention to the fact that the Exhibition 
had beaten all records, both for the nature of the 
display and the number of local authorities—no less 
than 741—who had sent delegations. The importance 
of modern public works was evidenced by the fact that, 
apart from capital expenditure, the cost of dealing with 
municipal affairs had risen from 54 million pounds in 
1885 to 355 million pounds in 1925. Many of the 
services, such as those of gas, electricity and transport, 
were of a remunerative character. When information 
was afforded by Local Authorities to one another, too 
much consideration could not be given to the questions 
of costs. The premium recipients were Mr. C. S. 
Chettoe, for his paper on “The Design of Deep 
Culverts”? ; Dr. J. W. T. Walsh, for his paper on 
“Street Lighting Regarded as an _ Illumination 
Problem’; and Mr. F. H. Osmond-Smith for his con- 
tribution on “‘ The Advancement of Agriculture.” 

Mr. Chettoe’s paper on ‘“ The Design of Deep 
Culverts” was then presented. In his opening re- 
marks, the author stated that the design of a deep 
culvert presented special difficulties owing to the 
uncertainty of the magnitude, direction and distribu- 
tion of the external forces. A deep culvert was 
more likely to be subjected to longitudinal bending 
stresses, due to unequal loading and uneven founda- 
tions along its length, than a tunnel, while the stresses 
it was subjected to in a transverse plane were affected 
by the type and method of filling. The two factors 
which chiefly influenced the load to be carried by a 
culvert were the deflection, or downward movement, of 
the culvert crown, due to its flexibility and the com- 
pressibility of its foundations; and, secondly, the 
downward movement of a plane in the adjacent 
earth at the level of the culvert crown, due to the 
compressibility of the filling and the earth below the 
plane. The Rankine theory, which allowed for friction 
on the culvert wall, was probably a very close approxi- 
mation to the truth when deuling with deep culverts 
for which the filling material was of a sandy character, 
but did not hold when the filling was of clay. After 
making these statements, the author proceeded to 
examine the modifications necessary to deal with the 
case of clay filling, treating the subject from a purely 
mathematical standpoint. Before concluding his 
paper, he discussed the economy of different types of 
culverts for specified conditions, and showed the 
application of his method of treatment to certain 
particular examples. 

Professor E. R. Matthews’s paper was not presented, 
but was discussed with Mr. Chettoe’s. It was on 
‘“‘ The Design and Construction of Reinforced-Concrete 
Conduits, Sewers and Aqueducts.” Economic con- 


struction, the author thought, led to the use of a maxi- 





mum amount of concrete and a minimum amount oj 
steel, because compressive stresses would, in general, be 
carried more cheaply by concrete than by steel. He 
then proceeded to show that although reinforced con- 
crete had been adopted for all types of structures, the 
use had not been as extensive in municipal engineering 
work in Britain as was desirable. In America, the use 
was extensive, and examples were shown in the paper 
of various types of aqueducts and conduits which 


‘were common in that country. The type of aqueduct 


which was being introduced into America at present, 
was of simple and almost rectangular section, but 
with floors sloping towards the middle where there was 
a dished channel. In this, all the reinforcement was 
well covered and was provided in all four sides. The 
mixture was 1:2:4, and the structure was 9 ft. 
wide and 7 ft. high, internally. For wall thicknesses, 
9 in. was used for the sides, 8 in. for the foundation 
slabs, and 12 in. for the roof. 

Mr. Edward Willis, in opening the discussion, said 
that though Mr. Chettoe’s paper was of a theoretical 
character, its practical significance was of great 
importance. He considered that a culvert should not 
possess any appreciable amount of flexibility, and 
should, in fact, be almost inflexible. The stresses on 
the sides of a culvert were important, and were 
affected by the natural slope of the land in which the 
culvert was constructed. Clay was very treacherous 
as a foundation material, due to shrinkage in dry 
weather. He agreed with the adaptation of Rankine’s 
theory. The use of graphic statics, in considering 
these structures, was of the greatest value. Mr. 
Frank asked if movements at the base of culverts 
did not upset the elastic theory. It also appeared to him, 
from the paper, as if longitudinal stresses only were 
affected by temperature actions. Surely the effect 
was even greater over the cross-section. Informa- 
tion was lacking whether weep holes should be pro- 
vided in deep culverts. One of the danger spots 
in the design of large culverts was the pressure 
at wing walls and face walls, which caused con- 
siderable longitudinal stresses, and he was glad 
to see the matter emphasised in the paper. Major 
Morgan asked if it was assumed that the design of 
culvert proposed by the author was to be filled up on 
each side at the same time, and Mr. Hughes suggested 
that the particular design would be liable to failure if 
filled in from one side. It was frequently assumed, 
he found, that the Rankine thrust was always parallel 
to the ground, but that was certainly not the case. 
Mr. Chettoe said, in reply, that flexibility had become 
of great importance because of the construction in 
reinforced concrete and consequent thinness of walls. 
He thought that the stresses due to temperature were 
of more consequence in the longitudinal direction. 
Side-tipping of the filling was of importance, and 
might be the cause of considerable stresses. It was 
desirable not to tip from a very high bank on to 
one side. There was not much arch action in the 
superincumbent fill. He thought that, for culverts 
of moderate size, the box structure was certaiuly a 
desirable. form. 

The British Waterworks Association arranged the 
conference in the Berners Gallery on Thursday, 
November 17, and the meetings were held under the 
chairmanship of Mr. James A. Stewart, the President 
of the Association. 


River PoLivurion. 


In the first paper presented for consideration, 
Mr. F. H. Heald, of the Board of Conservators, Trent 
Fishery District, dealt with the subject of “‘ River 
Pollution.” He suggested that more than half of 
the pollutions from which waters suffered could be 
remedied by the exercise of nothing more than 
care and common-sense, without any monetary cost, 
and that remedies could be found for the greater 
part of the remainder at a cost which would have 
no appreciable effect on general industry. The 
balance, some 10 to 15 per cent. of the whole, which 
might prove a costly matter, could be left until the 
conditions of industry were better. If a sewage-works 
effluent were always kept to the standard recom- 
mended by the Royal Commission on Sewage Disposal, 
it did not necessarily follow that it was not of such 
a nature as to make it come within the rigid specifica- 
tions in the Salmon and Freshwater Fisheries Acts. 
There were many sewage-disposal works which were 
so well equipped and managed that the effluent from 
them was up to the “drinking water” level, but 
others, with equal facilities, were allowed to get into 
such a poor state that they became definite pollution 
factors. There were many cases of slackness in this 
respect, which were not due to any financial considera- 
tion. When small works were put into the control of 
untrained men, what should be a satisfactory effluent, 
if the plant available were properly used, became 
as dangerous as existed before the erection of the 
works. Many of the smaller Local Authorities 
endeavoured to carry on with systems of sewage 








disposal which were quite inadequate to the increases 
of population to be expected. New industries were 
started, new housing sites were developed, but the 
improvements in the means of disposal of the increased 
volume of sewage almost always lagged behind the 
progress made in other directions. One of the un- 
desirable results of this was that trade waste effluents 
were not dealt with. The Local Authority need not, 
of course, take into its sewage system liquid trade 
wastes, which were difficult of treatment, but a common 
result of not doing so was that they were dumped into 
the nearest ditch or stream. The effluent from beet- 
sugar factories belonged to the class of those difficult 
and expensive of treatment, but the manufacturers, 
as a result of pressure, had taken measures to secure 
scientific advice on the solution of the problem. 

Prior to the discussion, Mr. A. Bebbington presented 
his paper on “ The Law Relating to Rivers Pollution 
Prevention.” In this he gave a brief consideration of 
the various means of dealing with pollution by Common 
Law and by Statute. Under the provisions of the 
Salmon and Freshwater Fisheries Act, 1923, the 
putting of liquid or solid matters into waters containing 
fish, which caused the waters to be poisonous or injurious 
to the fish was prohibited. A new provision had been 
added to this Act, that no person in a fishing district 
could discharge any trade effluent into streams con- 
taining fish from new works unless notice of the 
construction of the new works had been given to the 
Fishery Board or the Ministry of Agriculture and 
Fisheries. 

Mr. Robert Pashley, in opening the discussion on 
the two papers, said that most of the troubles in 
regard to river pollution were the result of rank careless- 
ness, and much could be done to improve the conditions 
by the enlightenment of the people concerned. An 
increased number of technical men on the staffs of 
River Boards was regarded as a necessity by Mr. J. H. 
Garner. There was, he thought, nothing wrong 
with the existing laws, but much could be done to 
improve their administration. Mr. Humphrey thought 
that there should be some standard of purity of 
effluent, in order to’ provide something definite to 
work to. Industry, said Mr. Marlow Reed, should 
not be saddled with the heavy expense of deal- 
ing with trade refuse. Mr. Marsh stated that 
they had adopted a standard effluent in Essex, and 
referred to the difficulties of dealing with beet-sugar 
factories discharging effluents into rivers used for drink- 
ing water, owing to the fact that the works were only 
run for a part of the year, and by the time the necessary 
machinery had been set in motion for a prosecution 
the works were shut down. A strong protest was made 
by Mr. Burgess against the suggestion that it should 
go out as the view of the Congress that trade effluents 
should be treated in the local sewage works. Dr. Gee, 
of the Ministry of Agriculture and Fisheries, made the 
suggestion that the difficulties caused by the use of 
tar on roads near rivers might be prevented by putting 
a cold bitumen dressing on the surface. In reply, 
Mr. Heald said he was of the opinion that the treatment 
of trade wastes should be the duty of the industry 
and a part of the ordinary expenditure of the process. 
Mr. Bebbington stated that they already had a standard 
of purity of effluent, namely, that set up by the Royal 
Commission. 

A paper on “ Colloids” was then presented by Mr. 
T. P. Francis, in which he briefly dealt with the nature 
of these solutions and some of their applications. 


Water DIVINING. 


When tke British Waterworks Association resumed 
its meetings on Thursday afternoon, Mr. James A. 
Stewart again occupied the chair, and the first paper, 
on the subject of “‘ Water Divining,’’ was given by 
Dr. J. W. Gregory, of Glasgow University. This 
proved to be a very interesting account of the history of 
the subject and of the many tests made to discover 
whether there was any substantial foundation for the 
successes so frequently claimed. The survival of the 
use of the divining rod in the search for water, after its 
many other uses were abandoned, was, the author 
stated, due to shallow supplies of water being scattered 
abundantly, but so irregularly and elusively that their 
discovery was often a matter of chance. In the areas 
where diviners were mostly used, a large number of 
successes was inevitable, owing to the wide distribution 
of underground water. The reading of the paper was 
followed by a short discussion, which was opened by Mr. 
Madeley, who cited examples of divining, in which success 
was achieved after the efforts of geologists had resulted 
in failure. He was followed by a professional water 
diviner, who not only claimed that he could locate 
water but that he had given approximately correct 
estimates of the depth and quantity in 75 per cent. of 
his cases. Dr. Lapworth, who had taken part in the 
Guildford trials of water divining, stated that the 
results claimed for the method were not outstanding, 
because in 90 per cent. of the cases of haphazard 
boring success was obtained. After his experience of 
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tests, and he gave some examples in which nothing 
but failure could be recorded, he was convinced that 
water divining was of no practical use. In reply, 
Professor Gregory stated that he would not suggest that 
there was no need for further evidence on the true value 
of water divining. What was needed was better, not 
bulkier, evidence. 


Water SuprPiy. 


Mr. F. J. Alban then gave a brief statement of the 
material in his paper on “ The Economics of Water 
Supply,” in which he summarised the revenue accounts 
of many municipal water undertakings, after discussing 
the cost of water supply, the incidence of the annual 
cost between ratepayer and consumer, the incidence 
between types of consumers, and the questions involved 
in the collection of water revenues. A paper on 
“Rural Water Supplies—the Advantages of De- 
centralisation’? was then presented by Mr. D. F. 
Worger. The arguments in this contribution related to 
villages in which the population did not exceed 6,000 
persons, or to a group of smaller ones, the collective 
populations of which did not exceed that figure. 
The plant proposed for use was the Bruston auto- 
pneumatic water-supply system, and the results were 
based on the first year’s working, at Princes Risborough, 
of the first plant installed for public supply.* It 
comprised an automatically controlled internal- 
combustion engine, or electric motor, operating pumps 
which delivered into sealed cylindrical tanks. These 
discharge tanks were between the pumps and the water 
mains and were kept about two-thirds full of water 
against an air-pressure at the head, which it was desired 
to maintain on the water mains. Should the air 
volume increase, due to the drawing off of water, its 
pressure fell and the automatic mechanism for re- 
starting was put into action. With this plant, no 
reservoir was needed, and mains large enough to take the 
whole supply to the dominating height at which 
a reservoir would be constructed were unnecesary. 
With its use it became an economic possibility to 
give a water supply to a community of 2,000 people, 
and a properly laid-out scheme for a number of much 
smaller villages, with some larger ones, could also be 
operated economically. Mr. Worger then discussed 
the relative costs of centralised and decentralised 
pumping plants, to show the great savings resulting 
from decentralisation. 


(To be continued.) 





LABOUR NOTES. 


Monpay’s meeting at Bradford of the National 
Wool and Allied Textile Industrial Council did not 
carry the difference which has arisen over wages any 
nearer to adjustment. The employers have given 
notice to terminate the existing agreement this 
week, and the trade unions have, in effect, declined 
to submit to the wages revision, which the notice 
implies, until the whole question of the industry’s 
organisation has been investigated by a joint committee. 
The employers, while unwilling to refer the matter to 
the arbitration of a third party, are agreeable to confer 
with the trade unions on the questions raised as to the 
industry’s need of reorganisation, but, in their opinion, 
the wages revision must precede any investigation of 
that kind. The Industrial Council failed to agree, 
and was adjourned indefinitely. 





Several changes in the rates of benefit payable under 
the Government’s Unemployment Insurance Bill, 
which was discussed in Committee of the House of 
Commons during the week, were announced on 
Monday. The measure, as it stands, fixes the rates 
for persons between the ages of 18 and 21 at 10s. for 
young men and 8s. for young women, and for persons 
between the ages of 16 and 18 at 6s. for boys and 5s. 
for girls. Under the new arrangement the rates for 
boys and girls remain the same, but a graded scale is 
introduced for persons over 18, giving 2s. and 4s. per 
week to those who are between the ages of 19 and 21. 





Some interesting points are made on the subject 
of payment by results by members of the United 
Pattern Makers’ Association, in letters which appear in 
the latest issue of the organisation’s official report. 
The secretary of a Birmingham branch complains that 
the promoters of the movement to abandon the practice, 
do not put forward “an alternative that will give to 
the members better wages and conditions.” Where 
operated, he says, the system “ does provide additional 
earnings above the present low base rates, and the 
overtime rates *»—the ending of the overtime agreement 
being another aim of the movement—“ have a tendency 
to prevent systematic overtime by the increased cost 
over previous agreements.” The branch passed the 
following resolution :—‘“ That arising from the national 
agreements of July, 1922, which provide that employers 





‘may’ operate systems of payment by results and for 
payments when overtime is worked, the Executive 
be instructed to make application to the Engineering 
and Allied Employers’ Association for an early con- 
ference to discuss amendments to both agreements, 
and to make application for a differential rate for 
pattern-makers that would be compensatory to those 
who were not being employed on systems of payment 
by results.” 





The Secretary of the Rugby branch states that no 
alternative is suggested by opponents of premium bonus 
rates. ‘‘ Where the system is operated,” he says, 
“* 6s, Sd. in the I. is added to our wages, and it is well 
known that the system has been the means of increasing 
the day rates at firms that do not operate any — 
According to the Secretary of the Midland District 
Committee, members realise that they have gained 
economically through the agreement. “Firms,” he 
admits, ‘‘ have not rushed to operate it, but because 
some have, this has had its reflex in the rates paid by 
firms who cannot see their way to time or price a 
pattern.” 





Another writer, dealing with shop experience, has 
something to say about time-fixing. ‘‘ On occasion,’ 
he asserts, “‘ there is a disposition to believe that the 
time allowed for the job is fixed according to which man 
is to make the pattern. Again, times are allocated 
without reference to the workmen, so that when com- 
plaint is considered necessary, it must be made to those 
whom we would indict. In our opinion, the prices are 
certainly broken as occasion requires. The method 
adopted is to under-rate a succeeding job. On the 
other hand, convenient mistakes are sometimes made, 
thus permitting a member to improve his average. 
awe The general tendency of the scheme of pay- 
ment by results appears to be towards a gradual restric- 
tion of time allowed for a job, accompanied, of course, 
by increasing difficulty to earn the amount of bonus 
enjoyed in the past.” 





A Clydeside member, dealing with the question of 
overtime, expresses the opinion that the union will 
never be able to cut it out, as “it is necessary under 
certain conditions to the successful conduct of business 
and industry.” He regards it, however, as “ pre- 
eminently a question where negotiations might be 
opened with employers for a reduction of the limit of 
30 per month to 15 hours, because in a large shop 
30 hours per man is practically unlimited overtime.” 
“* This question of overtime,” the writer adds, “ always 
seems to me a hypocritical question. We are never 
quite sure that we have the general body of members 
with us. They speak and vote denouncing it, especially 
if it is others who are working it.” 





According to The Ministry of Labour Gazette em- 
ployment showed a slight decline, on the whole, 
during October. There was a marked seasonal 
increase of unemployment in the building trade and 
public works contracting, and in cement manufacture. 
A similar .tendency was recorded in constructional 
engineering. In coal mining there was a further 
increase in the numbers wholly unemployed, which, 
however, was more than counterbalanced by a 
decrease in the numbers temporarily stopped. There 
was a marked decline in iron and steel manufacture, 
but the pig-iron industry and the tinplate trade 
showed an improvement, and there was a further 
slight improvement in shipbuilding and marine 
engineering. The motor vehicle industry also 
experienced an improvement. Among the textile 
trades there was a decline in lace manufacture, but 
some improvement in the wool textile industry, and 
in most of the minor textile trades ; the cotton industry 
showed no marked general change. 





Among the workpeople (numbering approximately 
12,100,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (including 
those temporarily stopped, as well as those wholly 
unemployed) in all industries taken together was 
9-5 on October 24, 1927, as compared with 9-3 on 
September 26, 1927, and 13-6 on October 25, 1926. 
The percentage wholly unemployed rose from 6-9 on 
September 26 to 7-2 on October 24, while the per- 
centage temporarily stopped fell from 2-4 to 2-3. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in October resulted in a net reduction of about 
12,000/., in the weekly full-time wages of 173,000 
workpeople, and in a net increase of 1,400/., in those 
of 45,000 workpeople. The most important change 
during the month was the withdrawal of an advance 


in 1924 to workpeople in the textile bleaching, dyeing, 
&c., industry in Yorkshire and Lancashire. This 
reduction coincided with a small increase under 4 
cost-of-living sliding scale, which also operated in 
Scotland. The wages of iron puddlers and iron and 
steel millmen in the Midlands were reduced by the 
equivalent of about 1} per cent. on the previous rates. 
Other classes of workpeople, whose wages were reduced, 
included coal miners in Warwickshire and Leicestershire, 
shale oil workers in Scotland, ironstone miners and 
blastfurnace workers in Cleveland, blastfurnace workers 
in Staffordshire and the West of Scotland, and men 
employed by electrical contractors in England and 
Wales. Increases under cost-of-living sliding scales 
occurred in the wages of blastfurnace workers in 
Cumberland, and furniture trade operatives in 
Scotland. 





During the ten completed months of 1927, the 
changes reported to the Ministry of Labour have 
resulted in net increases of 29,7001. in the weekly 
full-time wages of 275,000 workpeople, and in net 
reductions of 373,7501. in those of 1,734,000 work- 
people. Of the total net reduction, the mining and 
quarrying industries have accounted for 275,000I. 


>| In the corresponding period of 1926, there were net 


increases of 17,0001. in the weekly full-time wages 
of 140,000 workpeople, and net reductions of nearly 
70,0001. in those of 770,000 workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as 
beginning in October, was 27. In addition, 16 disputes, 
which began before October, were still in progress 
at the beginning of the month. The number of 
workpeople involved in all disputes in October, 
including workpeople thrown out of work at the 
establishments where the disputes occurred, but not 
themselves parties to the disputes, was about 10,500 ; 
and the aggregate duration of all disputes during 
October, was about 40,000 working days. These figures 
compare with totals of 15,200 workpeople involved, 
and 84,000 working days lost in the previous month. 
In the first ten months of 1927, the total number of 
workpeople involved in all disputes in progress was 
approximately 100,000 and the time lost by such 
workpeople was about 1,081,000 working days. 





The Economic Research Bureau of the American 
Bond and Mortgage Company states that during the 
past twelve years there have been in the United States 
more than 28,000 strikes involving a total of 15,500,000 
workers. The total cost of these disputes is estimated 
at more than 14,000,000,000 dols. Since 1919, the 
greatest strike year in the history of the country, the 
Bureau reports that relations between employers and 
workers have continued to improve, until to-day the 
continuity of production is being disturbed by relatively 
few industrial disputes. Since 1922, reduction in 
labour: trouble has been most rapid and pronounced, 
and is probably largely due to improved employment 
relationships, high wages and increased industrial 
efficiency. The largest number of disputes was in 
the building industry, which reported 4,472 strikes 
or 15-52 per cent. of all those recorded. The clothing 


industry was second with 3,548 or 12 per cent. of all 


strikes reported, and the metal trades were third 
with a total of 3,437 strikes or 11 per cent of all strikes. 





As to the causes of the various strikes the study 


showed that, of the total number, 8,991 or 31 per cent. 
were for increased wages, 2,047 or 7 per cent. were 
against wage cuts, and 1,891 or 6 per cent. were for 
union recognition. 
various other causes, such as non-payment of wages, 
employment of non-union men, discrimination, &c. 
Of the total strikes reported as won, lost or compromised 
during the period, 34-5 per cent. were won by the 
workers, 34°5 per cent. by the employers, and 31 per 
cent. compromised. For many strikes, the results 
were indefinite or not reported, but enough were 
reported to afford a representative picture of strike 
results. 


The other disputes were due to 





The Ministry of Labour states that on November 14, 


1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,125,700, of whom 775,900 were wholly unem- 
ployed, 286,000 temporarily stopped, and 63,800 
persons normally in casual employment. 
number, 897,100 were men, 32,700 boys, 165,400 
women, and 30,500 
registers on Novem 
unemployed, 284,188 temporarily stopped, and 63,496 
persons normally in casual employment ; 
were men, 33,452 boys, 162,092 women, and 31,370 
girls. On November 15, 1926, when the figures were 
affected by the dispute in the coal-mining industry. 


Of the total 


irls. Of 1,111,651 persons on the 
r 7, 1927, 763,967 were wholly 


884,737 








* See ENGINEERING, 1926, vol. cxxii, page 454. 


of 2s. a week for men, and ls. 3d. for women, granted 





the number of unemployed persons was 1,551,535,‘ of 
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whom 1,202,506 were men, 40,294 boys, 269,269 
women, and 39,466 girls. 





Statistical tables published by the Ministry of Labour 
show that the total number of trade unions known to 
have been in existence in Great Britain and Northern 
Ireland at the end of 1926 was 1,129, as compared with 
1,144 at the end of 1925. The number of unions dis- 
solved in 1926, so far as reported, was 30, with an 
aggregate membership of 13,000 at the end of 1925; 
12 unions, with an aggregate membership of 25,000 
at the end of 1925, amalgamated with other unions ; 
while 27 new unions, with a total membership of 28,000, 
were reported as formed during the year. The total 
membership at the end of 1926 was approximately 
5,208,000, as compared with 5,497,000 at the end of 
1925, showing a decrease of 289,000, or 5-2 per cent. 
The number of male members was about 4,401,000, a 
decrease of 265,000, or 5-7 per cent., as compared 
with the previous year, and the number of female 
members was 807,000, a decrease of 24,000, or 2-8 
per cent. 





The total of 5,208,000 includes about 30,000 members 
in Irish Free State branches, and 28,000 members in 
other overseas branches of certain unions (compared 
with 32,000 in Irish Free State branches and 27,000 
in other overseas branches in the previous year.) It 
also includes a certain number of persons (principally 
teachers) who are members of more than one society, 
and are therefore counted more than once in the 
figures. When allowance is made for these cases the 
net number of members in Great Britain and Northern 
Ireland is estimated to have been about 5,140,000 at 
the end of 1926, compared with about 5,425,000 at the 
end of 1925. Of this total, approximately 77,000 was 
accounted for by membership of societies or branches 
of societies in Northern Ireland. 





Of 33 groups, under which the unions have been 
classified, there was a decrease in the total member- 
ship in 24 groups, and an increase in nine groups. The 
largest numerical decreases were 126,000 in mining and 
quarrying (some of the coal-mining unions showing 
heavy decreases while others returned little change), 
over 40,000 in road transport, dock labour, &c., nearly 
40,000 in railway service, and about 20,000 in:the 
metal groups and the paper, printing, &c., group. 
The most important percentage decreases were in agri- 
culture (17), mining and quarrying (14), building 
labourers (13), furnishing (12), road transport, dock 
labour, &c. (10), and paper, printing, &c. (10). Of 
increases, the most notable was that in the water 
transport group, which gained 11,000 members, or 13 
per cent. of its 1925 membership. While the total 
male membership of all groups showed a decrease of 
5-7 per cent., the total female membership showed a 
decrease of 2-8 per cent. The largest change in the 
female membership in any group affected the paper, 
printing, &c., group, which showed a decrease of 
10,000, or nearly 19 per cent. 








THE LAUNCH OF THE S.S. ‘‘ DUCHESS 
OF ATHOLL.”’’ 


Tur §8.S. Duchess of Atholl, representing the latest 
addition to the passenger fleet of the Canadian Pacific 
Steamship Company, was successfully launched on 
Wednesday last from the Dalmuir yards of Messrs. 
William Beardmore and Company, Limited, the christ- 
ening being performed by Her Grace the Duchess of 
Atholl. It is interesting to note that another vessel for 
the same company, the Beaverbrae, was to be launched 
on the following day at Newcastle by Messrs. Armstrong, 
Whitworth and Company, Limited, following upon the 
launch of four other vessels of the same type for the 
Canadian Pacific Company during the last two months. 
These five vessels are cargo liners of 10,000 tons each, 
whereas the Duchess of Atholl, as stated, is a passenger 
vessel and, with a tonnage of 21,500, will actually 
be the largest steamer sailing to Montreal. In addi- 
tion to the vessels referred to, the Princess Elaine, a 
packet steamer of 2,000 tons, has been launched for | 
the company in the same period, giving a total of over 
72,000 tons of new shipping laanched during October 
and November. 

The vessel has a straight stem and cruiser stern, and | 
is designed for a service speed of 174 knots; she has | 
a length of 600 ft., a breadth of 75 ft., and a depth to | 
the bridge deck of 53 ft. The draught displacement | 
is 27 ft. and the deadweight 8,750 tons. She will be | 
fitted with two funnels and two masts, and will be | 
rigged as a fore-and-aft schooner. There are seven | 
decks, on which accommodation will be provided for | 
600 cabin passengers and 1,000 third-class passengers. 
The public rooms for cabin passengers will comprise | 
dining saloon, lounge, card and writing-rooms, drawing- | 
room, smoking-room, gymnasium, and children’s room, | 
while those for the third-class passengers will include | 
dining saloons forward and aft, lounges, and a smoking- | 


room. The officers are accommodated in separate 
houses on the boat deck, while the crew are berthed 
at various points convenient for their work. 

The main propelling machinery will consist of two 
sets of steam turbines, driving the propeller shafting 
through ‘helical gearing of the single-reduction type. 
Each set of turbines will comprise three units, operat- 
ing in series, that is, high, intermediate, and low- 
pressure turbines for ahead running, and two turbines 
of high and low pressure for astern operation. The 
turbines will be of the latest Parsons’ type, and will 
be suitable for working at 350 lb. per square inch steam 
pressure, and 250 deg. F. superheat, thus representing 
a distinct advance on current practice. The total 
shaft horse-power developed will be 20,000. Each 
low-pressure turbine will exhaust into an underslung 
type of condenser, designed to produce and maintain 
a high vacuum. The material used for the condenser 
tubes will be cupro-nickel, of a composition which has 
been proved to be immune from corrosion troubles, an 
essential feature where high-pressure and temperature 
steam is generated in water-tube boilers. The latter 
are sixin number, and are of the latest Yarrow design, 
although they are actually being manufactured by 
Messrs. Beardmore; they are fitted for burning fuel 
oil only. Each boiler will have incorporated in it an 
integral superheater, whilst large air heaters will be 
provided to raise the temperature of the combustion 
air to the most economical limit. The pressure of the 
steam in the boilers will be 370 lb. per square inch. 
Two cylindrical boilers will also be installed for 
generating steam at 200 Ib. per square inch for use 
with the steam-driven auxiliaries and for such purposes 
as ship’s heating. 

The bulk of the auxiliary machinery will be electric- 
ally driven, and includes steering gear, cargo and boat 
winches, windlass, capstans, both forward and aft, 
and refrigerating machinery. The vessel will be elec- 
trically lit throughout, the power for the auxiliary 
machinery and lighting being generated by four 
dynamos, with an output of 1,900-kw., two being 
driven by steam and two by Diesel engines. In addi- 
tion, an emergency Diesel-driven dynamo of 100-kw. 
will be fitted on the shelter deck ; this dynamo will be 
arranged to supply power for all boat deck, navigation, 
telegraph and compass lights, signalling lamps, and 
lights in principal officers’ and engineers’ cabins, and 
at other important points such as machinery spaces. 

The heating of the vessel generally will be on the low- 
pressure steam system, and will be installed throughout 
the accommodation for the passengers and crew, with 
individual control in the cabins, officers’ and engineers’ 
rooms. A supplementary installation of electric heat- 
ing will be arranged for cabin accommodation. The 
mechanical ventilation will be on the Thermotank and 
Punkah Louvre system, and will be fitted to all pas- 
senger, crew, galley, pantry and store accommodation. 
Exhaust fans will be fitted to the galley and pantry 
spaces, and to all lavatory spaces throughout the ship, 
and these, in conjunction with suitable trunking, will 
change the air eight times per hour. 

The vessel is being built to the requirements of the 
highest class of Lloyds, under special survey for their 
100 Al Class, and will be sub-divided by water-tight 
bulkheads, so as to satisfy the requirements of the Board 
of Trade for the safety of life at sea. The Factory Act 
requirements and the latest American and Canadian 
laws for passenger steamers will also be complied with. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The undertone of confidence 
is undisturbed by the continued absence of anything like 
extensive buying of Cleveland pig-iron. The restricted 
output still fails fully to satisfy current needs, and the 
hope is entertained of early resumption of moderate 
market activity. With stocks now low and still falling, 
ironmasters are in a strong position, and they adhere 
firmly to their fixed quotations. Most of the iron 
coming forward is going into local consumption, but 
home users at a distance are taking rather larger supplies 
against running contracts. Deliveries to Scotland remain 
on a very limited scale, and shipments to foreign destina- 
tions are trifling. Rates for sale to customers, North of 
the Tweed and overseas, are half-a-crown below the 
following quotations, which are for home consumption :— 
No. 1 quality, 70s.; No. 3 g.m.b., 67s. 6d. ; No. 4 foun- 
dry, 66s, 6d.; and No. 4 forge, 66s. 


Hematite.—There is a rather steadier feeling in the East 
Coast hematite branch. Fairly substantial sales are 
understood to have been made recently to the Continent, 
to South Wales, and to Sheffield, but supply is still very 
ample. Customers in almost every case stipulate for 
iron to special analysis. Quotations for home and 
export trade are based on mixed Nos. at 71s. 6d. 


Foreign Ore.—Sales of foreign ore are few, but values 
are well upheld. Best rubio is 21s. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke 
producers are offering their output freely at unremunera- 
tive prices, but consumers are not disposed to purchase 
at all extensively. Good average qualities are 17s. 6d. to 
17s. 9d., delivered here. 


Manufactured Iron and Steel.—In finished iron and 
steel, interest centres in the announcement, this week, 
that Synthetic Ammonia and Nitrates, Limited, the 
Billingham-on-Tees branch of the Imperial Chemical 
Combine, has decided to place with Dorman, Long and 
Company, Limited, an order for 25,000 tons of struc- 
tural steel to be used in works extensions at Billingham. 
Values of some descriptions of manufactured iron and 
steel tend downward, but there are no quotable changes 
to record. Common iron bars are 10/. 15s. ; best bars, 
ill. 5s.; best best bars, 117. 15s.; packing (parallel), 
8l.; packing (tapered), 11/.; iron rivets, 11/. 15s. ; 
steel billets (soft), 71. 2s. 6d.; steel billets (medium), 
7l. 128s. 6d.; steel billets (hard), 81. 2s. 6d.; steel ship 
plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d.; steel joists, 
71. 128. 6d. ; heavy sections of steel rails, 81. 10s. ; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 7s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Quiet confidence is the keynote of 
the engineering trades of this district. Optimism in the 
steel-producing sections is somewhat damped by the 
continuance of keen foreign competition, and the dumping, 
into this country, of large tonnages of foreign steel, which 
are entering into direct competition with local products. 
Users generally are content to adopt a hand-to-mouth 
policy of buying, despite the attractive quotations that 
are offered. Orders for railway steel and furnishings 
have been received at an opportune time, and if the 
number of inquiries now in circulation is any criterion, 
more contracts are in the offing. Shipbuilding steel is in 
better demand, compared with a month or six weeks ago. 
The same cannot be said of armaments, which for long 
have constituted one of the most depressed sections of 
industry. Makers of various classes of machinery report 
more active conditions. Steelworks machinery, how- 
ever, is an exception. The call for mining plant from 
abroad is much stronger. Good business is being trans- 
acted in cement-making plant and electrical apparatus. 
There is no sign of any diminution in the requirements 
of automobile-steel users. Continuous working is still in 
operation at works producing transmission gear. The 
lighter trades are variable. Business in machine tools 
and lathes is slack, and there is only a moderate call 
for files, saws, edge-tools, and plantation implements. 
Considering the time of the year, builders are good cus- 
tomers of light foundries. 


South Yorkshire Coal Trade.—Household requirements 
continue at a low level, and stocks at pits show no diminu- 
tion. In some instances, output at house-coal pits has 
been reduced on account of the moderate demand. The 
call for industrial fuel is well below the normal. Steam 
coal is weak. Both Yorkshire and Derbyshire hards are 
difficult to dispose of at reduced rates. Foundry and 
furnace coke maintain the recent improvement, both on 
home and foreign account, while gas coke shows a better 
tone. Quotations: Best hand-picked branch, 28s. to 
30s. 6d.; Derbyshire best brights, 23s. to 24s.; Derby- 


Y | shire best house, 22s. 6d. to 23s.; screened house, 19s. 


to 20s.; screened nuts, 16s. to 17s. 6d.; Yorkshire 
hards, 14s. 6d. to 16s. 6d.; Derbyshire hards, 15s. to 
17s.; rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s. 
to 7s.; smalls, 3s. to 4s. 6d. 








TRIAL TRIP OF THE M.S. ‘‘ Mgon14.”’—Built by Messrs. 
Nakskov Shipyard, Limited, Nakskov, Denmark, to the 
order of Messrs. The East Asiatic Company, Copenhagen, 
the motorship Meonia was recently handed over to her 
owners after completing successful trials at sea. A brief 
description of the vessel will be found on page 330 of our 





issue of September 9 last, 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 
Scottish Steel Trade.—There has been little actual 
change in the state of the Scottish steel trade of late, and 
producers are not securing as many specifications as they 


would like. On the whole, however, rather a better 
feeling is prevailing, and many are of the opinion that 
the outlook is gradually getting better. The shipyards 


are consuming quite a good regular supply of material, 
and many other users of steel are doing fairly well also. 
On the other hand, many concerns remain very quiet. 
The great difficulty at the works at present is not only 
the small tonnages being ordered, but the fact that 
buyers are not placing much forward business. Foreign 
material is still coming into this market in fair quantities. 
In the black sheet trade, conditions have altered very 
little, and the heavier gauges are slow of sale. The 
outlet for the lighter gauges continues good, and order 
books are well filled. Prices show practically no change, 
and are quoted as follow :—Boiler plates, 107. 10s. per 
ton ; ship plates, 8. 2s, 6d. per ton ; sections, 7/. 12s. 6d. 
per ton; and sheets, } in., 8/. 15s. per ton to 8/. 17s. 6d. 
per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland show no change. 
Orders are far from plentiful, and at times specifications 
are barely sufficient to keep the plant running steadily. 
In the re-rolled steel departments a quiet tone prevails 
and the outlook is not good. The price of ‘“‘ Crown” 
bars is unchanged at 107. 15s. per ton, delivered Glasgow 
stations. 


Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland the demand has not increased, and makers 
cannot dispose of the present output. Stocks are 
naturally increasing, and there is the possibility of a 
number of blast furnaces being shut down earlier than 
usual next month. Not only is the home demand for 
local iron very poor, but that from overseas is also far 
below the usual at this time of year. Competition from 
makers in the South is being felt here. Prices have a 
weaker tendency and the following are the current 
market quotations :—Hematite, 76s, per ton, delivered at 
the steel works ; foundry iron, No. 1, 77s, 6d. per ton, 
and No. 3, 72s. 6d. per ton, both on trucks at makers’ 
yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, November 19, amounted to 
766 tons. Of the total, 736 tons went overseas, and 30 tons 
coastwise. For the corresponding week of last year the 
shipments only totalled 90 tons. 


Clyde Shipbuilding.—Intimation was recently received 
that Messrs. Scotts’ Shipbuilding and Engineering 
Company, Limited, Greenock, had booked an order 
for a cargo steamer for Glasgow owners. This new 
vessel is for Messrs. J. and J. Denholm, Limited, of 
Glasgow and Greenock, and will be fitted, by the builders, 
with triple expdnsion reciprocating engines, and also 
with the steam generating plant. She will be 405 ft. in 
length, 53 ft. in breadth, 31 ft. in depth, and of 8,500 tons 
deadweight carrying capacity. Another contract has 
been secured by Messrs. David and William Henderson, 
and Company, Limited, Meadowside, Partick. It is for 
a general cargo carrying steamer of 8,000 tons to 9,000 
tons, for Messrs. Raeburn and Verel, Limited, Glasgow. 
The builders will supply reciprocating engines. 


Bridge Contract.—Messrs. Sir William Arrol and Com- 
pany, Limited, Glasgow, have secured the contract for 
the new bridge to be erected over the river Benue in 
Nigeria, at a cost of 960,594/. This is to be a combined 
railway and road bridge, half a mile long and situated 
about 300 miles north of Port Harcourt. There will 
be 13 spans—10 of 186 ft. in length, and three of 246 ft. in 
length, with deep foundations. The whole of the work 
will manufactured at the Dalmarnock Iron Works, 
Glasgow, and shipped to Nigeria, where the firm will 
carry out the erection. 








PrrsonaL.—The Hubar-Jones Corporation, sales 
engineers, 13, Astor-place, New York, U.S.A., and 4, 
Hospital-street, Montreal, Canada, have been appointed 
sole concessionaires in the United States and in Canada, 
for the Godfrey oxygen jet cutting machine. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—Four separate tenders are invited by the Com- 
missioners of the Victorian Government Railways, as 
follows : (i.) For the supply and delivery of two shaper 
machines (wood), including motors. Contract No. 40955 
(Ref. No. AX.5533).—{ii.) For the supply and delivery of 
two mortising machines, including motors, &c., one set 


of chain cutters, and hollow mortise chisels, Contract | 


No. 40954, (Ref. No. AX.5534).—(iii.) For the supply 
and delivery at the Railway’s rolling-stock workshops, 
Newport, Victoria, of an impact testing machine. Con- 
tract No. 41309. (Ref. No. AX.5535).—({iv.) For the 
supply and delivery of eight motor-driven grinding 
machines, complete with equipment as per specification. 
Contract No. 41310. (Ref. No. AX.5536). Local 
representation is essential in all cases, and tenders 
Nos. i and ii are to be received in Melbourne by January 
18, and tenders Nos, iii and iv, by January 11. 





NOTICES OF MEETINGS. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEnts’ Section.—To-night, at 6.15 p.m., at Savoy- 
place, Victoria Embankment, W.C.2. ‘‘ Sources of 
Illumination,” by Mr. G. H. Wilson. 


THE Junior INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette. 
““A Talk About Pioneers in High-Pressure Steam,” by 
Mr. L. P. Perkins. 

THe InstrTuTION OF ENGINEERING INSPECTION.— 
To-night at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C. ‘ Elutriation as an Aid 
to Engineering Inspection,’’ by Mr. L. Andrews. 


Tse Institute oF British FoUNDRYMEN, East 
Mrptanps Brancu.—Saturday, November 26, at 6 p.m., 
at the Technical College, Derby. ‘“‘'The Control of Hard- 
ness, Softness and Soundness in Grey Iron Castings,” 
by Mr. J. E. Fletcher. 


Tae Institute or British FouNDRYMEN: NEw- 
CASTLE AND District BRancH.—Saturday, November 26, 
at 6.15 p.m., at the Neville Hall, Newcastle-on-Tyne. 
‘** Oil Sand for Motor Cylinders,” by Mr. W. West. 


THe Braprorp ENGINEERING Socrety.—Monday, 
November 28, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Exhibition of Films (1) 
** Babcock and Wilcox Boiler”; (2) “The Age of 
Speed.” 

Tue Royat Socrety or Arts.—Monday, November 28, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘ Alloy Steels, Their Manufacture, Properties 
and Uses.’’ (Lecture III.) by Professor H. C. H. Car- 
penter, F.R.S. Wednesday, November 30, at 8 p.m., 
Ordinary Meeting. ‘‘ Marcelin Berthelot and Synthetic 
Chemistry,” by Professor H. E. Armstrong. 


THE Royat Instrrution.—Tuesday, November 29, 
at 5.15 p.m., at Albemarle-street, W.1. “A Year’s 
Work in X-Ray Crystal Analysis’ (Lecture II.), by 
Sir William Bragg. 


THE InstrrvuTIon oF CriviL ENGINEERS.—Tuesday, 
November 29, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘‘ The Design and Construction of the 
Sewage-Treatment Works of the City of Trenton, New 
Jersey, U.S.A.,”” by Mr. G. L. Watson. 


THe Institute or MetTats: BrruineHam Loca 
Srotion.—Tuesday, November 29, at 7 p.m., at the 
Engineers’ Club, Waterloo-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society, 
and the Staffordshire Iron and Steel Institute. ‘* Corro- 
sion,” by Dr. G. D. Bengough. 


THE INSTITUTION oF PRODUCTION ENGINEERS: BiR- 
MINGHAM BRANCH.—Tuesday, November 29, at 7 p.m., 
at the Grand Hotel, Colmore-row, Birmingham. “ Effi- 
cient Production,” by Mr. H. E. Taylor. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : NORTH 
WESTERN CENTRE.—Tuesday, November 29, at 7 p.m. 
at the Engineers’ Club, Albert-square, Manchester. 
“* Higher Steam Pressures and Their Application to the 
Steam Turbine,” by Mr. A. H. Law and J. P. Chittenden. 


THE SHEFFIELD METALLURGICAL ASSOCIATION.—Tues- 
day, November 29, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘The Constitution and Properties of Silica 
and Fireclay Products in Relation to Open-Hearth Steel 
Practice,’ by Mr. A. T. Green. 


THE OVERHEAD Lines AssocraTion.—Wednesday, 
November 30, at 5.30 p.m., at the Institution of Elec- 
trical Engineers, Savoy-place, Victoria Embankment, 
W.C.2, Discussion on ‘ British Regulations,’”” by Mr. W. 
Fennell. 

Tue InstrTUTION oF Crvit ENGINEERS: MANCHESTER 
AND DIstTRIcT ASsOcIATION.—Wednesday, November 30, 
at 6.45 p.m., at the Manchester Literary and Philoso- 
phical Society, 36, George-street, Manchester. ‘‘ The 
Uses of Concrete with Special Reference to Concrete 
Surfaced Roads,” by Mr. E. B. Miller. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MIDLAND CENTRE.— Wednesday, November 30, at 7 p.m., 
at the University, Edmund-street, Birmingham. ‘“ Bat- 
tery Eliminators,” by Mr. F. R. Coursey and Mr. H. 
Andrewes. 

THE INSTITUTION oF ELECTRICAL ENGINEERS.—Thurs- 
day, December 1, at 6 p.m., at Savoy-place, Victoria 
Embankment, W.C.2. ‘“‘ Electric Ploughing,” by Mr. R. 
B. Matthews. 


THe Royat AgERoNnAvTICAL Socrety.—Thursday, 
December I, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ The Problem of the Long- 
Range Flying Boat,”” by Major J. D. Rennie. 

THE INSTITUTION OF MECHANICAL ENGINEERS.— 
Friday, December 2, at 6 p.m., at Storey’s-gate, St. 
James’s Park, 8.W.1. Cutting Tools Research Com- 
mittee, “Report on Cutting Temperatures: Their 
Effect on Tools and on Materials Subjected to Work,”’ 
by Mr. E. G. Herbert. 


THE InstTITUTION oF Crvit ENGINEERS; BIRMINGHAM 
AND District Assocration.—Friday, December 2, at 
6 p.m., at the Birmingham Chamber of Commerce, New- 
street, Birmingham. ‘“ Reinforced Concrete from an 
Economic and Commercial Point of View,” by Mr. A. E. 
Douglass. 


Tue Nortu-East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, December 2, at 6 p.m., 
at Bolbec Hall, Newcastle-on-Tyne. “‘ Essential Aspects 
of Form and Proportions as Affecting Merchant Ship 
Resistance and a New Method of Estimating E,H.P.,” 
by Mr. A, L. Ayre, 








Txe InstrrvTe oF British FouNDRYMEN: LANcA- 
SHIRE BRancu.—Saturday, December 3, at 4 p.m., at 
the College of Technology, Manchester. Lecture : 
‘* Foundry Practice in the United States of America,” by 
Mr. E. Longden. 


NOTES FROM THE SOUTH-WEST. 
: CarpirFr, Wednesday. 

The Coal Trade.—During the past week, the South 
Wales Coalowners’ Association came to a momentous 
decision. They decided to adopt the suggestion of the 
commercial committee for the purpose of stabilising 
prices. A new association is to be formed called the 
South Wales Marketing Association, to put into opera- 
tion the scheme, which has for its object the securing of 
the best prices possible for Welsh coal. Collieries 
representing 90 per cent. of the output of the coalfield 
have decided to participate in the scheme, details of 
which are to be worked out. A levy of 3d. per ton on 
production is to be paid into a pool, and collieries losing 
shifts through being unable to obtain an economic price 
are to be compensated from the pool. Coals are to be 
graded, and a schedule of minimum prices fixed, and 
it is understood that a penalty is to be placed on collieries 
selling below their group price. Coalowners appear 
sanguine that the scheme will result in the stabilisation 
of prices, but exporters are not at all perturbed, and are 
still of the opinion that prices must eventually be deter- 
mined by world competition and the law of supply and 
demand. In the meantime, business continues on quiet 
lines, and prices remain irregular on the basis of 19s. to 
19s. 6d. for best Admiralty large, and 12s. to 12s. 6d. for 
best steam smalls. In isolated cases, collieries are in a 
comfortable position and able to hold for quoted figures, 
but the majority are in need of new business, and, for 
prompt loading, prepared to consider offers. Exports in 
the past week totalled 396,180 tons, which was 99,000 
tons less than in the preceding week, the reduction being 
chiefly due to the fact that expected tonnage was delayed 
by foggy weather. Shipments to Argentina were 
lowered from 70,700 tons to 45,850 tons ; to France from 
96,400 tons to 79,540 tons; to Italy from 122,840 tons 
to 40,120 tons only; to Portugal from 16,650 tons to 
15,350 tons; and to Spain from 37,100 tons to 29,070 
tons. Shipments were, however, increased to Brazil 
from 18,370 tons to 35,050 tons; and to Egypt from 
28,650 tons to 41,140 tons. 


Channel Dry Dock Combine.—Mr. Ll. T. G. Soulsby, of 
Messrs. C. H. Bailey, Graham and Company, Limited, 
Newport, has been appointed general manager of the 
Cardiff Channel Dry Docks and Pontoon Company, 
Limited, and its subsidiary concerns, the Bute Shipbuild- 
ing and Engineering Company, Limited, the Mercantile 
Pontoon Company, Limited, the Barry Graving Dock and 
Engineering Company, Limited, and the Tredegar Dry 
Dock and arf Company, Limited. Mr. E. Aitken- 
Quack, J.P., the present general manager of the combine 
has resigned his position, from the end of the year. 








Contracts.—Messrs. The Brush Electrical Engineer- 
ing Company, Limited, Falcon Works, Loughborough, 
have received an order, from the Corporation of Great 
Yarmouth, for a 7,500 kw. Brush-Ljungstrém Turbo- 
Alternator complete with condenser and auxiliaries. This 
makes the fourth Brush-Ljungstrém set for this station, 
two of the previous ones being of 1,500 kw. capacity, and 
the other a 3,750 kw. set.—T wo contracts for the supply of 
Osram gas-filled lamps have been obtained by the General 
Electric Company, Limited, one for twelve months’ supply, 
commencing November 1, for the Great Western Railway, 
and the other for three months’ supply for H.M. Air 
Ministry, commencing October 20. 





Toe Late Mr. A. T. Spears.—As the result of a 
motoring accident, the untimely death occurred, on 
November 7, of Mr. Alexander Thomas Spears, Examiner 
of Dockyard Work, on the staff of the Director of Dock- 
yards at the Admiralty. Mr. Spears received his early 
engineering training at H.M. Dockyard, Sheerness, 
and after a period of service in the drawing office at that 
dockyard, he was appointed, in 1903, to the Engineer-in- 
Chief’s department at the Admiralty, and later to tha 
Department of the Director of Dockyards. From 1911 
to 1923, Mr. Spears served as Admiralty Machinery 
Overseer in Scotland, subsequently taking up an 
engineering appointment in H.M. Dockyard, Pembroke. 
Since 1925, he had held the position of Examiner of 
Dockyard Work at the Admiralty. Mr. Spears, who 
was 50 years of age at the time of his death, became 
a member of the Institution of Mechanical Engineers 
in 1926. 





Apvancep LecturEs IN Minina.—A course of four 
lectures on ‘‘ The Ventilation of Mines Considered from 
the Engineering Standpoint”’ will be given at the 
Imperial College, Royal School of Mines, Prince Consort- 
road, South Kensington, London, 8.W.7, by Professor 
Henry Briggs, Hood Professor of Mining, University of 
Edinburgh, at 5.30 p.m., on December 5, 6, 7 and 8 next. 
The subject to be dealt with will include the laws of 
flow of air in galleries ; the effect of natural ventilation ; 
the mine fan; the Rateau and Waddell diffusers; the 
Steart fan; Venturi and Kérting blowers; measuring 
the efficiency of fans ; and the control of the ventilating 
current. At the first lecture, the Chair will be taken by 
Mr. H. Walker, Chief Inspector of Mines. The lectures, 
which will be illustrated by lantern slides, are addressed 
to students of the University and to engineers and others 
interested in the subject. Admission is free, and no 
tickets are necessary. 
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Sttver Sure’s Bett ror H.M.S. ‘“ Netson.”—In 
order to commemorate the fact that the vessel was built 
on the Tyne, a large, solid-silver, ship’s bell is to be 
placed on board H.M.S. Nelson, which was constructed 
by Messrs. Sir W. G. Armstrong, Whitworth and Com- 
pany, Limited, Newcastle-on-Tyne. This, we under- 
stand, is the largest silver ship’s bell ever made ; it will 
weigh, when finished, nearly 2,500 oz., 7.e., 14 cwt., 
and is being made by Messrs. Reid and Sons, silver- 
smiths, 23-27, Blackett-street, Newcastle-upon-Tyne. 


LEecTURE ON ARCHITECTURE.—An informal lecture, 
entitled ‘“‘The Architect,’’? and intended for workers 
employed in the building trades, was delivered by Mr. 
M. 8. Briggs on Wednesday evening, at the Royal 
Institute of British Architects, 9, Conduit-street, Hanover- 
square, London, W.1. This is the first of a course, to 
which admission is free. Arrangements are being made 
for five more lectures, to take place between December 
next and March, 1928, A programme of the remainder 
will be issued shortly. 


Farapay House Otp Srupents’ AssocratTion.—The 
nineteenth annual dinner of the Faraday House Old 
Students’ Association was held at the Savoy Hotel, 
London, on Friday, October 28, Mr. J. F. Watson, the 
President, being in the chair. About 250 members and 
guests were present. Proposing the toast of “‘ Faraday 
House and its Old Students,” Mr. A. Page, President of 
the Institution of Electrical Engineers, said that there 
was no need for young engineers to be nervous about the 
future. Electrical manufacturing was flourishing, and 
on the supply side it was difficult to see any limit to the 
amount of electricity the public would require. Though 
the number of engineers employed in generating stations 
would decrease, on the whole the absorbing capacity of 
the industry for young engineers, like those turned out 
by Faraday House, would go on increasing. In reply, 
Dr. Alexander Russell, to whose work Mr. Page had paid 
eloquent tribute, said that both in work and in sport 
Faraday House was doing well. Out of eight candidates, 
who had entered for the last B.Sc. examination, all had 
passed, three with honours. 
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Fig. 19. Fie. 20. Miners’ Lamp; Messrs. Toor LAMPs AND 


Fias. 15 to 19. Gas WasHER; Messrs. RicHARDSONS, WESTGARTH Suppiies, LimitTep. 
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Fia. 18. GENERAL VIEW OF CHASSIS. 
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ENGINEERING AND THE PUBLIC. 


Ir was the habit of that intensely practical 
educationalist, Mr. Squeers, to deal briefly with 
the theory of a subject and then to dispatch the 
selected research student to discover its every- 
day applications for himself. Much though we 
may deplore the many shortcomings of this mis- 
understood genius in his relations with the young, 
his method has the great advantage that it never 
lost sight of the fact that even the purest of pure 
scientific inventions may find employment in one 
or other of those forms of human activity which 
are closely related to the daily common task. 
It would be well if this possible connection were more 
generally borne in mind, both by scientists and by 
engineers, not to speak of that great body of 
the public which is ultimately destined to reap 
advantage from the work of the two former classes 
of pioneers. For a closer relationship between the 
public and scientists and engineers would not only 
assist the latter to deal with problems, whose 
difficulties are sometimes almost overwhelming, but 
would prevent them from being led into excesses, 
from which they, being human, are not always 
exempt. 

A few weeks ago the scientists of the country 
were busy at Leeds telling each other and the 
public, through the newspapers, of the work they 
were performing in their respective specialist fields. 
This is as it should be, for the British Association 
was established to bring science and the work-a- 
day nearer together, and in so far as it fails to 
achieve that object, so far does it fail to justify 
its existence. The number of societies at whose 
meetings physicists, biologists and astronomers 
may discuss their difficulties with and recount 
their successes to those engaged in the same field, 
is legion. The proceedings of the British Associ- 
ation, on the other hand, are unique in that they 
attract a less sophisticated audience and allow 
those who take part in its deliberations to deal 
with their special subjects, not only before fellow 





experts, but before laymen who are, however, often 
ill-equipped to_absorb the information provided. In 





this expansion there lies a danger—a danger, which 
is illustrated in the complaint that the presidential 
addresses and papers were frequently too abstruse 
and dealt too often with subjects that “no feller 
could understand.” This criticism has been made 
before. What is significant, is that on this occasion 
the complaint came from the public and not from 
the scientists. This seems to indicate that the man- 
in-the-street is beginning to realise that science has 
something to offer him. It would, therefore, be 
deplorable if science failed to provide that something, 
in a form in which it can be assimilated. 

This argument has a more general application. 
During the past few weeks engineers have been 
given a chance at the numerous exhibitions we 
have dealt with in these columns to show the 
public, both directly and indirectly, what they 
are doing for the general welfare of mankind, 
while the propaganda regarding the economic phases 
of the subject, which is to be found in the reports 
issued by government departments and bodies 
like the British Engineers’ Association, as well 
as the more direct appeals of the British 
Electrical Development and the British Commercial 


4/Gas Associations, are other signs that the public 


is not being left ignorant of the various phases 
of engineering progress. Almost unconsciously, in 
fact, both on the part of scientists and engineers, 
on the one hand, and on the part of the public, on 
the other, there is growing up a realisation that the 
knowledge that the one party has collected and 
laboriously applied to the use and convenience of 
the other is a sociological factor so important that 
those who take advantage of its manifestations 
would do well to learn something of the foundations 
upon which it has been based, and still more of the 
enormous superstructure, whose ramifications spread 
more and more widely every day. 

There is more of ordinary common sense in this 
attitude than might at first appear. Sir Arthur 
Keith, in his presidential address to the British 
Association, the repercussions of which have not yet 
died down, dealt with the slow changes in the 
human structure, which have taken place during 
thousands of years. These changes have occurred 
in response to the dictates of a force, whose existence 
we must admit, even if we cannot explain its nature ; 
and they have proceeded so slowly that it may be 
assumed that they are permanent, in the sense that 
there is unlikely to be any return along the path that 
has already been traced. On the other hand, the 
changes that have taken place in the fields of science 
and engineering have been exceedingly rapid. It is 
not so much that twenty-five years ago the student 
of chemistry was taught that matter was made up of 
indivisible atoms and that now he has to grapple 
with the conception that matter may not exist at 
all: Such a change is no more revolutionary or 
destructive of old ideas than was Darwin’s enuncia- 
tion of the origin of species. Both simply mean that, 
as the result of a combination of circumstances, a 
sudden light has been thrown on what had before 
been in deep obscurity. But these advances, though 
interesting and important enough, do not affect 
our ordinary everyday existence, any more than 
Einstein’s theory has increased or decreased our 
chances of securing clear days during November. 
What is of importance, both to engineers and to 
the public, is that within the last fifteen years 
we have become empowered to utilise the tool- 
making qualities of man in a way which was not 
possible in the preceding ages, and to an extent 
which has profoundly changed the conditions of 
human existence during that period. 

As Macaulay pointed out in a much-quoted 
passage, life under the Stuarts differed very little 
in essentials from existence under the Romans. 
Distances that could not be covered on foot were 
performed on horseback or in vehicles drawn in 
the same way as they had been for centuries. 
Wind power was used for propelling ships and, 
together with water power, for driving such ma- 
chinery as was employed. In some ways, in fact, 
engineering progress had been negative. The 
roads enjoyed by the subjects of Charles II were 
not so good as those left us by Agricola and his 
successors, while we had no system of rapid inter- 
communication, as efficient as that of the Persians. 
Artificial illumination was poor and expensive. 
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Sanitation barely existed. Almost every task was 
performed laboriously and slowly by manual labour, 
assisted by the most primitive of tools. Recreation 
was strictly limited and depended hardly at all 
upon extraneous equipment. 

In 1927 conditions are vastly different. Walking 
has become a means of recreation or a duty, under- 
taken mainly for reasons of health, and has ceased 
to be considered as a serious method of getting 
from place to place. We travel by train or by 
motor vehicle or by aeroplane, or even by the 
ordinary bicycle over tracks and roads, whose smooth- 
ness is that of a billiard table, with a rapidity that 
enables us to reach Rome in the same time as it took 
to go from York to London two centuries ago. The 
greater part of the manual operations of other days 
have been replaced by machinery driven by some 
form of prime mover or by electricity, and devices, 
whose very existence can hardly have been even 
dreamt of by our forbears, have been invented 
to render production easier, cheaper, more rapid, 
and more efficient. Artificial illumination is ap- 
proaching daylight in strength and distribution, 
and its regulation is very much more under our 
control than ever it was before. Our ideas can be 
communicated to the ends of the earth with 
the speed of light, and conversations can be 
conducted with clearness over long distances by 
methods which our forefathers would certainly have 
ascribed to witchcraft. Science and invention have 
been placed under contribution, even in our recrea- 
tions. The public address system allows audiences 
of thousands to hear the words of one man without 
strain, and the dweller in the depths of the country 
can listen to a concert being performed in London 
or Paris without leaving his arm-chair. We are 
promised, with the coming of television, that it will 
be possible not only to listen to a drama, but to see 
the gestures of the actors as well. It is, in fact, 
almost understating the case to say that the luxuries 
of our ancestors are the common possession of our 
own generation or to add that we have available 
facilities, for good and evil, of which they cannot 
have had the remotest notion. This profound 
change has been almost entirely wrought by the 
combined efforts of the scientist and the engineer. 

Were then these workers other than exceedingly 
modest men they might be inclined to preen them- 
selves unduly on the enormous progress which they 
have rendered possible, or to complain that: they 
have not received the recognition which the revolu- 
tion they have brought about deserves. But if we 
regard what has been done from another point of 
view, it will be seen that it is well both that the 
engineer is modest and that he is not credited with 
all that he has achieved. For a mob is fickle, and 
the hero of one moment sometimes becomes the 
victim of the next. The result of full recognition of 
the engineer’s achievement might, therefore, be to 
inspire the fear that the monster he had constructed 
would overwhelm both the builder and everyone 
else or to cause swift and appropriate justice to 
be executed on those who, while making existence 
easier, had at once made it so vastly more compli- 
- cated. Such a feeling has, in fact, found expression. 

The Bishop of Ripon, preaching to the British 
Association, guardedly hinted that we were going 
too fast. Butler long ago made his Erewhonians 
discard machinery as being contrary to the well- 
being of the public, and Mr. Kipling, in prophetic 
vein, has shown that too great an invasion of our 
privacy may have its unpleasant reactions on those 
who attempt it. The engineer can best answer the 
indictment inherent in such imaginings by bringing 
forward evidence to show that the advantages, which 
he has conferred on mankind outweigh the disad- 
vantages. This may not be so easy a task, as would 
at firstappear. The judicial mind will in any event 
find that the balance is small and, regarded from 
certain aspects, is, in fact, negative. Improved 
sanitation, a purer water supply, and all that these 
involve, are certainly items on the credit side. 
Faster transportation is both an advantage and a 
disadvantage. The same may be said of better 
means of communication. And if any other phase 
of our supposed progress be examined it will gene- 


rally be found that the liabilities almost equal the 
credits and that while, as a professional man, the 
engineer may deservedly congratulate himself on 
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what he has done, as an ordinary member of society 
he may equally deplore some of the manifestations 
of his abundant energy. 

There is, however, no need for pessimism. We 
are not going to allow the machine to take charge. 
Scientists and engineers are public servants and the 
increasing interest which the public are taking in 
them, while it may curb much misplaced enthusiasm, 
will cause them to move more rapidly along the right 
lines. That interest in its turn will cause the public 
to view scientific and engineering problems in a more 
correct light and assist the non-scientific 99 per 
cent. to assimulate the revolutionary knowledge, 
which the 1 per cent. has acquired. When that has 
been done there will be no cause for engineers to 
fear or to deplore the effect of the profound changes 
they have wrought on human existence. For though 
science and engineering have great potentialities 
for evil, they contain much greater potentialities 
for good. 





SUPER-PRESSURE MARINE ENGINES. 


IN a paper read last week before the North-East 
Coast Institution of Engineers and Shipbuilders, 
Mr. S. G. Visker described an experiment with 
super-pressures carried out by the Nederlandsche 
Stoomvaart Maatschappij on the ss. Borneo. 
This boat was originally fitted with ordinary 
triple-expansion engines designed to develop 
3,600 h.p. with saturated steam supplied at a 
pressure of 180 lb. per square inch. In view of the 
growing popularity of the marine Diesel engine, 
the owners of the Borneo were anxious to ascertain 
whether by the adoption of super-pressures and high 
super-heats, power could not be developed as 
cheaply by steam as by the internal-combustion 
engine. They were also swayed by the belief that 
the increasing use of oil may at no distant date 
lead to a shortage of this fuel and to a large increase 
in its price. To reduce the cost of the experiment 
as few alterations as possible were made in the 
machinery already installed in the Borneo. The 
crankshaft, bedplate, columns, connecting- and 
piston-rods were retained, but nev cylinders were 
fitted, and the old boilers replaced by Armstrong- 
Hawthorn water-tube boilers. These had each 
4,050 sq. ft. of heating surface and 1,520 sq. ft. 
of superheating surface. They were designed to 
supply steam at a pressure of 500 lb. per square inch 
(gauge), and at a total temperature of 750 deg. F. 
The designed superheat was therefore about 260 deg. 
F. As is well known, most reciprocators derive 
even more benefit from superheat than does a steam 
turbine. In fact, some engineers claim that the 
gain is fully double that theoretically due. These 
boilers are fitted with “Dano” automatic stokers, 
which have, it is stated, proved very satisfactory. 
An air pre-heater is provided, but there is no 
economiser. By means of the pre-heater the 
temperature of the waste gases is reduced to some 
460 deg.-470 deg. F., and that of the entering air 
raised to some 280 deg.-320 deg. F. 

The new cylinders fitted to the Borneo measure 
17} in., 26 in. and 69 in. in diameter by 54 in. 
stroke. They are all fitted with drop valves 
instead of slide valves. There are two inlet and two 
exhaust valves to each cylinder. None of the valves 
are direct driven, but they are opened and closed 
by servo-motors operated by oil under pressure. 
By this arrangement a very rapid opening of the 
valves is secured, and during most of the admission 
period the valve is fully open. The admission 
line is thus remarkably well sustained, as is proved 
by the diagrams reproduced in Mr. Visker’s paper. 
Reversal is effected by simply changing over a 
distributing valve on the oil-pressure system, and 
the “cut off ” in each cylinder can be varied inde- 
pendently by merely rotating a sleeve in which the 
oil distributing ports are cut. The high-pressure 
cylinder has a cast-iron body and cast-steel end 
pieces. Feed heating is effected, in part by steam 
from the auxiliaries and from the Westinghouse 
Leblanc ejector, and in part by steam tapped from 
the intermediate pressure receiver. 

In service the ship has shown a fuel consumption 
of 1-13 lb. of coal per indicated horse-power hour. 
The coal used had a calorifié value of 13,410 B.Th.U. 
per pound. For purposes of comparison it may be 








noted that in the marine engine trials carried out 
by the Institution of Mechanical Engineers in the 
*nineties of last century the best fuel consumption 
recorded was one of 1-47 lb. of coal per indicated 
horse-power hour, but in the case of another ship 
the figure rose to 2-90 lb. per indicated horse-power 
hour. 

Under certain conditions, Mr. Visker states 
there has been some trouble from priming. He 
points out that the total heat of saturated steam is 
a maximum at (according to Stodola) a pressure of 
390 lb. per square inch; but at a somewhat higher 
pressure according to Callendar. Either figure is 
in the neighbourhood of the working pressure 
adopted for the Borneo. With such working pres- 
sures variations of as much as 75 lb. per square inch 
may be recorded within a few minutes. The 
water in the boiler tubes may under such conditions 
not be in thermal equilibrium with its vapour, 
and may consequently generate steam so rapidly 
as to occasion heavy priming. 





THE INSTITUTE OF FUEL. 


THE annual meeting of the newly-formed Institute 
of Fuel was held at the Institution of Electrical 
Engineers, London, on Wednesday and Thursday 
of this week, under the presidency of Sir Alfred 
Mond, Bart., M.P. It will be remembered that 
this body incorporates the Institution of Fuel 
Technology and the Institution of Fuel Economy 
Engineers, two associations which came into 
existence in 1926 for the purpose of studying fuel 
problems, though from slightly different angles. It 
was wisely decided that fusion would strengthen 
the movement; the character of the papers pre- 
sented on this occasion bears this out. 

The first business, when the meeting opened on 
Wednesday, was the delivery of a presidential 
address by Sir Alfred Mond, who reminded the 
meeting that last year he’ had forecast the union of 
the two bodies which were interested in fuel prob- 
lems. That union was, indeed, inevitable in their 
own interests, but it had been much facilitated by the 
accommodating spirit of the two councils concerned. 
The institute showed a satisfactory increase of 
membership, and a programme had been ‘prepared 
which would establish its usefulness. He hoped 
that before long it would become an advisory body 
on fuel matters to those who did not possess the 
necessary technical knowledge or assistance. The 
National Fuel and Power Committee, of which he 
was chairman, had heard a great deal of interesting 
evidence, and hoped soon to be in the position to 
issue a report. Without forestalling what that 
report might contain, he might be allowed to give 
some personal views on what was a most important 
problem, both forthe industry and for the Institute. 

One thing that appeared was that we were very 
much behind hand in our methods of handling coal 
in every stage of its progress from the mine, through 
its preparation, and the transport undertakings, to 
the place of its use. In the anthracite industry, for 
instance, the best prices were obtained for large coal, 
but no precautions seemed to be taken to prevent 
the value of the product being reduced from 40s. 
per ton to duff at 5s. per ton, by more careful 
handling. The coal exported from this country 
was suffering in comparison with continental rail- 
borne coal, owing to the degradation that occurred 
from this cause. Again, our washing and screening 
methods were often unnecessarily crude and should 
be improved. The enormous amount of money that 
was spent in carting ash about the country was very 
striking. Coke-oven practice was intimately bound 
up with the coal industry, and it appeared that 
here again a change was necessary in the direction 
of substituting small and antiquated plant for that 
of a larger and a more modern type. Such a 
change was essential to the progress of our heavy 
industries. ; 

Sir Alfred further remarked that, in every in- 
dustry, there was still a great lack of co-ordinated 
research, compared with what was being done in 
other countries. Much more should be done in the 
way of mass research. The results obtainable 
from 100 pieces of apparatus were more than 
fifty times as valuable as those obtained from two 
and were obtained more quickly. Our research 
should be organised more systematically, and we 
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should also be prepared to spend more money on 
chance and not be too anxious to obtain results. 
Finally, he said that people now wanted to buy fuel 
on heat units and ash content. This meant that 
more attention must be paid to grading, a policy 
which would do more to help the British coal 
industry to regain its markets than would cutting 
prices. 

At the close of his address, Sir Alfred Mond, 
being unable to remain at the meeting, relinquished 
the chair to Sir Hugo Hirst. 

A paper on “ National Electricity Supply and the 

Better Utilisation of our Fuel Resources ” was then 
read by Sir Philip Dawson, M.P., who said that the 
modernisation of our industrial methods, which was 
necessary to-day, was largely synonomous with 
electrification, a fact which had been particularly 
overlooked in our coal mining and steel industries. 
The result was that in 1924 only 1,629 out of our 
2,855 mines used electricity. Again, large reserves 
of coal remained unworked because of their ash 
content. But this fuel had a calorific value about 
double that of the brown coal from which 40 per 
cent. of Germany’s electricity was produced. It 
could be sold at 5s. per ton at the pit’s mouth, 
where it could then be pulverised and used for the 
generation of electricity or for low temperature 
carbonisation. A large portion of the coke oven 
gas produced was still being wasted owing to 
insufficient co-operation between the coal and steel 
interests, and steps should be taken to preserve this 
source of energy, by using it to produce electricity 
or by distributing it through mains. Excess gas 
produced in steel works could be utilised in a similar 
way. To do this successfully there must, however, 
be close co-operation between the coal and steel 
interests, and with the Central Electricity Board. 

Opening the discussion on Sir Philip Dawson’s 
paper, Sir Arthur Duckham remarked that one 
way in which collieries might increase their revenue, 
was by finding a use for the poorer quality fuel 
which it did not pay to transport. If dirty fines, 
with a thermal value of 9,500 B.Th.U. and worth 
about 1s. or 2s. per ton, were washed and pulverised, 
they could be employed to generate electricity at a 
cost low enough to make it worth while for the 
Central Electricity Board to buy. Collieries should 
take an interest in the operations of the latter body. 
In Central Scotland, for instance, they had ignored 
it, while water-power interests had put forward a 
scheme for the supply of energy to the grid, which 
had been accepted. The result was that collieries in 
that area might have to use electrivity generated 
by water power. 

Sir William Larke, after speaking of early difficul- 
ties connected with the erection of overhead lines, 
said the position with regard to wayleaves must be 
changed, and vested interests not be allowed to stand 
in the way of a development which was for the 
common good. It was often pointed out that, in in- 
dustry, the cost of power was only a small percentage 
of the total cost of production. But in the textile 
industry, the output of the plant could be increased 
by 2 per cent. to 3 per cent. by electrification, and 
the necessary capital expenditure was, therefore, 
well worth while. 

Sir Richard Redmayne agreed with Sir Arthur 
Duckham’s remarks, and said that what individual 
collieries could not do for themselves, they could 
often do in combination. In the Kent coal-fields, 
65 per cent. of the product, was very small and 
friable, and was therefore suitable for the generation 
of power from the pulverised form. These fields were 
close to the sea, and generating stations could there- 
fore be erected on them, where plenty of water 
was available. That being so, he could not under- 
stand why no super-power station was to be erected 
in Kent. He felt sure that pulverised fuel would 
find an increasing application on cargo boats. 


Its total cost was 30s. per ton, compared with 90s. | of metal in the high pressure tubes had the same 
for oil, and the thermal units produced were only | effect as 4,-in. greater thickness of scale in a 300 Ib. 
5,000 less. The cost per diem for a liner could,|tube. Cleaning the tubes every 500 hours was 
therefore, be reduced from 2001. to 601. The only| necessary, unless the condenser could be made 
difficulty was spontaneous combustion. This could | watertight or some other means of eliminating scale 
be overcome by low-temperature carbonisation. | deposition could be found. 


The day was passing when oil would be used for 
raising steam on board ship. 





great deal on the lines indicated in the paper, but 
it had not been advertised. 
Mr. Roger T. Smith remarked that what was 
good for Europe was not necessarily good for this 
country. In many countries coal had to be imported, 
and the conditions surrounding the use of water 
power made interconnection essential. In a coal 
country like ours there was no great difference in 
the running cost of a large and small station, and 
our policy therefore must be to concentrate on 
selling. Cheapness of overhead transmission lines 
must not be pushed to the point of insecurity. 
The second paper dealt with at the morning 
session on Wednesday was by Mr. John Anderson, 
the subject being “ Operating Experiences with 
1,300 Ib. Steam Pressure.” This communication 
which was presented by Mr. W. H. Patchell, was a 
record of performance of a 240,000 lb. water-tube 
boiler, generating steam at a pressure of 1,300 lb. 
per square inch, which was installed at the Lake- 
side station, Milwaukee. The period covered was 
eleven months, and the boiler was in service for 
57 per cent. of that period. The results proved 
that such a unit could be kept in service for as 
long as desired. A number of major troubles had, 
however, been experienced, though these were con- 
fined almost wholly to tube failures from scale 
formation and corrosion. No difficulties had arisen 
from the pipes or mountings. The make-up con- 
sisted of the condensate from the 300 lb. boilers. 
Corrosion was, to begin with, guarded against by 
the use of a closed feed system and a steam sealed 
V notch meter. 
The first suggestion of tube trouble occurred after 
880 hours’ operation, when a hissing noise was heard 
in the furnace. Inspection showed that a front wall 
fin tube near the east wall had bulged near its 
upper extremity, and that it was coated uniformly 
with -in. scale over the side exposed to the 
furnace, except at the bulge, where scale nearly 
filled the entire extruded section. The bulge was 
about 1} in. in diametef and 4 in. high. About 
50 of these bulges appeared later, but even where 
they were more close together no splitting occurred. 
Analysis of the scale showed it to consist of soft 
non-scale forming material cemented to the tube 
by a hard-scale forming substance. This scale 
was found to be due to condenser leakage into the 
feed water, and the trouble was not overcome until 
the faulty condenser had been entirely repacked. 
During the next 720 hours’ operation, 10 more fin 
tubes near the side walls had to be replaced, owing 
to blisters and bowing. This was presumably due 
to air shortage, and improvements in the baffling 
of the front wall were made, until the air flow was 
uniform across the furnace width. Localised over- 
heating necessitated the removal of 28 tubes, and 
attempts were made to counteract this by moving 
the baffles, and increasing the velocity of the water 
flow, by installing bell-mouth entrances and exits 
in the lower and upper drums respectively. 
Operating experiences and special calculations on 
the tube material, during this second period, showed 
that either raw water must be kept from the 
system and scale limited to 4,-in., or higher strength 
tubes must be substituted for all low-carbon steel 
tubes exposed to the furnace. The higher stresses 
in the 1,300 lb. tubes had the effect of lowering the 
maximum safe working temperature 150 deg. below 
that of 300 lb. tubes, and the 150 deg. higher tem- 
perature of the 1,300 lb. boiler was an additional 
handicap. These two effects in combination 
showed that, for the same heat transfer and water 
velocity conditions, metals having the tensile 
strength of carbon steel at a temperature 300 deg. 
higher, would be necessary to give results equi- 
valent to those from 300 Ib. boiler tubes. In other 
words, the scale could be } in. thicker in a 300 lb. 
than in a 1,300 Ib. tube, and the greater thickness 


scale in them, showed that both were of a different 
nature than before. The scale was, in fact, 
mainly black iron oxide, and was obviously due to 
corrosion, owing to the elimination of raw water 
make up, without attendant care in conditioning the 
feed water. Steps were, therefore, taken to maintain 
an appreciable alkalinity, and to prevent scale 
formation by the use of tri-sodium phosphite in 
the proportion of 300 Ib. per million lb. of feed water, 
this figure being found to be the best after a number 
of experiments with larger quantities. Investiga- 
tions at this period indicated that the reduction of 
the oxygen content to ,, cub. cm. per litre or less, 
was necessary. The boiler-water concentration 
resulted in deposits in the first sections of the 
superheater and the latter half of the turbine, the 
reasons being that the melting point of sodium 
hydrite occurred at 604 deg. F. The use of baffles 
in the top drums and a decrease of the concentration 
of the solids in the boiler-water, effected a decrease 
in the carry-over to such a point that deposits on 
the turbine blades were no longer cumulative. 
Water levels in the boiler were very stable, and 
moisture in the steam was satisfactorily low. 

Mr. F. H. Rosencrants said that it was re- 
assuring to note that in no case had a tube failure 
caused an explosion, and indeed such an occurrence 
could only be detected by putting a rod through 
a peephole and listening for the hiss. The paper 
emphasised the need for water treatment. The 
volume of steam at 1,300 deg. was only a quarter 
of that at 300 deg., so that the lifting power of a 
given weight of steam, which caused circulation, 
was less. The circulation was, therefore, slower, 
and this probably caused corrosion. In using high 
pressures, the largest jump in price occurred when a 
change had to be made from the riveted to the solid 
forged drum. 

Mr. B. Humphrey remarked that he had studied 
the question of the use of high-pressure steam for 
process purposes two years ago, and had felt that he 
was not justified in exceeding 400 lb. Plant 
working at 550 lb. had therefore been installed to 
provide a margin. This limiting figure had now 
moved up to 750 lb., the reason being a greater 
familiarity with the problem and a consequent 
reduction in cost. 

Mr. Thomas Roles said this was the first paper 
to give definite information on high-pressure steam 
plant, and it was, therefore, of extreme value. 
The price of such plant increased greatly when a 
pressure of 600 lb. was exceeded, owing to the 
necessity of using forged-steel drums. Another 
critical point in price and in the steam pressure 
occurred at 800 lb., and it was doubtful, unless 
coal was expensive, whether it would be advisable 
to go above this figure. He had chosen 1,200 lb. 
pressure for Bradford, because he was uncertain 
on this point, and it would always be possible to 
reduce the operating pressure. He wished in the 
interests of all concerned that as full information 
had been given about North Tees, as Mr. Anderson 
had given about Milwaukee. All the trouble at 
the latter place was due to the high oxygen content 
of the water, and did not seem to have been 
experienced either at the Edgar station in Boston 
or at Langerbrugges. 


had been wholly devoted to the boilers, and that 
nothing had been said about the general operation. 
The two principal problems met with in a “ super- 
posed” station, like that at Milwaukee, were 
steam control and electric control. He hoped it 
would be possible for something to be added about 
these matters. 

Mr. J. Bruce said his experience of the effect of 
the purity of boiler feed water on operation were 
the same as those of the author. 

Summing up the discussion Mr. W. H. Patchell 


said that the corrosion trouble had first been 
masked by the formation of scale. If the water 
had been purer, it would have been noticed straight 
away. As regards the electrical end the machine 
at the Edgar station had been wound with special 
synchronising winding. Synchronisation had given 
The failure of four tubes only 330 hours after |no trouble, but the synchronising windings had. 

being cleaned, and with very low condenser leakage, 
Mr. W. M. Selvey said that finance was the princi-| upset the previous proposals for preventing scale 


The first paper taken at the afternoon session on 


Wednesday was presented by Messrs. H. C. 
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‘* Measurement of Steam Flow in Works Practice,” 


Dr. R. Lessing being in the chair. Valuable 
economies, it was stated, resulted from the use 
of steam meters for the detailed investigation of 
the actual steam consumption of the different 
processes and apparatus in a factory, and without 
them it was often difficult to ascertain the steam 
losses or the efficiency of the plant. For this purpose, 
it was usually unnecessary to have steam meters 
installed in the supply pipes, but as simultaneous 
readings in several pipes were sometimes desirable, 
a type of meter that could be cheaply duplicated 
and was easily portable was essential. The authors 
suggested therefore the use of an orifice diaphragm 
meter, working on the principle that the drop in 
pressure of the fluid flowing though the orifice 
inserted in a pipe was proportional to the flow. The 
necessary fittings for this meter could be made in 
any workshop and placed in any steam pipe in 
a very short time, no drilling or welding being 
required. After erection the differential pressure 
head obtained in this way could be measured by 
means of a differential mercury manometer or by 
a steam meter of the ordinary type. 

The paper was completed by a series of charts due 
to Mr. Matts Backstrém, which showed the co- 
efficients that must be employed with various 
orifice diameter ratios. 

In the course of a short discussion on this paper, 
Mr. J. L. Hodgson said it was difficult to get people 
to recognise the economies that were obtainable 
by the use of steam-flow apparatus. He thought 
some error might be caused in the author’s apparatus 
by the pipes being at different levels, and the circular 
orifice had its disadvantages. 

Mr. Norman Lees said portability was a great 
advantage, as one apparatus could then do the 
work of fifty. To this Mr. F. J. Bailey objected, 
and pointed out that there was often great diffi- 
culty in installing the apparatus, so that permanency 
was desirable. He asked whether the air entrapped 
in the steam had any effect on the accuracy of the 
readings. 

(To be continued.) 





THE MANUFACTURE AND PROPER- 
TIES OF ALLOY STEELS. 


Tue first two of aseries of four Cantor lectures, 
dealing with ‘‘ Alloy Steels, their Manufacture, 
Properties and Uses,” were delivered by Professor 
H. C. H. Carpenter at the Royal Society of Arts, 
John-street, Adelphi, London, W.C.2, on the even- 
ings of November 14 and 21 last. During the 
course of his first lecture, Professor Carpenter re- 
marked that it was impossible to state the extent 
of the world’s production of alloy steels; the 
United States appeared to be the only country 
to publish statistics on the subject. These showed 
that some 2,432,970 tons of alloy steels were manu- 
factured in that country during 1925. The basic 
open-hearth furnace supplied 80 per cent. of this 
total, the acid open-hearth furnace, 4-4 per cent., 
the Bessemer process, 3-3 per cent., the crucible 
process, 0-3 per cent., and the electric furnace, 
12 per cent. In spite of extensive research, the 
alloying metals utilised in the manufacture of special 
steels were comparatively few in number. The 
principal metals used were vanadium, chromium, 
manganese, cobalt, nickel, molybdenum and 
tungsten. It was interesting to note that the 
atomic numbers of all these elements, with the 
exception of the last two, ranged from 23 to 28 ; 
similarly the atomic weights varied between 51 
and 58-9. 

Molybdenum and tungsten were heavier metals ; 
nevertheless, they occurred in the same group 
(VIa) as chromium in Mendeléeff’s periodic table. 
Furthermore, all the above-named metals had high 
melting points, and all, with the possible excep- 
tion of manganese, crystallised according to the 
cubic system. The crystal lattice of vanadium, 
chromium, iron, molybdenum and tungsten was of 
the body-centred type, while cobalt and nickel 
belonged to the face-centred cubic system. The 
crystal lattice of manganese was still under investi- 
gation, and had not been established definitely. 

The determination of the thermal equilibrium 
diagrams of many of the complex steels. presented 


great difficulties, consequently the methods of 
classification usually employed for these materials 
were based upon dilatation curves or upon struc- 
tural diagrams. As a result of the determina- 
tion of dilatation curves, special steels could be 
divided up into four groups. The first group 
comprised the so-called reversible steels, in which 
the hysteresis was least. The second. group 
embraced steels which were reversible when slowly 
heated and cooled, but which were not reversible 
under rapid heating and cooling conditions. The 
third group contained those steels which exhibited 
hysteresis even under slow cooling. Group four 
included those materials which yielded no inversion 
unless they were cooled below 0 deg. C. Structural 
diagrams were obtained by plotting carbon per- 
centages as abscissz and percentages of the alloying 
element as ordinates. Straight lines drawn across 
the diagram indicated the ranges and _ limiting 
compositions of pearlitic, martensitic, and austenitic 
steels, and also of materials in which double carbides 
occurred, 

Professor Carpenter’s second lecture dealt with 
the properties and uses of tungsten, chromium, 
and manganese steels. He stated that the rolling 
and forging of tungsten steels did not offer any 
particular difficulty. Alloy steels containing 6 per 
cent. of tungsten and from 0-6 to 0-75 per cent of 
carbon were used in the manufacture of permanent 
magnets for general industrial use. Prior to being 
magnetised they were hardened by quenching in 
water. Dr. W. H. Hatfield had recently supplied 
him with figures relating to a series of four tungsten 
magnet steels, which had been quenched in water 
from 850 deg. C. The tungsten content was main- 
tained constant at 6 per cent. in each case. The 
carbon, however, ranged from 0-6 to 0-75 per cent. 
The first of the series (0-6 per cent. C.) had a coercive 
force of 58 c.g.s. units; the second (0-65 per cent. 
C.) a coercive force of 63 units; while the corre- 
sponding values for the third (0-70 per cent. C.) 
and fourth (0-75 per cent. C.) were, respectively, 
68 and 72 c.g.s. units. The remanence of the steels 
was of the order of from 10,000 to 11,000 c.g.s. units. 
During recent years, alloys containing varying 
percentages of chromium and tungsten, and of 
chromium and cobalt, had been suggested for the 
manufacture of magnet steels and, in 1917, Professor 
Honda and Mr. Takagi put forward a complex alloy 
steel which was stated to possess a high coercive 
force and strong residual magnetism. This material, 
when first proposed, contained from 20 to 60 per 
cent. of cobalt, from 3 to 9 per cent. of tungsten, 
and from 1-5 to 3 per cent. of chromium. Many 
modifications had since been made in the composi- 
tions of cobalt-bearing magnet steels, but the fact 
remained that metallurgists were ignorant of the 
precise influence of the various alloying metals, 
and the compositions of the magnet steels were 
arrived at more or less empirically. 

Turning to chromium steels, Professor Carpenter 
remarked that the effect of chromium upon an 
iron-carbon alloy was contrary to that of other 
alloying metals, since it raised the temperature of 
the Ar 1 inversion instead of lowering it. This 
change occurred at 715 deg. C., in steels containing 
no chromium; additions of 1-10 per cent., 3-24 
per cent. and 9-55 per cent. of chromium caused the 
Ar 1 inversion to occur at 729 deg., 758 deg. and 
776 deg. C., respectively. Chromium imparted a 
fine-grained and dense crystalline structure to the 
steel with which it was alloyed ; in each of the above 
cases the constituent present in the steel, when 
cooled down in the ordinary manner, comprised 
a chromiferous pearlite. Steels containing a rela- 
tively low percentage of chromium were used in 
those casés in which hardness was the main con- 
sideration. Materials of this type were used for 
stamp shoes in ore-crushing machinery, plates for 
the manufacture of safes, rolls for cold-rolling mills, 
files and other tools, and balls and rollers for 
bearings. High-chromium steels, on the other 
hand, were used for their corrosion-resisting qualities, 
The stainless properties of these steels were depen- 
dent upon their being in the hardened condition. 
It was necessary to quench the material in water or 
oil in order that the carbide should be held in solid 
solution, and it was this solid solution which 








exhibited resistance to tarnishing. The newer 








Staybrite steel, which contained 18 per cent. of 
chromium and from 8 to 9 per cent. of nickel, 
and the German alloy V.2.A., which contained 
20 per cent. of chromium and 6 per cent. of nickel, 
were austenitic in structure and could not be 
hardened by quenching, although a certain amount 
of hardening could be obtained by cold work. 
When completely immersed in sea water, at the 
ordinary temperatures, these steels appeared to be 
quite non-corrodible ; if, however, they were only 
partly immersed, some corrosion took place at the 
water line. 

Passing on to steels containing from 11 to 14 
per cent. of manganese, the lecturer stated that 
these materials were essentially austenitic in 
character, and, as such, possessed low elastic limits 
and high ductility, but lacked magnetic qualities. 
The high resistance to wear of these steels was well 
known, and this property was utilised in many 
directions, There were some circumstances, how- 
ever, in which manganese steel could not be used. 
The low elastic limit and high ductility of the 
material caused a tendency to flow in the steel, 
under certain conditions. While it gave an excellent 
account of itself in rock-crushing machinery, 
working at relatively low speeds, the results obtained 
when the material was used in’ high-speed grinding 
machinery were not encouraging. Again, while 
colliery wheels made of manganese steel gave 
excellent results, railway rolling-stock wheels 
made of the same material would prove to be un- 
satisfactory. 








THE PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 


(Continued from page 646.) 


CoNTINUING our description of a selection from 
the very large amount of plant which was on 
view at this exhibition, we may first refer to an 
appliance of a class which we have not so far dealt 
with on this occasion, viz., concrete-moulding and 
slab-making plants, which are being increasingly 
used. As an example of this'class of plant, the 
new concrete kerb and channel machine, shown 
by Messrs. Winget (1924), Limited, of Grosvenor- 
gardens, Westminster, may be quoted. This appli- 
ance, which is illustrated in Figs. 25 and 26, on page 
684, is a development of the plate-tamp principle, 
and has a hand-vibrating action which gives a fine 
hard-pressed face to the moulded block. The vibra- 
tory action is effected through the tamping head 
which pivots on roller bearings, and gives a strong 
initial blow. This compacts the aggregate in the 
mould box, and is followed at once by a second im- 
pulse or blow due to the hammer action of a balance 
weight, which is timed to strike as the head rebounds 
from the mould box. The kerb, as it comes from the 
mould box, has a hard-packed finished surface, and 
can be treated, if desired, with a special slurry or 
finishing solution. The frame and mould box with 
the ram plate are of wrought or cast steel throughout. 
The frame is composed of steel channels, riveted 
and securely braced, and is mounted on four small 
wheels. All working parts are enclosed by a sheet- 
steel casing. 

As a further example of Messrs. Winget’s exhibits, 
we illustrate, in Figs. 27 and 28, on page 684, the 83-6 
cu. ft. Roadmaker type concrete mixer. This is an 
open-drum mixer with the mixing unit on a strong 
turntable, enabling it to be swivelled and locked in 
four different positions by merely removing and refix- 
ing one bolt. It can thus be immediately converted 
from end to side-loading and discharge without 
altering the steering of the machine in whatever 
direction it is working. It is operated by a 5-h.p. 
petrol engine with double flywheels, and can be 
fitted with a distributing chute 8 ft. long, with 
16 ft. radius of action. The chute has a hinged 
extension, so that it can be operated either over a 
12-ft. or 16-ft. radius. By slipping the chain off the 
hook, and taking off the four bolts which attach the 
angle holding the chute to the main chassis, the 
machine can be used as an ordinary mixer. The 
working of the discharge and the delivery chute for 
long-reach placing of the mixture is specially pro- 
tected against spilling, which might easily happen 
in the delivery of a comparatively wet batch. The 
machine weighs 46 cwt. 
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Fig. 30. Prtrot-Driven Sxre Truck; Messrs. Mittars’ MacuIngERY CoMPANyY, LIMITED. 


When dealing with concrete mixers, mention 
must be made of the neat and compact rotary drum- 
type portable mixers which were shown by Messrs. 
Ransomes and Rapier, Limited, of Ipswich, at the 
exhibition. One of the most effective, for its size and 
weight, is the Featherweight, which is driven by 
an enclosed 14-h.p. engine through a roller chain 
and spur-gear at the base of the drum. The loading 
and discharge operations of the drum are effected 
by a hand gear. The width of this model is only 
3 ft. The superstructure and chassis are of light 
angles, and the plant is carried on a pair of pressed 
and riveted embossed disc wheels. The power unit 
is completely housed, and access toit is by a hinged 
top and sliding side panel. A useful size of Ransome 
portable mixer of the rotary-drum type has the 
engine at the front, and the mixing plant athwart 
the chassis. The base of the loading skip is a safe 
height above the ground for portability requirements, 
and the operating unit for the skip is mounted 
on a light vertical gantry, with just the required 
head room for clearance when the skip is at full 
tilt. A similar model, but with a different gantry 





and a simpler chassis than the foregoing models, 
has a motor drive. 

De-aerated concrete embodies a patented method 
of mixing concrete in a vacuum with the object of 
improving it in strength and density. De-aerated 
concrete is claimed to be water-proof, as well as 
stronger and more economical than concrete made 
by the open-drum method. A plant for making 
air-extracted concrete has recently been produced 
by Messrs. Metal Traders Technical, Limited, 
7, Gracechurch-street, E.C., and was shown in 
motion outside the hall. It is illustrated in Fig. 29, 
on this page. It will be seen that it comprises 
a special flat-faced, motor-driven mixing cylinder 
with platform, and is mounted on a four-wheel 
chassis built up of channel members. The plant 
assembly is mounted on a three-point suspended 
inner frame, which protects the drive from dis- 
tortion when on uneven ground. The engine is 
a Dorman four-cylinder unit of 14 brake horse- 
power at 1,600 revolutions, and has no unusual 
feature. The front of the crank-shaft is coupled by 
a self-aligning flange-coupling to a Bernard Holland 


rotary air pump, which is connected by flexible 
pipes to the trunnions on which the mixing drum is 
carried. The drum ends are of pressed steel. A 
vacuum of 28 in. is quickly attained when running 
under normal conditions. The machine as a mixer 
is loaded and discharged in the normal way for open- 
drum-type concrete mixers, and the operations of 
skip-loading, dry mixing, followed by the water 
mix and discharge, are quickly effected. The mouth 
of the discharge chute and the working of the chute 
are different from the normal. The chute, in its 
normal position, is held horizontally above and 
clear of the discharge outlet. When the mix is 
ready for discharging, the chute is lowered by a 
link motion, which, in course of its movement, 
serves to place the mouth of the chute in the 
discharge hole opening. The operating handle for 
this mechanism is at the corner of the chassis on the 
discharge side. The loading skip has the same form 
of mouth as the discharge chute. It is raised and 
lowered by a friction clutch and cable worked by a 
drum on the end of a cross shaft, and is controlled 
by a lever. This shaft is driven by a worm-reduc- 
tion gear off the engine shaft, and carries the spur 
pinion which rotates the mixing drum. 

On a gantry frame is the water tank, or tanks, 
for watering the mix and for cooling the engine 
and the air pump. The two flexible-metallic pipes 
shown in the figure leading from the base of the 
tank, are the circulating pipes of the cooling system. 
The air-pump suction pipe is provided with a Visco 
dust trap, and an air silencer is fitted. The mixing 
drum has both ends flat to provide a seating for the 
rubber-ring joints of the respective hinged doors. 
Connection between the air-pump and the doors of 
the mixer is permanent by means of swivelling 
couplings, but a control valve and a release 
cock are inserted in the main pipe line. A batch 
is mixed, first dry and then wet in the usual manner. 
The doors to the mixer are closed while the dry mix 
is in progress. After less than a minute’s dry mix, 
the water is admitted and the vacuum cock opened 
which extracts the air. The vacuum is established 
in one minute, and as soon as the wet mixing is 
complete the concrete is ready to be discharged. 

Messrs. Miilars’ Machinery Company, Limited, 
of Pinners’ Hall, E.C., showed the Tructractor, 
which is illustrated in Fig. 30, on this page. It 
is a three-wheel vehicle with the driving position 
facing forwards and the body also in front of 
the driver. It weighs about 30 cwt., can carry 
36 cwt., and, as a tractor, can haul 15 tons on the 
level. Its short wheel-base of 6 ft. 10 in. and 
large steering lock enables it to be turned in a 20-ft. 
circle. The track width to the wheel centres is 
34 ft., but the gross width is 4 ft. 5 in. and, with 
a dumping body of 30-cub. ft. capacity, the width 
is 5 ft. 3 in. The frame is low enough for normal 
tipping skip bodies of 30 cub. ft. capacity to 
pass under the gantry platform of a concrete or 
asphalt mixer with the usual discharge level. It is 
driven by a four-cylinder petrol engine and hand 
and foot brakes of the contracting type are fitted 
to the transmission shaft. The steering gear is of 
the screw and nut pattern. The design is simple 
and effective, and gives a good combination of 
haulage capacity and adhesion. Extra wide solid . 
rubber tyres are fitted to the driving wheels, the 
dimensions being 28 in. by 7 in., and 20 in. by 5 in. 
on the steering wheel. 

Messrs. R. A. Lister and Company, Limited, of 
Dursley, have extended the scope of their low- 
framed three-wheel light petrol engined trolley- 
runabout by fitting it with a skip body. This 
vehicle may be cited as a petrol-engined rival to 
the electric-battery trolley for work on railway plat- 
forms. Its power plant consists of a fan-cooled 
motor-cycle type engine, with clutch, and a single 
reduction, by roller chain of 15 to 1, to the single- 
drive front wheel. The power unit, including the 
road wheel, is mounted so that it can be swung 
round for rear driving. A speed of 8 m.p.h. is 
attainable on the level and a1 in 14 grade can be 
climbed. The capacity of the skip is half a cubic 
yard, and it can be supplied for end-tipping only 
or on a turntable for end and side tipping. 

Any mechanical device which will lessen the 
disturbance of traffic caused by road and street 
opening for trenches is likely to be more appreciated 
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now than in former years, when labour and other 
items concerned were cheaper, and much interest 
was taken in the Mangnall-Irving power-operated, 
thrust-boring machine shown by Messrs. The Hy- 
draulic Engineering Company, Limited, of Chester. 
The small portable hand-power model of this 
appliance is illustrated in Figs. 31 to 33, on 
this page. The details comprise a hydraulically- 
propelled crosshead working on parallel fixed piston 
rods, which have extension screws at each end 
and are fixed to thrust plates for securing the 
machine in the pit. The thrust plates take the 
load and have a lateral and vertical traverse gear 
enabling the machine to be aligned. A double- 
acting control valve is mounted centrally over one 
side of the crosshead, while, on the other side, are 
automatic quick-return valves by means of which 
the speed of the return stroke of the crosshead is 
twice that of the working stroke. The second 
item is the hand-operated, high-pressure, hydraulic 
oil pump, with two gun-metal bodies mounted in a 
cast-iron tank, A single gun-metal casting, embody- 
ing the control valve at its centre, connects the 
two pump bodies. The operating lever is horizontal 
and contains a variable gear which permits pumping 
against any pressure without varying the number 
of the men employed. During each non-working 
stroke of the borer crosshead, the variable-gear lever 
on the pump is swung over to give the maximum 
stroke to the plungers. The pressure gauge is 
graduated to 2 tons per square inch. The large 
filler inlet is provided with a fine gauze filter, and 
lubrication is provided for all moving parts. 

The equipment includes a case containing twenty 
3-ft. boring rods of high quality steel, with 
machined ends for a quick and rgiid coupling, 
and another case with the sighting mechanism, 
suspension gear, a boring pilot of special tool 
steel, boring heads, adapters, pilot launching 
guide, thrust block, flexible pressure and return 
pipes suitable for use with oil, tools, oil and grease 
cans, and a spare set of hydraulic leathers. There 
is no rotary action with the thrust borer; the 
hole being formed by the displacement and com- 
pression of the surrounding earth, without the 
production of spoil, i.e., the earth around the bore 
hole is compressed into the surrounding ground and 
not removed from the bore. Thrust-boring may be 
vertical or horizontal, and the ordinary equipment 
permits borings to be made vertically upwards or 
on any inclined plane, while, by using a resistance 
head over the machine, borings may be made 
vertically downwards. 

For horizontal boring, pits are sunk in the ground 
at a suitable distance apart, and after the machine 
has been placed in one pit and correctly aligned, 
the boring is driven through to the next. Long 
distances may thus be bored by continuing the 
operation between further pits in succession, along 
the desired route. The return stroke of the borer 
can be used to draw a cable or conduit through 
the bore, by merely replacing the pilot-head and 
attaching the end of the cable or conduit. This is 
assuming that the first bore is of the required 
diameter ; if not, the pilot is withdrawn and replaced 
by a boring head of larger diameter, and the 
process is repeated until the required diameter is 
attained. 

The pressure gauge shows quickly when the 
resistance is increased by obstacles encountered 
in the boring. Figs. 32 and 33 show an electric 
detector apparatus for use in thrust boring in the 
neighbourhood of electric and other service mains. 
If the thrust bar encounters an obstacle, a bell 
rings. In the event of the detector itself failing, 
the fact is indicated by the automatic extinguishing 
of a small electric lamp fitted to the detector for 
that purpose. Alternatively, failure of the bell 
to sound a warning will cause the lamp to change 
from a dull to a brilliant glow. 

The new Midget tamper of Messrs. B. Johnson 
and Son, Ilkley, Yorkshire, is illustrated in Fig. 33, 
annexed. It shows the tendency towards smaller 
and more portable road machine units, and is rubber- 
tyred, largely to meet the expressed wishes of road 
surveyors. The construction is neat, and comprises 
a built-up frame on an angle-stayed chassis. The 
tamper is operated by a segment on a gear-driven 
second motion shaft, which is driven by a first- 
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Figs. 31 to 33. Tarust-Borrtna Macuine; Messrs. THE HyprAvLic ENGINEERING COMPANY, 
LIMITED. 
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Fia. 35. TRrack-BeLt Roap ROLLER; 


motion shaft through a silent-chain from a 1} h.p. 
Petter two-cycle engine. The tamper shaft has a 
falling weight of 100 lb., and the whole machine 
weighs 14 cwt. It is fitted with a handwheel and 
geared-chain propelling motion, which can be put 
out of action, and the axle-wheels made free- 
running, by disengaging the eccentric-mounted spur 
pinion which gears with a spur-wheel on the axle. 
The machine can then be hauled by a tractor and can 
safely travel at 20 miles an hour. The pantograph 
mounting of the power unit about a pivot and 
quadrant, enables the tamper-bar to be moved pro- 
gressively through a radius equivalent to the width 
of a normal trench, thereby ensuring equal packing 
of the filled-in material. 

Messrs. John Allen and Sons (Oxford), Limited, of 
Cowley, Oxford, show an interesting experimental 
track-belt, single-cylinder steam roller, which has 
been converted from a machine of orthodox type. 
The experimental machine is illustrated in Fig. 35 
above. The conversion has left the weight unaltered 
at 10 tons, the original weight of the engine, and 
while raising the overall height a few inches the 
centre of gravity is lowered. Future engines with 
the track-belt drive will be specially built and embody 
improvements based on experience with this proto- 
type, as well as such new normal features as double 
cylinders and quick reverse and power steering 
control. The track belts of the engine illustrated 
have a smooth inner face, the driving teeth being 
ranged midwise. The weight is carried on stout 
rubber-tyred cast wheels, which number 16 for 
the four sets of track belts. The outside flanges 
of the track wheels are of cast steel, and, being deep- 
flanged, they hide the rubber tyred members 
which lie between. The tyres are a stock trolley 
size. The rear belts only are power driven, a 
stout Coventry roller chain being used for the pur- 
pose, with a reduction of about 1 to 14 from the back 
gear shaft of the engine, to a large manganese-steel 
spur wheel which grips the track belt at the centre 
of the tread, so that the drive pressure is equally 
divided between the two sets of wheels through the 
track tread. The length of the tread contact is 
equal to that of an 18 ft. diameter wheel. The 
present machine has been at work for several months 
and, according to the makers, has demonstrated 
that it is possible to roll a bituminous surfaced 
road without producing corrugations. The track- 
belt roller also, it is found, has advantages for 
consolidating fillings, working on embankments, &c., 
because immediately any sinkage occurs such a 
large area of track comes into contact with the 
ground that the roller will “float” over the loose 
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Messrs. JoHN ALLEN AND Sons (OxForD), Limrrep. 


earth. Messrs. Allen also showed a novel applica- 
tion of a track-belt layout to a wheel barrow. 
The track belt is made up of light inter-locking 
pressings with flange ears for the coupling pins, 
and is attached to the carrier by a central cross 
pin, which enables the track-belt to adjust. itself 
over obstacles ; for instance, no shock occurs on a 
kerb crossing. The scope and utility of this novel 
application will occur to most people, and not least 
to those with lawns and paths into which the 
normal barrow wheel sinks to an undesirable extent. | 

Messrs. A. A. Byrd and Company, of 11, Queen 
Victoria.- street, E.C.4, showed an_ interesting 
machine in the Koehring combined concrete mixer 
and spreader. The machine is built either with a 
steam engine and boiler or with an internal-combus- 
tion engine drive, and, in either form, is self-propelled. 
The operations of mixing and loading, discharging, 
and delivering, and spreading can be controlled 
single handed from the machine. Delivery is 
effected by a 12-ft. chute which can be swung through 
180 deg., enabling it to deal with half of a 30-ft. road 
at one operation. The discharge lever is locked 
until a definite mixing period has elapsed, when 
the fact is signified by the continuous ringing of a 
bell to draw the operator’s attention. It is claimed 
that this feature ensures uniformly mixed concrete 
in every batch, and practically eliminates the human 
element, making it impossible for any batch to be 
given a longer mix than another. The automatic 
measuring water-tank fitting can be easily adjusted 
each morning to the correct amount of water 
required according to weather conditions. This 
adjustment is made by turning the quadrant lever 
to the right or left, which ensures that every batch 
during the day has the same amount of water. 
The mixing drum comprises the drum heads made 
of special non-abrading tough metal and a shell of 
high-carbon steel; the driving gear and runways 
are cast integral with the drum heads, and a centre 
shell of carbon steel fits into the flanged recesses of 
the drum heads which are machined for the purpose. 

Around both openings are renewable flanges, or 
splash rings, machined on the inner surface, and 
splash plates are provided at both openings. The 
mixing blades are of high-carbon steel and are 
placed on a slight angle to the axis of the drum, 
and bent forward to an angle at the end. They are 
held apart from the shell by malleable-iron brackets. 
The clearance thus provided permits clean flushing 
of the drum. In addition there are pick-up buckets 
of malleable iron, securely bolted to the shell at 
right angles to the axis. The drum is supported on 
extra wide chilled rollers, ground and keyed to their 


shafts, which are journalled in large white-metalled 
bearings carried by heavy brackets, which, in turn, 
are mounted on the main-frame side channels and 
cross-members. The larger machines have discharge 
chutes operated by power from the main driving 
shaft by bevel gear, and controlled by a right-and-left 
cone clutch provided with knockouts, which auto- 
matically stop the chute at the discharging or 
mixing position. The winding drum, and the 
clutch which operates the charging skip, are on 
the main driving shaft, forming a part of this 
assembly, and are accessible at the side of the mixer. 
The housing of the clutch is integral with the wind- 
ing drum. It is of the single-plate type, with maple 
wood inserts, and has a simple toggle control and 
adjustment. 

In concluding our article this week, we may refer 
to the exhibit of Messrs. Aveling and Porter, Limited, 
of Rochester, who were represented by an improved 
type of single-cylinder, piston-valve, 8-ton stan- 
dard roller, arranged for renewals at low cost by 
reason of each wearing part being separate and detach- 
able, including the tyres on the rollers. Another 
exhibit was their type tandem steam 8}-ton roller 
with vertical conical-top boiler and quick-reversing 
gear. This machine is specially suitable for rolling 
plastic bituminous-surfaced road and has a low 
centre of gravity and a good lateral stability. It 
was described in ENGINEERING of November 27, 
1925, page 666, since when the upper part of the 
boiler has been made conical, the diameter increasing 
towards the top, with advantage to its circulation and 
steaming qualities. Messrs. Aveling and Porter 
also exhibited their 6-ton roller fitted with a four- 
stroke, crude-oil engine. 


(To be continued.) 





NOTES. 
Tur Prosperity oF CANADA. 


The Second (Triennial) Empire Mining and 
Metallurgical Congress, held recently in Canada, 
under the auspices of the Empire Council of Mining 
and Metallurgical Institutions, was undoubtedly an 
unqualified success. Some 300 delegates from all 
parts of the Empire were present, and, during a 
period of six weeks, they toured Canada in three 
special trains; they were thus able to gain first- 
hand knowledge of the vast agricultural and mineral 
resources of the Dominion. Meetings were held at 
Montreal, Toronto, Winnipeg, Quebec, Sydney 
(Nova Scotia), St. John’s (Newfoundland), Van- 
couver, and Jasper (Alberta), and the papers pre- 
sented for discussion totalled 41. As pointed out 
in our columns recently, Canada is responsible for 
90 per cent. of the world’s output of nickel, 
85 per cent. of the asbestos, and 55 per cent. of the 
cobalt produced; the Dominion leads the world 
in the production of these three minerals. Further- 
more, the steady progress made by the Canadian 
mining and metallurgical industries is reflected in 
the gradual increase in the income derived from 
the national minerals. In 1920, the total value of 
the mineral production was 228 million dollars, which 
sum constituted a record figure ; the corresponding 
total for 1926, however, amounted to 241 million 
dollars. When it is remembered that vast areas 
of mineral-bearing territories, probably the most 
extensive and promising to be found in any part 
of the world, still remain unexplored and unpros- 
pected, the ultimate position of Canada as a mining 
and metallurgical country can scarcely be visualised. 
Speaking in London, on November 21 last, H.R.H. 
The Prince of Wales gave it as his opinion that 
Canada was on the threshold of one of the most 
astonishing eras of expansion and development that 
the world had ever known; he, therefore urged 
young business men in this country to visit the 
Dominion in order to become thoroughly acquainted 
with the position and outlook of Canada. The 
present and future prosperity of the Dominion, and 
the need for closer economic co-operation between 
industrialists in this country and in the overseas 
Empire, was again emphasised by several speakers 
at a dinner, which took place in London at the 
Hotel Victoria, on Tuesday last. The function 
was held in order to give the constituent bodies of 
the Empire Council of Mining and Metallurgical 








indebtedness to the Canadian Governments and 
people. The Chairman was Sir Thomas H. Holland. 
F.R.S., and, among the principal guests were The 
Hon. P. C. Larkin, High Commissioner for the 
Dominion of Canada; Sir Robert Horne, honorary 
president of the Congress; Major G. C. Reilly, 
chairman of the main committee of the Congress ; 
and Mr. G. C. Mackenzie, general secretary of the 
Congress ; the last two gentlemen had come speci- 
ally from Canada in order to attend the dinner. 
A tribute to the whole-hearted hospitality of the 
Canadian people was paid by Sir Robert Horne, 
who proposed the toast, ‘* The Dominion of Canada.” 
Mr. Larkin, who responded, stated that the visit, 
to Canada, of metallurgists and engineers from al] 
parts of the Empire would prove of great benefit to 
all concerned. Lord Lovat, Parliamentary Under- 
Secretary of State for Dominion Affairs, proposed 
‘*The Mineral and Metal Industries of the British 
Empire,” and the toast was acknowledged by Lord 
Greenway, Sir Auckland Geddes, and Sir William 
J. Larke. The toast to ‘‘ The Guests ” was proposed 
by the Chairman and replied to by Sir Halford 
Mackinder, chairman of the Imperial Economic 
Committee, and, in the absence, owing to illness, 
of The Hon. J. S. Smit, High Commissioner for the 
Union of South Africa, by Mr. G. G. Elliott, of the 
South Africa Office. The proceedings were ter- 
minated by Colonel G. R. Lane-Fox, Secretary 
for Mines, who proposed the health of the Chair- 
man. 


PROGRESS WITH THE NorTH-CrRCULAR Roan. 


Two new sections of the London North-Circular 
Road, which will eventually provide a direct route 
for traffic between Kew Bridge in the West and the 
Upper Thames Docks and South Essex in the East, 
proceeding via Willesden, Finchley, Southgate and 
Walthamstow, were officially opened on Wednesday 
last. The new sections, known as the Lea-Valley and 
Ching Brook sections, have a length of practically 
1} miles, and give direct access between Angel-road, 
Edmonton, and the Chingford-road, Walthamstow, 
thus connecting the densely-populated areas on the 
two sides of the Lea Marshes. The works com- 
mence, at the western end, with the approach to a 
new reinforced-concrete bridge over the Lea River 
Navigation, the bridge being 60 ft. 6 in. wide 
between the parapets and 51 ft. 7 in. in skew span, 
over the canal and its tow-path. The super- 
structure of the bridge forms the western end of a 
viaduct carrying the road over the Lea Valley, a 
viaduct having been constructed here to permit 
the free passage of flood water. We have already 
referred to the construction of this viaduct, for the 
foundations of which the Vibro system of concrete 
piling was employed, on page 254 of our 12Ist 
volume. As there stated, the viaduct is 60 ft. in 
width between the parapets, and has a total length 
of 1,880 ft., of which the greater part is carried, at a 
height of 12 ft. above the ground level, on reinforced- 
concrete beams. These, in turn, are supported on 
columns of the same material, spaced on 16-ft. 9-in. 
centres longitudinally and arranged in six rows, 
across the width of the viaduct. Three bridges, 
each of 60-ft. span, cross the River Lea, the Copper- 
mill Stream and the Aqueduct of the Metropolitan 
Water Board. The carriageway, which has a 
width of 40 ft., is surfaced with bituminous clinker, 
2 in. thick, laid directly on the concrete structure, 
and the footways, each 10 ft. wide, are paved with 
artificial-stone slabs and provided with 12 in. by 
8 in. granite kerbs. A part of the Lea Valley section, 
over land not so liable to flooding as that over which 
the viaduct runs, is carried on an embankment of 
clinker, 3 ft. to 4 ft. in height, ana chis portion 
terminates in a reinforced-concrete bridge, 25 ft. in 
span and 100 ft. in width, carrying the road over 
the Ching Brook. From this point the road is 
continued in a straight section, 100 ft. wide, for a 
distance of about } mile to the junction of Billet- 
road, Chingford-road and Wadham-road in the 
Urban District of Walthamstow, where, for the 
time being, it terminates ; sections extending the 
road beyond this point will, however, be under 
construction shortly. The greater part of the work 


has been carried out by contract, and the total 
cost has been approximately 182,000/. 
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Fig. 1. 


THE LATE MR. HENRY EDMUNDS. 


Mr. Henry Epmunps, who died on Tuesday, 
November 22, at the age of 74, was one of the 
pioneers of electric lighting, having been closely 
connected with Werdermann in the development 
of the Jablochoff arc lamp, and having himself 
introduced that form of lighting into the United 
States. During his visit to the: latter country, 
he also interested himself in the Farmer-Wallace 
arc lamp and dynamo, and in turn introduced 
this equipment into the British Isles.. At the same 
time he made the acquaintance of Mr.’ Edison, 
and on his return, brought with him one of that 
inventor’s early phonographs, while he himself 
devised the ‘“ phonoscope,” an instrument for 
showing the vibrations of sound in rays of light, 
and an apparatus called the aquaphone for signalling 
under water. 

His close relations with American engineers led 
him to play a leading part in the formation of the 
Anglo-American Electric Light Company, of which 
he became the first engineer. In this capacity he 
undertook the lighting of the South Kensington 
Museum and a number of factories, but shortly 
afterwards resigned, and became associated with 
Mr. (afterwards Sir Joseph) Swan, in the develop- 
ment of the vacuum lamp. At an early demonstra- 
tion of this lamp in London, one of those present 
was Capt. J. A. Fisher (afterwards Lord Fisher of 
Kilverstone), who immediately became interested 
in its possibilities. At his request, Mr. Edmunds 
visited Portsmouth and demonstrated that if a 
lamp was broken over a tray of guncotton the 
latter would not ignite. This led to the introduction 
of electric lighting into the British Navy, the first 
ship to be thus equipped being H.M.S. Inflexible. 
He was earlier responsible for installing electric 
lighting on the City of Richmond, this being 
probably the first ship in the world to be fitted with 
this system. He also took the Swan incandescent 
lamp to the Paris Exhibition of 1881 and installed 
electric lighting in the Opera House in that city. 

Perhaps, however, the most important, if less 
spectacular, portion of Mr. Edmunds’ life began in 
1885, when he entered into partnership with Mr. W. 
T. Glover to form the well-known firm of cable 
manufacturers of W. T. Glover and Company. On 
Mr. Glover’s death, in 1893, Mr. Edmunds became 
the sole proprietor for a time, but he was soon 
joined by Mr. G. B. Samuelson, while later the 
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business was formed into a company, of which 
he acted as managing director. Mr. Edmunds was 
one of the first who took an interest in motoring, 
and as early as 1898, he brought a De Dion motor 
tricycle and trailer from Paris. 

He was one of the founders of the Cable Makers’ 
Association, and was also the first president of the 
North of England Society of Electrical Engineers, 
a body which was afterwards absorbed in the 
Institution of Electrical Engineers. Of this latter 
body, as well as of the Institution of Civil Engineers, 
Mr. Edmunds was also a member. 





THE PROPERTIES OF CIMENT Fonpv.—At a conference 
held in connection with the recent Midland Building Trade 
Exhibition at Birmingham, Mr. J. G. Kay, speaking on 
the subject of Ciment Fondu, said that a few months ago, a 
reinforced-concrete pile, made with Ciment Fondu, 
had been driven right through a layer of Portland-cement 
concrete, some 3 ft. thick, which had been in place for 
many years. The pile had been withdrawn practically 
unscratched, and re-driven in another part of the site. 
Another important property of aluminous cement was 
that of permanency ; samples of the material had been 
immersed for some 19 years in various solutions, which 
would have caused the rapid disintegration of ordinary 
cement, and were now in as good a condition as when first 


made. This quality was due to the fact that, unlike 
Portland cement, Ciment Fondu contained no free 
lime. 





LIVERPOOL CoRPORATION WATER WorkKS.—The total 
quantities of water supplied to the Liverpool Corporation 
Water Department during the year ending March 31 last, 
and derived from the Vyrnwy and Rivington works and 
from wells, amounted to 15,584 million gallons. The 
average volume of water, per day, sent out from the works, 
during the year under review, was 42,814,000 gallons, 
and the maximum in any one day was 49,599,000 gallons 
(July 13, 1926). According to the annual report of 
the water engineer, Colonel J. R. Davidson, the third 
instalment of the works in connection with the laying 
of mains from Lake Vyrnwy has been undertaken, The 
Committee having decided to adopt steel pipes, lined with 
bitumen, instead of cast-iron pipes, as used on the first 
two mains; pipe laying was commenced in September, 
1926. Work was commenced on the length between 
Lloran-Ganol and Bodlith, which lies on the Pare Uchaf 
to Cynynion section. By March 31 last, a total length of 
3,408 yards of pipe had been laid in this section. Pipe- 
laying oporations on the upper section, between Hirnant 
and Wern-ddu, was begun in February, 1917. By 
the end of March last, some 777 yards of pipe had been 
placed in position in this section. The length of main 
comprised in the pipe-laying contract is 4} miles, so that 
some 53 per cent. of the total work had been completed 
by March 31 last. The pipes were supplied by Messrs. 
Cochrane and Company, of Middlesbrough, and the main- 
laying contract was secured by Messrs. Sir William Prescot 
and Sons, Limited, of Tottenham, London, N.17. 
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Fie. 2. Interior 


oF AIRSHIP FRAMING. 

















Fie. 3. 


THE AIRSHIP R100. 


THOSE of our readers who have followed the vicissi- 
tudes of airship development in this country will 
remember that, in October, 1924, a contract was placed 
by the Government with the Airship Guarantee 
Company, Limited, with whom Messrs. Vickers 
Limited, are associated, for the construction of a 
passenger-carrying airship of 5,000,000 cub. ft. capacity, 
while at the same time the Royal Airship Works, at 
Cardington, were authorised to proceed with the 
construction of a similar airship. 


this and the opposite pages, these photographs having 
been taken recently in the sheds at Howden, Yorkshire, 
where the vessel is being built. The work of con- 
struction was actually commenced in August, 1926, 
the two previous years having been occupied in 
preliminary design and experimental work, and 
although considerable delay resulted from the industrial 
troubles of 1926, it is expected that the work will be 
completed by April next. 

The R100, it is understood, is 709 ft. in length and 
has a maximum diameter of 130 ft., while the dis- 
placement is given as 156 tons. 


throughout, without any parallel portion, and from the 
dimensions stated, it will be seen that it is much bluffer 
than the earlier airships, which taking the case of the 


stru Work on the former, | 
which is known as the R100, is now well advanced, as | 
will be gathered from the photographs reproduced on | 


The hull is streamlined | 


ENGINE GONDOLA. 


| R36 as an example, had a length to diameter ratio of 
The designed speed of the R100 
| is 82 m.p.h., and accommodation is provided for 100 
The former will be 
accommodated in two-berth and four-berth cabins, 
| and a restaurant, capable of seating 50 persons at a 
| time, is arranged for in the design, which also provides 
| for promenade decks having a maximum width of 
| 14 ft. The passenger accommodation, which is 
arranged on three floors, is contained entirely inside the 
envelope, in order to keep the hull resistance down to 


| about 8-5 to 1. 


| passengers, with a crew of 365. 


a minimum. 


| illustrations referred to. The three longitudinal 

members at the apices of the girders are tubes, formed 

from long narrow sheets wound helically and having 
| the overlapping edges riveted. Between the longi- 
| tudinal members of the girders, bracing members are 
| inserted in each plane, as can be distinguished in Fig. 2, 
| the bracing members being connected to the longi- 
| tudinals by suitably shaped skeleton gussets. 

The power plant will, at first, consist of six Rolls- 
Royce engines running on petrol, and each developing 
700 h.p. Two engines are carried in each of the three 

| gondolas, of which two are mounted symmetrically 





The hull, of which two views are given in Figs. 1 and 2, 
| is in the form of a 16-sided polygon, both longitudinal 

and circumferential members consisting of Duralumin 
| girders of triangular section, as can be seen in the 





on the lower part of the hull just aft of amidships, 
and the other is mounted on the centre line farther aft. 
The framing for one of the gondolas, with the two 
engines in position, is illustrated in Fig. 3, and- the 
method of supporting the engine on tubular struts 
should be noted. The small radiators, seen at the top 
of the framing, are for oil cooling. It is proposed, at a 
later date, to replace the petrol engines by light Diesel 
engines, for which heavy oil will be used as fuel. As 
already stated, the displacement is 156 tons, and of 
this the useful lift available for fuel, ballast, passengers, 
crew and freight is 73 tons. About 30 tons of fuel 
will be carried, and this quantity of petrol would permit 
a cruising speed of 75 m.p.h. to be maintained for 
50 hours, 7.e., a distance of 3,750 miles could be covered 
in still air. The paying load, under these conditions, 
would include 10 tons of freight, in addition to 100 
passengers, calculated on the basis of seven passengers 
to the ton. 

It is understood that, on completion, the vessel will 
be delivered to the Air Ministry, who will conduct the 
trials, but the Airship Guarantee Company has the 
option of purchasing her from the Government, 
provided that a commercial service, approved by the 
Secretary of State for Air, is inaugurated. The 
particular purpose for which the vessel will be employed, 
we understand, is not yet actually decided on, but it is 
probable that she will, at first, be used for demon- 
stration flights within the Empire. Airship bases in 
Egypt and India are already completed, and the 
Governments of South Africa, Canada and Australia 
have approved the erection of mooring masts. 





Essay CoMPETITION ON GOODWILL IN INDUSTRY.— 
We have been informed that the Glasgow and West 
of Scotland Association of Foremen Engineers and 
Draughtsmen is inviting papers on “Goodwill in 
Industry,” for which a prize of 100 guineas is offered. 
The subject is to be treated in a practical way as distinct 
from a purely theoretical standpoint, either by describing 
schemes and methods in actual operation, or by making 
definite proposals. Whilst it is difficult to prescribe a 
hard and fast line, those papers which offer the best 
solutions for the achievement of genuine goodwill, with 
special regard to their practicability from an administra- 
tive and works-managerial standpoint, will be adjudged 
best. ‘The value of the subject matter as being a useful 
contribution, capable of immediate application, will be 
the main criterion of qualification for the award, Full 
particulars regarding the competition may be obtained 
from The Secretary, Goodwill Committee, Glasgow and 
West of Scotland Association of Foremen Engineers and 
Draughtsmen, 1019, Sauchiehall-street, Glasgow, C.3. 

Launcu oF THE §.8. ‘ Sea Betxe IT.’—On Thursday, 
October 13, Messrs. J. Samuel White and Company, 
Limited, launched from their yard at East Cowes, Isle 
of Wight, the twin-screw steam yacht Sea Belle II, 
which they are building for the Crown Agents for the 
Colonies. 'The vessel is intended for special service in the 
vicinity of the Straits Settlements; she has a schooner 
bow, elliptical counter stern and raked masts and funnel. 
Her main dimensions are as follows :—length, 200 ft. ; 
breadth, 33 ft. 6in. ; and depth, 16ft. The accommoda- 
tion for His Excellency, the Governor, for whose use the 
yacht is specially constructed, is all arranged in deck 
houses on and above the main deck. Accommodation for 
the captain and officers is provided in a deckhouse at the 
aft end of the main deck. The whole of the decks, deck- 
houses and cabin fittings are made of teak, this being 
specially necessary to resist the ravages of the white ant. 
The propelling machinery consists of two sets of triple- 
expansion engines, having cylinders 113 in., 18 in., and 
29 in. in diameter, with a piston stroke of 24in. The 
engines are designed to give the vessel a speed of 12 
knots, steam being provided by two boilers working at 
a‘pressure of 180 Ib. per square inch, and fitted to burn 
oil fuel. The windlass was supplied by Messrs. Clarke, 
Chapman & Co., Ltd., of Gateshead on Tyne. 

Tue ConstRUCTION OF ExectTriIC PowER CABLES.— 
The construction of the various types of cable used for 
the transmission of electric power was dealt with in 
a paper read by Mr. C. M. Read before the Institution 
of Engineering Inspection on Friday, October 14, 1927. 
Comparing the current-carrying capacity of cables 








insulated with the following materials the author 
arranged them as follows: paper 100, vulcanised 
cambric 90, rubber 81, and vulcanised bitumen 75. 


He also stated that an effective method of guarding 
against electrolysis or chemical action was to apply 
a thick dressing of special compound to the lead and 
then to cover it with hessian tape. Although this 
increased the diameter the protective value was equal 
to that of laying the cable in bitumen, with the 
additional advantages that the protection was applied 
not in the streets, but in the shops, and was much 
cheaper. In the early days of super-tension cables 
most of the faults occurred at the joints, and the 
tight tube joint was therefore devised to ensure that 
the stresses at these places were not higher than those 
in the cable. It had since been discovered that the 
joints were not the only source of weakness, and much 
work had been done to discover the true cause of 
breakdown. This had lead to the design of the 
Hochstidter and other sheathed cables. For pressures 
of the order of 132,000 volts a hollow core cable had 
been designed, the insulation of which was kept 
continuously impregnated with oil under pressure. 
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THE COMMERCIAL VEHICLE 
EXHIBITION AT OLYMPIA. 


(Continued from page 658.) 


CONTINUING our description of the exhibits, we 
may now turn to one of the rigid-frame six-wheel 
chassis coming under the War Office subsidy scheme, 
and shown by The Vulcan Motor and Engineering 
Company (1906), Limited, Crossens, Southport. 
This chassis, of which a photograph is reproduced in 
Fig. 18, and drawings given in Figs. 19 and 20, 
Plate L, is capable of carrying four to five tons over 
good roads, and two to three tons over broken 
ground. It will be recalled that War Office loading 
requirements for this class of vehicle are three tons 
over good roads and two tons over broken ground. 
As we have already stated, the characteristics of 
the suspension adopted were very fully discussed by 
Captain C. H. Kuhne in a recent paper before the 
Institution of Mechanical Engineers, but it will not 
be out of place to recall briefly the more important 
points. The method of mounting the two driving 
axles, which is clearly shown in Figs. 19 and 20, is 
such that the weight on all four driving wheels 
remains equal under all conditions of driving effort. 
At the same time, free articulation of the driving 
axles is permitted within practicable limits without 
the springs being twisted, and without the weight 
distribution referred to being disturbed. The 
wheels therefore conform to the rough ground 
without affecting the drive, and with a minimum 
of chassis displacement and distortion. The other 
leading feature of the design is that it enables 
standard components, as fitted to four-wheel 
vehicles, to be utilised to a great extent. 

The engine is a four-cylinder model, with a 
cylinder bore of 110 mm. (4-35 in.) and a piston 
stroke of 140 mm. (5-511 in.), giving a capacity 
of 5,320 c.c. and an R.A.C. rating of 30. The 
actual horse-powers developed are 39 at 1,000 
r.p.m., 53 at 1,400 r.p.m., and 60 at 2,000 r.p.m. 
The head is detachable, and is provided with lifting 
lugs. The cylinder block is held on to the aluminium 
crankcase by the main bearing bolts, which extend 
through the case. The valves are of the side-by-side 
type, made from 3 per cent. nickel steel, and are 
operated by roller tappets. Aluminium-alloy pis- 
tons are fitted, and the connecting rods, of 40-ton 
steel, are fitted with a bronze bush working on a 
case-hardened steel gudgeon pin. The big-end 
bearings, in common with the main bearings, are 
bronze backed with white-metal liners. The crank- 
shaft is a 40-ton steel stamping, the crank pins and 
main bearings being 2} in. in diameter. The cam- 
shaft and magneto are driven by silent chain from 
the crankshaft, a jockey pulley being fitted, which 
can be adjusted without removing the timing cover. 
The engine bearings are lubricated by a gear-type 
pump in the sump, driven by skew gears from the 
camshaft. Suction and pressure filters are pro- 
vided, the former being arranged so that it may be 
withdrawn, for cleaning purposes, without emptying 
the sump. Pump circulation is employed for the 
cooling water, the pump being made in one unit 
with the fan. 

The clutch is of the cone type, Ferodo lined, and 
is fitted with adjustable springs. As will be clear 
from Figs. 19 and 20, the gear-box is mounted 
independently from the engine, the connection 
between the two units being made by a shaft with 
two flexible fabric joints. By dropping the centre 
piece, the clutch can be withdrawn without dis- 
mantling either engine or gear-box. Again referring 
to the drawings, it will be noticed that there is a 
subsidiary gear-box behind the main box, the object 
of this arrangement being to permit of low emergency 
gear-ratios, while retaining the standard engine and 
gear-box as fitted in the maker’s three-ton four- 
wheeled chassis. The gear-box proper is fitted 
with stub-toothed wheels giving forward ratios of 1, 
1-55, 2-56, and 4 to 1, the reverse being 5-35 to 1. 
The subsidiary box gives a reduction of 3 to 1, and 
as the rear-axle reduction is 7 to 1, overall ratios of 
either 7 or 21 to 1 are available on the top gear, the 
other ratios being readily calculated from the above 
figures. The subsidiary box consists of an aluminum 
casing bolted to the main box, the gear change being 
of the simple sliding type, controlled by a special 
lever, shown in Fig. 20, at the driver’s left hand. 
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Sipe VIEW SHOWING FLEXIBILITY OF SUSPENSION. 








Fic. 22. Front View SHOWING ARTICULATION OF Front AXLE. 


From the subsidiary box, the drive is taken 
to the forward rear axle by a tubular shaft, fitted 
with two universal joints of the star type, totally 
enclosed and running in oil. The connection be- 
tween the two rear axles is made by a solid shaft, 
fitted with two joints of the same type. Both 
rear axles are of the full-floating type, the casings 
being 40-ton steel stampings. Overhead worms with 
bevel-type differentials are fitted, the housing 
being easily detachable without disturbing the 
axle casing. The worm shafts are carried on 
ball bearings, and that in the rear axle is provided 
with a double thrust washer. The axle shafts are 
100-ton steel, and convey the drive to the road 
wheels, which are mounted on hubs running on 
large-diameter roller bearings. 

The method of mounting the two axles is of 
special interest, but does not require much explana- 


tion, as it is clearly shown in Figs. 19 and 20. It 
will be seen that two semi-elliptic springs, one 


above and one below the centre line of the axles, 
are clipped in the centre to a common trunnion 
bracket, which is free to rotate on a pivot shaft 
extending across the frame. The members carrying 
the ends of the springs are mounted on a spherical 
joint on the axle casings, allowing the two axles to 
move out of the horizontal without imposing any 
twisting action on the spring leaves. Torque 
arms connect each axle to the pivot shaft, as 
shown in Fig. 20. 

The chassis is provided with hand and foot- 


operated brakes on the four rear-axle hubs. The 
drums are 19 in. in diameter, and are fitted with 
renewable cast-iron liners. The foot brakes are 
operated on the Dewandre servo-system. The 
leading dimensions of the chassis are given on the 
drawings, and the useful loads have already been 
stated. The weight of the chassis is 3 tons 5 ewt., 
| 2 tons 4 ewt. being on the rear axles. 

| By way of contrast, one of the rigid six-wheel 
| vehicles exhibited, which, while being suitable for 
| traversing very rough ground, does not comply with 
| the War Office specification, may now be considered. 
Eepowe is being shown by Messrs. Scammell Lorries, 
Limited, of 14, Holborn, E.C.1, and is illustrated 
| in Figs. 23 to 29, Plate LI, above, and on the opposite 
page. It will be seen that in this design only one rear 
axle is employed, from which the drive is taken to the 
four rear wheels by totally-enclosed spur gearing. 
The trunnion brackets, carrying one of the wheels 
at each end, are free to rotate about the axle 
| proper without imposing twisting stresses on the 
| springs, and the latitude of movement can be made 
|as great as may be deemed necessary without any 
difficulty. Striking illustrations of the freedom of 
movement permitted by this form of suspension 
are given by the photographs reproduced in Figs. 21 
and 22 above. 

The engine is shown in section in Figs. 24 and 25, 
from which it will be seen that it is a four-cylinder 
| model with overhead valves. We may mention 
| that this engine is employed for all Scammell lorries, 
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including articulated six-wheeled vehicles for 
loads up to 25 tons. The cylinder bore is 5 in., 
and the piston stroke 5} in., giving an R.A.C. 
rating of 40. The brake horse-power developed at 
1,000 r.p.m. is 53, and at about 2,000 r.p.m. is 
65. The cylinder heads are detachable and carry 
the overhead valves. Each head serves for two 
cylinders, and is held down by six studs, the joint 
being made by circular copper-asbestos washers. 
The water connection between the cylinders and the 
head is made by an external elbow, secured by 
studs to facings on the near-side of the cylinder and 
the head. The valves are of nickel-chrome steel. 
The valve-spring retaining device takes the form of 
a split conical ring, engaging a groove in the valve 
stem, and seating in a conical recess in the valve- 
spring washer. The valves are operated by rockers, 
having hardened spherical ends fitting into spherical 
and recessed buttons, which in turn bear on the 
tops of the valve stems. The outer end of the valve 
rockers carry ball-ended setscrews, working in cups 
on the push rods, and providing an adjustment for 
tappet clearance. The push rods pass through 
passages cored in the head and cylinder casting, 
so that they are totally enclosed; aluminium | 
covers on the top of the heads enclose the valve 
rockers. The nuts securing the valve gear covers 





fit on to hollow studs, tapped into the valve rocker | of the cylinder walls, They float in the pistons 





4-4ay,”. 


spindle brackets, and oil poured down these hollow 
studs finds its way to the rocker bearings. 

The crankcase is an exceptionally heavy alu- 
minium-alloy casting. It is 1 in. thick on the upper 
face, and has broad flanges, cast integral with the 
supporting arms, to give lateral stiffness to the 
lower part of the case. The three main bearing 
caps are registered into the case to prevent side 
movement. The crankshaft is machined from a 
nickel-chrome steel stamping, and is 2} in. in 
diameter on the pins and journals. The camshaft, 
the position of which can be seen in Fig. 25, is 
carried in three bearings, the front bearing con- 
sisting of two half brasses registering with collars 
on the shaft. The latter is located longitudinally 
by a set screw in one of the half brasses. The 
camshaft is driven by a cast-iron helical gear, 
meshing with a steel gear on the crankshaft. The 
valve tappets are of the flat-faced mushroom type, 
as shown in Fig. 25, and work in cast-iron guides. 
They are off-set 4 in. to ensure uniform wear. 

The pistons are of aluminium alloy, with four 
narrow rings. The standard compression ratio is 
4} to 1, and the crown of the piston is made thick 
to prevent excessive temperature rises in the centre. 
The gudgeon-pins are case-hardened, and are fitted 
with bronze spherical buttons to prevent scoring 





and in the small end of the connecting rod. The 
connecting rods are Duralumin stampings, with 
white-metal lined gunmetal shells. The small end 
of the connecting rod is not bushed, nor is the piston, 
the makers having found that a floating gudgeon- 
pin gives excellent wear in conjunction with alumi- 
nium-alloy pistons and Duralumin rods. 
Lubrication is effected by a submerged gear-type 
pump driven by spiral gearing from. the camshaft, 
as shown in Fig. 25. The oil is delivered through 
the casing surrounding the vertical driving shaft 
to a gallery cored in the side of the crank-case. 
The main bearings are fed by diagonal passages 
leading off this gallery, and from the bearings the 
oil passes through a hole in the crankshaft to the 
big-end bearings.. The camshaft bearings, pistons 
and pump-shaft, are lubricated by splash. The 
normal oil pressure is about 15 lb. per square inch, 
and is controlled by an adjustable spring-loaded 
ball valve, visible above the pump in Fig. 25. The 
usual dash-board indicator is fitted. As shown in 
Fig. 24, the water-pump is driven at engine speed by 
a steel pinion meshing with the camshaft wheel. The 
case-hardened spindle runs in a phosphor-bronze 
bearing, and carries a gunmetal impeller working 
in the centrifugal-pump casing, which is also of 
gun-metal, with screwed adjustable glands on each 
side. The rear end of the pump spindle carries a 
large Simms coupling which, when electric lighting 
is fitted, drives the dynamo direct, the magneto 
being driven by another Simms coupling from the 
rear end of. the dynamo-shaft. Where electric 
lighting is not fitted, the magneto can be moved 
forward to take the place of the dynamo. The 
magneto is fitted with automatic advance gear. 
The inlet pipe is built up from copper tubing, and 
has a long water-jacketed branch. The exhaust 
manifold is a steel casting. 
Dealing next with the transmission, the clutch, 
as shown in Fig. 24, is of the inverted-cone type. 
The flywheel is of steel, and the clutch cone is of 
aluminium, faced with fabric. The latter takes up 
the drive on a cast-iron ring. The clutch stop 
consists of a fixed pad riveted to a steel casting 
mounted on the sub-frame, and making contact 
with the steel ring on the clutch, visible in Fig. 24. 
A rubber and canvas universal joint is provided 
between the clutch and gear-box, accurate alignment 
being secured by mounting the engine and gear-box 
on a sub-frame, as shown in Fig. 23. 
A section of the gear-box is given in Fig. 26. 
The box is of the type in which the reverse is 
obtained by a further movement of the change 
lever beyond the first-speed position, the reverse 
pinion on the layshaft being smaller than the first- 
speed pinion. All the shafts in the box are carried 
on large-diameter ball bearings, and are very stiff, 
being 23 in. in diameter over the top of the splines. 
The change-speed lever is mounted centrally on the 
lid of the gear-box, and is built up in two parts, 
consisting of a hanging lever inside the box, and 
an arm, carrying the hand lever, outside the box. 
The pivot of the hanging lever works in a hole in 
a cross-pin, the two in conjunction providing the 
same universal motion as is given by the more 
customary ball joint, but at the same time affording 
more definite location of the lever against twisting 
than is given by the standard arrangement. The ° 
selector finger engages with forks machined in the 
two manganese-bronze selector sleeves. A notched 
steel bar fixed to the gear-box is provided between 
the sleeves, to ensure that the selector finger leaves 
one sleeve in the neutral position before taking up 
the other ; this notched bar takes the place of.an 
external gate. The shafts in the gear-box are of 
3 per cent. nickel-chrome steel, heat-treated, while 
all the gear wheels are of air-hardening steel. The 
gears are 5 D.P. standard depth, with 20 deg. 
pressure angle, with the exception of the third- 
speed gears, which are of 4 D.P. A facing is 
provided on the gear-box to take a tyre pump, 
while provision is also made for a power take-off 
for driving a winch, if required. The standard 
forward ratios are 1, 1-75, 2-70, and 5-09 to 1, 
the reverse being 6-67 to 1. For use under excep- 
tional conditions, a five-speed box can be provided. 
The propeller shaft is fitted with Spicer-type, 
totally-enclosed, universal joints at each end, and 








is 2} in. in diameter. The rear axle drive, shown in 
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Fig. 29, consists of worm and wheel built up in the 
usual way with the differential gear and carried in 
a Kirkstall forged-steel axle. The differential, 
shown in Fig. 27, is of the bevel type, with two 
pinions mounted on a cross pin carried by steel 
blocks in the worm wheel casing. There is thus no 
driving stress on the bolts securing the two halves of 
the differential casing to the worm wheel. The final 
drive, shown in Figs. 27 and 28, comprises pinions 
mounted on the differential shafts and meshing 
with idlers running on ball bearings, fitted on studs 
in the cast-steel centre casings. These idler wheels 
mesh, in turn, with gear wheels secured to the road 
wheel shafts, which run in ball bearings carried by 
the aluminium end casings. A total gear reduction 
of 2-1 to 1 is provided by this final spur drive ; 
the pinions and wheels are of oil-hardening 
nickel-chrome steel. The gear casings are journalled 
on the arms of the axle forging, and have two 
bearings, outside and inside the spring seat, 
respectively, the bosses carrying the inner bear- 
ing being connected by integrally-cast diagonal 
arms to the centre casing. The outer journal 
bearing is automatically lubricated by the oil in 
the gear casing ; the inner bearing has nipples for 
lubrication with a grease gun. The spring seats 
are keyed to the axle arms, and are further secured 
by clamping bolts, and also by two setscrews to 
prevent end movement. Felt rings fitted in grooves, 
and tightened up by hose clips, prevent ingress 
of mud or dust to the gear casing journals. The 
standard overall gear ratio from propeller shaft 
to road wheels is 11-4 to 1. 

Special arrangements are made to permit the 
maximum articulation of the rear wheels without 
appreciably affecting the brake linkage. It will 
be understood that the special arrangement des- 
cribed allows of the gear casings rocking on the 
axle arms to an angle of 30° on either side of the 
horizontal, thus permitting one rear wheel on one 
side being as much as 2 ft. above its fellow on the 
same side. To cope with this movement, the 
internal expanding brakes, which have their cam 
spindles carried by and passing through the alumi- 
nium end casings, are coupled by rods, lying hori- 
zontally on top of the gear casings, to vertical shafts 
running in Hyatt roller bearings, carried in brackets 
bolted to the inner faces of the centre gear cases. 
The lower ends of these shafts carry levers which 
project inwards towards the axle centre line, and are 
connected by short wire ropes to short levers on 
vertical shafts, running in Hyatt roller bearings 
carried by projecting lugs on the differential housing 
casting. The relative movement between the gear 
cases and the axle itself is thus accommodated by 
the wire ropes, which run parallel to the axis of the 
axle and fairly close to it, the shortening effect on 
the brake connection set up by the maximum angle 
being only about 4 in. It should be mentioned 
that to avoid damage to the brake mechanism, it is 
arranged that the diagonal arms, passing under the 
rear springs to the inner journals of the gear cases, 
touch the underside of the rear springs at the 
extreme angular positions of the casings, forming 
an effective and resilient stop. The rear springs 
are 5 ft. 6 in. long by 4 in. wide, and are pin-jointed 
to brackets bolted to the frame at their front ends, 
while the rear ends work on cast-iron slippers, rocking 
on pins fitted to similar brackets at the rear. 

The main frame is built up of two 3-in. by 8-in. 
channels, reduced in depth and upswept at the 
front to give clearance for the front spring, which, 
as shown in Fig. 30, page 695, is of the cross type. 
The front member of the frame, shown by dotted 
lines in this figure, is a box-section steel casting, 
carrying the spring pivot pin it the centre. It is 
provided with a bracket towards the rear, to 
support the front cross member of the subframe. 
At the back, the sub-frame rests on two machined 
pads on a main-frame cross-member, and is held 
down by spring-loaded bolts. The springs exert a 
pressure of about 1 ton, sufficient to resist torque 
reaction, but yielding to frame distortion. The 
radius rod for the front axle is shown in Figs. 31 
and 32. It will be observed that it terminates in a 
split box, which embraces a sphere carried in gud- 
geons, mounted on two arms extending from the 
main-frame cross-member. Details of the front- 
spring mounting are given in Fig. 30, and it will be 





noticed that it is pin-jointed to the off-side axle 
swivel and works on a slipper in the near-side 
swivel. Sufficient clearance is provided to permit 
of one front wheel being 2 ft. above the other, 
without imposing any twisting strain on the main 
frame, while the anchorage of the front axle is so 
strong that it will resist the severe strains set up 
when going over very rough country, including 
ditches with nearly vertical walls. 

The wheel base of the chassis and the two tracks 
are given in Fig. 23; the rear wheel centres are 
4 ft. 3} in., the frame height under load is 3 ft. 43 in., 
the minimum ground clearance is 15} in., and the 
approximate weight of the chassis is 5 tons. The 
net load capacity is from 4 to 6 tons, according to 
circumstances. 

Another example of a six-wheeled chassis, built 
to the War Office subsidy specification, is shown 
on the stand of Messrs. the Albion Motor Car 
Company Limited, Scotstoun, Glasgow. Four illus- 
trations of this vehicle are given in Figs. 33 to 36, 
Plate LII. The firm have enjoyed a very high 
reputation for their commercial vehicles in the 
past, and as several important components of the 
older vehicles are embodied in the six-wheeler, 
including the engine, the only questions that can 
arise are whether the older parts will prove as 
reliable under the altered conditions of operation, 
and whether the parts peculiar to the new model 
will give an equally good performance. As regards 
the former point, it may be pointed out that the 
War Office design does not lead to increased loads 
on any standard parts suitable for incorporation, 
but rather tends to improve the conditions under 
which such parts work, due to the reduced distor- 
tion of the chassis frame. The question of the 
reliability of the parts peculiar to the new model 
can only be finally answered by prolonged service, 
but there is little likelihood of any of them proving 
unsatisfactory, as the Albion company have sub- 
jected an experimental vehicle to very thorough 
tests both at home and abroad. 

The engine is of the firm’s well-known 30-45-h.p. 
design, and is provided with four cylinders with a 
bore of 44% in., the piston stroke being 42 in. The 
cylinders are in the form of a monobloc casting with 
a detachable head in two parts, giving quick and easy 
access to valves and pistons for grinding in and 
decarbonising. The inlet and exhaust valves are 
on the same side of the cylinders, the valve gear 
being totally enclosed by a detachable cover. The 
engine is lubricated throughout by a forced-feed 
system with a submerged pump, a very large filter 
gauze being fitted. A combination of a pump and fan 
is mounted on the front end of the cylinder casting, 
immediately behind the radiator. The latter has 
an exceptionally large cooling surface, the cooling 
system having been designed to cope with tropical 
or arduous conditions. An efficient radiator guard 
is fitted. 

The clutch is of the well-known Albion single- 
disc type. The gearbox provides four forward 
speeds and reverse. The shafts are carried on ball 
bearings of liberal size. An auxiliary gearbox will 
be fitted behind the main gearbox on production 
models, but is not fitted on the model exhibited. 
The rear axles are of the overhead worm-driven 
type, the axle bodies being single forgings of great 
strength and _ stiffness. Hooke’s type universal 
joints are fitted on both ends of the connecting 
shaft between the two worm gears. Ball or roller 
bearings are fitted throughout. The usual springing 
arrangement for subsidy type six-wheelers is em- 
bodied on the rear bogie, but as this has already 
been described, and is clearly shown in Fig. 36, 
we need not refer to it further. Anti-sway clamps 
are fitted to prevent side-splay or fanning of the 
spring blades. The driving axles are attached 
to the ends of the spring through a ball and socket 
arrangement, which allows for transverse canting 
of the axle. Two brakes are provided; the foot- 
brake, which is assisted by Dewandre vacuum 
servo mechanism, visible in Fig. 35, operates on 
the rear driving wheels, and the hand-brake, which 
operates on the wheels of the front driving axle. 
The frame is of pressed steel, with strong pressed 
and tubular cross-members, the rear end being 
drilled to take the standard War Department draw- 
bar. The mean wheelbase is 12 ft. 6 in., and the 





distance between the centres of the two rear axles 
is 3 ft. 9 in. With the vehicle fully loaded, the 
height of the frame from the ground is approxi- 
mately 2 ft. 10 in. Standard tyre equipment is 
36 in. by 8 in. single pneumatics, but on the model 
exhibited, 36-in. by 6-in. single tyres on front and 
twin on rear wheels are fitted, the hubs being suitable 
for either type of wheel. A mechanical tyre pump is 
mounted on the near side of the gearbox. The 
turning circle is approximately 48 ft. in diameter, 
and the ground clearance, with standard tyre 
equipment, is 11 in. 
(To be continued.) 








MODERN PORTLAND CEMENT 
PLANT.* 
By H. GUTTERIDGE. 


General Considerations.—It is unnecessary to stress 
the value of careful and thorough proving when pros- 
pecting for raw materials for the manufacture of 
Portland cement. The value of the raw materials 
must be ascertained by complete tests, both of quality 
and quantity, by taking regular representative samples 
over the whole of the property, the number of bore- 
holes and their depths depending on the variation of 
the materials. This information is also necessary 
for the chemist when the mill is in operation, as he can 
then arrange the order in which the quarries shall be 
worked, so that the proportions of the final mixture 
can be obtained with the minimum amount of labour, 
waste, storage, and treatment. Upon the results of 
this investigation will also depend not only the design 
of the plant, but also to a great extent the position of 
the works. 

After the analyses of the materials have been made, 
charts are generally drawn showing the quality at 
various depths over the whole area of the property. 
Representative samples are then burned in a laboratory 
kiln and cement made from them. Finally, the chemical 
and physical tests are carried out, due allowance being 
made for the slightly different conditions obtaining 
in the laboratory from those in the commercial manu- 
facture of cement, for instance, as regards the ash 
content from the fuel burnt. 

The fuels used for firing rotary kilns are pulverised 
coal, oil, and gas. Of these, the most frequently used 
is pulverised coal, mainly on account of its advantage 
in price; but gas in particular, and oil to a lesser 
extent, have the advantage that they mix with the 
air supplied for combustion much more readily than 
pulverised coal. Further, neither gas nor oil con- 
taminates the clinker, with ash to the same extent as 
coal does. In this country coal is invariably used, but 
in other countries all three fuels are employed. 

When designing the raw material preparation plant, 
there must be taken into account what is known 
as “shrinkage,” for a much greater weight of raw 
materials is passed through the preparation plant than 
is produced in the form of cement. The greatest loss 
occurs by the evaporation of the admixed water (in 
the wet process), and the extent of this depends on 
the percentage of moisture in the slurry. Further 
losses take place in driving off combined water, CO, 
and other gases, and dust. All of these pass out with 
the flue gases except a portion of the dust, which is 
arrested in the dust-chamber, and is returned to the 
slurry. The amount of dust so returned reduces the 
gross shrinkage. From the coal that is burned in the 
kiln, a certain amount of ash is deposited in the clinker, 
and the gross shrinkage is also reduced by that amount. 
The amount of actual shrinkage of the raw materials 
(excluding the water content) during their passage 
through the various processes depends on the raw 
materials used, but it is not unusual to find that 
it is necessary to provide 1} tons of solids for every 
ton of cement produced. When, as in the case of the 
wet process, the water content is included, the amount 
of slurry by weight that has to be pumped may be 
24 tons per ton of cement produced. 

In practically all deposits, there is an overlay of soil, 
which may be from 6 in. to 5 ft. thick. In order to 
remove this overburden, suitable tools, have to be 
provided, and in some cases mechanical diggers, which 
are ordinarily used for digging the raw materials, can 
be economically used for this work also. With a mill 
of a large output, however, it is often more economical 
to provide a tool for this purpose alone, as not only 
has the overburden to be dug, but it has also to be 
moved to a site whence it will not have to be removed. 
If a mechanical digger be employed on this work, it 
is still necessary to lay track and provide trucks and 
haulage locomotives to remove this waste material 
to the selected dump. An efficient tool, which is in 
use in this country, and which not only digs up the 





* Paper read before the Institution of Mechanical 
Engineers on Friday, November 18, 1927. Abridged. 
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material, but conveys it to any dump and deposits it, 
without a second handling, consists of a petrol-motor 
mounted on caterpillar tracks and followed by a 
number of scrapers in train.* The scrapers scoop up 
a load at the appropriate spot, and when full are auto- 
matically lifted clear of the ground. They carry the 
material till the load is released on the dump by the 
attendant, after which they return to the site. The 
whole of this cycle is performed without stopping. 
With two men and three scrapers in train it is reported 
that 10,000 cubic yards have been removed in 300 work- 
ing hours, the haul being 150 yards. The cost was less 
than 6d. per cubic yard, including labour, interest on 
capital, depreciation, and working costs. 

For digging soft chalk, marl, clay, and similar soft 
materials, the most useful kind of tool is a mechanical 
navvy. This may be operated by steam, oil, or 
electricity, and is generally mounted on caterpillar 
tracks, and should be capable of revolving in a complete 
circle. The navvy digs the material and places it 
direct into the raw material trucks. When the raw 
materials are too hard to be dug directly, they are 
first blasted and then picked up by a digger or grab 
and jib-crane, and placed in the trucks. For very soft 
materials, such as clay or mud, a chain bucket excavator 
may be found to be the best tool. 

Preparation of Raw Materials.—The preparation 
plant is frequently operated for only eight hours a 
day, and storage has to be provided for this part of 
the plant to assure an adequate supply to the factory, 
which operates for 24 hours a day. Assuming that 
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the shrinkage is such that 1} tons of solids have to 
be supplied to produce one ton of cement, and that the 
raw material plant works for eight hours a day and six 
days a week, the rate at which the raw materials 
have to be passed through will be about six times the 
rate of the cement output. Therefore, in a mill 
producing cement at the rate of, say, 16 tons per hour, 
the preparation plant must be arranged to prepare 
96 tons of solid per hour, and, when operating on the 
wet process, 135 tons of slurry per hour. 

When crushing hard materials such as limestone 
and hard chalk, which are generally received from the 
quarry in lumps up to 2 ft. in size, the first treatment 
is to reduce them to 1} in. size by passing them through 
two crushers in series. Two types of crushers are 
used, the gyratory and the toggle-joint open-jaw 
crusher. The former is of recent design and is now 
widely used in this country. 

Materials such as soft chalk, marl, clay, &c., are 
usually passed through rollers and then go direct into a 
wash-mill where they are reduced, with the addition 
of water, toaslurry. A typical unit is shown in Fig. 1. 
It is composed of two opposing and interspaced sets 
of curved-toothed star-wheels which break up the 
materials in preparation for the wash-mill. 

These are generally of the harrow type with the 
harrows slung on chains suspended from a number of 
radial arms which revolve in a horizontal plane. In 
the sides of the wash-mill are slotted screens, the width 


these all the slurry must pass. 


With soft washable materials, and when the quarries | 


are some distance from the preparation plant, it is 
often more economical to roll and wash the soft materials 
into a slurry and pump them the required distance. 
In some of the plants in this country, the slurry is 
pumped as far as 3} miles. In suitable cases, it is 
possible to pump for this distance without having too 
high a pressure in the pumps and without the use of 
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| another bucket to come into position for filling. The 
of the slots being generally from } in. to #-in. ; through | measurement of dry materials by volume is suitable in 
| some cases. 


booster pumps, but this necessitates the use of a high 
percentage (about 70 per cent.) of water in the slurry. 
The finished mixed slurry as fed to the kiln will have 
from 34 per cent. to 45 per cent. of water, so that 
in the case of clay slurry, containing 70 per cent. of 
water mixed with the chalk in a wash-mill, it may be 
possible, depending on the proportion of chalk to clay, 
to dispense with what are termed “ settling backs.” 
These are large tanks into which the thin slurry is 
pumped, and which allow the water to run off as the 
particles of chalk or other material settle down. Weirs 
which can be raised or lowered are arranged at one end, 
and, by gradually lowering them, water free from the 
material can be drawn off. 

After having been crushed to 1} in. and less, the 
hard materials are passed to storage bins. These 
are usually built of reinforced concrete and are of a 
capacity sufficient to hold about three days’ supply. 
In designing bins for the reception of materials of 
different sizes, it should be arranged that the materials 
are not drawn off directly under the point at which they 
were delivered from the discharging conveyor. When 
such materials fall they form a cone, the dust and 
smaller particles falling straight down while the larger 
pieces roll down the sides; thus, when drawing off 
from the centre of the cone, the dust will come first 
and the larger pieces afterwards, and the chemical 
composition of the resultant batch will be found to 
vary accordingly, so adding to the difficulties of the 
chemical control department, and tending to produce 
variations in the final mixture. 
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| Raw materials in the form of slurry are stored in 
| tanks generally built of concrete, and to prevent settle- 
| ment taking place it is necessary to supply apparatus 
| which will keep the slurry in a properly mixed condition. 
There are two satisfactory methods of doing this; the 
pneumatic and the mechanical methods. In the former, 
compressed air is supplied to the tank, and is arranged 
to discharge through several pipes at the bottom, thus 
thoroughly and economically agitating the slurry. 
Thetank is made greater in height than in diameter, 
the proportions generally being about 2} to 1, and has 
an inverted conical bottom. 

If the materials are conveyed from the quarry by 
trucks, a weighbridge is employed, which records the 
weight of each truck and its contents while the trucks 
| are slowly passing over it. If the material is dry and 
| is to be weighed when discharging from the bottom of 
| hoppers, a form of measuring apparatus is employed 
| where a conveyor band is arranged to run over rollers 
| carried on a frame which acts as a weighbridge. The 
|machine shown in Fig. 2, is arranged to weigh the 
| conveyor and the material upon it, in lengths of 20 ft., 
| and to record the weight of each successive 20-ft. length, 
| so that the material on every portion of the conveyor 
| will be duly weighed. Another type of weigher is an 
| intermittent, automatic, tipping-hopper machine, and 
| when a predetermined quantity has passed into one 
| bucket, it is automatically tipped. This action causes 








From the measuring apparatus, the raw materials 
are mixed and fed into the grinding mill, water being 
added to the mixture at their entry into the mill. A 
combination mill is frequently the only type of mill 
that is employed to reduce the mixture from 1}-in. 
sizes to a thick slurry. It is tubular in form, mounted 
at each end on trunnions and revolved at about 
25 r.p.m. It is generally divided into three or four 








* See ENGINEERING (1926), vol. exxi, page 750. 





compartments by cast-steel slotted diaphragms which 


the next. The compartments are partially filled with 
balls, or other grinding media, which are prevented 
from coming into direct contact with the shell by 
plates fitted all round the inner side. A usual size of 
combination mill is one of 6 ft. 6 in. diameter and 36 ft. 
long, which would require a motor of about 350 h.p. 
to drive it, and would contain about 30 tons of steel 
balls. The crushed chalk or limestone is delivered on 
to a feed-table which supplies the mill at any pre- 
determined rate. The material to be ground, and the 
necessary water, are fed into the hollow trunnion at 
one end and the ground slurry is passed out at the 
opposite end. 

In some plants, the hard materials are ground by a 
ball mill, followed by a tube mill, although it is now 
more usual to treat them in a combination mill, which 
is a combination of the two. The ball mill is the 
preliminary grinder and can deal with most materials 
from 2 in. to 3 in. in size and reduce them to 20-mesh 
size. When used in the dry process, it is fitted with 
sieves, but in wet grinding, the ground material, in 
the form of slurry, is discharged at the end remote 
from the feed end. The ball mill is partly filled with 
balls, the inside of the shell being protected with 
replaceable, specially-hard step-plates. A feed-table 
is generally used in conjunction with the ball mill. 
The relation of the diameter to the length of a ball 
mill is usually about five to three. 

A tube mill consists of a horizontal rotary drum, 
about half full of balls or other grinding bodies of 
comparatively small diameter and of great hardness. 
The drum is supported on trunnion bearings, and 
rotates at a comparatively slow speed. The material 
enters through a hollow trunnion, moves through the 
whole length of the mill body while it rotates, and is 
discharged at the opposite end of the mill in a pulverised 
condition. The tube mill is lined with special hard 
linings of various substances which have the property 
of resisting wear. The internal length of a tube mill is 
roughly four to five times its internal diameter, a usual 
size being about 31 ft. 6 in. in length and 6 ft. 5 in. in 
diameter, which would require about 250 h.p. The 
output would depend on the amount of reduction of 
the material and its hardness. 

The grinding mills used in the dry process are similar 
to those used in the wet process, except for the provision 
of sieves. One type of ball mill is arranged with sieves 
over the whole area of the shell behind the wearing 
plates. In another type, the material has to travel 
along the length of the mill and pass out through a 
number of circular screens fastened to the outside of 
the shell, the particles too large for the mesh of the 
screen being returned to the feed end of the mill. 

After the slurry has been discharged from the final 
raw material preparation mill, it is passed through a 
separator which rejects all particles larger than the 
predetermined fineness. This fineness is such that 
the residue on a 180-mesh sieve does not exceed about 
3 per cent. The separator is generally of the centri- 
fugal type, with a vertical spindle. The slurry is fed 
into the centre at the top, and is forced by the centri- 
fugal action through screens placed vertically around 
the perimeter of the machine. The particles too 
large to go through the screens are returned for further 
reduction. Alternatively, a secondary wash-mill, with 
fine screens of 0-5-mm. slots, is used. 

When the mixed slurry leaves the separator, it is 
passed to correcting mixers. There are generally three 
of these, mechanically agitated. The usual procedure 
is to have at all times one in course of filling, one being 
corrected for percentage carbonate of lime, and one 
being discharged to the storage at the kilns. 

In the dry process the hard raw material and the 
soft raw material are crushed and rolled, respectively, 
and fed to a storage hopper in a similar manner to the 
preliminary treatment of material being prepared by 
the wet process. After being discharged from the storage 
hoppers the materials are dried in a rotary drier and 
measured or weighed. Driers are of two types, direct- 
fired and waste-heat driers. The former type consists 
of two long concentric steel-plate cylinders set with the 
delivery end slightly lower than the feed end, the 
gases from the drier furnace being taken down the 
central flue and then returned through the outer annular 
space, being finally discharged into the atmosphere by 
afan. On entering the inner flue, the gases are reduced, 
by the addition of air, to a temperature of about 
1,350 deg. F., and a great part of their heat is imparted 
to the inner shell, so that when they reach the outer 
shell they are at a temperature of about 350 deg. F., 
while at the discharge they are reduced to 150 deg. F. 
The loss by radiation is therefore very small since the 
outer shell is only in contact with cool gases, and the 
heat loss in the discharged gas is reduced to a mini- 
mum. 

Conveying Plant.—There are five methods in use by 
which slurry can be handled: (1) Plunger pumps; 
(2) centrifugal pumps; (3) elevators and conveyors ; 
(4) gravitation ; and (5) air lift. In this country, the 





permit the material to pass from one compartment to 


plunger pump is most frequently used, and takes the 
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form of a three-throw vertical pump with A frames. 
In one type, there is a special arrangement to prevent 
the slurry from escaping through the packing gland. 
A water seal is arranged by fixing a loose ring under the 
gland packing with a series of holes or waterways 
opening out directly to the plunger face, the effect 
being to wash the plunger and keep a film of water 
between the slurry that is being pumped and the 
packing. The suction of the pump, acting through an 
arrangement of cocks and non-return valves, draws up 
the necessary water from the tank at the foot of the 
pumps. 

The centrifugal pump has the advantage that it 
can be driven direct by a motor, and is compact and 
light in weight compared with the plunger type, but 
difficulties in its operation, due to attrition of the 
casings, have prevented its use in this country. It 
should be constructed without stuffing boxes, a centri- 
fugal seal being provided instead. 

A form of elevator which is frequently used is a 
slurry-lifting wheel. This is simply a wheel about 
30 ft. in diameter with buckets, generally of elm, 
securely fastened to its perimeter. There is little to 
get out of order, and the horse-power necessary to 
drive it islow. Slurry is also lifted by bucket-elevators, 
which generally take the form of a band-elevator 
with buckets riveted ‘on. Ordinary screw-conveyors 
are also sometimes employed for handling slurry where 
there is only a slight upward inclination. 

Whenever possible, the handling of slurry by gravi- 
tation is arranged. For this to be effective, the inclina- 
tion of any chute must be above a minimum depending 
on the water content of the slurry. In America, 
according. to Meade, an apparatus similar in action 
to the pulsometer pump is employed. This consists 
of two receiving tanks, set side by side, into which the 
slurry flows by gravity. Each tank is equipped with a 
float which operates an air valve. The slurry entering 
the tank raises the float, and when the tank is full the 
float causes an air valve to open, allowing compressed air 
to flow into the tank and discharge its contents to the 
elevation required. This lifting apparatus has the 
advantage that there are few moving parts, but, on 
the other hand, it takes up a lot of floor space, must be 
placed below the level of the bottom of the slurry 
tanks, and its efficiency is low. 

The conveying of dry materials can be arranged either 
mechanically or pneumatically. The types of mechanical 
conveyors and elevators used in cement-making plant 
are common to many other trades, and do not call for 
special mention. The practice of conveying dry 
materials, from sizes of } in. cubes down to impalpable 
powder, by pneumatic means is increasing rapidly. 
In America, in particular, this method is used exten- 
sively for the conveyance of cement, and in this 
country it is being realised that it has distinct advan- 
tages over mechanical conveyance methods under 
certain conditions. Especially is this so where all 
contact with uncontrolled draughts or moisture in any 
form must be avoided. Pneumatic plant in this 
respect has the distinct advantage that the system is 
closed. 

The finished mixed slurry is contained in large mixers, 
generally with a total capacity of 3} days’ supply for 
the kilns. These mixers have to keep the slurry in a 
properly mixed state, and are either of the mechanical 
type or air-agitated type, both of which have 
already been referred to. The total capacity of these 
mixers, for a plant with an output of 135,000 tons per 
annum, would be the equivalent of about 1,350 tons 
of cement. 

Rotary Kilns.—Rotary kilns are usually about 10 ft. 
in diameter by 250 ft. in length, but are sometimes 
constructed as long as 400 ft. They are made of steel 
plates from § in. to 1 in. in thickness with one to two 
sheets to make up the circumference, according to the 
diameter. The joints are usually of the butt type, with 
external butt straps slightly thicker than the shell. 
The longitudinal joints are staggered to give uniform 
strength. A kiln is supported at two or more points on 
tyres. These tyres have not only to support the kiln 
while in motion, but they must also allow for its 
longitudinal movement due to expansion. The tyres 
are not rigidly fixed to the shell but are fitted on shoes 
so that they are free to move around the perimeter of 
the shell. The shoes, which are somewhat similar to 
rail chairs, are riveted to the shel’. To allow for longi- 
tudinal expansion, each tyre runs on two large flat faced 
rollers, the bearings being water-cooled. Thrust 
rollers are employed to keep the kiln in its proper 
longitudinal position. 

The driving girth-gear takes the form of spur-gear, 
generally in two parts, which are mounted on tangential 
spring plates riveted to the shell. As the speed of the 
kiln is between the limits of } to 2 revolutions per min- 
ute suitable reduction-gear is necessary. The upper 
end of the kiln extends into the dust chamber, and 
arrangements have to be made to render the joint 
between the kiln shell and the dust-chamber wall as 
airtight as possible. 








The kiln is lined with refractory bricks for about 
three-quarters of its length from the firing end. Thence 
to the feed end, there is usually inserted a system of 
curved plates which are designed to cascade the slurry 
so as to present a greater surface of the gases passing 
through the kiln. The thickness of the lining generally 
decreases the farther it is from the firing end. In an 
uninsulated kiln, say of 9 ft. diameter and 200 ft. long, 
the thickness of the bricks for the first 80 ft. from the 
firing end would be 9 in., followed by about 15 ft. of 
6-in. bricks and 60 ft. of 4}-in. bricks, the remaining 
45 ft. being unlined. For a kiln of this size, a motor of 
about 50 brake horse-power would be required. 

Taking a rotary kiln operating on the wet process, the 
main items in the heat balance are as follows :— 

(1) Heat necessary to decompose the CaCO, and 
MgCO, in the raw materials. 

(2) Heat required to evaporate the water in the 
slurry. 

(3) Heat required to raise steam made from the 
water from 212 deg. F. to the temperature of the flue 
gases. 

(4) Heat required to heat the flue gases, including 
excess air, to 212 deg. F. 

(5) Heat required to raise these to their temperature 
at exit. 

(6) Heat lost in radiation from the kiln shell. 

(7) Heat lost in radiation from the cooler. 

(8) Heat lost on account of stoppages. 

(9) Heat left in the clinker. 





zones, each 25 ft. long, at the feed end, followed by 
four zones, each 12} ft. long, at the firing end. The 
total heat lost per hour was 3,906,640 B.Th.U., while 
the output of clinker during the test was about 3-75 tons 


perhour. The heat lost per ton was therefore 1,040,000 
B.Th.U. The calorific value of the coal was 14,000 
B.Th.U. per lb., and the consumption per ton of 


clinker was 707 1b. The total quantity of heat supplied 
by the coal per ton of clinker was 9,900,000, so that the 
loss by radiation in this case amounted to 10-59 per 
cent. of the heat supplied by the fuel. The percentage 
loss varies with the conditions ; thus, it has been found 
that the radiation loss from a horizontal surface 
exposed to wind is 30 per cent. greater, and of one 
exposed to wind and rain 70 per cent. greater, than 
when the surface is exposed only to still air. 

In a test on a rotary cement kiln, C. R. Darling* gives 
the following particulars :—‘‘ The external surface 
varied in temperature from 400 deg. F. at the hottest 
part to 150 deg. F. at the entrance to the flue, the 
average being 280 deg. F. The heat loss per square 
foot per hour was therefore 610 B.Th.U., and as the 
area of the exposed surface was 2,830 sq. ft., the total 
escape per hour was 1,726,300 B.Th.U., equal in 24 
hours to 2} tons of the coal used. The heat escaping 
in 300 working days would therefore represent a loss of 
750 tons of coal.’ The output of the kiln is not stated, 
but if it be taken that 630 sq. ft. of external surface is 
required per ton of clinker produced per hour, the 
output would be 4-5 tons per hour. With a coal 
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(10) Heat lost due to incomplete combustion. 

(11) Heat required to warm the fuel and evaporate 
any moisture it may contain. 

On the other side, which of course must balance the 
above, are the following :— ‘ 

(1) Heat derived from the combustion of the fuel. 

(2) Heat liberated during the formation of the clinker. 

(3) Heat due to the temperature of the raw material. 

(4) Heat due to the temperature of the fuel. 

(5) Heat due to the temperature of the air. 

On a six months’ test of a rotary kiln operating on 
the wet process, in 1918, with an average flue-gas 
temperature of 755 deg. F., the flue-gas analysis was, 
CO,, 23-9 per cent. ; O,, 2-48 per cent. ; CO, a trace ; 
thus showing excess air amounting to 14-75 per cent. 
The moisture in the slurry was 37-6 per cent. and the 
temperature of the clinker leaving the cooler was 
201 deg. F. The fuel used averaged 26-53 per cent. 
of the weight of clinker, when reckoned as “ standard ” 
coal (i.e., dry coal having a calorific value of 7,000 
calories per kg.,) whilst the CaCO, in the raw materials 
was 76-1. The heat required was as follows :— 
(1) 7-83 per cent.; (2) and (3) 10-55 per cent. ; 
(4) and (5) 4-53 per cent. ; (6) (7) and (9) 13-36 per 
cent. ; (8) 0-26 per cent. Total, 36-53 per cent. 

In this test, the flue-gas temperature was high, as 
with gravity feed and slurry lifters it should not exceed 
600 deg. F. The 37-6 per cent. moisture in the slurry 
was lower than usual in practice. The excess air could 
be below 14-75 per cent., and a good gas analysis would 
show from 2 per cent. to 1-5 per cent. O,, no CO and 
the CO, as high as 25 per cent. or 26 per cent. This 
would give a thin white vapour. The temperature of 
201 deg. F. of the clinker leaving the cooler was high, 
and could be reduced to about 180 deg. F. To obviate 
the loss of heat from stoppages, the best possible 
running hours should be maintained. <A 5 per cent. 
stoppage allowance would be good over a long period. 

The losses from the kiln shell have, within recent 
years, received much attention, as it is recognised that 
a considerable amount of heat is dissipated in radiation 
and convection. Meade gives the results of an investi- 
gation on an 8-ft. diameter by 125-ft. rotary kiln 
burning wet materials, which was divided into three 
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consumption of 650 lb. per ton of’ clinker, the loss 
expressed as a percentage of the total coal used would 
be 8 per cent., or 6d. per ton of clinker produced, with 
coal costing 20s. per ton. 

Another large loss of heat occurs in the flue gases. 
This is in the neighbourhood of 42 per cent. of the 
heat of the coal burned. Arnold} states that approxi- 
mately 45 per cent. of the total heat in the coal, as fired 
in insulated kilns, is delivered to waste-heat boilers by 
the flue gases. In some other countries, waste-heat 
boiler installations are used to recover part of this 
heat and to turn it into useful work, but in this country 
it is not the practice. According to H. A. Schaffer,t 
of the Portland Cement Association, only eight cement 
mills in America had waste-heat boilers in 1919, but 
in 1924, thirty-five waste-heat plants had been installed 
and a further eight were under construction. 

It is in connection with the reduction of heat losses 
in the flue gases that the atomizing method of feed- 
ing the slurry into the kiln is of particular interest. 
Instead of pouring the slurry into the kiln through a 
pipe placed nearly vertically, it is forced under pressure 
through spraying nozzles into the feed end of the kiln. 
There are generally two or three nozzles, which are 
capable of being set at different angles and the slurry 
pressure can also be altered, so that the maximum 
amount of dispersion is obtained, and the greatest 
surface area is exposed to the flue gases passing through 
the sprays. The great advantage in principle lies in 
the increase of surface exposed to the flue gases as 
compared with the surface exposed with the gravity 
feed, and the consequent greater rate of heat trans- 
ference from the flue gases to the slurry. 

During the passage of the raw materials through 
the kiln, various changes take place, which may be 
divided roughly into five zones, starting at the feed 
end. In the first zone, in the wet process, the slurry 
enters the kiln at about 12 deg. C. (53-6 deg F.), the 
water is evaporated, and the material is raised in 
temperature. In the dry process, only the dry 





* See ENGINEERING, 1913, vol. xcvi, page 643. 
+ Power, 1926, vol. lxiv, page 232. 
+ See Power, 1924, vol. lix, page 150. 
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materials have to be raised in temperature. In this 
zone various secondary reactions occur, such as the 
liberation of the combined water in the raw materials, 
and the burning of the sulphur and organic matter. 

In the second zone, the dried raw materials are 
heated to a temperature at which the calcium carbonates 
commence to decompose. This occurs in a compara- 
tively short distance as the temperature rises very 
rapidly. This zone is termed the heating zone. 
third zone is called the calcining zone, and in this 
the CO, is gradually given off, the process being com- 
plete when the temperature reaches 1,100 deg. C.* 
The giving up of CO, results in a marked reduction of 
the weight of the material. 
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calcining zone with the same length of kiln, or a reduc- 
tion of fuel for the same output. Conversely, the 
length of the kiln could be shortened without decreas- 
ing the output. In the article referred to, it is stated 
that a kiln 206 ft. long could be reduced to 166 ft. by 
adopting the atomizing method, without reducing the 
output. Also, that the life of the kiln lining appears 
to be somewhat prolonged, owing to the absence of 
slurry rings and the smaller size of the clinker tends 
towards lower grinding costs. 

The lower final temperature of the exit gases from 
the kiln, which with gravity feed is in the neighbourhood 
of 400 deg. C., is stated with atomizing feed, to be about 
150 deg.C. This comparatively low final temperature 


would dispose of one problem which has always faced 
the designer of cement plants, that is how to employ 
economically the large amount of heat that, with the 


In the fourth zone, known as the sintering or clinker- 
ing zone, the lime, alumina and silica unite at between 
1,100 deg. C. and 1,500 deg. C.f to produce the mixture 
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Fia. 4. Typr or Automatic CLINKER WEIGHING MACHINE. 


of calcium silicates and aluminates which comprises | gravity feed, passes to waste up the chimney. Waste- 
Portland cement clinker. An exothermic reaction takes | heat boilers to generate steam for the power supply 
place adding to the heat in the kiln. require a temperature at the inlet to the boiler of about 
The fifth zone is termed the “ firing ’’ zone where the | 600 deg. C. (1,112 deg. F.) in the wet process and 
temperature declines as it meets the warmed air | 700 deg. C. (1,300 deg. F.) in the dry process. With 
necessary for combustion coming from the cooler or | a temperature in the neighbourhood of 150 deg. C. 
other source. | (300 deg. F.) the employment of waste-heat boilers, in 
By the introduction of the atomizing feed system, | the form they exist to-day, is not likely to be economical. 
according to a description given in ENGINEERING (1926, | This method of feeding the kilns is, at the present time, 
vol. cxxi, page 681), the effect ofthe spray feed is that | in course of development in practice, and its progress 
the drying and heating zones are considerably shortened, | will be watched with interest. 
as instead of 57 per cent. of the length of the kiln,; The size of the usual type of rotary cooler depends 
only about 40 per cent. is required, with the result | on its complementary unit, the kiln, and ranges from 
that, as the sintering and firing zones are of the same | 5 ft. diameter by 50 ft. long to 8 ft. diameter by 80 ft. 
length in both systems, the calcining zone is increased | Jong, the horse-power necessary being about 10 to 
from about 30 per cent. to 47 per cent. A greater | 15, respectively. There are two alternative positions 
output of clinker is claimed as a result of the longer| for the cooler with respect to the kiln; either the 
. ya : | cooler is set on a continuation of the same axis as the 
dea a» “1 ge orcadencga nd kiln, or it is doubled back underneath it. In either 
Industrie Zeitung, 1914, vol. xxxviii, page 1,741. jcase, the hot clinker, at about 1,148 deg. C. 
t William Poole on “ Limes and Cements,” Trans. Inst. | (2,100 deg. F.), falls by gravity into the cooler through 
of Engineers, Australia, 1924, vol. v, page 101. | the movable kiln-hood ; it is cascaded inside the cooler 





-be deleterious. 








and delivered to the clinker conveyor. Each kiln is 
provided with a cooler so that the whole represents one 
unit. 

One type of cooler recently introduced in this 
country is a distinct departure from ordinary practice. 
It takes the form of a combined kiln and cooler. The 
kiln follows the usual practice, having at the firing 
end a portion which is of considerably larger diameter 
than the kiln tube, and it is in this that the clinker is 
cooled. The cooler comprises a series of tubes arranged 
around a central cylinder which is an extension of the 
kiln tube. It is provided with a thin lining of refractory 
heat-insulating material, and is closed at the end 
remote from the kiln with a cap or hood of similar 
design to the firing hoods of ordinary rotary kilns. 
Kiln and cooler, being rigidly connected, revolve 
together as a single unit. 

In this type a separate cooler is unnecessary, the piers 
to support the kiln, and consequently the kiln building, 
can be much lower than is the case with the usual type 
of kiln and separate cooler. It is claimed that this type 
of kiln is more efficient thermally than the usual type 
for the following main reasons :—(1) The cooling of the 
clinker is more efficient, and (2) the loss of heat from 
the clinker in passing to the cooler is much less. The 
makers give the result of a works test abroad, where 
a coal consumption of 22 per cent. of British standard 
coal was realised with a slurry containing about 40 per 
cent. of moisture. An illustration’of this type is 
given in Fig. 3. 

It is usual to provide a weighing machine for the 
clinker as it emerges from the cooler. This machine 
has to be capable of continuously weighing clinker 
at a temperature of 110 deg. C., and at any rate at 
which it offers itself. It must also record the weight 
passed through. One type of weigher used is an 
automatic weighing machine which receives the clinker 
into one of four compartments of an open drum capable 
of revolving. This drum is at one end of a lever, and 
on the other end is an adjustable weight, one balancing 
the other through a fulerum. When any compartment 
is filled to the predetermined quantity, the weight is 
overcome, and the drum descends. This action causes 
the release of the drum, and, being itself out of balance, 
it rotates a quarter of a turn and discharges. Each 
downward movement of the balance lever actuates 
a counter from which the amount of material passed 
through is recorded. Fig. 4 shows this type of weigher. 

The clinker weigher discharges the clinker on to a 
conveyor, which conveys it to open air or bin storage. 
It has been found that when clinker is ‘‘ seasoned,” 
that is, after it has been exposed to the elements for 
a definite period, it is somewhat easier to grind. 
Whether it is economical to do this or not depends on 
conditions obtaining at the mill, such as the space avail- 
able, the capital cost of extra plant, the cost of the 
double handling, and the extra amount of clinker 
always carried in storage. The clinker is fed down- 
wards through a feed table into the grinding mill. 

Grinding and Storage Plant.—The types of mills 
used for grinding clinker are similar to those used 
for grinding the hard raw materials. The usual type 
is the combination mill, which has already been 
described. Great care has to be taken to protect 
adequately the driving motor and the coupling and 
reduction gear of the mill from the fine cement dust. 
It is usual to have a dustproof non-inflammable wall 
between the mill and the motor, and to install a dust- 
collecting apparatus. A usual size of combination 
mill is 6 ft. in diameter by 32 ft. 6 in. long inside the 
tube. Two slotted cast-steel diaphragms, permitting 
the passage of the material, divide it into three com- 
partments. The first two of these are lined with stepped 
plates of chrome steel. The last or finishing compart- 
ment, which is the longest, has a special cast-iron 
lining. All contain steel balls, the total weight of 
which is about 25 tons. Those in the first compart- 
ment are 3 in. or 4 in. in diameter, while the finishing 
balls are 1} in. or 1 in. in diameter, the middle chamber 
containing an intermediate size. A mill of this size 
requires a motor of about 500 h.p. to drive it through 
reduction gear at about 25 r.p.m., and the output, 
grinding to a 5 per cent. fineness on a 180 by 180 
sieve, would be about 6 to 7 tons per hour. 

Adequate arrangements must be made properly to 
protect the finished cement from the effects of moisture 
in any form, at all times. The cement may possibly 
be in the storage silos for months, and any small degree 
of moisture allowed to come into contact with it would 
Moisture may be carried in by draughts 
of air, and protection against these must be provided. 
Silos are made of ferro-concrete, or of steel, and 
although the latter may be slightly cheaper in capital 
cost, and more quickly erected, they need more atten- 
tion than silos constructed of ferro-concrete, and 
require periodical painting. The total capacity for 
cement storage usually provided is about six weeks’ 
output. 

There are two systems by which the cement is 
packed, the mechanical and the pneumatic systems. 
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One type of mechanical packer or bag-filling machine 
requires a cement bag with what is called a “ valve.” 
This valve is at one bottom corner of the bag, and is 
made by doubling in and sewing a small portion of the 
bag. Into this valve is inserted the discharging tube 
of the packer, and when the bag is filled and the tube 
withdrawn, the weight of the cement in the bag effec- 
tively closes the valve. 

In one type of pneumatic machine, advantage is 
taken of the fact that in fine powder form cement 
can be conveyed along a pipe without admixture of 
extra air, by creating a vacuum at one end of the pipe. 
The material is extracted direct from the silo simply 
by connecting a pipe from it to the machine, in which a 
vacuum is created. The sack or cask is clamped inside 
the machine, an airtight door is closed, and the air 
pressure reduced. When the sack or cask is filled and 
weighs a predetermined amount, the supply of cement 
is automatically cut off, the door springs open and all 
traces of dust are removed by a fan so that none 
escapes to the surrounding atmosphere. 





WAX CONGELATION TROUBLES IN 
PETROLEUM. 


Brrore the congealing constituents of petroleum 
are recovered as valuable paraffin wax in the 
refinery, they are apt to give serious, though fairly 
well understood, trouble in various parts of an oil- 
raising and distributing plant. These constituents 
are dissolved in the crude oil, and if the temperature 
and gas pressure conditions remained constant in the 
well and pipes, no separation of wax should take 
place. But the oil is cooled as it rises in the colder 
tubes and ground, and the gas or vapours, which 
helped to keep the heavy constituents in solution, 
gradually escape; the escape, in itself, leads to 
further cooling. The troubles, therefore, commence at 
the bottom of the well, in the oil sands, the pores of 
which are clogged by the congealing oil. When the oil 
is cooled in the laboratory, the small crystals are seen 
to form, interlock and settle. When the oil is agitated 
at the same time, no sediment may be visible, but the 
viscosity of the oil increases greatly. The sediment 
turns granular, and is found in storage tanks in that 
condition. On reheating the oil to a temperature above 
the melting point of the wax, supersaturated solutions 
are formed, and as the wax is not a simple compound, 
any more than is the crude oil, the conditions of re- 
congealing will vary, and considerable undercooling is 
possible. 

Even at the bottom of the well, on the face, widely 
differing conditions may be met with. With little cool- 
ing, only wax of high melting point will be deposited in a 
thin film ;. with rapid, intense cooling, however, a com- 
plex mixture of waxes of different melting points will 
separate. In the crude semi-fluid paraffins removed 
from different wells, Mr. C. E. Reistle, jun., of Laramie, 
Wyoming, found wax fractions ranging in melting 
point from 132 deg. F. to 191 deg. F. We take these 
figures from a “‘ Summary of Existing Information on 
Handling Congealing Oils and Paraffins,” a paper 
presented, by permission of the Director of the United 
States Bureau of Mines, to the American Institute of 
Mining and Metallurgical Engineers (Technical Publica- 
tion No. 36) by Mr. Reistle, in October, at the Fort 
Worth meeting. The paper describes the means 
adopted to prevent the accumulation of paraffin and 
to remove it. We noticed Mr. Reistle’s report on the 
mechanical removal of paraffin coatings from flowing 
wells on page 91 of our issue of July 15 last. 

On the face, a fluid level should always be maintained 
at the top of the sands to prevent accumulation of 
paraffin. When a deposit has formed, it may be 
‘removed by heat, by solvents, or by both combined. 
Electric heaters have been found the cheapest means 
for this purpose. They are lowered into the well 
on a wire line; or better—not to interfere with the 
pumping—from the end of the tubing. Kerosene and 
crude oil may be used to maintain the level. By 
means of a 20 kw.-heater, the temperature of the oil 
in the bottom of a well was raised from 103 deg. F. 
to 220 deg. F. and kept at that for several days ; with 
the subsequent slow natural cooling, it took fully six 
days before the temperature fell again to 103 deg. 
At 1} cent per kw.-hour, the cost for current was 
about six dollars a day. Superheated steam, at 740 
deg. F., released at the bottom of a similar well, 
proved less satisfactory and much more expensive. 
One firm lowers a gas burner into the well and pumps 
down the tubing a combustible mixture of air and gas, 
ignition being effected by a flame or an electric spark. 
The method appears to be risky, but is said to be cheaper 
than steam, though more expensive than electric heat- 
ing. The local heating by the flame may burn part 
of the oil, and may also leave a tarry residue liable to 
clog the pores and to change the sands. Circulation of 
hot oils, to which petrol and kerosene are added as sol- 
vents, might appear more satisfactory, but Mr. Reistle 
does not recommend it. Neither does he advocate 


the use of compressed air or explosives for the removal 
of plugs of paraffin, or of the solution obtained by the 
aid of solvents. He speaks, however, of the successful 
use, in some cases, of chemicals for the local heating 
and melting of the paraffin, which then dissolves in the 
oil present and can be pumped up with this oil. 

In flowing wells, local paraffin deposits may extend 
from the well top to a depth of several hundred feet, 
and to a zone in which the earth temperature roughly 
corresponds to the saturation temperature of the oil 
for wax. Paraffin will accumulate chiefly with inter- 
mittent flow; during the pauses, the oil drains back 
in the pipe, leaving a thin film exposed to rapid 
cooling and gas evaporation. In the large flowing 
wells of Salt Creek, no such trouble was experienced 
until the oil production declined. In gas-lifting or 
air-lifting plants, paraffin accumulation around the 
foot piece has to be dealt with. Prevention of this 
accumulation by heating is common practice. The 
resistance heaters used are distinguished as bottom- 
hole heaters and tubing heaters, and they may operate 
continuously, or, if sufficiently powerful, occasionally ; 
but they are always expensive, both in maintenance, 
owing to the severe service conditions in a well, and 
in operation. Mr. Reistle reports a case where a heater 
of 10-kw.-capacity was lowered to the depth at which 
congelation began to set in. The oil which had pre- 
viously reached the top at a temperature of 71 deg, F., 
then attained a temperature of 83 deg. The amount 
of heating was sufficient, but cost 3 dols. a day and 
90 dols. a month for current alone; Mr. Reistle esti- 
mates that the paraffin knife or hook, used once a 
week, would have cost only 40 dols. a month. Steam 
would certainly not be less expensive, unless excess 
steam were available. The steam is usually supplied 
to the well through a coil mounted inside the string 
or between the string and the casing, and the con- 
densed water is best returned to the surface and not 
allowed to mix with the oil. Hot water or oil may 
also be circulated through coils, and the ingoing gas 
used in gas-lifting plants may be preheated; but 
efficient heating by these means, and also by chemicals, 
seems difficult to attain. 

In pumping wells, the strain on rods clogged with 
paraffin has actually led to fracture. The trouble 
is particularly severe when the oil flows by heads 
from the tubing (instead of by steady pumping). The 
well is then said to be agitated by the pump; the gas 
escape from the oil is facilitated, and a thin film of oil 
remains on the pipe wall; leaky valves increase the 
difficulties. To prevent them, the gas may be taken 
out at the casing head, and the excess gas in the 
oil removed by a gas anchor; a back pressure may 
also be put on the tubing without having any effect on 
the oil sand. 

As regards the flow lines, the whole oil column may 
congeal, or a hardening incrustation may be formed. 
Large diameter pipe lines to the tank will not suffer 
much ; to bury ordinary-size lines will not be practicable 
in the oil field, and it is, therefore, customary to locate a 
steam line together with the oil line, which is an expen- 
sive, but effective, remedy. Where oil and gas separa- 
tors are used at the well, steam coils may be put in the 
separator, or the oil may be run through a heat ex- 
changer ; but such devices must not alter the character 
of the oil. Electric heaters, of which several may be 
required, are liable to fail, and the oil cannot then be 
kept moving. Any paraffin crust formed can be re- 
moved with the aid of a scraper, consisting simply of 
a ball of newspaper or wrapping paper. In pipe lines, 
the risks of congelation of a whole column are increased, 
but can be obviated by heating the oil slightly above 
the melting point of the paraffin likely to crystallise ; 
such deposits are generally granular. On long storage, 
paraffin will settle on the tank bottom and may be 
mistaken for emulsion. These paraffin bottoms, Mr. 
Reistle considers, should be put back into the oil, after 
preheating, because the material would otherwise be 
lost, as few pipe lines would convey them. 








THE ADEN Port Trust.—The Port of Aden affords 
safe accommodation for vessels having a draught up to 
32 ft. and is administered by a board of trustees. The 
importance of the port is indicated by the fact that, 
during the year ending March 31, 1927, vessels to the 
number of 2,516 utilised the harbour facilities provided. 
Out of this total, 1,496 were merchant steamers, 883 
were sailing ships and dhows, and 137 Government and 
Admiralty vessels ; the aggregate tonnage of all these 
ships was 5,613,050. The total tonnage during the 
previous year, was 4,629,157. It is stated in the Adminis- 
tration Report for 1926-27 of the Aden Port Trust, 
that the increase in the number of vessels of deep draught 
using the port, as compared with previous years, illus- 
trates the necessity for extending and deepening the 
dredged area of the harbour. During the year under 
review, 281 vessels having a recorded draught of 26 ft. 
and upwards entered the port, as against 233 during 
the previous twelve months. Accordingly, the trustees 
of the port have provisionally approved the preliminary 
estimates for dredging operations. The type of plant 


to be utilised and the manner in which the scheme is to 





be financed are , however, still under consideration. 








CATALOGUES. 


Rotary Converters.—The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have issued a list of the rotary converters made for 
home and foreign customers, totalling 329 machines and 
474,000 kw. 

Petrol Measure.—A positive-measure, single-container, 
petrol-delivery pump of the pillar type, with overhead 
swinging arm and filling hose, is shown in a catalogue: 
received from the makers, Messrs. Sydney Smith and Sons 
(Nottingham), Limited, Nottingham. 


Electric Supplies.—Several new catalogues are to hand 
from The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, dealing with shop- 
window lighting. A descriptive pamphlet of their conduit 
drawing works and plant at West Bromwich has also 
been received. 


Oil- Well Supplies.—Messrs. Vickers, Limited, Broadway, 
Westminster, London, 8.W.1, have sent us a catalogue 
of standard 6-in. rig irons for oil wells. Each part is 
separately illustrated and specified and made to the- 
standards approved by the American Petroleum Institute. 
Line illustrations are given of the full working rig in plan 
and elevation. 


Cable Testing.—A pamphlet on the method of cable: 
testing and fault locating, and also describing their 
apparatus for high-tension tests of cables and _over- 
head lines, has been issued by Messrs. Watson and Sons 
(Electro-Medical), Limited, Parker-street, Kingsway, 
London, W.C.1. The discussion is detailed and of prac- 
tical interest to engineers concerned with high-tension 
transmission. 


Hydraulic Transmission—The Hele-Shaw-Beacham 
transmission sets are now made by Messrs. Greenwood 
and Batley, Limited, Leeds, who have issued a special 
descriptive catalogue giving very clear explanatory 
matter, illustrations and lists of standard sizes. These 
sets are now widely used in connection with lifting 
machinery of all kinds, winding gear, swing bridges, 
presses, guns, and mill and workshop machines. 


Storage LBatteries——The D.P. Battery Company, 
Limited, Bakewell, Derbyshire, have issued an interesting 
pamphlet, entitled A Century of Power, describing the 
country round their works. This firm still obtains an 
economical power supply from two water wheels, the: 
largest of which is 25 ft. in diameter and 15 ft. wide, of 
the three-quarter breast type, working under a head of 
18 ft. The works are built on the site of Richard Ark- 
wright’s water-driven mill, and include some part of the 
original stone structure. The photographic illustrations 
are exceptionally good. 


Surveying Instruments.—We have received a very 
comprehensive catalogue of surveying instruments and 
kindred apparatus made by Messrs. Cooke, Troughton 
and Simms, Broadway-court, Westminster, London, 
8.W.1. All the instruments and accessories are clearly 
illustrated, and full particulars are given. In many cases, 
some practical notes for users are added. The catalogue: 
is divided into sections covering theodolites and tacheo- 
meters, mining instruments, levelling instruments, and 
miscellaneous. The index is good, but a clear contents 
table at the beginning of the book, which extends to: 
160 pages, would be helpful. 


Stone-Breaking and Ore-Crushing Machinery.—Messrs. 
Hadfields, Limited, East Hecla Works, Tinsley, Sheffield, 
have sent us catalogues describing some of their 
specialities, namely, portable stone breakers with 
screens, Hecla disc crushers, single-toggle breakers 
and granulators, coal breakers, and revolving screens. 
In all cases, the jaw faces, side cheeks, crusher discs, and 
all wearing parts are made of Hadfield’s patent Era 
manganese steel, which resists the abrasive and crushing 
action involved very effectively. The tread, tail rings, 
and supporting rollers of the revolving screens are made of 
high-grade, toughened cast-steel, and, in the case of 
screens having diameters of upwards of 36 in., the liners 
and other wearing parts are made of Era manganese 
steel. 











Tue British BEET GROWER.—We have received a 
copy of the first issue of a new monthly journal entitled, 
The British Beet Grower and Empire Sugar Producer. 
It is stated, on the opening page, that the sole interest 
of the periodical is that of encouraging the British farmer 
and beet-sugar manufacturer. There are, at present, 
15 factories in operation in the British Isles, which 
purchased from 1} to 1$ million tons of beet from the 
farmers during the past year. Nevertheless, these fac- 
tories produced less than 10 per cent. of the total sugar 
consumed in this country.. To bring the home production 
up to at least 25 per cent. of the consumption, the erec- 
tion of another 15 to 20 factories would be necessary. The 
profits to be obtained from the cultivation of this crop are 
such as to make it well worth the earnest attention of 
farmers. Spain, a comparatively poor country, possesses 
41 sugar-beet factories in full operation, and in Italy 
there are 55. Germany had 341 factories before the 
re-arrangement of her territory placed some of them out- 
side her boundaries. Experience in the past few years 
has definitely proved that a considerable portion of 
Britain is suitable for sugar-beet cultivation. Moreover, 
our national engineering industry is quite capable of con- 
structing the requisite machinery for the factories. 
The above are a few facts gleaned from the articles 
contained in the journal, which is issued by The Rolls 
House Publishing Company, Limited, 2, Breams-buildings 
London, E.C.4. The price per copy is 9d., and the 
editorial offices are at 54, Courtfield-gardens, London, 
S.W.5. There is a good field for a periodical of this 
kind, and we wish it every success. 
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THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 


By Brysson CunnincHaM, D.Sc., M.Inst.C.E. 


IV.—THeE Port oF BALTIMORE. 
(Continued from page 638.) 

Grain Elevators——Having regard to the import- 
ance of its grain business, Baltimore is well furnished 
with facilities for dealing with it. The port pos- 
sesses three large modern concrete and steel grain 
elevators for the reception of grain for export. The 
total storage capacity is just on twelve million 
bushels. 


The gallery arrangement permits of the simultan- 
eous loading of deep-draught vessels at the rate of 
28,000 bushels each per hour. The operating house 
is equipped to load two wagons at a time by gravity 
from the scale floor. The wagon loading capacity 
of the elevator is 12 cars, or 18,000 bushels per 
hour. The equipment consists of two receiving 
and six shipping legs, eight hopper scales, four 
cleaners, one oat clipper, and a disc separator. 

The new elevator of the Baltimore and Ohio 
Railroad Company, replacing two older structures 
destroyed by fire in 1922, has a capacity of 3,800,000 
bushels and as well as being among the largest, is 
also one of the most modern type in the United 





The largest elevator is that of the Pennsylvania 
Railroad Company, known as No. 3 at Canton ; it | 
has a total storage capacity of 4,250,000 bushels. | 
Grain wagons are unloaded by means of four elec- | 


(361.6.) 


trically-operated unloaders, which can discharge | 
grain at the rate of from 6 to 8 wagons per hour | 
each, or a total of from 24 to 32 wagons per hour for | 
the four. The wagon-loading equipment is capable | 
of dealing with two wagons at a time, and has a 
working capacity of 12 wagons per hour. The| 
gallery for delivering grain to vessels extends from | 
the shipping bins in the operating house to the | 
further end of the pier. Three vessels can be | 
loaded simultaneously at the berths. There are | 
seven gantries which operate in connection with the | 
shipping spouts for delivery of grain to vessels. | 
Four of these are located on the west side of the | 
gallery ; the other three are in the main house. 
In addition to the seven shipping spouts connected | 
with the gantries, there are ten spouts on the east | 
side of the gallery, each with a capacity of 20,000 
bushels per hour. A marine tower, with a capacity 
of 4,000 bushels per hour, used principally for un- 
loading grain from small Chesapeake Bay boats, is 
located south of Annexe No. 3. The other equip- 
ment of the elevator consists of 4 receiving, 9 ship- 
ping, 1 drying and 5 cleaning legs, with 23 hopper 
scales, cleaners and separators. 

The Western Maryland Railway elevator at Port 
Covington has a total storage capacity of 3,993,800 
bushels, with an actual working capacity of 3,750,000 
bushels. Grain is unloaded from wagons by means 
of electrically-operated shovels; two of these are 
worked in each car with an operator to each shovel. 
The receiving capacity of the elevator is 24 wagons 
of 36,000 bushels per hour, and the average capa- 
city of the whole installation is 175 wagons in ten 
hours. 

There is a marine tower at the inshore end 
of the pier for unloading small bay boats. The 
grain galleries are fitted with 24 spouts: 5 inshore, 
14 outshore, and 5 direct from the operating house. 

















States. It was constructed in 1924, at the Locust 
Point terminal of the company, from plans prepared 
by the John 8. Metcalf Company of Chicago. 
The plant is laid-out to permit of the drying, 
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cleaning, transferring or mixing of grain being 
carried on simultaneously, without interfering with 
the major operations of receiving and shipping. 
It consists of a reinforced concrete working house 
and storage annexe together with a large dryer 
house, dust house and a marine tower with steel 
framed conveyor galleries and track shed. A site 
plan is given in Fig. 17, on this page, with detail 
plan and cross section in Figs. 18 and 19, on page 
702, while a general view of the installation is given 
in Fig. 20, on page 716. Figs. 21 and 22, on the 
same page, give other views of the main structure. 
The office building, the welfare building, the oil 
house and the grain door repair shop are of 
concrete and brick construction. The elevator is 
set back about 500 ft. from the Patapsco river 
waterfront in order to provide room for an exten- 
sive range of sidings, which are laid out so as to 
permit the use of a loop track system, whereby the 
loaded wagons coming from the receiving yard are 
delivered at the west end of the installation and 
the unloaded wagons removed by gravity at the 
east end to the empties yard. The receiving 
yard, seen clearly in its relation to the piers 
and quay frontage, in Fig. 20, has a capacity 
of 320 wagons, and the empties yard one of 105 
wagons, the total accommodation of the sidings, 
including those in the “ puller zone” and drip 
shed, being 521 wagons. A train of 100 wagons 
can be received, inspected, unloaded and placed 
in store in a little over three hours, the actual grain 
receiving capacity being 32 wagon loads per hour. 
The unloading shed, which houses the car 
dumpers, is 104 ft. wide, 24 ft. high, and 160 ft. 
long. The four dumper tracks are spaced at 20-ft. 
centres, but, as will be seen in Fig. 17, the allowance 
of space for each dumper is doubled by setting two 


avoid interference, the centre lines of the unloaders 
being 64 ft. apart. The hoisting drums and motors 
of the unloaders are housed on an upper floor. 
Each of the four Metcalf car dumpers has an un- 
loading capacity of eight wagons per hour. From 
the receiving pits, the grain is conveyed by 42-in. 
conveyor belts (Fig. 19) to the boots of four 
receiving legs, each of which has an elevating 
capacity of 25,000 bushels per hour. 

The dumpers operate with remarkable ease 
and expedition. Not only is the platform, support- 
ing the car, raised clear of the supports, until it is 
suspended about 8 ft. above them, then tilted and the 
cycle repeated as frequently as desired, but by the 
extremely simple device of running the two hoist- 
ing drums which elevate one side of the car, a little 
faster than the two which elevate the other, a side 
tilt is obtained without any additional machinery 
whatever, there being only a difference in the 
pitch diameter of the pinion operating the drum 
on the two sides. In addition to this side tilt, 
the ram which pushes the grain door into the 
wagon is also operated by a cable anchored at one 
end of the floor of the pit below the dumper, led 
around a system of sheaves and finally attached 
to a swinging arm. As the platform is elevated, 
the ram is pushed against the grain door with a 
force of 15 tons. Designed in the first instance to 
expedite the unloading, the Metcalf car dumper has 
the additional merit of reducing the labour costs 
of unloading from 1-20 dol. to 35 or 40 cents per 
car. 

The working house of the elevator stands between 
the storage annexe and the dryer house (Fig. 17). 
It is built of reinforced concrete, and measures in 
plan 240 ft. by 61 ft., rising 206 ft. in height 
above the rail level (Figs. 19 and 22). The whole in- 
stallation is supported by a foundation consisting of 
7,000 concrete piles. In the basement of the opera- 
ting house are the boots of 20 legs and the heads of 11 
conveyor belts, together with the motors operating 
them. Four of the belts bring grain to the receiving 
legs from the pits under the track shed, and seven 
bring grain to the shipping legs from the bins of the 
storage annexe. Spouting is also provided for 
diverting grain from the bins, cleaners and clippers 
on the floor above to the boots of the different legs. 
The ground floor, 25 ft. high and well lighted, con- 
tains the foreman’s office, a men’s room with all 
comforts and conveniences, fire and dust proof 
switch rooms, eight No. 12 Invincible warehouse 
separators, two No. 10 Invincible oat clippers, 
together with six 42-in. conveyor belts passing 
under the row of shipping bins, and movable spouts 
for running grain from the bins above to boots, 
cleaners or conveyor belts. Each pair of cleaners 
and clippers has fixed spouting from two bins. The 
screenings and dust pass through the floor to hoppers 
discharging into an 8-in. pneumatic conveyor pipe 
leading to the dust house. 

There are 60 bins of rectangular section in the 
working house, affording storage for 800,000 
bushels, arranged in four rows as shown in Fig. 19. 
The two rows of bins on the storage annexe side 
of the house are 78 ft. deep, while the other two rows 
are 87 ft. deep. The first and third rows, as well 
as the end bins, are 15 ft. 6 in. by 16 ft., while the 
second and fourth rows consist of bins of smaller 
size. The cupola of the working house, 46 ft. 
wide, contains a distributing floor which is occupied 
by thirteen 20-inch Mayo spouts and some fixed 
spouts. Grain can be received from the reversible 
transfer belt and spouts of the floor above and 
diverted to the ten 48-in. receiving belts delivering 
grain to the storage annexe, spouted to the dryer 
house, the wagon loading spout or to any bin in the 
working house. Grain can also be spouted direct 
from scale hoppers to shipping bins, or to the 
receiving belts of the annexe. The Carter-Mayhew 
double unit No. 25 disc separator is somewhat 
unusually located on the bin floor and is served by a 
special overhead garner of 4,200 bushels capacity. 
The scale storey is two floors above and contains 
twelve 2,500-bushel specially constructed, type S, 
Fairbanks scales. The scales and the beams are 
arranged on the same concrete floor, so that it is 
possible for the weigher to see his scale at all times 
and for the inspectors to examine the working 





of the dumpers so far ahead of the other two as to 





parts. There are also four 800-bushel Fairbanks 
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hopper scales for the weighing of grain to and from | receiving and shipping legs are operated by 175 h.p. 
the dryers. The next storey, which is the garner| motors, the clipper legs by 75 h.p. motors and the 
storey, is occupied by 12 concrete hoppers of 3,000- | dryer legs by 50 h.p. motors. 
bushel capacity and four of 1,800-bushel capacity.| The storage annexe (Fig. 17), distant 20} ft. from 
Each garner, discharges into the scale hopper | the operating house, measures 209 ft. by 225 ft. and 
immediately underneath. The scale hoppers are} 113 ft. high. It is constructed of reinforced concrete 
made dust-proof by cotton duck attached to the| and contains 182 main cylindrical bins or tanks, 
garner and left free at the lower end. The topmost | 15 ft. 4 in. in internal diameter and 96 ft. high, with 
floor contains the heads of the 20 legs and their | a capacity of 13,572 bushels each. These tanks are 
respective motors and driving gear. arranged in 13 rows of 14 tanks to the row. In 
A system of leg signals operates between the | addition, 153 interstitial bins have a capacity of 
ground: floor and the scale floor. Each shipping, | 3,478 bushels each, so that the total storage capacity 
receiving, drier and cleaner leg has an independent | | of the annexe is three million bushels. The annexe 
green and red light and has also a bell signal. The | has been designed in such a way as to admit of the 
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addition of tanks of six million bushels capacity 
without additional working house equipment and 
without decreasing the efficiency of the installation. 
Grain is conveyed to the storage bins by ten 48-in. 
belt conveyors and from storage by seven 42-in. 
belt conveyors. From the working house the 10 
receiving belts deliver grain to fixed spouting in 
the galleries above the tanks, the trippers operating 
on these belts being able to reach five different bins 
from a single tripper location. This combination 
of trippers and spouting saves much time in the 
movement of trippers when placing grain in store. 
For drying the grain, a battery of eight of the 
Hess type dryers has been provided, in a separate 
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fireproof structure, located so that the grain can be 
spouted direct from the working house scales to the 
dryer bins. The dryers have a total capacity of 4,000 
bushels per hour. The grain is received from bins 
directly overhead, having an aggregate capacity 
of 48,000 bushels, and from the driers is spouted to 
special elevating legs in the working house. This 
arrangement greatly facilitates the use of dryers 
during the night time, as they can be operated 
continuously for 12 hours, before it is necessary to 
transfer more grain to the dryer bins. 

The system of delivering grain to vessels consists 
of a grain gallery extending to the water-front, where 
it connects with another gallery running the entire 
length of a new pier, known as No. 7. There are 
also two other galleries on each side of pier No. 6. 
These galleries can be seen in Fig. 20. The 
gallery on pier No. 7 is fitted with 30 spouts: 
16 on the east side and 14 on the west; while the 
galleries on pier No. 6 are provided with 14 spouts 
on the east side and 15 on the west. The arrange- 
ment of the terminal permits the berthing of eight 
ships for loading grain and general cargo, and grain 
can be shipped into six of them simultaneously. 
The total shipping capacity of the plant is 150,000 
bushels per hour. A concrete marine tower, 38 ft. 
by 18 ft., and five stories high, located on the out- 
shore end of pier No. 7, serves to unload grain from 
small Chesapeake Bay boats. 

Special attention has been given in the installation 
to the prevention of fire or dust explosions. It is 
designed and built entirely in accordance with the 
new regulations recently adopted by the United 
States National Board of Fire Underwriters. In 
addition to providing a dust collection system serv- 
ing all buildings, the structures have been designed 
so as to avoid ledges and rough surfaces where dust 
might adhere or collect. Vents to the outside air 
are provided in all bins, garners, elevating legs, 
and from the basements under the workhouse and 
storage house. Particular care has been exercised in 
the design of motors, machinery and lighting fixtures 
to guard against sparking or overheating. The 
buildings, of course, are constructed of fire-resistive 
material and are thoroughly protected by stand- 
pipes within and hydrants without, all equipped 
with hose reels and appurtenances. A complete 
alarm system, with numerous stations, is provided, 
and fire extinguishers are located at all points of 
hazard. These precautions for preventing or mini- 
mising any damage by fire or explosion, make it 
possible to secure the most favourable rates for 
insurance of buildings and contents. 

The author is indebted to the Baltimore and Ohio 
Railroad Company for the opportunity of inspecting 
the plant described above, and for the plans and 
sections which accompany this article. He was 
informed that the cost of construction of the 
elevator, including the galleries to piers Nos. 6 and 7, 
power plant and distribution systems, storage track 
adjacent to the elevator and all other items, but 
exclusive of land, was in round figures, five and a 
half million dollars. 


(To be continued.) 





THE COMMERCIAL VEHICLE 
EXHIBITION AT OLYMPIA. 


(Concluded from page 696.) 


A soMEwHAT lighter six-cylinder chassis than 
those with which we have previously dealt was 
exhibited by Messrs. John I. Thornycroft and Com- 
pany, Limited, of Smith-square, Westminster, S.W.1. 
This chassis, which is illustrated in Figs. 37 to 41, 
Plate LIII, is designed for use with a 20-seater 
passenger body, and embodies many of the features 
characteristic of the maker’s earlier models. Dealing 
first with the engine, the cylinder bore is 3} in., 
and the piston stroke 5} in., giving a capacity of 
347-9 cubic in., with an R.A.C. rating of 33-8. 
Actually, the engine develops 60 brake horse- 
power at 1,500 r.p.m., and 70 brake horse-power 
at about 1,800 r.p.m. The six cylinders are in the 
form of a monobloc casting, the somewhat unusual 
practice of fitting separate barrels, pressed into the 
block, being adopted. This method of construction, 
which, it may be recalled, is also used by the Star 





Engineering Company for their latest touring cars, 


simplifies the cylinder casting, and facilitates the 
employment of special material and casting methods 
for the barrels, with resulting freedom from dis- 
tortion, and exceptional wearing qualities. The 
detachable cylinder head is in two parts for con- 
venience of handling, and is fitted with lifting lugs. 
The valves are of the side-by-side type, and the 
camshaft is driven from the rear end of the crank- 
shaft, this arrangement having been found to give 
quieter running than the conventional front drive. 
The crankshaft is of nickel-chrome steel, and is 
carried in seven bearings lined with white metal. 
The bearing caps are secured by bolts passing right 
through the crank-case. The oil sump is of pressed 
steel, and is readily detachable without disturbing 
any other part. 

Lubrication of the engine is effected by an oil 
pump in the base chamber, which delivers the 
oil, through a strainer, to a cylindrical chamber 
on the outside of the crankcase. The chamber 
has three gauze cylinders of graduated mesh, and, 
should the oil be too thick to penetrate a particular 
mesh, as, for example, when starting up on a cold 
morning, it is automatically by-passed. After 
leaving this chamber, the oil passes through ducts 
in the crankcase to the main and camshaft bearings. 
From the main bearings, the oil is delivered through 
holes in the crankshaft to the big ends, where it 
escapes as a spray, and serves to lubricate the 
pistons, tappets, and small-end bearings. A relief 
valve is fitted in the system, and oil escaping 
from this is directed on to the timing wheels. 
In addition to the filters referred to, the oil returning 
to the sump passes through a perforated plate 
covering the whole area of the base chamber. 

Ignition is effected by a magneto, fitted with 
automatic advance, and driven by a shaft and 
gear-wheel train from tbe front end of the cam- 
shaft. The carburettor is bolted direct on the 
cylinder wall, the mixture being drawn through 
a passage cast between the cylinders, and adjacent 
to a point on the exhaust manifold, to ensure rapid 
vapourisation of the mixture when starting up 
from cold. The water circulation is effected by a 
pump, and the radiator is of a new type with 
detachable top and bottom chambers. 

Unit construction is employed for the engine 
and gear box. The clutch is of the dry, single-plate 
type with fabric friction surfaces. Adjustment for 
wear can be readily effected by removing the cover 
of the clutch housing, as shown in Fig. 40. The 
gear box provides four forward speeds and reverse, 
the control being effected by a central lever, as 
shown in Fig. 39. The forward gear ratios are 
5-28, 2-62, 1-58 and 1 to 1, the reverse ratio 
being 8-25 to 1. From the gear box, the drive is 
taken by an intermediate propeller shaft to the 
cardan shaft proper. The intermediate shaft, as 
shown in Fig. 39, is provided with a self-centring 
fabric-disc joint at the forward end ; it is supported 
by a flexibly-mounted ball bearing at the rear 
end. The cardan shaft, which can be seen in 
Figs. 38 and 41, is of tubular construction, and 
is fitted with a self-centring fabric universal joint 
at the forward end, and an enclosed all-metal 
universal at the rear end. 

The rear axle, visible in Fig. 38, embodies a 
cast-steel casing. The axle is of the overhead worm 
type, and the driving axles are semi-floating. 
The reduction ratio of the worm gearing is 52 to 1. 
The casing, carrying the worm and differential 
assembly, can be removed without taking the load 
off the road wheels. Internal-expanding brakes 
are fitted on all four wheels, those on the rear 
wheels being in duplicate. The front-wheel brakes 


and one set of rear-wheel brakes are pedal operated 


on the vacuum servo system, the other set of rear- 
wheel brakes being connected to the hand lever. 
The front and rear wheel power-operated brakes 
are balanced. Adjustments are provided on the 
front-brake rods, the rear-brake rods, and between 
the vacuum cylinder and the cross shaft. Semi- 
elliptic springs of chrome steel are fitted throughout, 
the rear axle springs being provided with rubber 
rebound buffers, as shown in Fig. 41. 

The chassis has a wheelbase of 15 ft., a track of 
4 ft. 11} in. at the front and 5 ft. 14 in. at the rear, 
and a minimum ground clearance of 9? in. The 
chassis weight is 2 tons 2? ewt., of which 19 cwt. 





are on the rear axle, and the maximum speed with 
normal loading is 50 miles per hour. 

Another four-wheeled chassis, in the design of which 
quite exceptional attention has been paid to acces- 
sibility, was shown by Messrs. Walker Bros. (Wigan), 
Limited, Pagefield Works, Wigan. The radiator, 
engine and clutch are mounted on a subframe, 
which can be drawn forward clear of the cab, so 
that the chassis is particularly suitable for a full- 
fronted saloon type body. This type of body has 
many advantages for passenger work, but with 
the normal design, the inaccessibility of the engine 
is a serious disadvantage. Another feature of the 
chassis, of which special mention should be made, 
is that the more important units are very readily 
detachable, a point of great value if a fleet of 
vehicles is to be operated on a unit-interchange 
system. 

Various photographs of the chassis, which is 
known as the Pagefield, are reproduced in Figs. 42 
to 45, Plate LIV, Fig. 45 showing the engine 
sub-frame drawn forward as explained. The 
engine is a six-cylinder unit having a cylinder 
bore of 95 mm. (3§} ins.) and a piston stroke 
of 140 mm. (533 ins.), giving an R.A.C. rating 
of 33-6. It develops 72 brake horse-power at 
2,000 r.p.m., but can be run safely at 2,500 r.p.m. 
The cylinders are in the form of a monobloc casting 
with detachable head. Side-by-side valves are 
fitted, operated in the usual way. The crankshaft 
is of the four-bearing type, and is carried in the 
top-half of the crankcase. The magneto is mounted 
high up in an accessible position, the drive being 
provided with a micrometer adjustment. As shown 
in Fig. 45, twin carburettors are fitted, supplied on 
the Autovac system from a petrol tank slung along- 
side the offside frame member. This tank is clearly 
visible in Fig. 43, and it will be evident that it can 
be filled with perfect safety to the passengers. Pump 
circulation is employed for the cooling water, the 
pump being on the off-side, and driven by an exten- 
sion of the dynamo spindle. The radiator is of the 
grilled-tube type, and is sloped backwards at an 
angle of 12 degrees to the vertical, as shown in 
Figs. 42 and 45. This gives a very striking appear- 
ance to the finished vehicle, as it harmonises with 
the slope of the front of a saloon-type body. The 
engine lubrication is effected by a totally-submerged 
pump in the sump, driven by spiral gearing from the 
camshaft. All the main bearings are pressure fed, 
with automatic pressure regulation. 

The arrangements of the units on the sub-frame 
will be clear from Fig. 45. The sub-frame is sup- 
ported on the main frame at three points, being 
rigidly attached at the rear by two bolts, and carried 
at the front on a spherical bearing. ‘By means of a 
simple arrangement, the unit can be raised on wheels 
rolling on the bottom flange of the main frame, 
Detachable and adjustable legs are provided to 
support the unit when withdrawn. To withdraw 
the sub-frame, it is only necessary to take out four 
bolts, and disconnect the exhaust, petrol, and oil 
pipes, together with the clutch, ignition, and 
carburettor controls. It may be mentioned in 
passing that the usual running adjustments, and 
even valve grinding and decarbonising, can be 
carried out without withdrawing the unit. 

The clutch is of the cone type, Ferodo lined, 
and actuated by a central spring. The gear-box 
is, of course, an entirely separate unit, as shown 
in Fig. 43. It is of robust design, with wide wheels 
and short shafts, and provision is made for four 
forward speeds and reverse. The overall ratios 
are 6-25, 11-1, 19-1 and 31-6 to 1, the reverse 
being 41-3 to 1. The standard rear-axle ratio, in- 
cluded in the above figures, is 6-25 to 1, but the 
chassis can be supplied with an alternative rear- 
axle ratio of 7-33 to 1. The gear-box is mounted 
on three points, and can be dropped from the 
chassis without disturbing the body. From the 
gear-box, the power is transmitted, as shown in 
Fig. 43, through a universally-jointed shaft to an 
underslung-worm type rear axle. The axle-casing is 
a high-tensile steel forging. The driving shafts are 
of high-tension alloy steel, and are fully floating. 
The whole of the differential and final-reduction 
gearing can be removed, as one unit, without disturb- 
ing the axle or removing the road wheels. 

The normal brake equipment consists of internal- 








704 





ENGINEERING. 


[DEc. 2, 1927. 








expanding brakes on all four wheels, direct foot- 
operated, with an additional pair of brakes on the 
rear wheels, with separate drums, operated by the 
hand lever. A servo system for the four-wheel 
brakes can be fitted if required. All the brakes 
are compensated. A view of one of the rear-axle 
brakes, with the drum removed, is reproduced in 
Fig. 44, the illustration also showing the roller | 
bearings for the wheel hubs and the rebound 
damper. It will also be observed that the spring 
anchor pin and shackle bolts are lubricated on the 
syphon wick-feed system, the oil reservoirs being 
of sufficient capacity to give three months’ service. 
In concluding the description of the chassis, it may | 
be mentioned that vibration dampers, consisting of | 
rubber insulators, are fitted to the gear-box, radiator, 
and engine sub-frame to damp out body vibration, 
and that exceptional lateral rigidity is imparted | 
to the main frame by a pair of splayed channels, | 
placed back to back, and stiffened with top and | 
bottom plates and gussets, as shown in Fig. 43. 

The wheelbase is 16 ft., the front track 6 ft. ? in., | 
the rear track 5 ft. 83 in., and the minimum ground 
clearance 10 in. The height to the top of the 
frame, when loaded, is 2 ft., and the turning circle 
is 58 ft. The road speed, with the engine running 
at 2,500 r.p.m., is 42-5 m.p.h. 

When describing the exhibits at the last show, 
we dealt with a six-wheeled ’bus chassis exhibited 
by Messrs. Karrier Motors, Limited, of Huddersfield. 
This exhibit, which was fitted with a six-cylinder | 
engine having side-by-side valves, was undoubtedly 
one of the most advanced designs at that time, and 
it is therefore of considerable interest to compare | 
it with the new six-wheeler shown by the same | 
firm at the exhibition, which has just closed, and 
illustrated in Figs. 46 to 52,on this page and opposite. | 
The new vehicle is available with two wheelbases, | 
17 ft. 6 in. and 19 ft., respectively, as against | 
17 ft., for the earlier model. On the other hand, | 
the track of the new chassis is 2 in. narrower. | 
The most striking difference, however, is in the | 
engine, which is of quite a new design, and 
develops a maximum brake horse-power of 120, | 
against 70 for the older model. 

The new engine, of which the assembly is shown | 
in Fig. 48, and details in Figs. 49 to 52, is of the | 
single sleeve-valve type, and develops 80 brake 
horse-power at a normal speed of 1,400 r.p.m. The 
six cylinders have a bore of 105 mm. (4, in.), and 
the piston stroke is 150 mm, (533 in.). The capa- 
city is thus 7-8 litres (476 cub. in.). The engine | 
is of the single-sleeve type, the sleeves being | 
operated on the Burt-McCullum system. The | 
cylinders form a monobloc casting, as shown | 
in Fig. 48, and are fitted with a detachable 
head. The aluminium-alloy crank-case can _ be 
clearly seen in the same illustration. It is evident 
that it is of ample stiffness, but further rigidity 
is ensured by the provision of eight internal ribs. 
The pistons, one of which is shown in Fig. 51, are 
of aluminium alloy; the tops are cupped, and 
this, in conjunction with conical cylinder heads, 
having the sparking plug at the centre, gives a form 
of combustion space of recognised efficiency. The 
connecting rods are of Duralumin. The crankshaft 
is made from 40-ton steel, and is built up in two 
parts, with the flywheel in the centre, as shown in 
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SIX-WHEEL CHASSIS AT OLYMPIA. 


CONSTRUCTED BY MESSRS. KARRIER MOTORS, 


LIMITED, ENGINEERS, HUDDERSFIELD. 



































Fria. 47. 


sleeves. 
holes drilled in the crankcase, to the main and big- 
end _ bearings. 
surplus oil passes into the worm-gear wells, and 
afterwards falls into the sump. The sleeves and 
small ends are lubricated by splash. From the sump, 
the oil is delivered by the second pump to a cooler, 
mounted on the side of the cylinder block, and 





Fig. 50. The two halves are machined from the 
solid, and the complete shaft is supported in ten 
bearings. The sleeve-operating shaft is illus- 
trated in Fig. 49. The shaft is driven by three 
eccentrics on the crankshaft, and the worms, which 
can be seen in the figure, mesh with the worm wheels 
for operating the sleeves. An assembly of the 
mechanism for driving one of the sleeves is shown 
in Fig. 52. The spindle carrying the worm wheel 
is supported in ball bearings, and terminates in an 
eccentrically-mounted pin, which runs in a white- 
metal bearing, spherically mounted in the sleeve 


lug. The sleeve-operating shaft is carried in nine | 
| 4-6 to 1, the reverse ratios being 6-27 to 1. From | 


bronze bearings, lined with white metal. 

Engine lubrication is effected on the dry-sump 
system. Two plunger pumps are located in the 
top half of the crankcase, and are driven by eccen- 
trics from the crankshaft. One of these pumps 
takes its supply from an oil tank, with a capacity 
of 5 gallons, on the dashboard, and delivers the oil 
under pressure to the hollow layshaft operating the 


visible in Fig. 48. A rotating vane, driven by the 
oil, is fitted in the cooler to ensure effective distribu- 
tion of the oil over the cooling surfaces. From the 
cooler, the oil is returned through a filter to the 
main tank. 

The clutch is of Duralumin, and is of the single- 
plate type, faced with fabric. The gear box is of 
cast-iron, and is separate from the engine. The 
shafts are carried on ball bearings throughout, and, 
in common with the gears, are of nickel-chrome 
steel, heat-treated and ground. There are four 
forward gears having ratios of 1, 1-67, 2-89 and 


the gear box, the drive is taken by a cardan shaft, 
| fitted with flexible couplings, to the transmission 
brake, which is mounted on one of the frame cross- 
members. From the transmission brake, the drive 
is taken to the forward rear axle by a second shaft, 
fitted with a star-tvpe universal joint at each end, 
to the forward rear axle. The two rear axles, of 





From this shaft it is taken, by suitable | 


From the layshaft bearings, the | 


REAR AXLE SUSPENSION. 


which the mounting will be understood from Fig. 47, 
| are of the inverted-worm type. The axle casings 
are of pressed steel, and the gearing is mounted in a 
| separate housing, which can be removed bodily from 

the casing. The two worms are connected together 
| by a cardan shaft having a universal joint at each 


| end, and the driving and braking torque on the axles 


|is taken up by the two torque rods shown in 
| Fig. 47, these rods being universally jointed, and 
terminating in brackets on tubular frame cross- 
members. 

The rear bogie is fitted with two pairs of semi- 
elliptic springs of silico-manganese steel. Each 
pair of springs is free to swivel on a central fulcrum 
bracket attached to the frame, the axle movement 
being limited by pads. As will be seen from Fig. 46, 
the frame is of very deep section. The height 
from the ground, when loaded, is 2 ft. 1 in. Each 
side member encircles the rear axles, the arrange- 
| ment being clear on the left in Fig. 47. 
| Pneumatic pressure brakes of the  internal- 

expanding type, operated by pedal, are fitted to 
| all four driving wheeels. The air reservoir is moun- 
| ted on the off-side frame member, and is charged 
| by a gear-driven compressor fitted on the near 
side of the engine. These brakes can also be 
mechanically operated by the same pedal when 
required. The hand-brake lever operates the 

















saint seta 














ee 











Dec. 2, 1927.) ENGINEERING 0H 








SIX-CYLINDER SLEEVE-VALVE ENGINE FOR SIX-WHEEL CHASSIS. 


CONSTRUCTED BY MESSRS. KARRIER MOTORS, LIMITED, ENGINEERS, HUDDERSFIELD. - 


























Fie. 51. Sterve, Piston, anp Rop. 

















Fie. 48. OFF-sSIDE oF ENGINE. 




















Fia. 52. SLEEVE-OPERATING GEAR. 


a and 54, the chassis is in two parts, one of the axles 


being associated with each part. The centres of 
the two axles are coupled by a tubular connecting 
| bar, by means of a vertical pivot pin at each end, and 
| in addition, the rear axle is mounted so that it can 
rotate round this connecting bar. The latter 
carries a pinion near its centre, and racks, cut on 
the bottom side of quadrants connected to each 
axle, engage with this pinion. The two quadrants 
can be clearly seen in Fig. 53. It has been stated 
that the rear axle can be rotated on a horizontal 
axis, and it will be appreciated that such rotation 
causes the rear rack to rotate round the pinion 
while remaining in engagement with it. The 
action will be followed from Fig. 55, which shows 
the rear quadrant tilted over, the rack being just 
visible below the quadrant. The steering gear 
terminates in a spur wheel engaging with the 
pinion on the tubular axle-connecting bar, steering 
being effected by altering the angle between the two 
axles, as shown in Fig. 53. The steering connections 
| are, of course, universally jointed, as the final spur 
| wheel must always be parallel with the pinion with 
| which it engages. 

| The four road wheels of the vehicle are all power 
| 

















Fic. 49. SLEEVE-oPERATING SHAFT. 























driven, and as the two chassis are respectively con- 
nected to each axle, they swing with them and 

thus permit road wheels of large diameter to be 
| transmission brake, which is also of the internal We may conclude our description of the exhibits | utilised. The front chassis carries the engine 


Fic. 50. CRANKSHAFT. 


expanding type. The drum can be removed, and | by a reference to a very interesting tractor ex- | unit, the change-speed gear, the front wheel trans- 

the shoes relined, without dismantling any part | hibited by Messrs. Armstrong Siddeley Motors, | mission and the control gear, while the rear chassis 
| of the transmission line. On all the brakes, bonded- | Limited, Coventry. This tractor, which is illus- | carries a transmission gear box for the rear wheel 

asbestos linings are secured to the shoes by T-headed | trated in Figs. 53 to 55, page 706, was designed | drive. The power is transmitted from the change- 
bolts, thus making them quickly detachable and | by an Italian engineer, Sig. Pavesi, from whom it | speed gear box on the front chassis, to the gear box 
easy to renew. i takes its name. As will be clear from Figs. 53] on the rear chassis, by a universally-jointed shaft. 
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PAVESI TRACTOR WITH FOUR-WHEEL DRIVE AT OLYMPIA. 


MESSRS. ARMSTRONG, SIDDELEY MOTORS LIMITED, ENGINEERS, COVENTRY. 




















Fic. 53. THE TRACTOR ON A CURVE. Tic. 54. Roap-WHEEL. 





The engine is a four-cylinder, water-cooled, | 
model of 35-40 h.p., the cylinder bore being 100 mm. | 
(3}§ in.), and the piston stroke 150 mm. (5%} in.). | 
It has a detachable head and overhead valve gear. | 
The gear box is built in one unit with the engine, | 
and is fitted with three forward speeds and reverse. | 
The forward ratios are 105, 43 and 20-2 to 1, the | 
reverse ratio being the same as that of the first for- | 
ward gear. From the gear box, the drive is taken | 

| 





to the two front road-wheels by spur gearing and 
differential, the whole of this part of the transmission | 
being totally enclosed. The transmission system to | 
the rear road-wheels is identical with that to the | 
forward wheels, all parts being in fact interchange- | 
able. It will be evident that, as the two axles | 
must always turn through the same angle, no | 
differential is necessary between the two halves of | 
the vehicle. | 

The road-wheels, one of which is shown separ- | 
ately in Fig. 54, are 51 in. in diameter, and are | 
built up with tangential cross spokes. The hubs | 
are mounted on roller bearings, and are easily | 
detachable. The wheel rims are fitted with 1,300 | 
mm. by 150 mm. solid rubber tyres. Ten spuds 
are pivoted on the face of the wheel, as shown in 
the illustration, and are normally held in the posi- 
tion shown by spring catches. When required, they 
can be swung over the tyres, as shown in Figs. 53 
and 55, where they are again held by spring catches. 
The vehicle is equipped with a windlass, driven 
from the engine, and a detachable pulley can also 
be provided to enable the engine to haul a trailer | case with a gas producer, was shown by Messrs. AUSTRALIAN POWER ALCOHOL. 
out of a difficult position. Locking gear is fitted | Automobiles M. Berliet, Richmond Bridge Works, 
on both differentials, and can be operated from the | Twickenham. The particular model shown was 
driver’s seat. The quite exceptional flexibility. | equipped for wood fuel, and might, therefore, at 
which enables the vehicle to pass over exceedingly | first sight, appear to have no particular signi- 
rough ground, will be evident from Fig. 55, and it| ficance for British manufacturers. It should be 
may be mentioned that its reliability has already | realised, however, that producer-driven vehicles, 
been proved, under the most severe conditions of | utilising coke as a fuel, are making steady progress 
service, in Italy. on the Continent, and more particularly in France, 

In concluding our account of the exhibition, | and that they are likely to have a decided effect 
which closed on Saturday last, we may say that | on our export trade in heavy lorries in the future, 
there were a number of further interesting ex- | while wood fuel has distinct possibilities in parts of 
hibits, of which limited space has precluded any | the Empire. Thus, British firms, while occupying 
mention. Amongst these were two vehicles, each | a leading position in the heavy-vehicle trade, seem 
of which represented a Continental development to be lacking in vision, and are allowing other 
in a direction in which British manufacturers | countries to carry out pioneer work, with the pro- ; é t 
appear to be displaying an unfortunate lack of | bable result that they will reap the just reward of | “heap fuel for internal-combustion engines are very 
initiative. The first vehicle so which we are | their prescience, while home firms will once again | Tet, and from time to time cannot fail to be 
referring was a 5-ton lorry chassis fitted with a} manufacture under licence articles which we have | impressed with the risk not only that the supplies 
Mercédés-Berz crude-oil engine, and_ exhibited | ample technical ability to develop ourselves. | of petrol may become exhausted ultimately, but 
by Messrs. British Mercédés, Limited, 127-130, }also that prices will necessarily rise as it grows 
Long Acre, W.C.2. This appeared to be a/| | scarcer or more difficult to procure. For some time 
thoroughly sound engineering job, and was| German Coat Synp1cate.—The Berliner Tageblatt, of | past, therefore, all industrial countries have been 
sufficient to demonstrate very effectively that | October 26, states that a number of mines, belonging to| considering with more or less energy what sub- 
commercial vehicles driven by this type of engine senate Cheb ocd tebe, cod eae ten co stitutes could be obtained for petrol, and the 
have definitely emerged from the experimental | cate the right to sell, simultaneously with the latter, | TPOrt by Mr. G. A. Cook, on the Possibilities of 
stage, and are likely to enter into serious competi- | Westfalian coal abroad, and also in Germany. Subse-| Power Alcohols and certain other Fuels in Aus- 
tion with either petrol or steam lorries for the quently, they also took up the sale of foreign coal. The/ tralia, which the Government of Australia has 
heavier classes of work. The second vehicle re- | of Westfalian coal by those firms who, by selling foreign | 


: Sendi : Flea flow é : a 
Coal Syndicate has now decided not to allow the sale | recently published on behalf of its Council for 
ferred to, also a 5-ton lorry, but equipped in this | coal, are competing with the syndicate, | Scientific and Industrial Research (Bulletin No. 33), 





Fic. 55. Tractor on Rovau GRounp. 


NorTuHING is more remarkable in present engineering 
practice than the increasing use of internal- 
combustion engines working with petrol. ~ Every- 
thing tends to show that this increase has by no 
means reached its limit, and that, on the contrary, 
it will proceed still more rapidly when the world 
settles down to earn a more prosperous living. For 
the time being the cost of petrol, at least in Europe 
and America, is reasonable. Its supply seems to be 
a conspicuous illustration of the fact that commo- 
dities, so far from growing dearer, may become 
cheaper under the reasonable administration of 
a few large producing groups. The interests, 
however, that depend on an adequate supply of 
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shows that the subject is being considered very 
carefully in that Dominion. 

There is, indeed, every reason why it should be. 
Even after allowing for so much of its area as 
could not be made habitable or useful by irrigation, 
the Continent of Australia is probably as large as 
all Europe, excluding Russia, while its population 
is considerably less than that of Greater London. 
Its natural resources are immense, and its need 
for means of communication and for mechanical 
help in working its agriculture must be far greater 
than those of a country of less extent and more 
adequately populated. The figures of its imports 
of petroleum spirit and motor vehicles during 
recent years show how practically this need is 
being realised. In the five or six years between 
1910 and 1915-16 the consumption of petroleum 
spirit increased nearly eightfold, and the latter 
figure was increased eightfold again in the imports 
of 1926-27, while the number of motor vehicles, 
excluding cycles, registered in Australia in 1915 
had increased roughly tenfold in 1926. At the 
present time, in fact, the entire population of 
Australia is paying about a pound a head per year 
for petroleum spirit, and has to buy it at about 
double the rate at which it is sold in this country. 
How anxious Australian opinion is in regard to the 
disadvantage and risk of the present situation 
may be inferred from the scale on which the 
Government is attempting to promote the discovery 
of supplies of petroleum. Apart from considerable 
prospecting work carried out by private enterprise 
with the object of striking oil, the Federal Govern- 
ment has already spent more than 300,000/. on 
boring in New Guinea, and for some time offered 
a reward of 50,000/. for the discovery of oil in 
commercial quantities in Australian territory. This 
offer has now been replaced by an authority to 
spend 60,0001. on subsidies for boring on a £ for £ 
basis in co-operation with State Governments and 
with private companies. These measures are the 
more striking because they have been taken as 
a consequence of an investigation by the Joint 
Parliamentary Committee on Public Accounts, in 
which the evidence of the. highest geological autho- 
rities in Australia had been unanimous in regarding 


- “not very favourably ” the prospects of finding flow 


oil in commercial quantities. 

The attitude which the Australian authorities 
seem to be taking up towards this question 
is to leave no stone unturned in undertaking 
or promoting all work reasonably within its 
resources which can be done better in the Dominion 
than elsewhere. At the same time it awaits the 
result of European and American researches and 
experience in respect to processes which can be 
studied as wellin Great Britain and the countries of 
those continents as in Australia, and involve larger 
expenditure than the Dominion can afford. It is 
recognised, for instance, that the whole class of 
synthetic processes of producing liquid fuel can 
be investigated to equal advantage in countries 
to which they are of even greater importance 
than they are to Australia, and in the work of 
such processes the Government is content to rely 
on arrangements whereby their Council of Scientific 
and Industrial Research will keep in close touch 
with such developments as may arise. Some of 
these processes are, of course, not of the same 
interest to Australia as they are to some other coun-. 
tries. No pro_ess of low-temperature carbonisation 
of coal, for example, could lead to a great industry 
in Australia, where the coke produced by the 
wholesale working of a successful process could 
find no sufficient market, as it might, for 
example, in this country, where the production of 
smokeless fuel is a matter of primary importance. 
The catalytic processes, on the other hand, of 
obtaining alcohol from carbon monoxide, and those 
that aim at obtaining other liquid fuels by the 
complete liquefaction of coal and similar materials, 
may be a final solution of the Australian liquid fuel 
problem; but it is being sought so actively in 
other parts of the world that the decision not to 
undertake independent and probably overlapping 
experiment can be readily understood. 

Processes, on the other hand, for obtaining alcohol 
by fermenting vegetable products rich in sugar 
or in starch, or by forming fermentable sugars from 
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cellulosic materials either after preliminary hydro- 
lysis or by direct bacterial action, can be carried 
out nowhere with the same advantage as in the 
localities where the material can be grown. The 
present report discusses in considerable detail a 
large number of these possible raw materials. 
The working of each of the sugar or starch fermen- 
tation processes has its own special problems, 
but as a whole they appear to lie less in technical 
difficulties of manufacture than in reconciling con- 
flicting economical circumstances. In a less 
vegetable connection it has been deplored how 
difficult it is to find the time and the place and the 
loved one all together. Such difficulties seem to 
form the chief obstacle to the production of Aus- 
tralian power alcohol. The climate of more than a 
third of Australia is tropical, and of nearly 2,000,000 
square miles is temperate. The height of its 
surface varies up to over 7,000 ft., but with its 
insular position and the absence of great mountains 
and lakes, it is less subject to extremes of weather 
than similar areas elsewhere, and possesses a great 
variety of climates as well as soils. There are, 
therefore, few vegetable products which cannot 
grow well in some part of the continent; but for 
such material to be suitable economically for making 
power alcohol it must be near the place where the 
alcohol is to be made, must contain at all times 
enough of the efficient material to keep the plant 
going continuously, and if it does not grow perenni- 
ally must be able to be stored without deterioration 
until the plant can use it. After providing, more- 
over, for the cost of manufacture and distribution 
the margin which is available for the cost of 
raw material, so as to produce alcohol in com- 
petition with petrol at even its present Austra- 
lian price, is at best very small. It was an 
attractive suggestion to try to use the prickly 
pear pest as a source of alcohol, but unfortunately 
that insinuating vegetable was found to contain 
too much water and too little sugar to be of 
economical use. The shilling or two per ton which 
in the most favourable circumstances is all it would 
be worth when delivered at the distillery would not 
be nearly enough to pay for its collection. Simi- 
larly, many other sources which would be possible 
technically are economically out of the question. 
The extent, for instance, to which cereals, such as 
maize, wheat, barley, and oats, would yield alcohol 
would permit the distiller to pay for them no more 
than a fifth of their present ruling prices. 

Of the waste products which might be turned to 
account by direct fermentation the best is molasses, 
of which 5 ewt. is produced for every ton of crude 
sugar. At present molasses is largely wasted or sold 
at a low price ; but at market prices Australia cannot 
export sugar without a heavy loss, and as her produc- 
tion is already much in excess of the home demand, 
the amount of molasses now available is not likely 
to increase. Even if all this amount were used for 
power alcohol, it would yield only some 5 per cent. of 
the existing Australian demand for motor fuels, 
and as a fact some half of it has to be reserved to 
meet the home demand for methylated and potable 
spirit, or rejected as a material for power alcohol 
as coming from mills too remote from the markets 
for that product to stand the cost of transport. 
In respect of its insufficiency to provide for any 
substantial part of the power alcohol which the 
country could consume, Australian molasses seems 
to reflect the situation of the world’s supply, 
which the Fuel Research Board estimated a few 
years ago as representing alcohol only to about the 
amount of the petrol used in the United Kingdom. 
There are processes dealing with cellulosic materials, 
such as sawdust, wood and sulphite wastes, which 
might provide a complete solution of the problem, 
enabling plants to be set up all over the country and 
expenses of transport and distribution to be saved. 
These, however, are not yet fully developed even 
in their technical aspect, and the report urges that 
Australian chemists and_ bacteriologists should 
co-operate in studying the subject. Meanwhile, it 
is fully recognised that the problem may have to 
be solved by using a variety of processes in the 
districts most favourable to them, and that this 
solution may involve a considerable number of 
relatively small plants, so as to relieve the output 








as much as possible from the expenses of transport 





and distribution. In the estimates given in the 
report these expenses, indeed, are reckoned at 9d. 


have to be sold in order to compete with petrol at 
2s. 6d. To such extent, therefore, as the product 
of favourably situated plants could be relieved of 
this burden the not too sanguine estimates of the 
report might show either a wider choice of raw 
materials, a better profit for the grower or the dis- 
tiller, or a lower price to the consumer; the last 
event being perhaps the most desirable alike for the 
industry and the community. 

It may be, as this report concludes, that direct 
fermentation seems to offer no prospect of answering 
the national fuel problem completely. The facts, 
however, which it collects exhibit some crops as 
more hopeful than others, and some among these 
do not yet appear to have been tried out sufficiently 
to justify a final opinion. German alcohol produc- 
tion, the untaxed and even subvented course of 
which has been a large factor of the growth of the 
German chemical industries, was built up on the 
fermentation of potatoes, and the value of some 
Australian tubers for the production of alcohol is 
stated to be from 60 per cent. to 95 per cent. greater 
than that of the potato. The nipa palm, again, 
from which sugar is extracted by tapping sap from 
the living tree, is a source of very cheap alcohol in 
various parts of the tropics, and is found in Papua 
and the Mandated Territories of New Guinea. 
It grows best in brackish swamps, land which is 
practically useless for other purposes, and con- 
venient for cheap water transport. A good deal 
more information seems to be needed before the 
prospects of cultivated palms could be estimated. 
but it is known that the yield of sugar without the 
need of crushing may be remarkably high. With 
some crops, moreover, the production of alcohol 
may be associated with other industries. Bagasse, 
for example, from sugar cane can be used for the 
manufacture of paper pulp or boards, the sorghums 
yield a bagasse with similar uses and seeds of some 
value, and the green leaves of hemp, now a waste 
product, contain considerable quantities of sugar, 
and the residues from its extraction might, it is 
thought, be used for producing potash, paper pulp, 
and glue. How far such prospects as these facts 
suggest will be verified by further experiment or in 
actual practice remains to be seen. If the use of 
power alcohol became general, it would doubtless 
involve some modifications of practice in the design 
of internal combustion engines, notably in the intro- 
duction of higher compression ratios, which could 
be made without difficulty. In one fundamental 
respect the change, if it proved to be practicable, 
would be a gain. It would introduce a source of 
supply which could be renewed every year, and 
husband the world’s resources of mineral fuel. 





Tue INDUSTRIAL WELFARE Socrety.—Welfare work, 
when scientifically adopted and universally accepted, 
will be beneficial to the nation and will do much to elimi- 
nate the friction which tends to create industrial strife. 
The above statement appears in a booklet, indicating the 
scope of welfare work, recently issued by the Industrial 
Welfare Society. This institution, which was founded in 
1918, is a voluntary association of firms; it exists for 
the purposes of assisting employers to inaugurate welfare 
schemes, to develop the technique of welfare work, and 
to supply information upon all phases of the movement. 
The constitution of the Society is set out in the booklet, 
and particulars regarding the services offered to the 
members, membership subscriptions, and a list of the 
brochures issued, are also included. Further particulars 
regarding the activities of the Society may be obtained 
from the secretary, 51, Palace-street, Westminster, Lon- 
don, 8.W.1. 





A Norte on Licutnrine Conpuctors.—An informative 
and racily written lecture on the subject of ‘‘ Lightning 
Conductors, Steeplejacks and their Work,” was delivered 
before the Nottingham Society of Engineers by Mr. G. A. 
Collier on January 24, 1927, and a copy has recently 
been sent us by Messrs. W. J. Furse and Company, 
Limited, of Nottingham. After indicating the nature 
of lightning in general terms, the author goes on to deal 
with lightning conductors, and offers some very practical 
hints on their installation and upkeep. It appears that, 
owing to lack of knowledge of first principles and careless- 
ness, many lightning conductors are quite useless, and give 
a false sense of security, which is to be deplored. This 
is brought out by Mr. Collier in a number of examples 
and illustrations. His remarks on the various phases of 
steeplejack work are interesting, and show that the skill 
and ingenuity necessary in dealing with such work as 
felling chimneys fairly entitles these men to be classed as 








engineers. 


per gallon out of the 2s. at which alcohol would, 
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THE CARDIFF ENGINEERING 
EXHIBITION. 


(Concluded from page 678.) 


WE now conclude our description of the Cardiff 
Engineering Exhibition, which closes to-morrow, 
with accounts of a further selection of interesting 
exhibits. Owing to demands on our space made 
by other exhibitions at this time, it is not possible 
to deal at great length with this show, which, from 
the attendarice and other features, appears to have 
been as successful on this occasion as formerly. 

Messrs. The Sullivan Machinery Company, 
Salisbury House, London Wall, E.C.2, show a new 
coal cutter, in the sense that the machine exhibited 
is a re-design of their previous machines with a 
view to shortening it and reducing the weight. 
It is known as the Sullivan shortened coal cutter 
and is of the 12-in. type, that is it is 1 ft. in height. 
Compared with the long machine of this height. the 
weight has been reduced by 672 lb., and the total 
overall length is now only 7 ft. 9 in., a considerable 
difference... The power has, however. not been 
altered and the motor develops 90 h.p. before 
stalling. Continuous rope or chain feed is provided 
for, it being possible to change over from one to the 
other in about half-an-hour’s work. The three-unit 
construction of the earlier machines is retained and 
ball and roller bearings are used throughout. 

The stand of Messrs. Anderson, Boyes and 
Company, Limited, Motherwell, shows two examples 
of coal-cutting machines. Primarily intended for 
longwall work, they can be used on shortwall and 
heading work. This is a useful asset when a machine 
is required for developing for longwall working and, 
at the same time, the installation of an Arcwall 
machine is not warranted by the amount of work 
to be done. The machines are a 17-in., electric 
chain type and a 14}-in. air-driven turbine chain 
type, the latter, of which is illustrated in Fig. 45. 
A characteristic feature of the Anderson Boyes 
machines is retained, that is, the building up in 
independent units of gearhead, motor, and haulage 
gear. A motor suitable for any power supply, 
compressed air, or alternating or direct electric 
current, can thus be fitted. The gearhead is a sub- 
stantial steel casting, and, in addition to carrying 
the jib with its cutting chain, contains the one-stage 
reduction gear from the motor to the chain. The 
cutting chain drive is fitted with a simple device 
to prevent the cutting chain gear from being acci- 
dentally engaged. 

The jib post is a solid steel forging, held rigidly 
in position in the jib bracket. The jib is fitted with 
renewable guide strips and provision is made for 
tensioning the chain by a screw. The different jib- 
components are riveted together. The cutting 
chain links and pick boxes are cut from solid steel 
forgings and case hardened. As regards the motor 
unit, the alternating-current machine has a squirrel- 
cage motor with heavily insulated windings which 
are impregnated with insulating varnish under pres- 
sure. The end rings are cast solid with the rotor 
bars. The switch is of the star-delta type, with 
efficient arc shields on the barrel. A reversing 
switch is also fitted. Particular attention has been 
paid to the design of all the electrical apparatus so 
as to make it specially reliable for the exacting 
conditions of coal cutter work. For direct-current, 
the motor fitted is a four-pole shunt machine with 
fixed brush position, and the windings are insulated 
in a similar manner to those described above. The 
controller is of the drum type. Spiral resistances 
are used and an efficient are shield and blow-out 
coil are incorporated. The compressed-air machine 
is fitted with a turbine motor enclosed in a cast- 
steel shell. The turbine is finished to very fine 
limits, and is claimed to be highly efficient and also 
durable and reliable. 

Both the machines exhibited are arranged for 
chain haulage, but rope haulage can be fitted if 
required. Speed reduction is carried out in the 
chain-haulage gear through a trainof gearing. Two 
speeds, cutting and flitting, are provided and a 
friction clutch is embodied in the train. The gearing 
runs in oil, but a pump is employed to ensure a 
continuous, feed to all bearings. In all electric 


machines, careful provision is made to prevent oil 
from leaking into the motor. 
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Fic. 45. Atr-Dratven Coat Cutter; Messrs. ANDERSON, BoyEs AND ComMPANyY, LIMITED. 
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Fia. 46. O1_-ImMERSED PILLAR SwitcH ; MEssRs. 
A. REYROLLE AND Company, LIMITED. 


Messrs. A. Reyrolle and Company, Limited, 
Hebburn-on-Tyne, show a new design of metal-clad, 
flame-proof, draw-out switch pillar, their K.1. type. 
which we illustrate by Fig. 46. This firm, as is well 
known, has always paid careful attention to safety, 
and carried out much early work on metal-clad switch- 
gear. They are continuing this policy by develop- 
ing a safe earthing device on metal-clad drawout 
pillar-type switchgear which does not necessitate 
the removal of the circuit breaker from the pillar. 


That the matter is important is evidenced by the | 


fact that H.M. Chief Inspector of Mines has, as 
recently as June of this year, drawn attention to the 

















Exectric MInrer’s Lamp; MEssRs,. 
OxLpHAM AND Son, LIMItreD. 


Fia. 47. 


| vidual unit, mining type. It has an oil-immersed 
| circuit-breaker fitted with three trip coils and, as 
will be seen from the figure, it is provided with an 
ammeter. In the figure, also, it will be noticed 
| that the switchgear is attached to the standards by 
| four distance pieces. These are provided to permit 
|of alteration in the total height of the pillar when 
| lack of headroom makes reduction necessary. The 
|distance pieces are removed, and the strap which 
| prevents the tank from being taken off when 
|the circuit-breaker is in the full on position is 
|lowered to the holes provided in the standards. 
|The other exhibits are generally of the firm’s more 
| established switchgear. 

| Among a selection of their miners’ lamps, Messrs. 
|Oldham and Son, Denton, Manchester, are show- 
|ing an entirely new six-volt lamp intended for 
use in such areas as gate ends. haulage junctions, 
&c., where a specially good light is necessary, the 
candle power ranging between 7 and 7-5. This lamp 


| is shown in Fig. 47. The case is an aluminium casting, 


screwed externally on its upper flange, and carries 


|three standard Oldham snap-on lid accumulators 


in series. To keep these in the correct relationship 


| with the contact block in the lamp cover, they are 


neglect of adequate earthing precautions in a special | 


circular (M.D. Circular No. 23). 
method involves the final closing of the earth-circuit 
under oil by means of a circuit breaker, so that 
should any mistake have been made on the line, 
the results will be only those which would have 
occurred if the circuit-breaker had closed on a 
fault. The new K.1 switch pillar is so designed that 
cable-earthing contacts can be mounted as required, 
by a modification of the apparatus used on other of 
the firm’s standard classes of switchgear. The pillar 
is of the 60-ampere, 3,300-volt, three-phase, indi- 


/on the case. 





Messrs. Reyrolle’s | 
'supporting lugs cast on the 


passed through a division plate with suitable locat- 
ing apertures. The division plate itself is held 
in place by a pin passing through one of the three 
vase. The lamp is 
switched off and on by partial rotation of the cover 
The cover is an aluminium casting, 
and is screwed on two internal diameters, the larger 
engaging with the lamp case, while the smaller 
receives the externally-screwed locking ring. 

The insulating block is of ebonite and has contact 
pieces of segmental shape fitted in two different 
diameters in its lower face. Metal connectors, in 
grooves on the upper face of the insulating disc, 
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Fies. 48 anp 49. Pnerumatic-ELectric LAMP; 
Messrs. THE M.L. Maaneto Synpicats, Limitep. 


join the contact pieces to each other and to the 
bulb fittings, so as to form’ a complete circuit 
without any loose parts. The locking ring is of 
brass. It has four slots cut in its lower face for 
rotating purposes, round the insulating disc. When 
the lamp is being assembled, the upper face of the 
locking ring presses against the under face of 
the carrier flange. The protecting glass, which 
may be either clear or frosted, is inserted between 
the lower face of the cover and the upper face of 
the carrier, with rubber washers in each joint. When 
the locking ring is in position, these washers are 
compressed and the joints rendered gas-tight. 
This lamp, complete with batteries, has successfully 
withstood the official 6 ft. drop-test, a somewhat 
severe trial, as it was, we believe, originally devised 
for light 2-volt lamps only. 

Messrs. John Davis and Son (Derby), Limited, 
All Saints Works, Derby, are exhibiting an interest- 
ing lamp, manufactured by Messrs. The M-L. 
Magneto Syndicate, Limited, Coventry, for which 
firm, as regards the lamp, they are the sole agents in 
Great Britain. The lamp, known as the M-L. 
pneumatic-electric lamp, is distinctive in that the 
lighting current is produced in the lamp casing by 
means of a generator driven by compressed air. 
It is claimed that fire risk has been entirely elimi- 
nated, with the result that the lamp may not only 
be used in fiery mines, but in other explosive atmos- 
pheres, while in those cases in which compressed air 
is used as a motive power, e.g., in tunnelling, 
effective lighting may be provided without the 
necessity for running electric cables to the working 
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face. In normal working, the generator is designed 
to supply a 60-watt, 50-volt lamp. With gas-filled 
bulbs of this capacity, the candle power is between 
90 and 100. Vacuum-type 75-watt bulbs may be 
used if a longer life is desired, as they would be 
somewhat under-run. This course may be adopted 
where the lamp is subjected to severe vibration. 
Details of construction may be followed from 
Figs. 48 and 49, on this page. The body is composed 
of two aluminium castings, one of which carries 
the protecting glass and cage, the lamp and hoider, 
the automatic cut-out, and the generator stator. 
The other carries the generator rotor, with its 
actuating turbine, the turbine nozzle, governor, and 
exhaust valve. The turbine and rotor may be 
removed without disturbing the cut-out or wiring. 
The air supply may be at any pressure between 40 lb. 
and 125 |b. per square inch, several different sizes of 
nozzles being required, of course, if the whole range 
is to be made use of. The air consumption, with a 
60-watt bulb, is about 10 cub. ft. of free air per 
minute for all pressures above 40 lb. per square 
inch. It will be seen that the interior of the lower 
half of the casing and the protecting glass is filled 
with air at the exhaust pressure, and a small hole 
communicating with the atmosphere ensures a 
constant stream of air passing through these parts, 
so preventing any accumulation of gas while 
retaining the pressure. The functioning of the 
automatic cut-out is determined by the excess 
pressure in the protecting glass. A flexible-walled 





Fig. 51. ” 


Fics. 50 to 52. Muiver’s Lamp FITTED WITH 
Lumax Guass; Messrs. Craa, Limitep. 


chamber, of somewhat similar construction to 
an aneroid barometer capsule, carries a couiact 
arranged so as to short circuit the generator. The 
interior of the chamber communicates with the 
atmosphere, and as long as pressure exists in the 
lamp, the chamber is collapsed and the contact held 
open. If the protecting glass is broken, however, 
the excess pressure immediately disappears and the 
resiliency of the chamber closes the contact and 
short circuits the generator. 

The governor is designed to act rather as a safety 
device than to regulate the speed. It consists of a 
pair of spring-controlled weights, fitted with friction 
surfaces which, on the speed of the turbine increasing 
from, say, a sudden rise of pressure, fly outwards and 
engage with the inner surface of a fixed brake drum, 
and slow down the speed sufficiently to prevent the 
over-running of the lamp. The body is provided with 
a swivelling yoke and hook for suspension from the 
roof, and, in addition, carries three feet, in such a 
position that the lamp may be stood upright when 
desired. The latest development makes use of both 
methods in a multi-point lighting unit. A standard 
generating lamp has the lower part of the body 
modified so as to carry a pair of connections for 
flexible hose. This hose is run to two lamps 
fitted with special bases, so as to stand upright, 
but containing nothing more than the lampholder 
and automatic cut-out. The supply cable from the 
generating lamp, of course effectively insulated, is 
carried inside the flexible hose. Should the hose 
become damaged, the lamps become inoperative. 
Both types of lamp have been passed by the Mines 
Department. 

Electric pit-lighting is well demonstrated in the 
exhibition. An interesting exhibit in this direction 
is to be found on the stand of Messrs. Ceag, 
Limited, Queen’s-road, Barnsley, where an attempt 
has been made to reproduce actual working con- 
ditions, as far as possible, by a structure enclosed in 
a dark room and faced with coal to represent two 
seams. The various types of lamps made by Messrs. 
Ceag are grouped in this room, and have their circuits 
so arranged that any lamp may be lighted at will 
from a control panel. This convenience, coupled 
with the facts that all external light is excluded, 
and the absorbing surface, coal, is that near which 
the lamps will normally work, makes a true com- 
parison of the illuminating capacity possible. The 
comparison affords an interesting study, as the low 
candle-power of the miner’s lamp generally makes it 
imperative that none of the light should be wasted, 
either in attempts to diffuse it by frosting and similar 
methods, or by the interposition of shadow-casting 





protector rods. The dark room enables the visitor 
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Fie. 55. 








Fig. 54. 


to see at once which types of lamp meet his require- 
ments most nearly. 


Two lamps in particular or rather, two lamp | 
fittings, illustrate what an advance has been made | 


in shadow elimination without 
loss in light efficiency. What is actually seen is 
shown in Figs. 50 and 51, page 709. 
Fig. 51 exhibits a standard lamp of the familiar 


any perceptible | 


Of these, | 


type with four protector rods and a plain wellglass. | 


[t should be noted that though the light is brilliant 
the rods cast very marked shadows which may well 
be troublesome. Fig. 50 shows the same lamp 
fitted with a Lumax well glass. In it, the shadows 
of the protector rods can scarcely be discerned 
on the floor, while on the vertical surfaces they have 
been eliminated, and the field of light is very even 
and diffused. Fig. 52 is an optical diagram showing 
how this effect has been obtained by the use of the 
new Lumax protector glass. The inside of the glass 
has prism-like flutings which refract certain of the 
rays of light in such a way that they pass behind 
the protector rod, a cross-section of which is seen in 
the diagram below the glass. 

The stand of Messrs. Austin Hopkinson, Delta 
Works, Audenshaw, contains apparatus much of 
which embodies their Pickrose engine. This is a 
compressed-air engine of the balanced three-cylinder 
type with piston valves, and having roller bearings 
throughout. It conforms closely in size, shape, 
horse-power and speed with its equivalent size of 
electric motor, and it is claimed that where a change 
in power transmission is required, no other altera- 
tion than the change of motor is necessary in 
such apparatus as haulage ears, either Pickrose 
engines or electric motors being fitted as desired. 
There are three standard sizes of the engines, 
developing 5, 15, and 35 b.h.p., respectively, at 
moderate speeds and with moderate air pressure. 
An example of the application of the engine to a 
portable belt conveyor, suitable for use on the coal 
face, is shown. The engine is contained in the 
driving roller, which makes the driving gear for the 
belt very compact ; in fact, the gearing as a whole 


is only a few inches wider than the belt. Only a 
very slight alteration is required to adapt the 
same gearing for an electric-motor drive. The belt 


conveyor shows a novel method of securing the guide- 








TRAILING-CABLE PLUG ; 
Messrs. Austin HOPKINSON. 


60-AMPERE O1L-IMMERSED CircuIT BREAKER; MEsSRS. 
Dramonp Coat CurreR Company, Limitep. 
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Fie. 56. CHartn-Typre Coat Curter; Messrs. DiamMonp Coat Currer Company, LIMITED. 


roller frames. 


Two wire ropes pass through curved | machine of the same type, having an undercut 


channels in these, holding them rigidly when the ropes | capacity not exceeding 3 ft. 6 in., is fitted with an 


are tightened and leaving them free when slack. 
Another application of the Pickrose engine, which 
we illustrate in Fig. 53 appears on the stand. This 
consists of two of the standard sizes driving haulage 
gears and mounted on steel screw-props. They are 
capable of giving a direct pull on the rope of }-ton 
and 1 ton, respectively, with an air pressure of 50 Ib. 
per square inch. As will be seen from the figure, 
the drums are of exceptional diameter and will 
accommodate a considerable quantity of rope. 
Automatic lubrication, on the air supply, serves the 
valves and pistons. The Pickrose engine is also 
shown, in the largest size, fitted to a lon wall coal- 
cutting machine with an undercut of 6 ft. A smaller 





18 h.p., three-phase motor. In connection with the 
electric side of the firm’s activities, two sizes of 
safety plugs for trailing cables are shown. We 
reproduce a photograph of one of these, discon- 
nected, in Fig. 54. No tools are needed for 
assembly or disconnection. The earth-contact 
spring, shown in the centre of the figure, is auto- 
matically kept bright by its corrugated form. The 
plug cannot make contact until the main sleeve 
has been screwed in to a depth of several threads, 
neither can it be inserted in a wrong position. 

A stand devoted wholly to mining engineering is 
that of Messrs. Diamond Coal-Cutter Company, 
Limited (Jeffrey Manufacturing Company), Stennard 
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Conveyor LoapER; Messrs. Diamonp CoaL Currer Company, LIMITED. 

















Fie. 58. SectronaL Conveyor; Msssrs. Diamonp Coat CuTterR Company, LimitTep. 


Works, Wakefield. This shows several Jeffrey pro- 
ducts, but, although the appliances so named came 
formerly from the United States, they are now 
being manufactured at Wakefield. 

The subject of Fig. 55 is a new 60-ampere oil- 
immersed circuit breaker. It has the firm’s overload 
device, and after the motor has run up to normal 
speed, the setting of the switch is automatically 
brought down to operate at about 150 per cent. of 
normal full-load current, which allows an over- 
load of 50 per cent. before tripping. The main 
contacts are of the laminated-brush type, of 
large section, giving an efficient wipe contact 
with negligible heating. The incoming and out- 
going ends of the switch are so arranged that 
different types of fittings can be used at either. 
The oil tank is of welded steel and is detachable 
from the main frame. Complete interlocking is 
provided, and the switch must be in the “ off” 
position before the cover, tank or plug can be 
removed. 

Fig. 56 shows the Diamond 15-in. Class D chain 
coal cutter, driven by compressed air. When set for 
cutting at the floor level, the height is 15in., the width 
is 2 ft. 3 in., and timber can be set within 2 ft. 6 in. 
of the face without interfering with the machine. 
The total length is 8 ft. 10 in., and the depth of 
undercut can be from 3 ft. 6 in. to 5 ft. 10 in. The 
chain is of the roller type, with retaining rings, 
and can be adjusted for tension whilst the jib 


is under the cut. The hose connections are arranged 
at either side of the cutting unit. The driving 
unit contains a Spiro compressed-air motor, develop- 
ing 30 h.p. at a pressure of 50 lb. per square inch 
with gear boxes at each end. Reversing gear, for 
both the cutter chain and haulage gear, is fitted at 
both ends. 

Rope haulage is provided. The slow haulage 
speed may be varied between the rates of 4} in. 
and 27 in. per minute as the machine is cutting. The 
control for this is seen near the lever for changing 
from haulage to flitting speed in the lower right- 
hand corner of the machine. The handwheel in 
the upper right-hand corner of the frame controls the 
air valve. The reversing motion control is interlocked 
with the air-control valve, and can only be operated 
when the latter is closed. The flitting speed is 20 ft. 
per minute, and the haulage-rope drum can _ be 
slackened off or tightened up at will. The reversed 
flitting speed may be used to lower the machine 
under its own power on an inclined face. 

Of the other appliances shown, one is a conveyor 
with several interesting features. It is known as the 
Jeffrey 44 B conveyor loader, and its application 
is well shown in Fig. 57, on this page. It can be 
used on a long face with an irregular contour, and 
with an uneven bottom. The conveyor can be 
placed between the props and the face, and a long- 
' wall or short-wall type coal cutter can be used. When 





| the coal has been shot down, the conveyor is pushed | 





into the coal by a simple ratchet gear. The essential 
feature of the conveyor is a number of hinged blades, 
or flights, attached to a chain. When conveying coal, 
these blades move along a plate forming the floor, 
which is the portion pushed into the coal fall. 
The coal is conveyed to the head, which is 
somewhat raised and contains the driving motor, 
and is thence discharged on to a belt or other type 
conveyor. 

In the figure, one of the flights has just pushed 
off its quota of coal, and is beginning to move 
round the head on its return journey. In doing 


| this, it comes into contact with a bar of spiral 


shape, which folds it into an approximately vertical 
position. Another flight is seen to the left of the 
figure. When the correct position has been reached, 
the returning flights enter the triangular section 
“corridor ” in the background of the figure. This 
is formed by portable covers, in sections 10 ft. 6 in. 
long, coupled together by universal joints, which 
enables the conveyor, as a whole, to be carried over 
irregularities. At the tail section, the flights are 
returned to the horizontal position. The total 
width is 28 in., and the height 17 in. 

The other conveyor is of more conventional type. 
It is shown in Fig. 58, and is of the sectional 
form. The body of the conveyor is made in 
standard sections 6 ft. long, each section consisting 
of two parts, a bottom tray, which contains the 
return chain, and the conveyor trough placed above 
it. The first is shown to the left of Fig. 58, and 
the second to the right. Lugs are riveted to 
the ends of both top and bottom parts, which 
are fastened together, as well as section to section, 
by the U-section clips shown. These, when slipped 
over two pairs of lugs, are held in place by the L- 
shaped pins near by. 

Messrs. The Mining Engineering Company, Limi- 
ted, Worcester, have on their stand perhaps the 
largest amount of new apparatus, there being at least 
four items which are just being introduced and are 
shown for the first time. Of these, however, we can 
only illustrate one, owing to limitations of space. 
This is the fan shown in Figs. 59 and 60, on page 
712, while its performance curves are given in Fig. 61. 
The fan blades are mounted on ball bearings, on a 
spindle carried on an outer circular casing, and are 
connected by a rim which, on the outside, carries a 
number of small blades of the impulse-turbine type. 
The casing is made with a concentric groove to house 
this rotor, and has nozzles tangent to it at opposite 
ends of a diameter. 

The motive power is compressed air, which, after 
acting on the rotor blades, passes through small 
holes discharging into the spaces between the fan 
blades. When rotated with two jets in operation, 
the delivery is increased over that obtained with 
one jet by 30 per cent. to 40 per cent. The fan 
is made in four sizes, the smallest being suitable for 
a pipe line 12 in. in diameter, the largest for one 
24 in. in diameter. With compressed air at 
60 Ib. pressure, the smallest fan will consume 
28-5 cub. ft. of free air, and deliver 3,500 cub. ft. 
of free air per minute at 2 in. water gauge. The 
corresponding figures for the largest size are 45 cub. 
ft. consumption, and 8,800 cub. ft. delivery. When 
delivering air along a pipe line of the fan diameter, 
and 300 yards long, the above deliveries are reduced 
to 800 cub. ft. and 6,500 cub. ft. per minute, respec- 
tively. 

If the old troublesome practice of line brattice is re- 
placed in mine workings by metal pipe lines, as it often 
is, apart from their weight there is the difficulty of 
repairing them when damaged by a fall or otherwise. 
Messrs. The Mining Engineering Company are now 
introducing a textile fabric pipe, known as the Du 
Pont Ventube. This is widely used on the Continent 
and in the United States, and consists of lengths of 
tube, from 25 to 100 ft., made of a waterproof, air- 
tight, canvas fabric. Where the longitudinal seam 
occurs it is finished with a ridge, which is perforated 
at intervals by metal eyelets for use in suspending 
the pipe. The lengths are coupled together by 
means of flat steel rings embedded in the fabric at 
each end. These are sprung one over the other and 
make quite a sound joint. If torn by a fall or other 
accident, it can be repaired by patching in a manner 
analagous to mending a tyre. 

The Meco twin-cylinder engine for compressed- 
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Fics. 59 to 61. Arrk-TurBINE Fan; Messrs. THE Mining ENGINEERING 


Company, LIMITED. 


air shaker conveyors, is also of new design. 
This is intended to remove the objection to placing 
the actuating cylinder beneath the troughs in such 
conveyors, this practice making them too deep for 
use in any but thick seams. In this engine, a pair of 
cylinders is cast together with a depression between 
them to accommodate the trough. The piston rods 
are coupled together by a crosshead, which carries 
a central rod, provided with an eye at each end, and 
passes through the cylinder casting. The power is, 
therefore, applied on the centre line of the troughing, 
and can be taken from either end of the engine, 
which, of course, can equally well be used for end- 
driving if required. The stroke may be varied from 
3 in. to 8 in., by half-inch adjustments. 

In a driving gear for electric shaker conveyors 
shown by this firm, the motor is contained in a 
square-shaped cast-steel casing, flame-proof and 
explosion-proof, and is geared to the crankshaft of 
the reciprocating motioa through a secondary shaft. 
The gear-box is totally enclosed and consists of a steel 
casting made in two halves, the joint being along the 
centre line so that the removal of one half exposes 
the whole of the working parts. The crank pin is cut 
with splines and carries an eccentric bush with con- 
verse grooves. By altering the position of the bush 
axially on the crank pin, the centre of the pin is 
virtually altered, with the result that the stroke 
may be varied from 2} in. t> 4} in. in five stages. 
This arrangement also has the effect of giving the 
trough a smaller acceleration at the beginning of 
the forward stroke, and a larger retardation at 
the end of the stroke, thus improving the motion 
of the coal in the trough. A short connecting rod 
transmits the crank-pin motion to a sliding cross- 
head enclosing a- buffer spring. The normal drive 
provides a 15-h.p. motor, which gives a conveying 
capacity of 35 tons per hour along the level for a 
distance of 100 yards. 

Messrs. The Lea Recorder Company, Limited, 28, 
Deansgate, Manchester, show, among other exhibits, 
an instrument, which is a replica of the Lea re- 
corder recently installed at the Swansea Corporation 
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Fics. 62 to 64. V-NorcH AND Werr RecorpER; Messrs. THE LEA RECORDER 
Company, LimiTrEepD 
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Fias. 65 To 67. DirrerRENTIAL Tyrer Frow Meter; Messrs. Grorar Kent, Limitep. 
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Waterworks. This is illustrated in Figs. 62 
to 64. It records the flow of water from the 
catchment area up toa depth of 8 ft. above the 
bottom of the V notch in the weir, and though its 
maximum capacity is 14,000,000 gallons per hour, 
quantities as small as 500 gallons per hour can be 
read from the chart. In order to illustrate more 
clearly how such results are achieved, we have 
selected a case in which the weir, though smaller, is 
of a more complex outline. This is situated on the 
Yorkshire moors, and records the flow from the 
catchment area of the Harrogate water works. 
Fig. 63 shows the weir sill. It consists of a 9-in. 
90-degrees V notch, with a 4-ft. weir above it, and 
a 7-ft. 6-in. weir above that. In Fig. 64, a chart 
showing the flow for several days is reproduced. 

It is clear that if the diagram is to record the flow 
over the small V notch, as well as that over the whole 
weir, it will, if the scale is made open enough for 
accuracy at the lower rates, be too large to be practi- 
cable, while a scale to suit the high readings would 
not be sufficiently finely subdivided for the low 
rates. An examination of the chart in Fig. 64 will 
show that there are three separate areas, in each of 
which the scale is different. It should be noted 
here that the scales given in the figure are those of 
the original chart, and not those of our reduced 
reproduction. The most open scale records the 
water flowing over the V notch only, that is, the dry- 
weather flow. The second division is for the 
normal flow passing over the 4-ft. weir and the 
notch. The third division, where the quantities 
are much greater and the scale closer, is for storm 
water, and records that flowing over the 7-ft. 6-in. 
weir as well as the other two. Account is taken of. 
the different scales in constructing the spiral 
drum which actuates the recording pen. This drum 
can be seen in the centre of Fig.62. It is carefully 
calibrated, and the spiral is set out so that the total 
quantity passed can easily be obtained by means of 
a planimeter. The chart revolves once in 7 days, 
so that a weekly visit only is necessary. 

In connection with measuring instruments, we 
have only space to comment on one or two of the 
most recent developments. Messrs. George Kent, 
Limited, Luton, show their new KM type of meter, 
which has been designed for use in the measurement 
of oil, compressed air, water, &c. We illustrate it by 
Figs. 65 to 67, above. It is, of course, intended 
to be used in connection with a Venturi tube or 
orifice fitting, the recording pen being actuated by a 
float in one of the differential mercury pots, as 
seen in Fig. 67. These pots are of steel tube, and 
have smooth and parallel bores. Air chambers are 
fitted to jthe top of the mercury chambers, so 
that the air may readily be got rid of. The meter 
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is protected from overload by the arrangement 
of the connecting pipe at the bottom. Both ends 
of this are fitted with a cast-iron valve, which, 
floating under normal conditions, is closed by any 
sudden increase of pressure in either pot. Fig. 65 
shows the chart on which the pressure can be 
recorded, as well as the rate of flow, if required. 

A neat arrangement of geared electric motor, 
known as the Langham power unit, is an interesting 
feature of the display of Messrs. The Langham 
Engineering Company, Slough. We select for 
description the installation shown in Fig. 68. 
Drawings of the gear are reproduced in Figs. 69 
and 70, which show the leading features of the 
unit itself. The motor proper is the firm’s industrial 
type medium-speed motor, wound either for alter- 
nating or direct current. It is fitted with a special 
cover incorporating a double-reduction gear box. 
This construction occupies about as much space as 
an ordinary electric motor with a belt pulley, 
and much less than a slow-speed motor, or a motor 
with a separate gear-box. The amount of reduction 
of course depends on the gear ratios, but the units 
are constructed to reduce in a range from 1:5 
to 1:20. Ball bearings are used throughout, except 
in the smallest sizes, and the gear is totally enclosed 
and runs in an oil bath, so that lubrication is 
automatic. Fig. 68 shows a double-reduction unit 
mounted on a common bedplate with a Zwicky 
high-duty pump. The unit is of 2-h.p., and is 
wound to operate on three-phase, 440 volts, 50 
cycle supply. 

Another interesting set is a small portable air- 
compressing plant mounted on a cast-iron trolley. 
This is capable of delivering 3 cub. ft. of air per 
minute at 150 lb. per square inch pressure, and is 
intended for such duties as tyre-pumping in garages. 
The power unit is a ?-h.p. single-reduction motor, 
running at 450 r.p.m., and wound to operate on 
single-phase, 240 volt, 50 cycle current. It is 
coupled to a four-cylinder swash-plate air com- 
pressor by a semi-flexible coupling. 

The stand of Messrs. Loveridge, Limited, Docks, 
Cardiff, contains three items of interest, due to 
Mr. 8. L. Wyndham. They are an exhaust-steam 
multi-flow heater, an exhaust-steam superheater, and 
a boiler circulator. The first two are designed to 
utilise a portion of the heat contained in the exhaust 
steam of ships’ auxiliary engines. Dealing with the 
superheater first, this is of the simplest construction, 
being merely a long box, of rectangular section, in 
which are expanded, across its long axis, a number 
of short tubes of the same diameter and pitch as 
the boiler tubes. The exhaust steam from the 
auxiliaries is passed into the box and over the 
outside of the tubes. The hot gases from one of 
the upper rows of tubes in the boiler pass through 
the short tubes of the superheater, which is situated 
in the smokebox an inch or so from the boiler 
tube ends. The exhaust steam, on leaving the 
superheater, may be employed in the evaporators, 
for heating cabins, and for other purposes. 

The exhaust-steam heater consists of a large steel 
tube with a cast-iron header at each end, the 
headers being also connected by a smaller return 
pipe external and parallel to the main body. The 
headers are provided with feed inlet and outlet 
branches. At the same end as the latter, both 
ends of the heating element are secured in a 
diaphragm. This consists of a tube doubled back- 
wards and forwards on itself. The feed inlet 
header has an internal lip, which somewhat 
resembles an injector cone, and, in fact, functions 
like one, as the feed water passing through it causes 
a suction of the colder water along the return pipe, 
so that circulation is set up over the hot steam 
pipes. 

The boiler circulator consists of a header having 
an internal cone through which the feed water is 
supplied, with a pipe leading to the bottom of the 
boiler. It is placed’just below the water level in 
the boiler and the incoming flow of the feed water 
induces an upward current of the colder water 
from. the lower parts of the boiler. 

In concluding this account it must be understood 
that the exhibition was not confined to those firms 
the products of which we have been able to describe 
in the space at our disposal. On the contrary, there 
were many other firms with displays of considerable 
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size and importance ; but as, speaking generally, 
these exhibits had previously been described in 
these columns or were otherwise well known, we 
have been compelled to confine ourselves to the 
newer productions. 








ENGINEERING TRAINING AND 
EDUCATION. 


Scholarships in Naval Architecture.-—The Council of 
the Institution of Naval Architects informs us that the 
Elgar Scholarship and the John Samuel White Scholar- 
ship in naval architecture will be offered for competition 
during 1928. These scholarships, which have annual 
values of 130/. and 100/., respectively, are tenable 
at Glasgow University (four years), Durham University, 
Armstrong College (three years), Liverpool University 
(three years), and the Royal Naval College, Greenwich 
(three years). They are open to British apprentices 
or students who have not yet entered upon a University 
course. Full particulars may be obtained from the 
Secretary of the Institution of Naval Architects, 5, 
Adelphi-terrace, London, W.C.2. 








INSTITUTION OF PRoDUCTION ENGINEERS—We regret 
that in our account of the annual dinner of the Institu- 
tion of Production Engineers which appeared on page 666 
of our issue of November 18, we stated that the president- 
elect was Sir Herbert Austin. This should have been 
Sir Alfred Herbert. 

Rovary CONVERTERS: ErratuM.—We regret that m 
our note under the heading Catalogues, on page 700, 
we unfortunately made a slip with regard to the list of 
the rotary converters made by the English Electric 
Company, Limited, Kingsway, W.C.2. Instead of 
stating that 329 machines had been made, this should 
have been given as the number of orders received by 
the company up to the end of 1926. The number of 
machines represented by this list of orders is 658. 
TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The South African Railways and Harbours are 
inviting tenders, to reach Johannesburg by January 19, 
for the supply and delivery of machinery and plant for 
the pre-cooling store, Point, Durban. 
tion is practically essential. (Ref. No. AX. 5580.) 
—The State Electricity Supply Works at Montevideo 
invite tenders for overhead sub-stations and switching 
towers for use with 3-phase A.C. supplies, at 33,000 volts 
and 6,000 volts, respectively, between phases, and at 
50 cycles. Tenders must reach Montevideo by January 21. 
(Ref. No. B.X. 4028.)—The Department of Overseas 
Trade has received from the British Legation at Bogota, a 
translation of the general conditions which will govern 
future public calls for tenders invited by the Commercial 
Section of the Ministry of Public Works of Colombia. 
A number of copies of these conditions have been made 
and are now available for distribution to interested 
firms in the United Kingdom upon application to the 
Department, quoting Ref. No. C.X. 2543. 








ConTRACcTs.—-Messrs. The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, N.1, have received the order for the supply and 
erection of the power signalling installation, in connec- 
tion with the remodelling of the Victoria and Exchange 
stations, Manchester, of the London Midland and Scottish 
Railway Company, Limited. The firm have also re- 
ceived an order from the Crown Agents for the Colonies 
for a large quantity of signalling materials to be used on 
the Federated Malay States Railways—NMessrs. Meldrums, 
Limited, Timperley, Manchester, have received orders 
for 22 refuse destructors, from the small circular type 
consuming 25 lb. per hour, up to the large steel-cased type 
burning some 13 ewt. per hour. One interesting instal- 
lation is the fitting of a wood-refuse stoker to a boiler at a 
brewery, situated next to a timber works.—Amongst re- 
cent orders of interest received by Messrs. Davey, Paxman 
and Company, Limited, of Colchester, are the following : 
two electric generating sets for the War Office, one for 
Chatham and the other for Jamaica; an engine for 
electric and plant use for the Thames Sand Dredging 
Company, Limited ; and a 466-535 brake horse-power 
engine for driving an alternator in Rosyth Dockyard, 
for the Alloa Ship-breaking Company, Limited.—Among 
the contracts recently awarded to Messrs. Ransomes and 
Rapier, Limited, Waterside Iron Works, Ipswich, are 
orders for five roller sluice gates for the India Office, 
three inlet sluice gates for the Perak River Hydro-Electric 
Power Company, Malaya, and four roller-type sluice 
gates for the Mewar Government, India. Orders for 
large steam breakdown cranes have been received from 
Messrs. Tata, Limited, India, and the Egyptian State 
Railways, and smaller mobile cranes are being supplied 
Pickfords, Limited. 


and Messrs, Ransomes- Rapier- 
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No. 4, forge, 63s. 6d. 


Continent. Nos. 1, 2, and 8 are 71s. ; 
at a premium of sixpence. 


ahead. 
that have ruled for some time past, on the basis of best 
rubio at 2ls., c.i.f. Tees. 

Blast-Furnace Coke.—There is little doing in Durham 
blast-furnace coke, local consumers being unwilling 
to buy on the unprofitable terms makers are prepared 
to accept. Good average qualities are 17s. 6d. delivered 
here. 

Manufactured Iron and Steel.—There are no new fea- 
tures of moment in finished iron and steel. Output 
is heavy, but new orders are scarce. Among the principal 
market quotations are: common iron bars, 10. 15s. ; 
best bars, 111. 5s. ; best best bars, 117. 15s. ; iron rivets, 
11. 15s. ; packing (parallel), 87. ; packing (tapered), 11/. ; 
steel billets (soft), 71. 2s. 6d.; steel billets (medium), 
71. 12s. 6d.; steel billets (hard), 8/. 2s. 6d. ; steel ship 
plates, 81. 2s. 6d. ; steel angles, 7l. 12s. 6d. ; steel joists, 
7l. 128, 6d. ; heavy steel rails, 87. 10s. 

Manufactured-Iron Workers’ Wages.—Under sliding 
scale arrangements, by which wages are regulated accord- 
ing to the average net selling price, wages of manu- 
factured-iron workers in the North Eastern district are 
reduced as from Monday last by 24 per cent. This fol- 
lows on a similar reduction in September when the pre- 
vious adjustment was made. 


NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

The Coal Trade.—Shipments of coal as cargo foreign 
from South Wales in the past week were raised by 
53,000 tons to 449,990 tons, notwithstanding delays to 
expected shipping by inclement weather conditions. 
Exports to the Argentine were raised from 45,850 tons 
to 62,600 tons, to Brazil from 35,050 tons to 49,100 tons, 
to France from 79,540 tons to 93,170 tons, and to Italy 
from 40,120 tons to 67,110 tons, but reduced to Egypt 
from 41,150 tons to 32,050 tons, to Portugal from 
15,350 tons to 13,650 tons, and to Spain from 29,070 tons 
to 22,860 tons. Each of the ports shared in the improved 
volume of trade. At Cardiff, clearances were raised from 
259,890 tons to 283,640 tons, at Newport, from 52,980 
tons to 61,900 tons, at Swansea, from 42,430 tons to 
52,170 tons, at Port Talbot, from 38,330 tons to 47,730 
tons, and at Llanelly, from 2,600 tons to 4,550 tons. 
A meeting of representatives of colliery companies was 
held yesterday in connection with the formation of the 
new South Wales Coal Marketing Association, when the 
scheme for stabilising prices at an economic level by the 
grouping of collieries and grading of coal, which is to 
be sold at minimum prices, was fully explained. After 
a free discussion, a resolution was passed in support 
of the action which is being taken. Exporters, however, 
still express the opinion that prices will, after all, be 
determined by the law of supply and demand, and that 
if values for Welsh coal are fixed too high then the busi- 
ness will go elsewhere. In the meantime the general 
position of the market is unsatisfactory. Despite 
reduced outputs caused by numerous pit stoppages, 
production still much exceeds the limited requirements 
of buyers, and prices are erratic on the basis of 19s. 
to 19s. 6d. for best Admiralty large, and round 12s. 6d. 
for best bunker smalls. The price of patent fuel, owing 
to the high cost of pitch, is 3s. 6d. to 4s. per ton above 
that of the best large coal. The result is that the demand 
for patent fuel is extremely limited, and that works are 
manufacturing only intermittently. The position is so 
bad that the Star Patent Fuel Works, employing about 
150 men, has decided to close down permanently. The 
company is, however, erecting a new works at the Roath 
Basin, Cardiff Docks, and has promised employment to 
as many men as possible when erection is commenced ; 
this is expected in the new year. 
Tron and Steel.—Exports of iron and steel in the past 








to the Air Ministry, the Burma Oil Company, Limited, | week totalled 26,531 tons, compared with 19,863 tons in 


the preceding six days. Shipments of tinplates and 


Marion excavators have been ordered by the Société] terneplates were increased from 6,306 tons to 10,703 
Internationale Forestiére et Miniére, Belgian Congo, and | tons, blackplates and sheets from 2,341 tons to 2,749 
by M. Chas. de Jonghe, Belgium. A number of electric | tons, galvanised sheets from 2,712 tons to 2,849 tons, 
traversers and capstans are also being supplied to the |-and other iron and steel goods from 8,485 tons to 10,230 











India Office and to the Bengal-Nagpur Railway. tons. 


The Cleveland Iron Trade.—The action of ironmasters 
in their attempt to eliminate the middle man, so far as 
business in Cleveland pig with Scotland is concerned, 
was not altogether unexpected. For many years 
merchants have carried on a large trade with customers 
beyond the Tweed, but, of late, sales to that quarter 
have dwindled to small proportions owing to the compa- 
rative cheapness of Continental iron delivered into Scot- 
land. Makers of Cleveland pig announce that, in future, 
they will put all business with Scotland through a central 
selling agency which they have established at Glasgow. 
There seems, however, little likelihood of recapturing the 
Scotch trade unless Cleveland pig prices are reduced by 
several shillings per ton. By removing the half-crown 
premium that has been charged to home buyers of Cleve- 
land pig, a flat rate has been re-established for that 
commodity, quotations now being identical for home and 
export trade. The result has been considerable expansion 
in home sales chiefly to local users. No. 1 quality is 
67s. 6d. ; No. 3, g.m.b., 65s. ; No. 4, foundry, 64s. ; and 


Hematite.—Values of East coast hematite iron are 
distinctly easy. Supply is plentiful, and producers are 
keen sellers. Sales include moderate parcels for the 
and No. 1 quality 


Foreign Ore.—Sales of odd cargoes of foreign ore are 
reported, but there appears to be no movement in the 
direction of negotiating for contracts for delivery 











Sellers, however, adhere firmly to quotations 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—The state of the Scottish steel 
trade has varied little over the week. The current 
demand is fair, but there is a want of life; in no case 
do consumers exhibit any great desire to book forward, 
and all orders now being placed are for actual require- 
ments only. A number of the works are securing 
quite a good output, but the day-to-day existence is 
not very satisfactory. The tonnage in ship plates is 
rather better of late, and sectional material also shows 
signs of expanding. The black sheet makers still com- 
plain of the poor outlet for the heavier gauges, and 
the demand for the lighter gauges is also of smaller 
dimensions. Prices show no change and are as follow : 
Boiler plates, 107. 10s, per ton; ship plates, 8/. 2s. 6d. 
per ton; sections, 7]. 12s. 6d. per ton; and _ sheets, 
Lin., 81. 15s. to 81. 17s. 6d. per ton, all delivered Glasgow 
stations, 

Malleable-Iron Trade.—No improvement of any kind 
can be reported in the West of Scotland malleable-iron 
trade. The demand all round is very poor and the 
prospects are not encouraging. The only feature of 
note this week is that makers have reduced their prices 
by 10s. per ton, and ‘‘ Crown” bars are now called 
101. 5s. per ton for home delivery. This may give some 
stimulus to buying, and makers can only hope for the 
best. The steel re-rolling branches continue very quiet. 

Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are not any better this week, and there 
is no visible sign of the demand improving. Consumers 
continue to buy very sparingly and the current output 
is much larger than the demand, and stocks are in- 
creasing steadily. The state of the industry at the 
present time is rather serious, as not only is the demand 
poor, but the prices obtainable are unremunerative. 
The market quotations are as follow :—-Hematite, 76s. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 77s. 6d. per ton; and No. 3, 72s. 6d. per ton, 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour, for the week 
ending Saturday last, November 26, amounted to 650 
tons. Of that total 608 tons went overseas, and 42 
tons coastwise. For the corresponding week of last 
year the figures were 40 tons foreign and 4 tons coast- 
wise, making 44 tons in all. 

Scottish Shipbuilding.—The shipbuilding returns for 
the past month are extremely satisfactory, and tend to 
show that the industry is in a more healthy state at 
the moment than is often thought. They also prove a 
record of good work on the part of those employed in 
the yards. The following are the figures for the past 
month :— 





Vessels. Tons. 

The Clyde ... 0 .. wesw 26 74,119 
The Forth ... ace fea wee 5 7,779 
The Tay .«.. ie Pe ae 1 1,340 
The Dee and Moray Firth nee 1,890 
Total a ese sae ae 85,128 


The Clyde output is the largest for any month this 
year, and brings the total for the year, to date, up to 
200 vessels, of 407,098 tons. These figures cannot be put 
against those for last year on account of the disastrous 
coal strike, but they compare very favourably with 
other years. Again, although they are some 220,000 
tons Jess than for the same period of 1913—the record 
year—they are very satisfactory when the state of general 
trade is borne in mind. The Clyde figures for November 
are interesting inasmuch as they put up a new record 
for the last month but one of any year. The previous 
best was in the record-breaking year 1913, when the 
November output was only 8 tons short of 69,000 tons. 
The new contracts fixed during the past month were 
fair in number, and in tonnage, but not equal to the 
output. However, generally speaking, steady employ- 
ment at the yards is assured for the next few months. 


Australian Tariffs —The desire of the Australian 
Government to help its own iron and steel manu- 
facturers, and to encourage the establishment of other 
branches of the industry, will cause home producers 
to suffer to some extent. The matter has been much 
discussed in the West of Scotland during the past few 
days, and representations have been miade to the proper 
quarter in the hope that some modifications may be 
made in the general scheme. The latter consists of 
important changes in the tariffs on imports, under which 
iron and steel materials will be charged much higher 
than at present. Bar iron, hoops, steel rails, structural 
steel material, &c., are amongst the items of much 
interest in this area, as regular shipments of these have 
been general for many years past. 





i THe InstiTuTION oF MECHANICAL ENGINEERS: 
Erratum.—We regret that in our report of the discussion 
of the paper on modern Portland cement plant, on page 
672 of our last week’s issue, we gave the name of the 
last speaker as Mr. F. E. Smidt. This is incorrect, 
and the reference should read Mr. F. E. Schmitt. 





Cuapwick Pusiic Lecrure.—The next Chadwick 
public lecture will be delivered by Colonel P. S. Lelean, 
C.B., C.M.G., F.R.C.S., in the Barnes Hall, Royal 
Society of Medicine, 1, Wimpole-street, London, W.1, 
on December 5 next. The subject of the lecture will be 

The Mind and Health,” and admission is free. Full 
particulars regarding the Chadwick lectures may be 
obtained from the Secretary, offices of the Chadwick 
aa 204, Abbey House, Victoria-street, London, 
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NOTICES OF MEETINGS. 





THE INsTITUTION OF MECHANICAL ENGINEERS.— 
To-night at 6 p.m., at Storey’s-gate, St. James’s-park, 
S8.W.1. Extra General Meeting. Cutting ToolsResearch 
Committee. Report on Cutting Temperatures : ‘ Their 
Effect on Tools and on Materials Subjected to Work,” 
by Mr. E. G. Herbert. Monday, December 5, at 6.30 p.m. 
Graduates’ Section. ‘“‘The Efficiency of Hot-Blast 
Stoves,” by Mr. J. B. Fortune. Friday, December 9, at 
7p.m. Informal Meeting. ‘Economics in Engineering.” 
Introduced by Major 8. J. Thompson. 

THE JuNIorR INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Informal 
Meeting. Questions and Discussions. Friday, December 
9, at 7.30 p.m. Ordinary Meeting. ‘* Management 
Graphics,” by Mr. T. G. Rose. 

THe Institute or British FOUNDRYMEN: LAN- 
CASHIRE Brancu.—Saturday, December 3, at 4 p.m., 
at the College of Technology, Manchester. Lecture : 
‘Foundry Practice in the United States of America,” 
by Mr. E. Longden. 

THE Royat Instrrution.—Monday, December 5, at 
5 p.m., at Albemarle-street, W.1. General Meeting. 
Tuesday, December 6, at 5.15 p.m. ‘‘ A Year’s Work in 
X-Ray Crystal Analysis ” (Lecture III), by Sir William 
Bragg. Thursday, December 8, at 5.15 p.m. ‘‘ Petroleum 
Natural Gases and Their Derivatives.’’ (Lecture I), 
by Mr. J. Kowley. Saturday, December 10, at 3 p.m. 
“Recent Developments in Astrophysics ’’ (Lecture I), 
by Mr. F. J. M. Stratton. 

Tue Institute oF TRANSPORT.——-Monday, December 5, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. ‘‘ Some 
Aspects of Shipping Transport,’’ by Mr. L. C. Harris. 

THE Society orf ENGINEERS.——Monday, December 5, 
at 6 p.m., at the Geological Society, Burlington House, 
Piceadilly, W.1. ‘‘The Preservation of the Purity of 
River Water with Regard to Pisciculture,” by Dr. W. 
Rushton. 

THE INstITUTION OF MECHANICAL ENGINEERS ; MID- 
LAND Brancu.—Monday, December 5, at 6.30 p.m., at 
the Queen’s Hotel, Birmingham. “‘ Concrete,” by 
Mr. H. W. Coultas. 

THE INSTITUTION OF THE RUBBER INDUStTRY.—Monday, 
December 5, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W.1. ‘‘ Efficiency Methods in the Rubber 
Industry,” by Mr. W. W. Hamill. 

THE Roya Socrery or Arts..-Monday, December 5, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘* Alloy Steels, Their Manufacture, Properties 
and Uses ” (Lecture IV), by Professor H. C. H. Carpenter. 
Wednesday, December 7, at 8 p.m., “The Damage to 
Cargo Due to ‘ Ship’s Sweat ’,” by Mr. 8. J. Duly. 

THE INSTITUTE oF TRANSPORT : WESTERN LocaL 
Section.—Tuesday, December 6, at 5.30 p.m., at the 
University, Bristol. ‘“‘The Working by a Railway 
Department of a Non-Railway-Owned Dock,” by 
Mr. G. T. Ryan. 

Tue InstiruTeE oF Marine ENGINEERS.—Tuesday, 
December 6, at 6.30 p.m., at 85/88, The Minories, Tower- 
hill, E.1. Lecture: ‘‘ The Story of the Ship,” by Sir 
Westcott S. Abell. 

THE ASSOCIATION OF SUPERVISING ELECTRICAL ENGI- 
NEERS.—Tuesday, December 6, at 7.15 p.m., at the 
Junior Institution of Engineers, 39, Victoria-street, 
S.W.1. Lecture: ‘“‘ Industrial Switchgear,” by Mr. T. J. 
Barfield. 

Tree SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, December 6, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘“‘ The Determination of Molten Metal Tem- 
peratures,” by Mr. R. S. Whipple. 

THE InstiITuTE oF MetTats : Nortu-East Coast 
Locat Srction.—Tuesday, December 6, at 7.30 p.m., 
at the Armstrong College, Newcastle-on-Tyne. “ Hot 
Extrusion Process,” by Mr. J. E. Newson. 

THE INstTITUTION OF AUTOMOBILE ENGINEERS.— 
Tuesday, December 6, at 7.45 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘Control in 
Carburation,”’ by Mr. W. A. Whatmough. 

THE NEWCOMEN Socrety.—Wednesday, December 7, 
at 5.30 p.m., at the Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s-park, S.W.1. Presidential 
Address: ‘‘ Making and Rolling Iron,” by Mr. J. W. 
Hall. 

Tue INstTITUTION oF CiviL ENGINEERS.—Wednesday, 
December 7, at 6 p.m., at Great George-street, S.W.1. 
Informal Meeting. Subject for discussion: “The 
Effect of Pumping Operations on Underground Waters,” 
by Dr. H. Lapworth. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : WIRE- 
LESS SECTION.—Wednesday, December 7, at 6 p.m., 
at Savoy-place, Victoria-embankment, W.C.2. ‘‘ The 
Attenuation of Wireless Waves over Land,”’ by Mr. R. H. 
Barfield. 

THE INSTITUTE OF METALS : SWANSEA LOCAL SECTION. 
—Wednesday, December 7, at 7 p.m., at the Thomas 
Café, High-street, Swansea. ‘“‘ Extrusion,” by Mr. R. 
Genders. 

THE InstTiITuTION oF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, December 7, at 7 p.m., at 
Caxton Hall, Broadway, Westminster, S.W.1. “The 
Comparative Values of Air Treatment as Applied to 
Ventilation,” by Mr. W. H. Dupen. 

THE INSTITUTION OF MECHANICAL ENGINEERS : NORTH 
WESTERN BraNncu.—Wednesday, December 7, at 
7.30 p.m., at 9, The Temple, Dale-street, Liverpool. 
Joint Meeting with the Liverpool Engineering Society. 








«* Modern Portland Cement Plant,” by Mr. H. Gutteridge. 


Tue Royat AERONAUTICAL Socrety.—Thursday, 
December 8, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Fog,” by Captain F. 
Entwistle. 

THE InstriruTE oF Metats: Lonpon Loca SECTION. 
—Thursday, December 8, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. Joint Meeting with the Institute of British 
Foundrymen. “Strip Casting,” by Mr. W. A. C. 
Newman. 

THE OpticaLt Socirety.—Thursday, December 8, at 
7.30 p.m. at the Imperial College of Science, South 
Kensington, S.W.7. “The Design of Reflecting 
Prisms,” by Capt. T. Y. Baker. Demonstration of 
Piezo-Electric Effects,’ by Messrs. Adam Hilger, 
Limited. 

THe Institute or British FOUNDRYMEN:  BiIR- 
MINGHAM, COVENTRY, AND West MIDLANDS BRANCH.— 
Thursday, December 8, at 7.30 p.m., at the Engineers’ 
Club, Waterloo-street, Birmingham. “Structure of 
Cast Iron,” by Professor D. Hanson. 

THe Institution or Water ENGINEERS.—Friday, 
December 9, at 10.30 a.m., at the Geological Society, 
Burlington House, Piccadilly, W.1. Annual General 
Meeting. ‘* Rainfall and Flow-off, River Garry, Inver- 
ness-shire,”” by Captain W. N. McClean. ‘“‘ Underground 
Water Supplies and the Need for Investigation of the 
Sources Thereof,” by Mr. S. R. Raffety. ‘ Failure of 
Slow Sand Filtration in Madras City,” by Mr. J. W. 
Madeley. At7.30p.m. Informal Dinner at the Charing 
Cross Hotel, Strand, W.C.2. 

THe Nortu-East Coast Institution OF ENGINEERS 
AND SHIPBUILDERS.——Friday, December 9, at 7.15 p.m., 
at Bolbec Hall, Newcastle-upon-Tyne. Informal Meet- 
ing. Subject for discussion: ‘The Relation between 
the Drawing Office and the Shipyard and Engine Works,” 
introduced by Mr. C. Waldie Cairns. 


THE InstrruTIonN oF ENGINEERING INSPECTION.— 
Friday, December 9, at 7.30 p.m., at the Caxton Hall, 
Broadway, Westminster, S.W.1. ‘‘ Low-Temperature 
Distillation of Coal,” by Mr. F. R. Wade and Mr. C. H. 
Parker. 

Tue Instirure or Merats: SHEFFIELD LOCAL 
Srection.—Friday, December 9, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘‘ Stresses in 
Non-Ferrous Castings,” by Professor C. H. Desch. 


Tue KEIGHLEY ASSOCIATION OF ENGINEERS.——Friday, 
December 9, at 7.30 p.m., at the Temperance Institute, 
Keighley. Lecture: ‘‘ National Importance of the 
Low-Temperature Carbonisation of Coal,” by Mr, H. P. 
Hird. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The market for raw and semi-finished 
materials reflects the dull conditions which obtain in the 
manufacture of basic iron and steel. Purchases of virtu- 
ally all classes of iron- and steel-making requisites are 
of a hand-to-mouth character. Deliveries are mostly 
confined to such tonnages as are required to cover imme- 
diate orders. Forward business is being held over until 
the New Year trend of prices is certain. The principal 
quotations are :—Siemens acid-steel billets, 10/.; hard 
basic-steel billets, 8/. 2s. 6d. to 71. 12s. 6d.; soft basic-steel 
billets, 67. 10s.; Derbyshire and Lincolnshire foundry 
iron 65s. ; forge iron, 61s. 6d., and crown iron bars, 11. 
The difficulty of conducting business profitably at the 
big basic-steel plants is attracting widespread attention. 
Even among manufacturers who do not definitely favour 
safeguard proposals there is a growing feeling that the 
position calls for close inquiry. The heavy steel industry 
is booking a fair share of the limited amount of foreign 
trade in circulation, but makers declare it is impossible 
to ignore the significance of the tremendous quantities 
of foreign steel that are being imported into this country. 
In Sheffield at least, there is grave concern, the future 
prosperity of many of the finished branches being wrapped 
up with that of basic-steel manufacture. Engineering lines 
are making moderate progress. In several types of 
heavy machinery, contracts have been obtained by local 
works in face of severe competition from the Continent. 
Railway steel manufacture, taken as a whole, is quiet. 
The weight of contracts recently booked is insufficient - 
to employ regularly plants that have been considerably 
extended. Hope is expressed that early in the New Year 
more orders will be released by home railway companies. 
Electrical apparatus and automobile steel are progressive 
features. There is a growing demand for aircraft steel. 


South Yorkshire Coal Trade.—Reductions in house 
coal quotations are unusual at this time of the year. 
Normally, collieries are busy supplying winter needs. 
Owing to the continued slackness of the market, and the 
existence of heavy stocks at pits that are working short 
time, however, it has been deemed advisable to authorise 
a reduction in official quotations, varying from 1s. per ton 
in the case of screened coal to ls. 6d. per ton in that of 
best qualities. Industrial fuel is a moderate market. 
Inland requirements are considerable, but these are 
mostly covered by contract deliveries, and where it is 
necessary to augment stocks, spot lots are available at 
attractive prices. Business in smalls continues unsatis- 
factory with values weak. A better inquiry is reported 
on export account for gas coke Quotations: Best 
branch handpicked, 28s. to 30s. 6d.; Derbyshire best 
bright house, 2ls. 6d, to 22s. 6d.; best house coal, 
21s. to 21s. 6d.; screened house coal, 188. to 19s. ; 
screened house nuts, ]63. to 17s. 6d,; Yorkshire hards, 
14s. 6d. to 16s. 6d.; Derbyshire hards, 15s. to 17s, ; 
rough slacks, 88. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s. ; 





smalls, 3s. to 4s. 6d. 
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CHASSIS FOR 20SEATER COACH BODY AT OLYMPIA. 


MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, ENGINEERS, WESTMINSTER. 


CONSTRUCTED BY 
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Fic, 37. GENERAL VIEW OF CHASSIS. 
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Fic. 39. Gear Box AND INTERMEDIATE SHAFT. 
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Fic. 40. CrutcaH Hovsine with Cover REMOVED. 














Fie. 41. ARRANGEMENT OF REAR SUSPENSION. 
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CHASSIS FOR FULL-FRONTED SALOON-TYPE BODY AT OLYMPIA. 
CONSTRUCTED BY MESSRS. WALKER BROS. (WIGAN), LIMITED, ENGINEERS, WIGAN. 


(For Description, see Page 703.) 
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Fic. 44. Rear AxLE BRAKES AND SPRINGING. 














Fic. 43.. View sHOWING TRANSMISSION SYSTEM, Fru. 45. Sus-FraMe UNIT WITHDRAWN. 
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EXHIBITS AT THE PUBLIC WORKS, ROADS AND TRANSPORT 
EXHIBITION. 


(For Description, see Page 725.) 






































Fia. 37. Fig. 38. 
Fies, 36 To 38, Roap GrapEeR; Messrs, J, aND F, Howarp, LIMITED, 
































Fic. 39, Sanitary Dust Cart; Messrs. SHELVOKE AND DREwRY LIMITED. Fia 40. Roap Tamper; Messrs. THomas ROBERTS 
AND COMPANY. 
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EXHIBITS AT THE PUBLIC WORKS, ROADS 
EXHIBITION. 


(For Description, see Page 725.) 
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Fias. 41 anp 42. Parsons Trencu Excavator; Messrs. JoHN ALLEN AND Son (OxFoRD), LIMITED. 
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Fies. 43 anp 44. Tue Jacta Dryer AND Mixer; Messrs. Goopwin, BARsBy AND ComPANY, LIMITED. 
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COMBINATION AND COMPULSION. 


“Man,” said J. J. Rousseau, in the book, which 
is often said to have launched the French Revolu- 
tion, “« was born free, and is now everywhere in 
chains.” But this upheaval, whatever its intentions 
may have been, did not, any more than those which 
have followed it, bring freedom in its train, nor do 
much in the political or any other sphere, to relieve 
mankind of the heavy weight of mundane existence. 
It is perhaps well that at this point we should define 
our terms. Freedom, according to the dictionary, 
is a state of exemption from the power and control 
of another. If we accept these indefinite phrases 
at their face value, it is evident that human 
beings have never been, are not, nor ever will be 
free, for, as has been well said, we are all members 
one with another and cannot therefore perform any 
action, which does not have its reaction on some 
one else. Nor can any action be performed, which 
does not in its turn affect us in some way, however 
remote. It is not too much to postulate, therefore, 
supposing individual freedom were possible, and 
assuming human nature to be what it is, that its 
effects would be unpleasant, if not disastrous, for the 
human race. So much in fact can be proved from 
history. Napoleon by his great intellect and super- 
abundant energy freed himself from many of the 
shackles that bind lesser men. Yet he died an exile, 
and in the course of his life brought untold suffer- 
ings on his fellows. His legacies to posterity are 
few: a name and a system of laws. Similar ex- 
amples could be multiplied, and it would not be 
hard to show that freedom, in common with slavery, 
is an equally undesirable state of existence. Yet 
mankind still clings to the idea that freedom is 
something for which it is worth while to strive and 
even claims its possession when the facts clearly 
point the contrary. 

If we turn to what past events in engineering and 
industry have to tell us on this subject we find these 
views confirmed. Seventy or eighty years ago there 
was probably more freedom than there is ever likely 
to be again among those who control our industries. 





Every engineer promulgated his own designs, 
and every manufacturer was a law unto himself 
within his own factory. For a time things went 
very well. Much progress was made, and a great 
deal of wealth was created. But this license, 
which is still another name for freedom, brought 
other results that were less desirable. The Factory 
Acts therefore imposed certain restrictions, which 
limited the free play of the owner, and economic 
forces brought about standards of design, which 
circumscribed the overflowing ingenuity of the 
engineer. Both these changes were necessary, and 
the results that have followed have been highly 
beneficial. But they cannot by the widest stretch 
of terminology be said to have produced greater 
freedom. 

The same may be said of individualism in com- 
merce. Untrammelled competition has its advan- 
tages in a free market, but when business becomes 
hard to get and is unprofitable when obtained, 


an instinct of self-preservation warns competitors 


to abandon freedom for co-operation, lest worse ills 
befall. An exaggerated individualism has, therefore, 
given place to combination of one kind or another ; 
and it is significant that, while the first trusts were 
formed from a desire for increased power and to 
stamp out competition, later movements of this 
kind have been as much due to external economic 
pressure and the realisation that great forces can 
only be fought by sharp weapons and adequate 
equipment. Trusts and combinations in industry 
are not therefore to be rashly deplored, rather they 
are to be encouraged ; for, though undoubtedly they 
limit individual freedom, they do none the less 
certainly form a strong bulwark against slavery. 

It is pertinent to insist that this is equally true in 
another way. Every engineer to-day pays at 
least a lip service to the necessity for research, as a 
means of increasing our commercial prosperity. 
But research means a financial outlay, and, as Sir 
Alfred Mond has pointed out, if it is to achieve its 
purpose, that outlay must be on a large scale. The 
results obtainable from 100 pieces of apparatus 
are, as he truly said, more than fifty times as 
valuable as those obtained from two, and are 
obtained more quickly. But only a large organisa- 
tion can afford the necessary expenditure and, what is 
more important, it is only under the protection 
of such a body that research workers can carry 
out their investigations unharassed by the fear of 
being asked to produce results or lose their em- 
ployment. Results, given the right men, adequate 
equipment and freedom of action, will come in 
time, but how and when are as uncertain as the 
wind. Trustification, we have recently been told, 
is the remedy for the ills in the coal industry, 
but trustification in ideas on how the product 
of that industry may best be won, treated and 
utilised is certainly an equal, if not a more crying, 
need. 

For that reason we welcomed the formation of the 
Institute of Fuel, which was established a short time 
ago to promote the general advancement of the 
various branches of fuel technology. We welcomed 
it the more because it enlists under one banner 
engineers, chemists and other scientific workers who, 
though interested in fuel problems. are mainly con- 
cerned with some other branch of human activities, 
whether it be scientific or technological. Their 
intercourse cannot but lead to a valuable exchange 
of ideas and their discussion from fresh view-points. 
As will be seen from the account of the first annual 
meeting, which appears in the last and the present 
issues of ENGINEERING, the new body has made a 
good start. That being so, we may be allowed to 
offer a friendly word of warning, both to its council 
and to its members. The programme was over- 
crowded. To deal adequately with 12 papers in 
four sessions is impossible; and those called upon 
to speak in the discussions more than once objected 
because they could not make their points in the 
time allowed. Again, though the membership is 
wide, the audience was specialist. Electrical engi- 
neers attended the electrical papers, and chemists 
the chemical papers, in satisfactory numbers. But 
we saw few chemists at the electrical papers, and 
the reverse was equally true. This is not the way to 
get. the best out of the facilities that the Institute 
undoubtedly affords. 








718 


ENGINEERING. 











The last paragraph may appear to be paren- 
thetical to our main subject, but further examination 
will show that it is highly germane. For, to para- 
phrase Sir Alfred Mond, while individual research is 
useful, combined research is much more useful, 
and the results that are likely to spring from the 
co-operative efforts of those who, from whatever 
standpoint, take fuel as a whole for their subject 
are sure to be much more far-reaching than those 
that are brought abewt by the work of any one 
section. 

In philosophising on the subject of freedom we 
indicated that the replacement of individualism by 
co-operation had not been brought about without 
the aid of external forces. It would, in fact, be 
true to say that individualism has never given 
ground without a struggle. Rather has it fought 
every step of the way, even when that fight was 
against its own best interests. This, after all, is only 
human nature. For, as has been well said, the 
people of this world move about in an armour of 
egotism, and in dread of all appeals that may inter- 
rupt their long communion with their own desires. 
It is abundantly clear, therefore, that no movement 
of the kind we have sketched, and which the Institute 
of Fuel has been founded to propagate, can come 
about without compulsion. It follows that things 
being as they are, still more of our highly vaunted 
freedom of action must be foregone. 

It is significant that this is now generally recog- 
nised. No one, of course, objects to the compulsion 
of some one else. The rub comes when compulsion 
is applied to oneself. In spite of this, however, a 
Central Electricity Board has recently been set up 
with wide and autocratic powers, and it seems not 
unlikely that the activities of the house-builder will, 
not before it is necessary, also be made to conform with 
some ordered large scale plan. There is a talk of 
compelling rubber manufacturers to subscribe to 
research. The same policy was advocated in more 
than one of the papers that were read before the In- 
stitute of Fuel. In his account of the ** British Coking 
Industry,” for instance, Mr. Robert Ray stressed 
the need for a closer relationship between the 
coking, gas, and iron and steel industries, so that 
the efficiency of all three might be increased. That 
such closer working is desirable was generally agreed, 
but we dare prophesy that, were it even more 
desirable than it is, it will not be brought about by 
voluntary effort. 

The same is true of certain aspects of the coal 
industry. There is a well-conceived demand that 
more attention be paid to such matters as washing, 
blending and the utilisation of poor quality coals, 
which are now treated as waste. The plant neces- 
sary for performing the operations under the first 
two headings cannot, for economic reasons, be 
installed by individual collieries, and it is, indeed, 
often an essential of their use that the outputs of 
several pits, and even of different districts, should 
be centralised. That in its turn predicates com- 
pulsion. It is, therefore, evident that individualism 
must go by the board, and in its place must be 
substituted some policy, which is based on the 
greatest good of the greatest number. We hasten 
to add that by compulsion we do not necessarily 
mean that force, which is applied through Acts of 
Parliament. In some relatively minor directions 
legislation may be necessary. But the greater force, 
which will bring about a widespread movement 
along this path, will be the resultant of enlightened 
self-interest and economic pressure. It is to be 
hoped it will be applied without delay. 








THE COMPRESSED-AIR EXPLOSION 
AT DEPTFORD. 

A report by Messrs. R. U. Shaxby and L. C. 
MeNair, of the Home Office Factory Inspectorate, on 
a compressed air explosion, which occurred on Janu- 
ary 7, last, at a shaft, which was being sunk by 
the Foundation Company, Limited, at the Deptford 
Power Station of the London Power Company, 
Limited, has been published by H.M. Stationery 
Office [price 5s. net]. The explosion resulted in the 


death of five men and the injury of two others. 

It appears from the report that two vertical shafts, 
each 20 ft. in diameter, were being sunk to a depth 
of 55 ft. as a preliminary to driving tunnels under 





the river for the supply of circulating water to a 
new generating station. These shafts were being 
sunk in the usual way and cast-iron lining, con- 
sisting of rings 3 ft. in length and made up of 
12 segments, was being put in place by under- 
pinning. The segments were curved to circular 
form, each one being about 5 ft. long by 3 ft. deep. 
They were made of iron of a nominal thickness of 
1 in. and were provided with 6-in. flanges, 1} in. 
thick at each of the four edges. In each vertical 
flange there were four 1}-in. cored holes and six 
similar holes in each of the horizontal flanges. The 
outer faces of the flanges were machined, and the 
segments were bolted together by 1-in. steel bolts. 
Each succeeding ring broke joint with the one above 
it. A 1}-in. tapped hole was provided in the centre 
of each segment. so that grout could be pumped in 
to fill the space between the lining and the excava- 
tion. 

As sinking proceeded, water was encountered 
about 20 ft. below ground level. It therefore 
became necessary to close the top of the shaft with 
a steel deck and to use compressed air. On the 
day the accident occurred, the excavation had 
reached a total depth of 51 ft. and the air pressure 
was about 13 lb. per square inch. The steel deck 
was situated between the third and fourth rings of 
the lining and was made up of four girders, about 
2 ft. deep, two of which had been specially strength- 
ened. The plating was 2 in. thick, and was attached 
to the lining rings by an eight-part flat steel annulus, 
2 in. thick by 94 in. wide, which had previously been 
inserted at the joint between the third and fourth 
rings of the lining. Each ring of the lining was 
secured to the ring above it by 72 1-in. bolts, and 
the deck was attached to the annulus by about 
twice as many }-in. bolts. Access to the interior 
of the shaft was given by two air locks, one of 
which was used for material and the other by the 
men. 

When the accident occurred, the steel deck was 
blown into the air for several feet and fell back, 
closing the mouth of the shaft. At the same time, 
the wooden deck near the top of the shaft collapsed 
and fell with masses of earth and grout into the 
pit, injuring the men below and causing them to be 
entrapped by the inrush of water. Two witnesses 
heard a rush of escaping air, but did not see any 
flash or smell anything unusual. 

Examining the possible causes of the accident 
the inspectors state that it was not at first apparent 
from the wreckage what had forced a weight of 
at least 33 tons to rise suddenly many feet into 
Electricity had been used for lighting 


the air. 
only. Smoking, though not forbidden, was dis- 
couraged. The atmosphere was fresh, and no 


petrol, paraffin or calcium carbide was present, 
though there was some lubricating oil. No bubbling 
up of gas from the sand had been observed. It 
was found that a rupture had occurred immediately 
under the upper horizontal flanges of the fourth 
ring of the lining. Each of the twelve segments 
of this ring had broken almost in a horizontal 
line, the total area fractured being about 900 
sq. in. The net upward thrust imposing tension 
was calculated to be of the order of 200 tons, 
and had this been pure tension, uniformly applied 
to the circular shell, the load would only have 
been about 0-25 ton per square inch. The strength 
of the design did not at first arouse suspicion, 
and attention was, in fact, primarily directed to 
such possible causes as the ignition of lubricating 
oil and gases, and the explosion of overlooked enemy 
bombs. The evidence bearing on these possible causes 
is fully discussed in report, and the conclusion is 
finally reached that the accident could not be 
ascribed to them, especially as the gauges indicated 
that the pressure in the shaft did not rise above 
13 lb. per square inch. Attention was, therefore, 
focussed on the possibility of a mechanical fail- 
ure of the cast-iron. Close investigation of the 
forces acting in a vertical direction upon the web 
of the lining rings, immediately above and below 
the steel deck, showed that certain parts of the 
material were subjected to stresses which it was 
not safe to put on cast-iron in tension. The 
conclusion was, therefore, reached that this mass 
of cast-iron broke because it was not strong enough 
to withstand the stress. 








This result was due to faulty design. For when 
the attachment of the steel deck to the special 
steel annulus was examined it was found that the 
upward thrust was imparted to the flanges of the 
lining primarily through the ring of ?-in. bolts, 
and thence through the annulus and the ring of 
l-in. bolts, which held the horizontal flanges of 
the third and fourth rings together. The bending 
effect was, therefore, considerable, and imposed 
a much greater tensile stress on parts of the material 
of the webs than 0-25 ton per square inch. This 
view was confirmed by some tests made by 
Messrs. Burstall and Monkhouse. It was also 
found at the National Physical Laboratory that 
blow holes existed in the faulty casting at the 
junction of the flange and the web, that the metal 
was too coarse in structure for satisfactory strength, 
and that its tensile: value was not up to the 
B.E.S.A. specification. The main reason for the 
failure was, however, the weakness of the design, 
and the inspector’s opinion on this point is con- 
firmed both by Professor E. G. Coker and Dr. Louis 
Brown, whose reports are published as appendices. 

In conclusion, Messrs. Shaxby and McNair make 
some recommendations for the avoidance of the 
accumulation of explosive gases, and of the risk of 
ignition, and also state that it would be better to 
use steel instead of cast-iron for the first few rings 
at the head of a shaft of this character. Where 
cast-iron is employed they consider that precautions 
should be taken during casting to minimise internal 
stresses and the formation of blow holes, and that 
where points of special stress occur that stress should 
be so distributed that it is mainly borne by the 
vertical flanges. 


THE INSTITUTE OF FUEL. 
(Concluded from page 688.) 


THE second paper taken at the meeting on 
Wednesday afternoon, November 23, was by Mr. 
P. H. N. Ulander, and was entitled ‘‘ Pre-Heated 
Air for Boiler Furnaces.” Dr. R. Lessing occupied 
the chair. One of the most interesting developments 
in the generation of steam during the last decade, 
the author said, had been the increase in the use of 
air pre-heaters for assisting combustion and for re- 
ducing flue-gas losses. This development had been 
specially marked in the boiler houses of power 
stations. The reason for the slow adoption on 
land of an appliance which had long been used at 
sea, was the fear of the effect of the increased 
temperature on the furnace linings, as, unlike 
marine boilers, the boilers used were not water 
lined. Progress in turbine and boiler design had, 
however, altered the position, the change being large- 
ly the result of economic considerations, as shown 
in the tendency towards the use of larger boilers 
and higher steam pressures and temperatures. 
Higher steam pressures meant increased flue-gas 
temperatures, with consequently larger potential 
heat losses, while the increase in the use of bled 
steam for feed heating also made the task of the 
economiser more onerous. If no other device 
existed for recovering the heat in the flue gases, 
the advantages of higher boiler ratings and bleeding 
would be largely lost, owing to the increased size, 
weight and cost. In cases where the load factor 
and cost of fuel warranted it, the addition of an 
air heater was desirable—and frequently essential— 
a fact which would, in future, become more apparent 
as boiler ratings and the use of bled steam increased. 
It might be suggested that an increasing number of 
air pre-heaters would be installed in connection 
with smaller economisers. It might also be assumed 
that, with high exit temperatures of the flue gases 
and a collateral rise in feed temperatures, the 
installation of an air pre-heater of high thermal 
efficiency would be essential. The air pre-heater 
was also finding an increasing use as an aid in the 
combustion of low-grade fuels. Air pre-heaters 
were of two distinct types, the regenerative and 
the recuperative. If due care were taken in the 
design of the furnaces, arches and stokers, ex- 
perience showed that no trouble need be expected 
with comparatively high air temperatures. 

In opening the discussion on this paper, the 
Chairman said that, so far, there was very little 
information regarding the local effect of pre-heating 
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on the fuel, a matter which was very closely bound 
up with the ignitability of the latter. This phenome- 
non was much affected by the presence of ash, so 
that cleaner coal would assist towards the solution 
of the problem. 

Mr. John Bruce informed the meeting that he was 
responsible for the operation of a large steam-raising 
plant, viz., that at Barking, where high-temperature 
pre-heaters were used, instead of economisers. It 
consisted of 16 water-tube boilers, equipped with 
an air heater of 17,000 sq. ft. surface, and mechanical 
stokers with a grate area of 300 sq. ft. During three 
years, about 330.000 tons of different classes of 
coal, both British and foreign, had been consumed. 
Little or no trouble had been experienced with air 
temperatures below 400 deg. F., except in main- 
taining a squarely burning fire-bed, due to the higher 
air velocities. Efficient combustion conditions, 
too, fell between narrower limits, and were harder 
to maintain when coal of different qualities had to 
be handled. Above 400 deg., it was found that, 
when the conditions were such as to give efficient 
combustion, the grate temperature rose to over 
500 deg. F. Tests with a number of different coals 
showed a minimum critical grate temperature of 
about 400 deg. F., measured at the front of the 
grate. At the critical temperature, a very rapid 
change occurred in the firebed. Starting in the 
ignition region, cauliflower-shaped lumps of coal 
were quickly formed. These had a dull red appear- 
ance, except at their edges, where intense combustion 
was apparent. As the fire-bed split up, the CO, in 
the flue gas fell from about 14 per cent. to about 
6 per cent., and the boiler output to less than 25 
per cent. 

After considerable investigation it was found 
that continuous operation could be maintained by 
using a high suction pressure in the combustion 
chamber and thus cooling the grate by the infiltra- 
tion of cold air. The excess air required for this 
purpose was from 120 per cent. to 150 per cent., 
the overall efficiency being very low. Efficient 
combustion was possible, even with air at 500 deg. F., 
by cooling the grate with water sprays. This was 
not a satisfactory arrangement, and to utilise a 
high air temperature, while keeping the grate below 
the critical temperature, some of the combustion 
air must be supplied cold and under pressure. 
Side-wall wear, slagging and clinkering were greater 
than with cold air. Slagging and clinkering had 
been much reduced by the introduction of water 
boxes and slicing links. The costs of stoker and 
furnace operation had been reasonable, brickwork 
maintenance being 9-65d. and stoker maintenance 
from 2-74d. to 2-4d. per ton consumed. 

Mr. W. M. Selvey remarked that the use of pre- 
heated air necessitated a consideration of the plant 
as a whole. The rating of a furnace was not limited 
to a certain number of British thermal units per 
cubic foot of combustion chamber per hour, as 
stated by the author, but had gradually risen from 
5 lb. to 7 or 8 lb. per square foot of grate. Stage 
heating was being adopted, partly because of the 
excessive temperatures, which the _ refractories 
could not stand, and partly because of the use of air 
heaters. Hot air could not be applied with the 
design of arch shown in the paper, if British bitu- 
minous coal was used. 

Mr. F. H. Rosencrants pointed out the danger 
of emphasising one factor in a process and neglecting 
others. There was no object in speeding up the 
chemical action, so that this occurred more quickly 
than the coal and air could be brought together. 


On Wednesday evening, the annual dinner was | 


held at the Great Central Hotel. Sir Alfred Mond 
presided and a large company was present. 

The chair at the meeting on Thursday morning 
was taken by Mr. Frank Hodges, who, in the course 
of some introductory remarks, said that German 
metallurgical coke was successfully competing 
with Durham coke in Middlesbrough, both as 
regards price and quality. The coal, coking and 
iron and steel industries were so closely interlinked 
that ever-increasing attention should be paid to 
scientific reconstruction. 

Mr. Robert Ray then presented a paper on “ The 
British Coking Industry and some of its Products,”’ 
in which he pointed out that since the introduction 
of the by-product oven, just over _20 years ago, 
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there had been a never-ceasing battle against the 
prejudices both of the coke producer and the blast- 
furnace manager. Nevertheless, the oven had been 
adopted in ever-increasing numbers, partly owing 
to the profits that were derivable from the sale of 
by-products and partly because it provided an 
outlet for the great quantities of slack produced. 


beehive coke, and could be obtained from an 
inferior class of coal. Until 1914, the general policy 
had been to erect coke ovens near collieries, so as 
to absorb the slack from a particular pit. This 
resulted in a large number of small installations, 
without serious consideration as to what constituted 
an economic unit. The problem of size was a most 
important factor in the present and future develop- 
ment of the industry. In America and on the 
Continent, the tendency, since the war, had been to 
increase the size of the installations, the new ovens 
being of the regenerative type and designed on the 
lines of maximum throughput per unit, equal and 
rapid heating of the charge, and the adoption of 
every appliance to ensure scientific and automatic 
control, and to increase the speed and reduce the 
cost of the operation. The result was that we 
were behind our competitors, and if the coking 
industry was to be revived, the situation must be 
tackled courageously. 

The economic coking unit was one which could 
carbonise a minimum of 1,000 tons of slack a day. 
Few collieries could supply such a unit with the 
necessary amount of slack alone, and the best 
policy was therefore for several concerns to 
combine, so that the total slack available would 
warrant the erection of a central coking works. 
A combination of this kind would reduce both 
capital and running costs, for a modern 1,000-ton 
battery could be operated at a cost very slightly 
greater than that of an old 300-ton installation, 
the cost of production per ton being much less in 
the former case. The trouble was that we were 
trying to meet present-day conditions with plant 
that was out of date. Modern batteries could make 
profits at the present prices. 

There were several other ways in which further 
economies could be obtained. One of these was 
grading, but this could only be carried out efficiently 
if a good coke was produced from the right type of 
oven for the class of coal which was being carbonised. 
Physical Strength was necessary for good grading, 
and to obtain this an exhaustive study of the 
slack to be used must be made before any coking 
installation was erected. More attention must be 
paid to blending, so as to obtain the best coke. 
This would be facilitated by the erection of modern 
central coking works. The cleaning of coal was 
another important matter. Finally, no coke pro- 
ducer could contemplate the erection of a modern 
coking plant of an economic capacity until he had 
obtained a market for the bulk of the gas, either 
in producer plants or for the generation of elec- 
tricity. 

At this point, Mr. John Terrance took the chair. 

Discussing Mr. Ray’s paper, Sir Arthur Duckham 
said that the great advantage of foreign coke was 
its even quality. Gas from coke ovens was often 
the cheapest form of gas to use in industrial areas. 

Mr. John Roberts thought that the paper was a 
serious indictment of the coke industry, but it was 
fully justified. Visitors to existing French and 
Belgian plants might well wish that their property 
had been destroyed by the enemy. The installation 
of new pattern ovens would mean a reduction in 
labour costs, and he could not understand the 
reluctance to make the change. By suitable 
blending, the same fuel could be produced now by 
low-temperature methods. 

Dr. Smith said that domestic coke was of great 





importance, and could be produced in high tem- 
perature narrow ovens. Everyone must be per- 
suaded that the cleaning and drying of the coal 
was necessary, and to agree on educational and 
combined selling schemes. Organisation in this 
matter was as important as technique. 

Mr. R. A. Mott said that, in Germany, the propor- 
tion of slack was often as high as 60 per cent. This 
determined the scale on which the furnaces were 
built. Blending was more used, owing to the 
presence of large quantities of low quality coking 


By-product coke had proved to be as satisfactory as. 
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coals, which could often be added without reducing 
the strength of the coke. 

The next paper taken was on “ Vertical Inter- 
mittent Chamber Ovens for Gas Manufacture,” by 
Mr. N. J. Bowater, in which paper the recent develop- 
ments that had been made on the Continent in 
the vertical intermittent chamber oven process of 
carbonisation were described. To adopt such a 
process might, at first sight, seem a retrograde step. 
but in Germany, owing to the presence of a central 
selling organisation in the coal industry, it was 
difficult to ensure getting a particular fuel, and 
intermittent vertical-chamber ovens had therefore 
been preferred, owing to their ability to carbonise 
satisfactorily a much wider range of coal, both in 
quality and grade. 

The advantages of the vertical intermittent 
chamber oven included gravity charging, a quiescent 
state of the coal during carbonisation, a wide 
choice of coals, a high gaseous therm production 
per ton of coal without the employment of water- 
gas plant. a low ground space per ton carbonised and 
per therm of gas yielded, the possibility of varying 
the carbonising period according to the gas require- 
ments, low labour and maintenance costs, and wide 
variation in individual capacity to suit the different 
operating conditions. 

The modern intermittent-chamber oven was so 
constructed that the coal rested in the form of a 
tapered slab on end, and from 12 ft. to 16 ft. high, 
its other dimensions depending on its capacity and 
its thickness upon the time of carbonisation required. 
A chamber with a capacity of 2-5 tons per charge 
would be approximately 11 in. wide, 9 ft. 6 in. long, 
and 15 ft. high. A number of these would be grouped 
in a common setting with the necessary heating 
flues, and with its own recuperator for pre-heating 
the air or the air and producer gas. A number of 
these settings were then grouped to form a battery 
along which ran the common mains for foul gas, 
heating gas and steam. Charging was effected 
by a coal bus, which held sufficient coal and coke 
breeze for charging the chamber. Heating was by 
means of self-contained producers, which gasified the 
coke as produced, or by independent producers. 
The latter method showed financial advantages in 
installations of over 50 tons. The uniformity of 
heating by means of clean producer gas was very 
marked, as compared with heating by means of self- 
contained producers. The heat required was 
about 25 therms per ton and depended on the calorific 
value of the distillation gas. The results obtained 
were superior to those from other types of carbonisa- 
tion plant, the commercial efficiency being 86-15 per 
cent, compared with 85-6 per cent. with con- 
tinuous vertical retorts. 

Discussing the paper, Mr. John Roberts expressed 
the opinion that the author had overstated his case 
in many ways. On the other hand, Mr. Vokewitch., 
who had had a great deal of experience of this plant 
at the Moscow gas works, said that it worked well, 
that the repairs were a minimum and the regulation 
good. 

Mr. V. H. Legg said he had been struck by the 
extraordinary cleanness of the plant. Separate gas 
producers had many advantages over self-contained 
equipment, but a drawback was that the sensible 
heat in the gas was lost by cooling, instead of being 
used for the generation of steam. 

A paper on “The Chemical Study of Processes 
Involving the Carbonisation of Coal by Internal 
Heating,” was presented by Professor M. W. Travers, 
F.R.S. The object of this paper was to suggest 
that the whole question of the comparative value of 
thermal and chemical balance sheets in carbonisa- 
tion processes should be gone into by the Council, 
as some very important data now used required 
re-determination. This proposal was agreed to. 

At the concluding meeting, on Thursday after- 
noon, the chair was taken by Major F. A. Freeth, 
F.R.S., and a paper on “ Conversion of Coal into 
Oil by the Bergius Process” was presented by Messrs. 
J. I. Graham and D. G. Skinner. It was pointed 
out that, by this process, the liquid fuel needs of 
this country could be met by the treatment of about 
15 million tons of raw coal per annum. The process 
consisted of subjecting coal to heat in a hydrogen 
atmosphere at a high pressure. The best results 





were obtained with temperatures between 400 and 
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450 deg. C., and a pressure of over 100 atmospheres. 
Oil produced by previous hydrogenation was used 
as a distribution medium. Tests had been under- 
taken in the Mining Research Laboratory of the 
University of Birmingham since 1922, with the object 
of ascertaining what type of coal, and which of its 
constituents, underwent hydrogenation most readily. 
These tests were still proceeding, and should yield 
useful information. The solid residue left after 
hydrogenation amounted to 20 per cent. of the 
original coal, and was hard to utilise commercially. 
The petrol yield was about 25 gallons per ton, but 
the value of the product would depend on the 
prevailing prices. A prime necessity for commer- 
cial success was cheap hydrogen. 

The discussion on this paper was opened by 
Dr. C. H. Lander, who, after recounting the history 
of the negotiations of the British syndicate with 
Dr. Bergius, and the part played by the Govern- 
ment, said that the authors’ work suffered from 
being conducted on such a small scale. In a large 
bomb, the correct final temperature and pressure was 
used all the time. In a small bomb, both had to 
be increased gradually, and then fell gradually 
owing to the absorption of hydrogen. Practically 
all coals were amenable to the action of hydrogen. 
For instance, hard metallurgical coke could be 
made from anthracite, though it would cost 200/. per 
ton. A plant for making oil from coal by the 
Bergius process, if erected to-day, would give a 
product which could be sold at a cost not more than 
that of petrol during the last two years of the war. 

Dr. M. R. Ormandy said that 92 per cent. to 
93 per cent. of the coal substance could be converted 
into a material that was soluble in benzol. The 
co-relationship of the temperature and pressure 
was most important. 

Mr. H. G. Shatwell said that berginisation was 
affected by numerous factors. The spirit yield 
increased at a temperature over 420 deg. 

A paper on “ Liquid Fuels other than Petroleum ” 
was then read by Messrs. A. E. Dunstan and H. G. 
Shatwell. The intensive searches for indigenous 
liquid fuels in coal-bearing countries, which had 
been in progress for some years, it was remarked, were 
influenced only to a small degree by economic con- 
siderations, and had their source mainly in political 
movements. Low-temperature carbonisation of coal 
gave primary tar as a by-product, containing about 
33 per cent. of tar-acids. The chief value of the 
latter lay in the possibility of converting them into 
benzol hydro-carbons. The oils remaining after 
the removal of the pitch and phenols, resembled 
‘“‘eracked”’ petroleum. It had been found that both 
primary straight-run spirit and that produced by 
cracking the tars, had anti-knock properties equiva- 
lent to those of benzol. After reference to the Bergius’ 
process, the liquefaction of coal into water-gas was 
mentioned. Ifthe latter was passed at high pressure 
at a temperature of about 420 deg. C. over certain 
catalysts, synthetic methanol could be produced. 
Synthol could be obtained by a similar method. 
Synthetic petroleum had been obtained by passing 
purified water-gas over iron, nickel, or cobalt at 
atmospheric pressure and at a temperature of from 
150 deg. to 270 deg. C. 

Finally, a paper on “A Critical Study of the 
Experimental Investigations on the Heat of Forma- 
tion of Liquid Water and of Carbon Dioxide * was 
presented by Professor M. W. Travers, F.R.S. 





PHYSICS IN THE FOOD INDUSTRY. 


THE thirteenth of the Institute of Physics’ series 
of lectures on Physics in Industry was delivered by 
Sir William Hardy, F.R.S., Divector of Food Inves- 
tigation in the Department of Scientific and Indus- 
trial Research, on November 14 last, at the Institu- 
tion of Electrical Engineers. Like several of his 
predecessors, Sir William took a somewhat unex- 
pected line in dealing with his subject, viz., Physics 
in the Food Industry. Sir William did not allude 
to the waste, which is greater and more deplorable, 
perhaps, in the food industry than in any other 
field, or to collection and transport. He dealt with 
some aspects of the engineering and biological sides 
of his subject, but with the former but briefly. 

The advance of thermodynamics, he stated, had 


exploration of certain refrigeration problems, the 
properties of refrigerants, and heat conductivity 
and heat flow from plane surfaces, which was 
disturbed to an unexpectedly large degree by turbu- 
lence in the convection streams. The chief advances 
to be noticed were the development of small 
refrigerating plants, and the exploitation of thermo- 
dynamical cycles, in which the compression stage 
was carried out by adsorption on charcoal and 
silica gel. In the design of cold stores it was, even 
now, only dimly realised that food storage was 
primarily a biological problem. Fruits, for example, 
were living structures and could be preserved only by 
being kept alive. They respired, took in oxygen, 
and gave out carbon dioxide, certain volatile 
products, water, and heat. For their preservation, 
temperature, humidity, and air composition had to 
be controlled ; uniformity in time could be attained, 
but uniformity of temperature in space had not yet 
been reached, and its necessity did not appear to 
appeal to the engineer. The admissible limits of 
humidity were narrow. 

After dealing with the peculiarities of the tempera- 
ture cycle and of cooling curves, Sir William passed 
on to the biological part of his lecture. Living matter, 
he said, was a system in continuous change which 
might follow an infinite number of paths, but took, 
for each organism, a normal path to which it tended 
to return, when disturbed by mechanical injury or by 
the invasion of bacteria. Dead organic matter had 
by no means lost its capacity for change. A single 
muscle of a frog would continue to live for days in 
suitable surroundings, without being fed; it died 
when it lost all capacity to return to the normal 
path and to resist bacterial attack. One of the 
characteristics of death was that the catalysts 
ordering the processes of life were released from a 
restraint, which caused them to follow restricted and 
co-ordinated paths of activity. This restraint was, 
in a mysterious way, exercised by a structure just as 
the restraint, which confined an explosion to the 
propulsion of a projectile, was due to a structure. 
The normal path was determined, among other things, 
by the temperature and by the previous history 
of the animal; the breakdown could be followed, 
for example, by measuring the increase in the soluble 
nitrogen in the blood. 

An apple, like a freshly-excised muscle, had a 
survival life, the normal period and path of which 
were determined by many factors. The chemical 
processes constituting ripening could be slowed 
down by cold, or, remembering that an apple was 
an internal-combustion engine, by increasing the 
concentration of the carbon dioxide and decreasing 
the supply of oxygen. Those changes also led 
to variations, since living matter could not be 
coerced in any simple manner. The normal path 
could rarely be reproduced afterwards in stored 
fruit or flesh, but the art of storage was so to adjust 
the conditions that the end of the path was reason- 
ably like the end of the normal path, or that, at the 
end, the abnormal product should at any rate be 
acceptable to man. To attain the second object, 
bacteria had generally to be excluded, though not 
in fermentation. In practice, food was preserved by 
chilling or by freezing (at about 17 deg. F.). Chilling 
merely delayed attack, but freezing postponed it 
indefinitely. Chilled carcasses, however, would only 
keep about 30 days, which was long enough to bring 
them from the Argentine but not from Australia, 
whilst freezing was applicable only to mutton, some 
fish, and butter. Freezing would reduce fruit to a 
pulp on thawing, and was only partly successful 
with beef. Freezing separated ice as a solid phase 
and shattered the structure. This, however, did not 
suffice to explain why beef could not be frozen and 
why chlorophyll and milk were destroyed by ordinary 
freezing in chambers at, say, — 11 deg. C., but 
remained uninjured when the temperature gradients, 
both on freezing and thawing, were steep. 

Sir William Hardy proceeded to explain his recent 
researches on the important biological background 
of these refrigeration problems. The animal muscle 
fibre was built up of membraneous tubes, 200 mm. long 
and 0-1 mm. in diameter in cattle, containing a com- 
plex colloid which consisted of proteins, salts and 80 
per cent. of water. The breakdown curves of beef, 
which had previously been frozen, and of unfrozen 





reduced the cold-storage question to the detailed 





separated out, not only within the tubes, but also 
between the fibres; the water was only partly 
reabsorbed during thawing, and the unabsorbed 
part dropped away as a red fluid when the carcass 
was cut. This was characteristic of beef cooled in 
cold air; the flesh was a bad conductor of heat, 
and the phenomenon indicated a low-temperature 
gradient. Pieces of beef of, say, 10 lb. weight, 
cooled rapidly in liquid air or in brine at — 20 deg. 
C., did not show this drip. With'a steep tem- 
perature gradient, freezing and thawing became, 
in a sense, reversible; with a slight temperature 
gradient, the phenomena were irreversible, and 
there was no return to normal conditions on thaw- 
ing. With large carcasses of beef, rapid cooling was 
not practicable, but in other cases rapid freezing in 
cold brine had advantages. On the other hand, 
beef could profitably be treated by a very slow 
freezing and thawing process, occupying altogether 
sixty days. 

Other researches, made on the yolk of eggs in 
the first instance, had shown that neither the 
critical lowest temperature, nor the gradient, were 
the only factors involved, but that dehydration 
was a determining factor. Cooled down to — 11 deg. 
C. the yolk became a hard, pasty, irreversible 
mass; if not exposed to temperatures below 
— 6 deg. C., the change was reversible. The 
yolk froze at — 0-65 deg., but overcooled easily. 
Similarly, muscles, which had a freezing point 
of — 0-42 deg. C., were easily overcooled, and 
remained reversible, when frozen above — 2 deg. 
C., without showing any signs of rigor mortis. 
Muscles dried down to not less than 77-5 per cent. 
of their natural moisture remained reversible, 
and muscles were, in freezing, really killed by 
dehydration. 





THE LATE MR. HAROLD DICKINSON. 


WE regret to record the death of Mr. Harold 
Dickinson, who had been City Electrical Engineer of 
Liverpool since 1913 and City Lighting Engineer since 
1922. Mr. Dickinson, who was born at Wolverhamp- 
tonin 1867, was educated at Tettenhall College in that 
town and at Mason’s College, Birmingham. Before 
entering the latter institution, he served an engi- 
neering apprenticeship under the late Mr. Thomas 
Parker of Elwell Parker, Limited, and was subse- 
quently appointed to a position with the House-to- 
House Electric Light Supply Company, now the 
Brompton and Kensington Electricity Supply 
Company. He then proceeded to Spain, where he 
was engaged in superintending the construction of 
a generating station and mains system in Madrid. 
Under Messrs. Hammond and Company he was also 
responsible for the establishment of the Dublin 
electricity undertaking, becoming engineer and 
manager of the Leeds electricity supply undertaking 
for the Yorkshire House-to-House Company in 1893. 
When this concern was taken over by the Leeds 
Corporation in 1898, he remained as engineer and 
manager, until appointed to a similar position at 
Liverpool in 1913. 

Always more interested in the engineering than 
in the commercial side of electricity supply, Mr. 
Dickinson was therefore fortunate, both at Leeds 
and Liverpool, to be associated with considerable 
extensions to the generating plant. At Leeds, 
during his management, the plant capacity rose to 
35,400 kw., and, at Liverpool, he was responsible for 
the re-modelling of the two original stations at 
Lister Drive and the construction of a third. The 
total plant capacity is now 103,540 kw. He 
was the first municipal electrical engineer in this 
country to instal automatic rotary sub-stations, 
while, during his tenure of the office of lighting 
engineer, the illumination of 100 miles of streets 
was modernised. 

Mr. Dickinson was elected a member of the 
Institution of Civil Engineers in 1913 and was also 
a member of the Institutions of Mechanical and 
Electrical Engineers. In 1917-18, he was president 
of the Liverpool Engineering Society, and served as 
Chairman of the Liverpool sub-centre of the Institu- 
tion of Electrical Engineers in 1920-21. He was 
awarded the honorary degree of Master of Engine- 
ering by Liverpool University, in July of the present 
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NOTES. 
Tue CANADIAN ELECTRICAL CODE. 


In electrical matters, Canada has been working 
under the disability of having no uniformity of 
standards as between the various parts of the 
country. This state of affairs has arisen through 
the development of the several provinces on almost 
independent lines, while in some cases, in which the 
engineering industries were not strong, outside 
influence came to be a deciding factor. The Hydro- 
Electric Power Commission of Ontario, the largest 
organisation of the kind in the country, had its 
own rules and regulations, and was in a position 
to establish them in its own area. Other districts 
were not so fortunate, and the anomaly arose of 
inventors and manufacturers in Canada, and of firms 
anxious to trade in that country, having to submit 
their apparatus for approval to Chicago under- 
writers before they could be adopted. It was felt 
to be very undesirable that such conditions, 
involving as they did a multiplicity of standards, 
not to mention other drawbacks, should be allowed 
to continue, and a move was made in 1920 with the 
object of bringing the various provinces together 
for the purpose of drawing up a standard code for 
the whole Dominion, taking into account fire hazard, 
injury to persons, and proper maintenance and 
operation, not all of these having been satisfactorily 
covered under the previous conditions. Work was 
begun on the subject by the Canadian Engineering 
Standards Association in 1920, and in 1923, a con- 
ference was held at Ottawa at which the various 
provinces were represented. A special Code Com- 
mittee considered a preliminary draft in 1924, and 
this, after discussion, was reconsidered at a meeting 
in 1926. During the present year, in June, a 
meeting was held in Winnipeg to consider the final 
draft, drawn up by Messrs. H. F. Strickland and 
Mr. A. S. L. Barnes, both of the Hydro-Electric 
Power Commission of Ontario. This conference, 
which was attended by representatives of all the 
provinces in a position to send experts, the only two 
not able to be represented in this way agreeing, 
we believe, by letter to accept the result of its 
deliberation—approved the code which has just 
been published as the ‘‘ Canadian Electrical Code, 
Part I.’’ This covers essential requirements and 
minimum standards for electrical installations in, 
on, or over buildings and using potentials up to 
5,000 volts. Inasmuch as this code alters the 
existing conditions in various districts, and, as one 
of its results will be to abolish the need for sub- 
mitting apparatus for approval to authorities 
outside Canada, it is believed that the opportunity 
presents itself for British manufacturers, if they are 
quick to take it, to enter this market, of which only 
a very small fraction of the total import trade is in 
our hands. Action of this nature would be wel- 
comed in Canada if appliances suited to the needs 
of the country are offered, and British manufac- 
turers are recommended to give the whole subject 
a broad and sympathetic consideration. Copies of 
the Code may be obtained from the Secretary of the 
Canadian Engineering Standards Association, 178, 
Queen-street, Ottawa. 


Lone-DIsTANCE FLIGHTs. 


It may not be out of place, during the present 
week, to emphasise that the true purpose of long- 
distance aeroplane flights is to test the engine and 
the machine, and not to cover the aviator with 
glory or oblivion, as the case may be, nor to provide 
stunts for the newspapers. Some of the flights, 
which have recently been attempted, have had in 
them more than a little of the foolhardy, and even 
when they have proved successful, have not always 
been so useful from the point of view of design and 
construction as they would have been had they 
been less spectacular. A great deal more that is 
useful can be learnt from a flight which is within | 
the capacity of the engine, the machine, and the 
pilot than from one which only proves, what was 
pretty evident beforehand, that there are certain 
tasks that cannot be successfully accomplished -at 
present. At the moment, no less than five long 
distance flights are in progress. Capt. R. H. Mc- 
Intosh and Mr. Hinkler are making a journey 
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Bristol engine, though they were not successful in 
doing this without atstop. Afgroup*of,four?R.A.F. 
flying boats, under Group-Capt. A. M. Cave-Browne- 
Cave, and an Avro, with Captain Lancaster and Mrs. 
Keith Miller on board, are all bound for Australia. 
Two R.A.F. Fairey biplanes are on their way from 
Cairo to Nigeria, and Sir Alan Cobham, accompanied 
by Capt. H. V. Worrall, has begun his survey tour 
of 20,000 miles through and round Africa. The first 
of these, though it has failed to beat Mr. Clarence 
Chamberlin’s long-distance record from New York 
to Eisleben, should help to establish an air route 
between this country and India. We may be forgiven 
for holding that the latter is the more important 
result of the two. Sir Alan Cobham will have ample 
opportunity of testing the capabilities of his machine, 
not the less because he will have to take off and alight 
no less than 43 times. But he will also carry out 
a most useful survey of what is still a little known 
country, and perform an Imperial service in trying 
to secure the support of the administrations in 
Africa for aviation, and in attempting to convince 
them that air transport is an important factor in 
the development of their country. The machine 
which Sir Alan is flying is a Short-Singapore flying 
boat, and has been lent by the Air Ministry. It is 
the first all-metal machine which Great Britain 
has produced, and has a span of 93 ft. with a length 
of 63 ft. Its total weight, in flying trim, is 9 tons, 
of which 3 tons is the disposable load. It is equipped 
with two 700-h.p. Rolls-Royce Condor (Series IITA) 
engines, and has a speed, in still air, of about 120 
m.p.h. Its radius of action, with full load, is 1,000 
miles. The present boat will carry a crew of six, 
but Messrs. Short Brothers have under construction 
a similar machine, which is designed to accom- 
modate 15 passengers. 





THE SEWAGE-TREATMENT WORKS 
OF THE CITY OF TRENTON, NEW 
JERSEY, U.S.A.* 

By Groree Linton Watson, M.Inst.C.E. 


OnE of the largest Imhoff tank installations on the 
Atlantic seaboard, possessing some features of design 
which are unique in American practice, is to be found 
at Trenton, New Jersey. The plant in general consists 
of a storm-water by-pass, a gate-house, a two-compart- 
ment grit chamber, pumping station with electrically- 
driven, semi-automatic-control, centrifugal pumps, 
three batteries of Imhoff tanks, four to a battery, 
24 sludge-beds, and an outfall line. 

The present-day population is 120,000, and the 
sewage flow is 17,900,000 gallons (U.S.) per diem. 
Since about 20 per cent. of the city had combined 
sewers, storm-water was taken as 10 per cent. of the 
average maximum dry-weather flow, which records of 
flow showed to be 140 per cent. of the average normal 
flow. Considering the per capita flow and consequent 
weak sewage, this corresponds favourably with British 
practice. Future daily average flows were estimated 
to be: 1930, 22-9 million gallons; 1940, 30-4 million 
gallons; and 1950, 40-4 million gallons. Analyses of 
composite samples of sewage revealed that no highly 
deleterious trade wastes were being discharged into 
the sewer system, except some acid, which came down 
daily, intermittently rather than continuously. 

The receiving water (the Delaware River) has an 
available dilution of 45 to 1 as a minimum, which, 
although several municipalities below use the river as 
a source of supply, seemed ample for some years to 
come to assimilate sewage subjected to sedimentation 
alone. The river is relatively unpolluted, and well 
oxygenated at the point of sewage discharge. While 
this type of treatment would suffice for the present, 
the possibility of a need for future secondary treatment 
had to be taken into account. Since odour nuisance 
had to be avoided, the choice of primary treatment 
narrowed down to Imhoff tanks or activated-sludge 
treatment, and the former was chosen as being less 
expensive and having no complications as to sludge- 
disposal. 

Sewage enters the works through a 5-ft. 9-in. circular 
brick sewer passing through an overflow chamber 
equipped with four by-pass weirs at the side, the crests 
of which are slightly above the springing line of the 
sewer; this chamber is also equipped with a heavy 
tidal gate for use when the river is in flood. Slots are 
provided for flash-boards to raise the elevation of the 
weirs, if necessary. The present weirs allow a maximum 
flow of 37-5 million gallons per diem to enter the 





* Abstract of a paper read before the Institution 
of Civil Engineers on Tuesday. November 29, 1927. 
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plant. An influent sewer about 600 ft. long, leads to a 
48-in. sluice-gate, electrically operated either from the 
pumping station 200 ft. away, or by push-buttons in the 
gate-house. In case of power failure or other emer- 
gency, this gate is closed and the raw sewage is diverted 
over the weirs to the river. Following the gate-house 
is a bar screen, with 2-in. spacing, placed’ at the 
entrance to a two-compartment grit chamber with 
trapezoidal sections, having an effective length of 
60 ft. Stop-gates shut off one side, if necessary, for 
cleaning. An electrically-driven locomotive clam-shell 
bucket crane which spans the grit chamber, travelling 
on rails on the outside walls, removes accumulated 
detritus from time to time, dumping into industrial 
railway-cars on tracks located beside the structure, 
connecting with the main sludge-removal system. 
From the grit chamber the sewage enters the circular 
pumping station. An interior circular wall below 
ground level forms an annular well which serves as the 
pump suction-sump, and also, on the interior, as a 
dry well, in which are placed six vertical-spindle 
double-suction centrifugal pumps, with 20-in. suction 
and discharge. The suction lines from the pumps pass 
through the interior wall to pockets formed in the 
wet-well concrete, and, since the pumps and lines 
are below the normal sewage level, no priming is 
required. All pumps discharge to a common manifold, 
at the end of which is a 54-in. venturi meter with a 
24-in. throat. The motor floor of the station at 
ground level, about 30 ft. above the pumps, contains 
six 60-h.p. vertical pump motors—tliree variable-speed 
slip-ring type, and three constant-speed squirrel-cage 
type—the 17-panel switchboard, the variable-speed 
automatic-control apparatus, and various offices. 
The motors are connected to the pumps by 3-in. steel 
shafting, supported by bearings on each of the two 
landings in the dry well. Lubrication is by force 
feed to all bearings on pumps, motors, and shafting. 
The rate of pumping is controlled by regulating the 
variable-speed motors so that : (1) the elevation of the 
sewage in the grit chamber is kept within a range of 
17 in., thus keeping the design velocity of 1 ft. per 
second practically unchanged over all rates of flow ; 
(2) a minimum of attention is required by the station 
operators; (3) no sudden surges are produced in the 
tanks by abrupt changes in pumping rates. The device 
used in the Westinghouse ‘““S” master controller, 
which is actuated by a float in a 30-in. float tube 
connected to the grit chamber, fluctuation in the grit- 
chamber level causing the float to rise or fall and move 
a counter-weighted chain over a sprocket wheel on 
the control. A 1l-in. movement of the float causes a 
contact to be made on a disc connected to the sprocket, 
starting a small motor driving a screw with a travelling 
nut. The nut moves a contact finger over a contact 
strip which, at the proper point, energises a finger on a 
rotating drum, the finger making contact for another 
motor driving the drum. The drum is connected to 
a shaft actuating, through bevel gears, the resistance 
contact boxes of one, two, or three variable-speed 
motors, and rotates until the finger comes to an insulator 
strip set in the drum surface, when the drum stops. 
The speed of the motors is thus increased or reduced 
according to the direction of travel of the float and 
drum. The contact strip is provided with points at 
the end of travel for signal lights warning the operator 
to stop or start a constant-speed motor and pump. 
The range of the variable-speed pumps is 3,000,000 
to 11,000,000 gallons per diem, and the capacity of the 
constant-speed pumps is 8,000,000 gallons per diem. 
It is possible to use up to three constant-speed and two 
variable-speed motors at one time, giving a pumping 


range of 3,000,000 to 46,000,000 gallons per diem, and, 


with some changes in wiring, the third variable-speed 
motor may be used, producing a future maximum. 


station capacity of 57,000,000 gallons per diem. The 


motors may be operated with or without automatic 


control, in any sequence, and in any combination. 


Assuming an increasing flow of 3,000,000 to 46,000,000 


gallons per diem, a variable-speed motor is first started, 
picking up speed automatically until a rate of 11,000,000 
gallons per diem is reached. The operator then starts 
a constant-speed motor. 
in use then slows down to the proper rate and accelerates 
until the flow reaches 19,000,000 gallons per diem, 
when another constant-speed motor is thrown in 
service. 
constant-speed and two variable-speed motors are 
operating. All controls are on the switchboard, inclu- 
ding handles for operation of the hydraulic valves 
on the discharge side of the pumps. 
recorded on recording gauges mounted on the switch- 
board, including gate motor, crane motor, hydraulic 
valves, level of sewage in influent sewer, and level of 
sewage in the grit-chamber. 
registers the flow through the Venturi tube both 
directly and on a 24-hour chart. Meters are provided, 
both recording and non-recording, to measure all uses 
of electric power, these being also on the switchboard 
panels. 


The variable-speed motor 


This performance is repeated until three 


All operations are 


A “ Simplex ”’ recorder 


The overall efficiency averages 81 per cent. 








to India on a Fokker machine, driven by a British 
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4-4-0 TYPE LOCOMOTIVE; LONDON AND NORTH-EASTERN RAILWAY. 


CONSTRUCTED TO THE DESIGNS OF MR. H. N. GRESLEY, C.B.E., 


CHIEF 


MECHANICAL ENGINEER. 
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over the 8,000,000 to 46,000,000-gallon range. This | sludge circulation between hoppers. The detention 
high figure is, of course, due also to very efficient units, | period is 24 hours for a flow of 25,000,000 gallons per 
the motor efficiency being 83 per cent. The cost of | diem, or 30,452 cub. ft. per tank. The sludge capacity 
electricity for operation is 1-1 dols. per million gallons. | per tank is 21,520 cub. ft., or 1-70 cub. ft. per capita. 
Alternating current is obtained from commercial | Means are provided for the removal of scum from the 
sources, coming to the plant at 4,150 volts, and being | gas-vents, if necessary, through a scum-trough leading 
transformed to 2,300 volts, three-phase for the pump |to a 12-in. cast-iron interceptor for discharge to the 
motors, 440 volts for auxiliary motors, and 110 volts | sludge-beds. 
for lighting. A set of reverse-flow channels is provided for each 
From the pumps, the sewage is taken to a concrete | four tanks, fed from a pressure main riser to a surge 
pressure main running the length of the 12 Imhoff|chamber. These consist of three channels, the largest 
tanks. Three risers are taken off at intervals to feed | or influent channel being at a higher level than the two 
each of the three batteries. side outflow channels. By means of a simple system 





On account of troubles encountered with the Imhoff 
type of tank elsewhere due to foaming, improper 
digestion, poor clarification, &c., various installations 
were studied to determine, if possible, the factors which 
caused such difficulties, with the view to eliminate 
them. It was found that, in general, deep tanks (more 
than 25 ft.), a gas-vent area of 15 per cent. to 20 per 
cent., means for circulation of sludge, provision for 
reversal of flow, and equal distribution of flow, were 
features found in properly operating tanks, and entirely 
or partly absent in those giving trouble. 

Each tank is 33 ft. wide and 114 ft. long, with a 
single central gas-vent 87 ft. long by 8 ft. 7 in. wide. 
The depth, from flow line to hopper apex, is 31 ft. 
Four sludge hoppers are provided in each tank, with 
3-ft. by 16-ft. openings in each partition wall for free 


of gate, the direction of flow may be reversed, or the | 
sewage cut off entirely for each battery. A system of 
outlet sewers leads to the river outfall and distributor, 
the latter being a 60-in. cast-iron tube with four diffuser | 
| caps, submerged at all stages of the stream. | 

Sludge removal from the tanks is by gravity through 
8-in. cast-iron risers from the hoppers discharging into 
sludge channels, one for every two tanks, and thence 
| to the sludge-beds. These beds are each 20 ft. wide 
}and 180 ft. long, underdrained throughout. A spur 
| from the industrial railway runs up the centre of each, 
| and the dried sludge, after being loaded on cars, is 
| hauled by a petrol locomotive to the south boundary of 
je plant for dumping. The entire area is protected 
|from river floods by a surrounding dike 7 ft. to 8 ft. 
high. 








4-4-0-TYPE LOCOMOTIVE ON THE 
LONDON AND NORTH-EASTERN 
RAILWAY. 


Some time ago, we illustrated types of floating-bush 
connecting and coupling rods which had been applied 
with success to locomotives in the United States.* 
By the courtesy of Mr. H. N. Gresley, C.B.E., Chief 
Mechanical Engineer of the London and North-Eastern 
Railway, we are now able to illustrate a type of rod 
which has been introduced on that system, and to give 
some particulars of a new class of 4-4-0 passenger 
locomotive to which these rods have been applied. The 
type of locomotive will be clear from Figs. | to 3, 
above, while detail drawings of the connecting rods, 
fitted to the first six engines of the class, are given in Figs. 
4 to 7 on the opposite page. 

The locomotives have three high-pressure cylinders, 
17 in. in diameter by 26 in. stroke. The driving wheels 
are 6 ft. 8 in. in diameter, and the working pressure 
is 180 lb. per square inch. The boiler has a barrel 
5 ft. 6 in. in diameter, with a length of 10 ft. 9 in. 
between tube plates. There are 177 steel tubes of 1? in. 
outside diameter, and 24 superheater tubes, 5} in. in 
diameter. These furnish respectively, 871-75 and 
354-53 sq. ft. of heating surface. A further 171-5 
sq. ft. are provided by the firebox, making a total for 





* See ENGINEERING, vol. cxiii, page 615. 
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CONNECTING RODS FOR 4-4-0 TYPE LOCOMOTIVE. 


Fig.4. 
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the evaporative surface of 1397-78 sq. ft. The super- | 
heating surface provided is 246-1 sq. ft. The firebox 
has an outside length of 8 ft. 6 in., and width of 
4 ft. 0} in., the grate, with an area of 26-8 sq. ft., 
sloping forward. 

The cylinders are provided with piston valves 8 in. 
in diameter, the outside valves being worked by | 
Walschaert gear, and the inside by Gresley gear. The 
tractive effort, at 85 per cent. boiler pressure, is 21,556 lb., 
the total adhesive weight being 94,080 lb. The weight 
of the engine is 66 tons, and of the tender, which takes 
4,200 galls. of water, and 7} tons of coal, 52 tons 13 cwt., 
together making a total of 118 tons 13 cwt. in working | 
order. The engine wheel-base is given in Fig. 2; the | 
tender wheel-base is 13 ft. 6 in., and total for engine | 
and tender, 48 ft. 5} in. The length over buffers is | 
58 ft. 83 in. 

The rods, illustrated in Figs. 4 to 7, are of a type 
brought out by Mr. W. G. Woodard, of the Lima Loco- 
motive Works, and fitted by that firm to engines of the 
Texas and Pacific Railway. The interesting feature 
of the design is that the big end of the connecting rod 
is forked, the end of the coupling rod being inserted 
between the jaws. The outside diameter of the connect- 
ing rod at this end is 12} in. ; inside this is a steel bush 
inserted from the inside, and keyed to prevent it rotating 
in the connecting rod end. _ Inside this again is a floating 
bronze bush fitted over the crank-pin. The coupling 
rod is bushed, the bush being held by a key, and works 
on the steel bush fixed in the connecting rod. The 
floating bush is lubricated by a cup, leading oil to 
grooves on the outside of the bush, whence the oil passes 
by way of a number of small holes, arranged in four rings, 
to the inner surface in contact with the crank pin. 











LABOUR NOTES. 


Tuat the peace movement initiated by Sir Alfred 
Mond and one or two other large employers of labour 
has the best wishes for its success of everybody con- 
nected with British industry, goes almost without 
saying. Sir Alfred and his associates have suggested 
to the General Council of the Trades Union Congress 
that a joint conference on the subject of peace in 
industry might profitably be held, and Trade Unionism’s 
central executive authority have decided to call a 
special meeting of their members to consider the 
proposal. The meeting is to take place on December 
20, and the hope is generally entertained that it will 
decide to accept the invitation extended to it. Nobody 
is, of course, sufficiently optimistic to assume that the 
immediate result of the joint conference will be a 
peace pact covering the whole of British industry. 
The difficulties in respect of details are almost innumer- 
wble. The main difficulty is obviously, however, that 


neither the General Council nor the body of employers 
who are acting in the matter are in a position effectively 
to negotiate for the whole of the varied interests which 
they represent. 





The General Council cannot bind the 












| Membership has thus decreased by 4-3 per cent. 
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unions affiliated to the Trade Union Congress to any- 
thing, nor can the employers pledge the adhesion to 
anything of the various employers’ associations or 
federations. That, on its face, is a serious prospective 
drawback to the success of the movement, because 
practically all the curable trouble is in the shops, 
factories, shipyards, and coalfields, and can be elimi- 
nated only with the assistance of the people immediately 
concerned. Still, a joint discussion on the lines 
suggested by Sir Alfred Mond may, indirectly, achieve, 
at any rate, one important result. It may set up an 
atmosphere in which goodwill generally can thrive. 


The Toronto correspondent of The Times states that 
on Tuesday, the Trades and Labour Congress of 
Canada, through its Executive and the invited repre- 


| sentatives of the International Trades Union Move- 


ment, submitted a memorial to the Ontario Govern- 
ment. The memorial urged the enactment of legislation 
to provide for an eight-hour day in industrial and 
commercial undertakings, further protection for women 
and children in industry, commerce, and agriculture, 
and the inclusion of all young persons, irrespective of 
sex, uitder the Minimum Wage Act. It also urged the 
sale of beer by the glass, strongly condemned military 
training in schools as “a pernicious and deceitful 
method of imbuing youth with militaristic and jingoistic 
aspirations.” 

The German General Federation of Trade Unions 
(Allgemeiner Gewerkschaftsband) in its annual report 
shows the average total membership for the year 
1926 to be 3,977,309, as against 4,156,451 in 1925. 
The 
German Federation of Christian Trade Unions (Ges- 
amtverband der Christlichen Gewerkschaften Deutsch- 
lands) in its annual report states that the membership 
of the affiliated unions decreased considerably as a 
result of rationalisation. On December 31, 1926, 
the membership of the German Christian Unions was 
531,558, as compared with 587,120 at the end of 1925, 
a decrease of 56,120 members. The Christian Federa- 
tion now includes organisations of public employees 
with a membership of 111,950, and salaried employees 
to the number of 430,000. 


In its statement on the subject of the Washington 
Hours’ Convention, the Confederation of Employers’ 
Organisations made the point, it will be recalled, that 
“the benefits to be found for British industry from 
Washington is a shadow, and the only reality is the 
handicaps which it would impose on British industry 
and Britain’s industrial prosperity.” To that the 
League of Nations Union replies in the course of a long 
statement .. . “‘ that under present conditions Ger- 
many and Italy have increased their working hours. 
Seeing that the Hours’ Convention will impose a com- 
mon standard of working hours upon all parties that 
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are signatory to it, how can its benefits for British 
industry be dismissed as shadowy . The chief 
and final argument for ratification is that the interests 
of British industry demand it.” 


The recent recrudescence of wage disputes in many 
of the more important German industries, as well as 
the expectation of demands from the trade unions for 
increased wages on the termination of the present wage 
agreements, which, for the greater part run until the 
end of this year, has led, The Ministry of Labour Gazette 
states, to a revival of the employers’ mutual insurance 
funds organised for the purpose of covering a proportion 
of the losses arising from stoppages of work. The 
employers’ organisations in the heavy iron industry 
(North-Western group), in anticipation of demands 
for higher wages to compensate the reduction in working 
hours on January 1 next, have decided to establish 
a compensation fund, to be financed by a levy of 
5 marks a month in respect of each male worker 
employed, and 35 marks a month for every ten women 
employed. The levy is to be made for five consecutive 
months, commencing as from August last. It is under- 
stood that the larger concerns have announced their 
intention of not drawing on the fund, in order to 
strengthen the weaker employers in dealing with dis- 
putes. A similar scheme has been adopted by the 
metal trades employers on the left bank of the Lower 
Rhine. This example has been followed by textile 
undertakings in the Crefeld, Miinchen-Gladbach, 
Elberfeld and other districts. The number of workers 
employed by these firms is stated to be 175,000. 


The Strike Insurance Fund (a subsidiary organisation 
of the German Employers’ Federation) has recently 
decided to introduce differentiated rates of contribution 
according to the industry in which contributing mem- 
bers are engaged, instead of the flat rate hitherto levied. 
These rates are to be scientifically calculated on the 
basis of the strike statistics for the years 1919 to 1926 
and the data provided by the industrial census of 1925. 
In the case of four industrial groups (unspecified), 
rates are to be reduced by one-sixth, and in the case of 
eight groups by one-third. For the remaining five 
groups the present rate of 0-3 per cent. of the annual 
wage-bill will continue to be payable as from January 1 
next. It is stated that if every employer were a 
contributor, a flat rate of 0-15 per cent. would be 
adequate. 


The National Transport Workers’ Federation, whose 
affairs have now been formally wound up, was, at the 
height of its prosperity, one of the most important 
organisations of its kind. Thirty-six unions, with over 
half-a-million members, were affiliated to it, and it was 
the recognised national negotiating body for the dockers 
and transport workers. With the Miners’ Federation 
and the railwaymen’s unions, it formed the old Triple 
Alliance, and through its efforts the International 
Transport Workers’ Federation was reconstituted. 
Its usefulness was, however, seriously curtailed when 
the Transport and General Workers’ Union, which 
absorbed the two unions of dockers and a number of 
other transport organisations, came into existence. 


At a meeting in London last week, the General 
Council of the Trades Union Congress decided to suspend 
the affiliation of the National Seamen’s Union 
pending a final decision by the Trades Union Congress. 
The alleged offence of the Seamen’s Union is that it 
declines to withdraw its support of the non-political 
trade union movement until there is some assurance 
that moderate men will have the full protection of 
Congress. 


It has been decided at Sheffield to form a body to be 
known as the Sheffield and District Engineering and 
Steel Trades Council, for the purpose of promoting 
discussions on industrial problems between masters 
and men, carrying out investigations, and formulating 
constructive proposals. Its membership is to be 
unlimited, and employers, trade union leaders, managers, 
foremen, draughtsmen, clerical staffs, and men from the 
workshops of every rank and station will all be eligible. 
Amongst those who attended the meeting at which it 
was decided to form the Council were: Mr. C. K. 
Everitt, of Messrs. Edgar Allen and Company, Mr. 
M. R. Mainprice, of Messrs. Brown Bayley’s Steel- 
works, Limited (representing the employers); and 
Mr. Walter Dodgson, divisional secretary, Iron and 
Steel Trades Confederation, and Mr. R. E. Jones, 
divisional secretary, Amalgamated Engineering Union 
(representing the trade unions). 





The Ministry of Labour states that on November 2], 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
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was 1,126,300, of whom 898,200 were men, 32,500 boys, 
165,900 women, and 29,700 girls. Of the total number 
778,200 were wholly unemployed, 283,000 temporarily 
stopped, and 65,100 “persons normally in casual 
employment.’’ On November 14, 1927, the number of 
unemployed persons was 1,125,735. Of these, 775,859 
were wholly unemployed, 286,023 temporarily stopped, 
and 63,853 “‘ persons normally in casual employment ” ; 
897,050 were men, 32,756 boys, 165,407 women, and 
30,522 girls. On November 22, 1926—when the 
figures were affected by the dispute in the coal-mining 
industry—the number of unemployed persons was 
1,514,733, of whom 1,182,240 were men, 38,141 boys, 
256,418 women, and 37,934 girls. 





Addressing the 47th annual convention of the 
American Federation of Labour, Mr. John P. Frey, 
the Secretary of the Metal Trades Department, dealt 
in interesting fashion with the question of output. 
On the basis of computation adopted in the United 
States, he said, and taking all the men employed in 
American bituminous mines, the average production 
of coal per day worked was 4-56 tons. In Great 
Britain, when the miners were all at work and the 
industry’s conditions were undisturbed, the average 
was approximately 1 ton per day. In the Ruhr 
it was slightly less than a ton per day, and in France 
approximately three-fourths of a ton per day. According 
to statistics compiled in the European way, the average 
production of coal per miner in the American bitu- 
minous fields was 781 tons per year; in Great Britain 
it was 246 tons, in Germany 234 tons, and in France 
167 tons. 





The European miner, Mr. Frey went on to say, had 
his attention frequently called to the much higher 
wages paid to the American miner, and the American 
miner continually had his attention called to the 
much lower wages paid in the coal industries of Great 
Britain and Europe, but when the cold statistics sup- 
plied by the various governments were studied, what 
did they disclose ? That the American miner mined 
his ton of coal for a lower actual dollar and cent wage 
than was being paid in low-rate European countries. 





At a conference in Copenhagen attended by about a 
hundred representatives of employers’ organisations, a 
lecture on the International Labour Office was delivered 
by Mr. H. C. Oersted, director of the permanent joint 
bureau at Brussels and deputy member of the Governing 
Body of the International Labour Office. A discussion 
followed the lecture, and eventually the following 
resolution was adopted :—‘‘ The meeting expresses its 
objections to the manner in which the International 
Labour Office and the activities of the International 
Labour Conference have developed. In accordance 
with the traditions of Northern employers, the meeting 
declares its sympathy with the efforts to create as 
favourable conditions of labour as possible, but it 
considers it necessary to demand that social reforms 
shall not become so extensive as to prove disastrous to 
production.” 





At the end of October, 11,739 members of the 
Boilermakers and Iron and Steel Shipbuilders’ Society 
were ‘signing the books,” as compared with 11,572 
at the end of September. The number of members in 
receipt of superannuation benefit was 4,262 as com- 
pared with 4,238, and the number in receipt of sick 
benefit 2,868 as compared with 2,743. In September, 
when there were five weeks’ outlays, the expenses 
were 12,0111. ls. 7d.; in October the total was 
9,9711. 38. 4d. 


The executive council of the Boilermakers and Iron 
and Steel Shipbuilders’ Society state that since the 
appointment of six additional district delegates in 
1919, the question of the continuance of these ofiices 
has been the subject of consideration on various 
occasions. The last General Council of the Society, 
on considering the question, decided to continue the 
offices for a further period on the understanding that 
these additional delegates would justify their continu- 
ance in office by a strengthening of the organisation 
in their areas. Since that time, the branches have, in 
addition to other suggestions, requested the Council 
again to reduce the number of delegates to the number 
authorised prior to 1919. The executive council have 
decided to submit the question to a ballot of the mem- 
bers, and, in the meantime, are holding up the election 
of the Barrow, Glasgow and Lanarkshire and Hartle- 
pool and Stockton district delegates. 





The Netherlands Statistical Office states that of 
212 Labour disputes in 1926, 209 were strikes and 
three lockouts affecting only 88 persons. As in previous 
years, most of the disputes arose out of questions 
of wages and hours of work. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


The prices given, in the case of steel 
The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 801b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 








PEersonaAt.—The British Electrical Development Asso- 
ciation, Inc., 15, Savoy-street, Strand, W.C.2, have 
appointed Lieut.-Colonel W. A. Vignoles, D.S.O., to the 
post of director. Mr. V. W. Dale will continue to act 
as business manager.—Mr. H. Broadbent, A.M.I.Mech.E., 
late sales manager for Messrs. Haighs, wood-working 
engineers, Oldham, has commenced business on his own 
account as saw mill engineer, engineers’ merchant and 
agent. He has taken over the sole agency in Lancashire, 
Yorkshire, Cheshire, Derbyshire and North Wales, 
for Messrs. Spencer Bros., London.—Messrs. The British 
Rotary Filter Company, Limited, late of 76, Victoria- 





street, Westminster, S.W.1, have transferred their London 





staff to Preston. All communications should be sent to : 
The British Rotary Filter Company, Limited, Grimshaw- 
street, Preston, Lancs. 


A Rapip DiscuarGinae Feat.—The London Midland 
and Scottish Railway Company, Limited, recently 
accomplished a discharging feat worthy of note at 
Barrow Docks. The S.S. Laguna, with 2,000 tons of 
nitrate of soda on board, was berthed on November 10 
at 12.30 p.m., and commenced unloading at 1 o’clock. 
993 tons of nitrate of soda were taken from the vessel on 
that day, and the remainder on the 11th, and the vessel 
left Barrow on November 12. 
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THE PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 


(Concluded from page 691.) 


THERE were a number of interesting examples of 
’ plant shown at the recent public works exhibition, 
which we were unable to deal with in previous 
issues, and we are accordingly illustrating and 
describing several of these in this final article. It 
is impossible to insure that no important develop- 
ment is overlooked in dealing with an exhibition of 
this kind, but we have given a large amount of 
space to it, and believe we have been able to cover 
the greater part of the important exhibits. 

We may begin this final article by reference to 
the display of Messrs. J. and F. Howard, Limited, 
of Bedford, who showed a new British machine for 
road grading, which is illustrated in Figs. 36 to 38, 
on Plate LV. It is claimed to combine strength and 
lightness, and is made with three lengths of blade, 
6 ft., 7 ft. 3in., and 8 ft. 
are identical in design and layout, but have details 
suitably dimensioned to the different capacities of 
the machine. The quality of the work and lightness 
of draught of a machine of this kind, depend greatly 
upon the correct design of the blade, which is con- 
cave, the curve used being selected to impart the 
correct rolling motion to the soil that results in 
clean cutting and easy delivery of the material. It 
is made of high-carbon steel, and has a renewable 
cutting edge of a special grade of alloy steel, and 
is attached to the blade with a butt joint and rear 
strap. A wide range of vertical cutting angles is 
provided, and the turntable can be set so that the 
soil is delivered or distributed by the blade at any 
required angle, or the ground can be smoothed 
with the back of the blade. The depth and position 
of the cut, or the clearance of the blade above the 
ground, are regulated by hand wheels from the 
operator’s platform, through self-locking gear. The 
rear axle of the 6-ft. model is of the standard 
one-piece pattern, but the larger models have 
either a one-piece axle or one in two sections. 
The chassis frame can be moved easily along the 
standard axle by turning a self-locking hand wheel. 
The pivot adjustment also is self-locking. The 
front axle has a centre pivot on the fore-carriage, 
and all four wheels have dustproof and oil-retaining 
hubs, and concave, T, or flat rims as preferred. 
The chassis is light and strong, and is of arched 
form. It is constructed of braced T-section steel. 
The whole tractive effort is taken direct to the 
blade through the swivelling king-bolt of the 
fore-carriage, the main frame of the machine 
merely supporting the blade and its controlling 
mechanism. Provision is made for haulage by 
animals, or by tractor, as required. The grader 
can be supplied with a multi-tine scarifier for 
breaking up hard ground in front of the blade, 
and also with a back sloper. This attachment 
consists of an angular extension to the grader’s 
blade, and is used for shaping ditches which have 
been roughly cut out with the grader. 

The familiar form of house and street refuse 
collector, with its propensity to unload its dust 
and odours on passers-by, is being superseded by 
devices and vehicles specially designed to combat 
and prevent nuisance and danger to health. In this 
connection mention may be made of the dust-cart 
shown by Messrs. Shelvoke and Drewry, Limited, of 
Letchworth, Herts. The chassis is the well-known 
8.D. freighter, which was dealt with fully in 
the review of the last show (ENGINEERING, vol. 
exx, page 667). It will suffice now to recall that 
this chassis has a four-cylinder governed petrol 
engine, placed athwart the frame, and a constant- 
mesh change gear with multiple-disc dry clutch, 
giving three speeds forward and three reverse, which 
enables the vehicle to be handled more quickly 
than with the usual low-geared single reverse. 
The frame being specially low, facilitates much 
municipal work, and advantage is taken of the 
fact in the new S.D. dust-cart. The makers claim 
that it overcomes objections to some of the con- 
tinental forms of hygienic refuse-collecting carts, 
one of which is the necessity for all premises served 
to be provided with a more or less standard form of 
dustbin. The S.D. body, which is illustrated on 

Fig. 39, on Plate LV, has a series of openings on 





The two larger machines | 








both sides, covered by metal shutters. Each 
shutter is connected to a pedal-worked bar placed 
a few inches above the pavement level. The 
loading attendant instinctively places his foot on 
this bar as he lifts the bin, thereby opening and 
holding open the shutter until he has discharged 
the bin. The shutters are closed automatically 
when the pedal-bar is relieved of the weight. The 
shutter motion is a combination of sliding and lifting, 
the latter motion being provided to prevent stick- 
ing caused by grit. The tipping mechanism is 
hydraulically controlled, and the rest of the body’s 
components are the makers’ standard. 

The new A.S.G. power-driven and self-propelled 
tamper for granite setts was shown by Messrs. 
Thomas Roberts and Company, 83, Cannon-street, 
E.C. This machine is illustrated in Fig. 40, Plate LV. 
It performs by mechanism, but with more precision, 
the familiar service of the human paver with the 
hand tup, but it has the advantage of a bigger 
output and uniform pressure or blow. The outfit 


consists of a sturdily-built barrow-type trolley on a. 


pair of large rubber-tyred wheels. At the front is 
the power plant, which about balances the weight 
of the overhanging rear end, and the tup unit at 
the operator’s left. The engine is a single-cylinder 
motor-cycle type vertical fan-cooled unit with a fly- 
wheel governor on the throttle, and develops 3 h.p. 
The self-propelled speed is 4 m.p.h. A clutch con- 
nects the engine with, and frees it from, the trans- 
mission. A friction lever controls the self-propelling 
gear, and levers with a vertical motion regulate the 
striking force of the tup. The latter is raised by 
a strap anchored to an oscillating drum. The 
action is similar to that of a belt-driven drop- 
hammer; the higher the tup is lifted, the greater 
the force of the drop. The average number of 
blows by the tup is 60 per minute. At the same 
time single blows can be given by manipulating the 
striker control lever. Similarly, the rate of travel 
to and fro is variable, and, if necessary, the machine 
can be stopped and held over one sett for further 
blows if it is not uniform with the course. The 
maximum height of the tup’s lift is 13 in., and 
its net weight 150 lb. A pair of coil springs are 
compressed when the lift of the tup is lengthened, 
and their recoil intensifies the gravity effect of the 
longer drop on the force of the impact. It is 
claimed that this machine can do nearly five times 
the amount of work of a hand paviour, and with a 
corresponding economy of cost and labour. 

In addition to the road roller which we dealt 
with last week, Messrs. John Allen and Son 
(Oxford), Limited, Cowley, Oxford, also exhibited 
the Parsons trench excavator and spoil placer. 
This is a special purpose adjustable machine. It 
has been introduced from the United States by 
Messrs. Allen, as sole agents for Great Britain and 
Ireland. The model (No. 21), which is illustrated 
in Figs. 41 and 42, on Plate LVI, deals with cuts and 
trenches up to 24 in. wide by 7 ft. deep, but trenches 
up to 42 in. wide can be dealt with by using addi- 
tional side cutters. Wider trenches can be cut by 
digging parallel trenches and removing the dividing 
walls. Sixteen speeds are available for digging, 
and the travel rate for cutting is from 7 in. to 62 in. 
per minute, the variation being obtained by means 
of a combination of two gear-boxes. The buckets 
are single-piece members with removable chrome- 
nickel steel teeth, and are kept clean when working 
by a scraper. The chassis is a channel-steel frame 
tied and stiffened by plates and scantlings, and is 
carried by means of three-point suspension on a pair 
of track belts. The self-propelling rate. is about 
14 m.p.h., but for long-distance travel the low- 
speed gear combination enables the machine to 
walk up on to a tilting trailer, on which it can 
be transported. This job only occupies about 10 
minutes, and the machine can be hauled by a 5-ton 
tractor. 

The machine is steered by power and manceuvred 
in the way usual with track-belt drives, and is 
reversible by clutch and gearing. When operating, 
the spoil is discharged from the buckets into a chute 
and on to a chain-driven rubber belt-conveyor 
mounted transversely on the chassis, which can be 
adjusted by hand power to discharge at either side 
of the machine and at a varying distance from the 
working line. A special emergency clutch is 


provided which trips the drive when any serious 
obstacle is met with. The jib or boom is derricked 
by power. The overall length of the machine when 
travelling is 18 ft. 34 in. This is reducible by 
3 ft., by shortening the telescoping boom or jib. 
The overall width is 6 ft. 68 in., or 5ft. 2in. over 
the track-belts. The latter are 7 ft. 10 in. long by 
12 in. wide, and the bearing pressure is about 6} lb. 
per square inch of track surface. The gross weight 
of the machine is 7} tons. 

The engine is a standard four-cycle vertical engine 
of 40 h.p. with a bore and stroke of 4 in. by 6 in., 
and is placed athwart in the front of the chassis. 
The drive is transmitted through a toggle-operated 
double-disc clutch to a direct coupled change gear 
box, with gears giving two changes of speed for- 
ward and one reverse. This is the master control 
of all the machine motions, and when the reverse 
gear is operating all movements are reversed. A 
sprocket on the end of the gear shaft transmits a 
constant drive to a countershaft in the same plane. 
On this shaft is a bevel gear with a right and left 
dog clutch. This drives a vertical shaft at the upper 
end of which is a worm gear on a cross shaft. On 
the ends of this again are the cable-drums for raising 
and lowering the excavator ladder. The same lower 
countershaft carries three sprockets side by side. Of 
these the middle and larger one operates the pro- 
pelling or travelling gear by means of two chain 
tracks through a cross-shaft fitted with two double- 
disc clutches for disconnecting and holding one or 
other track belt for steering and turning. The 
track belts are driven by two roller chains from 
this shaft. The right-hand chain on the counter- 
shaft, drives an enclosed bevel-gear fitted with a 
right and left dog clutch, and works the conveyor 
belt, which receives the spoil from the buckets and 
deposits it on either flank. The belt carriage can 
be run out by hand gear to deposit the spoil at any 
distance, within the limit of the belt’s length 
between centres, from the working line. The left- 
hand chain on the countershaft operates the digging 
speed of travel, through a four-speed gear-box, 
and thence by an external sprocket on the end of the 
gear shaft through an enclosed worm drive on to 
the sprocket shaft which drives the track belt. 
There is a jockey sprocket provided in connection 
with the chain drive from the digging speed gear-box. 
This arrangement permits a quick alteration of the 
digging speed ratios by substituting an interchange- 
able drive sprocket. The effect is to double the 
digging speed. The buckets are driven by chain 
and sprocket through a special clutch provided with 
a self-release for emergency, the drive being from 
the main countershaft to a cross shaft on the ladder 
gantry. The lower idler rollers of the track belts are 
mounted flexibly on rocking shafts to ensure an even 
distribution of the weight over the whole tread 
surface. 

As far as possible working parts are identical and 
can be replaced from a single group of spares. All 
chains are of the roller type and all clutches of the 
twin-dise pattern. It is stated that the machine can 
be easily handled and, although it might seem from 
its description, that the design is a trifle complicated, 
this is not the case, having regard to the variety of 
motions provided and the speeds available for 
digging and travelling. 

The Jacta bitumen macadam dryer-mixer and 
dust extractor, which is illustrated in Figs. 43 and 
44, on Plate LVI, was exhibited by Messrs. Goodwin, 
Barsby and Company, Limited, of Watling-street, 
Leicester. It has several interesting points, one of 
these being the single-pulley drive for the whole 
cycle of operations. A plant of this sort requires 
provision for :—(1) Elevating and feeding the graded 
aggregate ; (2) for its discharge and adequate mixing 
and drying by heat in a revolving cylinder with 
the mixing vanes or paddles suitably arranged 
in a spiral, so that the mass of material is 
moved forward to the discharge chute; and (3) a 
bitumen or tar measuring and feeding plant for 
adding the binder to the dried and heated aggregate. 
In addition to arrangements for performing these 
operations, the Jacta plant has a dust extractor of 
the cyclone model, with the necessary suction 
fan. It will be seen from Fig. 43 that this 
plant is portable and self-contained, except for 





the bitumen or tar boiler. It has a rectangular 
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chassis composed of channel members, and is 
mounted on four stout cast-steel wheels of large 
diameter and with wide tread. At the rear is a gantry 
built of standard scantlings and trussed diagonally. 
On this is the operating platform, and overhead is 
space for the skip which feeds the mixing chamber 
at the back of the gantry platform. The gantry is 
of a height which ensures ample safety and head 
clearance for vehicles in course of loading. The 
mixer discharges through a door in its base directly 
into the waiting vehicle. The machine is built in 
four sizes, with outputs ranging from 4 to 6 tons, 
to 12 to 15 tons per hour. The various motions, 
as already noted, are driven from a common pulley 
shaft, and excepting for the filling of the ladder- 
buckets sometimes employed, but not shown in our 
illustrations, the plant is handled by one man from 
the elevated platform at the back. The lower part 
of the bucket assembly can be folded for travelling. 

It will facilitate understanding of the details of 
the machine if the cycle of operations is briefly 
followed through. The graded aggregate is fed by 
revolving ladder-buckets, or from a platform, into a 
self-closing chute, which delivers it into the dryer- 
mixer cylinder. The latter is fitted with a series 
of spiral vanes or paddles, and angle lifters for 
turning the aggregate over in its passage through 
the mixer, which is rotated by a roller chain at 
the back end of the drum. The drum is jacketed 
by an asbestos-lined casing, which serves also as 
a circulating flue and is fitted with a damper 
Across the chassis and below the channel frame is 
a number of independent furnaces. the gases from 
which are in direct contact with the revolving 
drum. Combustion of the fuel (coke) and circula- 
tion of the gases are effected by induced draught 
provided by a fan in a built-up metal casing, 
which is extended back into the rear end of the 
drum. This circulates the hot gases through the 
drum, where they meet the oncoming aggregate. 
Another fan, driven from the same shaft, extracts 
the fine dust from the revolving drum, and delivers 
it into a cyclone collector which also serves as outlet 
for the exhausted gases. The feeding chute, to 
which the aggregate is supplied, is fitted with a 
screen, through which the coarse dust falls on 
the ground, so that the cyclone fan has to deal 
only with fine dust. This material can be used 
as filler. 

The hot bitumen or tar is pumped from the 
source of supply into a graded tank on the con- 
trol platform. The type of pump varies with 
the material, but in any form its action is con- 
tinuous with the operation of the machine. The 
graded tank therefore is provided with an overflow 
pipe, which returns the surplus liquid to the source 
of supply. A lever controls the discharge of this 
tank. The last item of the equipment is the mixer, 
which deals with the measured aggregate as it leaves 
the drum, at the control of the operator, and receives 
also the bitumen or tar content, and after mixing 
them thoroughly discharges the mass into skips or 
carts ready for placing on the road. The mixer is 
a rectangular box with two sets of power-driven 
paddles. It receives the hot aggregate from a skip 
which is filled from a chute at the mouth of the 
mixing drum, and is controlled by the operator. 
The skip is power-elevated to the platform and dis- 
charges the mass into the mixer, and simultaneously, 
or thereabouts, the tar or bitumen content is dis- 
charged into the mixer. The levers for the control 
are close by the operator’s hands, and all the 
motions are controlled from the platform. The ele- 
vating bucket mechanism is sometimes dispensed 
with, as stated above, in favou> of a ramp or gantry. 

The single driving pulley shaft has a roller chain 
drive to a countershaft, on which is a bevel pinion 
gearing with a short longitudinal shaft. On this is 
a chain-reduction drive to the drying drum. The 
same fore-and-aft shaft drives a pulley with a crossed 
belt for operating the tar or bitumen feed pump, 
the details for this member being variable, to suit 


requirements. A second sprocket on the main pulley | 


shaft drives a short cross-shaft on which is a cone- 
clutch for operating the overhead cross-shaft and 
cable drum, by which the skip filled with dried 
aggregate is raised from the discharge chute of the 
drum to the control platform. On the pulley shaft, 
towards the rear of the platform (see Fig. 44) is a spur 


reduction gear, the large member of which drives the 
double paddle mixer, which, as beforeexplained, deals 
with the combined graded clean and hot aggregate 
and the bitumen or tar content, preparatory to their 
being discharged ready for laying on the road. Above 
the paddle mixer is the bitumen tank, kept filled by 
the force pump below. At the end of the first cross- 
shaft mentioned, fitted with bevel gear and chain- 
reduction drive for the drying drum, are two different 
size pulleys. The smaller of these drives a pulley 
and cross-shaft with bevel gear which is used to 
drive the loading buckets of the ladder at the 
front of the machine. The other, and much larger 
pulley drives the suction and exhausting fans for 
draught and circulation of the hot gases, and for 
extracting the dust from the aggregate in the drum. 
On an output of 80 tons per eight-hour day, the 
consumption of coke is 8 ewt. to 10 cwt. 

An interesting machine for spreading tar and 
bitumen was shown by Messrs. A. Schars, of 
48-52, Rue Achard, Bordeaux. The apparatus is 
built with either a cold or fire-heated tank, or for 
fitting to any existing tank for road haulage. 
The non-heated tank can be used effectively 
with emulsified bitumen and tar. The interest- 
ing feature is the form of cone-sprayer used. 
It is a small annular cone of some 4 in. diameter 
at the base and about the same length and has 
several annuli or circles, while the dividing walls 
are a special shape to promote spraying. The spray- 
ing cone revolves at a speed of 900 revs. per min. 
when the wagon is travelling at about 4 m.p.h., 
and one cone will spray a 6-ft. width of road. The 
consumption relative +o the area of the spread 
ranges from 34 sq. yards to 10 sq. yards per gallon. 
Two sprayers acting together have more than 
double this capacity. A rubber-covered friction 
roller and single-chain drive is used to drive 
gearing in a gear-box, below which the sprayer 
is suspended. If two sprayers are fitted, a simi- 
lar driving mechanism is used from the other 
rear wheel of the tank. The road wheels are 
shod with large solid rubber tyres. The friction 
roller is carried by a pair of pivot-mounted fork- 
arms, and is controlled for contact and bearing 
pressure against the road-wheel tyre by a vertical 
hand-screw gear at the back of the vehicle. A leaf- 
spring is provided to damp out oscillations of the 
friction disc, which would result in variation in the 
speed of rotation of the sprayer. The same makers 
showed a two-wheel barrow type of portable tank 
with a similar sprayer of 250 litres capacity which 
can spray over a width of 3 ft. It is supplied with 
or without a longitudinal fire-grate and up-take. 

Messrs. Thomas Coleman and Sons, Limited, 
of Alfreton-road, Derby, showed a new grit-spread- 
ing attachment for their horse- or motor- 
drawn patent Flapper spraying machine. The dis- 
charge rate may be regulated by a hand-wheel 
screw, which operates the discharge door, the 
thickness of the coating depending on the area of 
the discharge opening. Even distribution of the 
grit is effected by a row of cam-operated vibrator- 
levers, their movement being derived from the off- 
side road wheel. The combination of these two 
| machines enables the tarring and gritting to be done 
}in close sequence. The Flapper atomising spray- 
| ing machine holds 200 to 250 gallons and is provided 
| with a hoist and swivelling derrick for lifting bitu- 
/men or tar barrels. Spraying is effected by a 
 erwideling beater geared up 17 to 1 by two chain 
| drives, and is controlled by a dog-clutch and 
| driven off the road wheels. The beater is built 
of mild steel bars, discs and vanes. The hot liquid 
|falls by gravity into the distribution pipe, and is 
| discharged in jets on to the beater. The beater 
| vanes strike the tar, atomising it and driving it down 
|with force on to the road. The Coleman valve 
| used automatically clears the distribution pipe after 
the use of heavy bituminous compounds. The 
flow may be varied from one gallon per 3} super 
| yards to 1 gallon per 12 yards. This machine weighs 
about 30 cwt., and the grit spreader 15 cwt. A small 
tractor is employed to haul them in tandem, but, 
if separate, a one-horse draught is sufficient. 

The Lacre Motor Car Company, Limited, Letch- 
worth, Herts, showed an unusual style of chassis, 
which has for its principal feature a detachable 











inner frame on which the engine and gear box, | 


with all the necessary fittings for both, are carried. 
The complete unit is rolled in and out of position 
by a trolley arrangement of four adjustable 
caster-jacks. The jacks are adjusted to carry 
the weight of the inner frame, which can then 
be unbolted and drawn out without disturbing 
the main chassis or body. There are two bucket- 
seats on both sides of the engine, the centre being 
occupied by the radiator. The unit can be removed 
in about 15 minutes and replaced ready for use 
in a minute or two longer. The Lacre Company 
showed also a three-wheel rear-driven motor road 
sweeper with a 12-h.p. four-cylinder engine, and 
two speeds forward and two speeds reverse gear 
roller chain axle drive. The brush is in sections 
of 15 in. length each, and is carried by a square 
shaft. It can be removed by undoing a couple 
of bolts. The brush is driven off a gear box and 
is controlled by a pedal, and lifted and lowered 
by a lever on the driver’s right. If fitted for 
sprinkling, a 100-gallon water tank is provided, 
and a pump gear driven off the gear box. Two 
nozzles are included, and the water pressure is 
about 20 Ib. per square inch. The pump is put in 
and out of action by a clutch, the lever for which 
is on the driver’s left. 

The Multiple Batch concrete mixer of Messrs. 
Concrete Equipment, Limited, of 4-6, Star-road, 
West Kensington, W., is shown in Fig. 45, on page 
727. It will be seen that the mixing drum is inclined 
aft and has the casing split and closed by a hinged 
half-cover. It is fitted with a number of baffle- 
plates and scrapers, and contains several divisions, 
through each of which the batch passes successively, 
being independently mixed in each. The cement, 
sand, and gravel are measured mechanically in any 
predetermined proportions by three separate sys- 
tems of travelling buckets driven by a roller-chain 
and cross-shaft. The latter also drives the mixing 
drum. The buckets pick up the cement, sand, and 
gravel from separate hoppers and pass under a 
scraper, which skims the contents flush with the 
top of the bucket and deliver into the mixing 
drum. The connection to the water-supply is fitted 
with two taps. The upper or master tap is set for 
the correct flow by the foreman, leaving the lower 
tap for the operator to shut when work is tempor- 
arily suspended. The water ratio is, therefore, kept 
constant, and cannot be varied unless the master 
tap be altered. The cement bucket is fitted with a 
sliding base by means of which any desired mixture 
can be obtained. The machne is driven by a 33-h.p. 
Lister engine and is fitted with a three-speed gear 
set, which enables the capacity to be varied to 
6, 12 and 18 yards per hour, as desired. A clutch 
provides a safety relief in the event of a hold-up. 
A platform and davit with a block and tackle are 
provided for hauling cement bags into position for 
discharging into the cement hopper. The plant is 
attached to a channel frame supported on a chassis 
composed of light angles and plates, and is carried 
on four cast wheels. The height of the drum 
discharge mouth is 3 ft. 8in. from the ground. The 
outfit weighs 3 tons. 

Messrs. Holman Brothers, Limited, of Camborne, 
whose air compressor exhibits were reviewed at 
length in connection with the last show (see ENeI- 
NEERING, vol. cxx, page 663), this year showed a 
new model of 210 to 220 cub. ft. capacity. It is 
direct coupled by a clutch to a four-cylinder petrol 
engine, the clutch having incorporated with it a 
design of flexible joint. The chassis is mounted 
on rubber-tyred wheels. The overall measurements 
are :—Length 11 ft.; height, 6 ft. 1 in.; breadth, 
4 ft. 10 in. The net weight is approximately 
46} cwt. The compressor has twin-water cooled 
vertical cylinders with Holman plate valves 
and decompressors, and trunk pistons with longi- 
tudinal ports. The valves are of large diameter 
and have annular ports. The inlets are arranged 
in the piston crowns, and the outlet valves in 
the cylinder covers. The air is admitted through 
a large port at the side of each cylinder; this 
arrangement, it is claimed, ensuring a minimum 
of wire-drawing and a full volume of air free stroke. 
Both sets of valves and seats are self-contained, 
detachable units, and are easily accessible. Other 
details include pressure oiling and oil-traps to the 
piston skirts, and a pressure relief valve controlled 
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Fig. 45. Muxtiete Batcu Concrete Mixer; Messrs. CONCRETE EQUIPMENT, LIMITED. 


pneumatically from the receiver. Messrs. Holman 
and Company also show a 100 cub. ft. crude oil 
driven set. The engine of this is a Petter-Diesel with 
medium compression, for such oils as palm oil and 
paraffin. Engine and compressor have a common 
crankshaft. The rest of the display included 
pneumatic portable grinders. Difficulties incidental 
to over-heating when these are run for long periods 
are claimed to have been removed chiefly by furnish- 
ing the high-speed parts with frictionless bearings 
and providing a large margin of safety. Messrs. 
Holman test their grinders under a full load for 
four hours continuously. 

A strong and useful range of single ram pumps 
with large air vessels and fitted with cast-iron spoke 
type flywheel-pulleys of large diameter which has been 
brought out for contractors and for estates, were 
shown by Messrs. Tangyes, Limited, Birmingham. 
Four sizes are made. The bore and stroke range 
from 24 in. by 2} in. to 5} in. by 5 in. With a 
pulley speed of 120 r.p.m. for the smallest model 
and 90 r.p.m. for the largest pump the delivery 
ranges (approximately) from 315 gallons to 2,310 
gallons per hour. Though strongly built they are 
reasonably light, the weight ranging from 14 cwt. 
for the smallest model, to 54 cwt. for the largest 
size. They can be supplied also combined with a 
Tangye petrol or paraffin vertical governed engine 
on a shallow bed-plate, the drive being by a spur 
gear. These combined power sets are built to be 
run for long periods without attention, and have 
the usual accessory fittings of a normal four-cycle 
engine. One of these pumps was illustrated in 
ENGINEERING, vol. cxx, page 72. 

The Hecla disc crusher shown by Messrs. Had- 
fields, Limited, Sheffield, is too well known to re- 
quire more than a mention of points which enhance 








its established claims to utility and. good wear, 
in view of the large development of bituminous 
road surfaces, which are finished off with a dressing 
of stone chippings, as well as of plain concrete 
roads and asphalt-surfaced roads. The more recent 
Hecla disc crusher has the necessary equipment for 
turning out stone small enough to pass a }-in. 
ring-gauge. This is facilitated by the shape and 
structure of the containing chamber: which is 
specially suitable for rounded pebbles and shapes 
which have a tendency to fly out. Further, the 
centrifugal effect tends to spread the material over 
the entire surface of the discs, and it is claimed that 
the product is uniformly of cubic shape. The 24-in. 
size can discharge 15 tons per hour and reduce pieces 
5 in. by 4 in. by 24 in. to pass a 3-in. ring. Toughened 
cast-steel is used for the frame castings, and the 
makers’ Era manganese steel is used for the{wearing 
parts. 

The display of road materials and scientific and 
laboratory testing plant and apparatus was a pro- 
minent feature, which would require much more 
space than is available, even if we gave a bare 
synopsis of it. Added to this may be noted the 
numerous exhibits of appliances and accessories in- 
spired by efforts to make the roads safer and improve 
traffic control. Flashing coloured lights, and other 
forms of illuminated warnings and directions, and 
metal, and rubber, and stone, or vitreous-moulded 
slabs, for inserting in the road surface as direction 
marks deserve mention in this general category. 
Messrs. The Paterson Engineering Company, 
Limited, Windsor House, Kingsway, W.C., showed 
models illustrating their Chloronome system of con- 
tinuous circulation and purification plant, and 
pressure filters, as used at Malvern, and now in 
course of installation at nearly a half-score places 


at home and abroad; also the type of rapid 
gravity filter used by the Metropolitan Water 
Board, and now in course of being supplied to 
a number of towns at home and abroad, the 
latter including Revel, Singapore and Bulawayo. 
Messrs. Guest and Chrimes, Limited, Rotherham, 
had an exhibit of meters, self-recording and other- 
wise, for steam, hot and cold-water, compressed air 
and oil, together with specimens of stop cocks and 
reducing valves in various non-ferrous alloys. The 
Cambridge Instrument Company, Limited, 465, 
Grosvenor-place, S.W., were represented by vibro- 
graphs, accelerometers and stress recorders, pyro- 
meters and automatic temperature regulators for 
buildings and draught and pressure gauges, including 
the triple-dial gauge for flue, grate and fan-draught 
pressure. In the same hall, Messrs. George Kent, 
Limited, of Luton, showed Venturi recorders of 
various types and manometers for mechanical and 
rapid filters and air meters. Messrs.. Baird and 
Tallock, 14-15, Cross-street, E.C., were represented 
by a petrometer for testing the density of bitumi- 
nous compounds for road use, and other apparatus. 








COMPOSITION OF CRACKED 
DISTILLATES. 


THE annual report, for 1924, of the Institution of 
Petroleum Technologists on the Progress of Naph- 
thology, contained the statement that very little was 
known about the chemical composition of the initial 
charging stocks used in cracking, and about as much 
was known of the final products, while the intermediate 
reactions were only guessed at. Though that statement 
is likely to remain substantially correct for some time 
to come, the paper by Professor J. S. S. Brame and 
Mr. T. G. Hunter, read by the latter before the Institu- 
tion of Petroleum Technologists on November 8, and 
entitled ‘The Composition of Cracked Distillates,” is 
certainly a valuable addition to our knowledge on the 
subject. Professor Brame explained, however, that 
they were not yet attempting a quantitative analysis 
of cracked petrol. 

The anaiytical difficulties are too great, even as 
regards the initial oil charged into the retort. The 
well-defined precipitates and the isolated crystals, 
upon which the chemist largely relies for analysis and 
for X-ray examination, can hardly be obtained in 
natural oil mixtures. In fact, not many of the single 
constituents are procurable, at moderate costs, in a 
sufficiently pure state for the comparative study of their 
properties. That is a drawback to those chemist who 
start, in their studies of natural or cracked products, 
by mixing well-known compounds in definite pro- 
portions. While, further, the pyrolytic composition 
of the paraffin hydrocarbons under pressure has long 
been known to be essentially of the nature of a simple 
splitting of the chain into a lower paraffin and a 
corresponding olefine, the behaviour of naphthenes 
on pyrolysis is quite unknown. Cracked distillates 
generally contain all the four classes of hydrocarbons 
—parafiins, unsaturateds, aromatics and naphthenes. 
But even the estimation of the bulks of the different 
classes is in an unsatisfactory state. Cracked spirits 
contain more unsaturateds than straight-run petrol, 
and this feature, first considered undesirable, is now 
regarded as an advantage, because unsaturateds do 
not tend to detonate. In consequence, cracked petrols 
command in American higher prices than ordinary 
petrol. Sticky yellow gums are, however, liable to 
separate from cracked spirits on storage and to give 
trouble in the engine. These gums are regarded as 
oxidation products of diolefines. Messrs. Brame and 
Hunter stated that no such product had, so far, been 
isolated from cracked spirit. 

Their own work had been devoted to the separation, 
on the one hand, of unsaturated and aromatic hydro- 
carbons from the saturated paraffins and the napthenes, 
and, on the other, to the much more difficult separation 
of the latter two classes of compounds. Though not 
completely successful, they had developed methods for 
a reasonably high degree of sepatation of the former 
group, and they had applied these methods to the inves- 
tigation of a commercial cracked spirit produced in a 
Cross plant from a Russian kerosene, which was the 
direct plant distillate, and had not undergone any of 
the present refining treatments. In the first instance, 
Messrs. Brame and Hunter tried to isolate the un- 
saturateds and aromatics by the use of selective solvents, 
viz., methyl-alcohol, solution of sulphur dioxide in 
acetone, nitrobenzene, aniline and dimethyl aniline, 
applied to both the cracked spirits and their various 
fractions. The results were unsatisfactory. They 
then turned to chemical methods; that is to say, 
the removal of the more reactive constituents (in this 








case the unsaturateds) by conversion into easily- 
isolated derivatives, and then recovering the other 








constituents (the aromatics) by transforming them 
into sulphonic acids and hydrolysing these acids. Asin 
the previous line of research, several of the methods 
tried had been known for forty years and more. One 
of these was mercuration, that is, treating the hydro- 
carbon with mercury acetate, or some other mercury 
salt, and decomposing the resulting compound by 
distillation with hydrochloric acid. Again the yields 
were very poor, owing to secondary reactions and 
other working losses. 

But bromination of the unsaturated portion and 
subsequent treatment of the product with a zinc- 
copper couple in neutral alcoholic solution proved 
successful, first in the case of amylene, with which 
yields of 91-5 per cent. were obtained, and then with 
the light and heavy fractions of cracked spirits. For 
the second part of the problem, isolation of the paraffins 
and naphthenes, fractional distillation seemed to be the 
only method available. In conjunction with Mr. D. L. 
Samuel, Messrs. Brame and Hunter found, however, 
that this fractionation could be greatly facilitated either 
by adding a third substance of suitable boiling point 
to the mixture, or by passing the vapours from the 
mixture through that third substance. In the case of 
low-boiling constituents, aniline appeared to be the 
best substance to improve the distillation, and this 
line of research is also promising. The details of the 
methods, the results of the experiments with the 
cracked Russian kerosene, and the discussion of the 
paper were mainly of a chemical nature, and therefore, 
hardly suited to our columns. 





HIGHER STEAM PRESSURES, AND 
THEIR APPLICATION TO THE 
STEAM TURBINE.* 

By A. H. Law, M.I.E.E., and J. P. CuitrenDEN. 

(Continued from page 613.) 

THE new Klingenberg power station near Berlin is 
to contain six turbines operating at a stop-valve pressure 
of 463 Ib. per square inch. Three sets will each 
normally develop 70,000 kw., and each of the other 
three 9,000 kw. All six turbines are of the impulse- 
reaction type constructed by the A.E.G., and a section 
of the main sets is given in Figs. 12 and 13. The 
noteworthy point about this installation is that, in 
order to keep the turbine plant as simple as possible 
no interheating is employed, and no steam for feed 
heating is extracted from the 70,000 kw. sets, but the 
9,000 kw. sets are used for this purpose. The latter are 
two-cylinder back-pressure machines. Steam is ex- 
tracted at 57 Ib. per square inch abs. at the high- 
pressure cylinder exhaust, and the low-pressure cylinder 
exhausts at 6-4 Ib. per square inch abs., so that the 
whole of the steam from these sets is used for regenera- 
tive feed-heating. 

In the Merwedekanal station at Utrecht is another 
good example of group (A) (ii), illustrating, as it does, 
the modern tendency to employ impulse blading for the 
high-pressure portion and reaction blading for the low- 
pressure portion of the turbine. It is a 16,000 kw. 
(economical) 3,000 r.p.m. set built by Stork Bros. of 
Hengelo to the Erste-Briinner design. A noticeable 
feature of the design is the small diameter, particularly 
at the high-pressure end. Stages 2-10 of the first cylinder 
are only 600 mm. (23-6 in.) in diameter. Of similar 
design is a turbine constructed by Erste-Briinner for 
the Witkowitz Coal Mining Company in Czecho- 
Slovakia. This is to operate in connection with three 
Léffler boilers with an admission pressure of 1,470 Ib. 
per square inch. It is a quadruple-expansion tandem 
set running at 3,000 r.p.m. The high-pressure element 
is particularly interesting in that it consists of 30 Rateau 
stages of very small diameter and exhausts at about 
700 Ib. per square inch. 

Group (B) (i) consists chiefly of turbines installed in 
connection with ** superposed high-pressure ” schemes. 
Perhaps the best known example is to be found in 
the Edgar station of the Edison Electric Illuminating 
Company, Boston. This turbine, constructed by the 
General Electric Company of America, is designed to 
expand steam from 1,200 lb. per square inch gauge at 
700 deg. F. to a back pressure of 360 Ib. per square inch 
gauge. With a steam quantity of 133,000 lb. per hour, 
the designed output was 3,150 kw. at 3,600 r.p.m. 
The whole machine is of quite small dimensions and 
contains 20 simple impulse stages having a constant 
mean diameter of about 15} in. The mean blade speed 
is thus only about 250 ft. per second, and with the 
heat-drop available indicates a mean ratio of 
blade speed to steam speed (u/c,) of about 0:45. The 
clear blade heights, on account of the density of the 
steam, are quite small, and range from about 0-6 in. at 
the steamend to 1-2 in. at the exhaust end. The rotor 
is a solid steel forging having the discs integral with 
the shaft. The casing is of a particularly strong con- 





* Paper read before the Institution of Electrical 
Engineers, on November 38, 1927. 
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struction consisting of two solid steel castings rigidly 
bolted together, with the inlet and exhaust pipes cast 
integral with the bottom half. The glands are of the 
radial-clearance labyrinth type, both at the steam and 
exhaust ends, and while originally carbon rings were 
also fitted to seal against the atmosphere, they were 
finally replaced by standard labyrinth packing. The 
exhaust steam from this turbine at 375 lb. per square 
inch develops, after being reheated, about 12,000 kw. 
in the main low-pressure turbines. This plant has 
now been in successful operation for some time, and 
it is stated that no difficulties attributable to the high 
pressure have developed. A very similar plant con- 
structed by the same company has also been operating 
successfully in the Lakeside station of the Milwaukee 
Electric Railway, Light and Power Company. This 








is rather a bigger machine, and is designed to develop 
7,000 kw. at 3,600 r.p.m. with the same initial conditions 
but a slightly lower back pressure. 

From the experience gained in the successful opera- 
tion of these two sets the General Electric Company 
have now under construction a 10,000 kw. 3,600 r.p.m. 
machine of the same general design for the Edgar 
station (Fig. 16). The initial steam pressure is again 
1,200 lb. per square inch, and the exhaust from this 
machine will be utilised, together with additional 
normal pressure steam, in a new 65,000-kw. unit. 
The Westinghouse Electrical and Manufacturing Com- 
pany have also constructed a 1,200 Ib. per square inch 
back-pressure turbine. It is of the impulse reaction 
type designed to give 3,200 kw. at 3,600 r.p.m. A 
high-pressure singie-cylinder back-pressure turbine 
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built by G. Stork and Company has been installed in 
the Amsterdam power station. The steam pressure 
is lower than in the case of the American machines, 
being only 585 lb. per square inch, but in this case also 
the exhaust is reheated and used in existing machines. 
In dimensions it is very similar. There are 13 simple 
impulse stages, the first five of which are 400 mm. 
(about 15} in.) and the last eight 600 mm. (23-6 in.) 
mean diameter. The designed output is 3,200 kw. at 
3,000 r.p.m. 

Of the geared high-pressure machines, Group (B) (ii) 
one of the first was the turbine designed and constructed 
by the English Electric Company to work with steam 
supplied by the experimental Benson boiler above 
described. 

The turbine was of the simplest possible design, no 
attempt being made to attain very high efficiencies. 
A sectional view of the turbine is shown in Fig. 17. 
It was designed for a pressure at the stop-valve of 
1,422 lb. per square inch abs. at a temperature of 
842 deg. F., and to exhaust at a back pressure of 
213 lb. per square inch abs., wih a view to utilising the 
exhaust steam in a normal-pressure turbine. There 
is only one simple impulse stage of 9-65 in. mean 
diameter, so that when running at 25,000 r.p.m.—the 
designed speed—the ratio of blade speed to steam 











| speed (u/c,) is about 0-33. 
with the shaft, the material being nickel steel of high 
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The disc is made solid 


tensile strength. On account of the small size of the 
blades and the high speed, an improved type of De 
Laval blade fixing was employed. The slots in the 
disc rim into which the blade roots are pressed were 
made at an angle instead of axially as in the standard 
De Laval practice. In this way a better overlap of the 
discharge edges of the blades is obtained than is 
possible with the original De Laval fixing. Further, 
an increased shoulder area is possible, with a consequent 
reduction in stress. The glands were of the axial 
clearance type with adjustable clearances. The small 
thrust on the blades was carried by a Michell thrust 
block. The casing was of cast steel and the valve 
spindles, &c., of Monel metal in order to withstand 
the high temperatures and pressures. Special windage 
plates were employed to reduce to a minimum disc and 
blade friction losses. The normal running speed of the 
turbine was to be 25,000 r.p.m. and the output 360 kw. 
For the purposes of testing, the turbine was coupled 
through reduction gearing to a Froude dynamometer 
running at 6,000 r.p.m. This machine was run during 
tests on the boiler at speeds ranging from 10,000 to 
30,000 r.p.m., with a maximum steam quantity of 
about 8,000 lb. per hour. 
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Next in point of time is the Brown-Boveri turbine 
at the Langerbrugge station (Fig. 18). In the first 
place it may be noted that the steam conditions 
were chosen with reference to the existing main steam 
range conditions, namely, 285 lb. per square inch 
and 625 deg. F. It was not thought desirable at the 
time to incur the complications which would be involved 
in reheating the steam, but the new high-pressure plant 
was required to exhaust into the existing plant, so 
that the conditions at the exhaust had to approximate 
to the figures stated. A full description of this turbine, 
together with its tests, has already been published.* 
By the employment of the two overhung wheels a 
high-pressure gland has been avoided, and an ingenious 
method has been adopted for cooling the shaft and 
preventing steam from blowing into the pedestals, 
by supplying the gland on the exhaust side with water 
under pressure. 

A number of small-bore flexible pipes are arranged 
in parallel between the cylinders and the valve gear, 
thus carrying still further the arrangement adopted 
on the Parsons machine at Crawford-avenue. Due to 
the success of this machine in operation, further 
additions to the high-pressure plant in this station are 
to be made in the form of three new boilers, each of 
99,000 Ib. per hour normal evaporation, working in 
conjunction with an 8,000 kw. high-pressure turbine 
with the same steam conditions. When this plant is 
installed the station will have been completely com- 
pounded. 

The 20,000 lb. per hour Benson steam generator 
previously mentioned delivers steam to a high-pressure 
turbine constructed by Messrs. Escher, Wyss for the 
works of Messrs. Siemens-Schuckert at Siemensstadt. 
It is designed for an output of 1,000 kw., runs at 10,000 
r.p.m., and is coupled through reduction gearing to 
an alternator running at 3,000 r.p.m. A section of the 
machine is given in Fig. 19, from which it will be seen 
that there are nine single-row impulse stages of small 
diameter. Owing to the high inlet steam pressure 
(1,420 lb. per square inch gauge) the blade and nozzle 
heights throughout are very small. The casing is made 
in one piece from a solid steel forging, and owing to the 
coned steam path it is possible to drop the whole rotor 
together with the diaphragms into the casing in one 
operation. The exhaust end of the casing, including 
the exhaust pipe, is afterwards bolted on to the main 
body. This plant has undergone intensive tests, and 
as a result a larger high-pressure plant is to be installed 
by the same firm. 

The latest plant of this type to be under construction 
is one for the Valley Road power station of the Bradford 
Corporation. When completed, this will be the first 
example of the “‘ superposed high-pressure ”’ system in 
this country. The turbine is designed for steam inlet 
conditions of 1,100 lb. per square inch at 800 deg. F, 





* See The Engineer, 1926, vol. cxli, page 570 ; and 1927, 
vol. exliii, page 550. 
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It will run at 6,000 r.p.m. and will drive a 2,500-kw. 
alternator through reduction gearing (Fig. 20). 


PRESSURE STEAM TURBINES. 








The steam is expanded in nine simple impulse stages 
of small diameter. The rotor, similar to other instances ] 
previously described, is machined from a solid forging. Fia.20. ( 
The method of blade fixing is substantially the same as : 
in the Benson turbine described above, namely, a | 
modified form of the De Laval fixing. The diaphragms | 
are all of a ‘* built-up” type milled from the solid, as | 
by this means accuracy of manufacture, a better finish 
and an improved path for the steam are obtained. The | 
U-pipe method of connecting the steam chest to the : Z 
turbine, already mentioned, has also been adopted in yy 
this instance. yw 

A description of a De Laval turbine, Group (B) a ‘iY 
(ii), installed at Fors Aktiebolaget appeared in 
a recent issue of ENGINEERING* and may be taken F 4 
to be fairly typical of other high-pressure machines 81J d 
constructed by this company. The turbine, which | A / 
consists of only two single-row impulse stages of a | Y gm G J\Z 
little over 11} in. mean diameter, runs at 15,000 r.p.m. | VWF ff fia, 
and drives a generator at 3,000 r.p.m. through reduction | \ yy G 

gearing (Fig. 21). The rotcr is machined from a solid | 
forging and, like the Brown-Boveri machine at Langer- | 
brugge, is of the overhung shaft construction. 

Finally, mention may be made of a second high- | 
pressure turbine built by Messrs. Escher, Wyss for the | 
cable works of Messrs. Siemens-Schuckert at Siemens- 
stadt. This is a two-cylinder tandem back-pressure 
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machine, designed for double-extraction for industrial | | 
purposes. Steam is supplied to this machine by the | 

50,000 lb. per hour boiler previously noted, and | | 
provision is made for reheating the steam between the | , j 
cylinders, which contain one Curtis and 5 and 8 | / ts 








impulse stages respectively. Sa tg : es 














(To be continued.) | | 
| y 





tian ZZ 























Lerezie Farr, 1928.—In view of the great demand in i 
Germany and other Continental countries for textile | : rh 
e | THe PHYSICAL AND THE OpTIcAL Societies’ EXuIBI- 
machinery, a special hall has been reserved for exhibits | = 3 “haeRE RM = ; 
in the Technical Section of the Leipzig gong | | aatanel eek attee Pagelell Apuestas in:ke be oat OF 
oe — oe grag at =e wr re * o 8. | the above societies on January 10, 11 and 12, 1928, at 
ready a large number of foreign manufacturers have | ~ 
taken space, and it is to be regretted that only one British | lle gg — a ee 
firm has taken advantage of the new arrangement. g T P y 3 f 
include a Trade Section, comprising the exhibits o 
manufacturing firms, and the Research and Experimental 
| Section, initiated in 1926. In the latter section the groups 





* See ENGINEERING, vol. cxxiv, page 164. 
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are :—(a) Exhibits illustrating the result of recent 
physical research and improvements in laboratory 
practice. (b) Effective lecture experiments. (c) Repeti- 
tions of historical experiments. No charge for space 
or catalogue entries will be made in this section. Offers 
of exhibits in the Research and Experimental Section 
should be sent in to the Secretary, Physical and Optical 
Societies, 1, Lowther Gardens, Exhibition Road, London, 
S.W.7. 
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THE PUBLIC WORKS CONGRESS. 
(Concluded from page 681.) 
SrwaGeE DIsPosa.. 


THE Association of Managers of Sewage Disposal 
Works also held its meetings on Thursday, November 
17. In the morning, Dr. H. T. Calvert, the Chemical 
Inspector of the Ministry of Health, presided, and 
Messrs. A. S. Parsons and H. Wilson presented a paper 
on “‘ The Solution of Oxygen in Sewage.” In this they 
gave the results of many experiments they had con- 
ducted, from which they concluded that the apparent 
absorption of oxygen was due to the action of bacteria. 
A contribution on “Some Methods of Analysis of 
Sewage and Water ”’ was then made by Messrs. F. R. 
O’Shaughnessy, C. H. Hewitt and A. S. Miller. 

At the afternoon meeting, Mr. E. A. Sandford Fawcett 
presided, and Mr. J. H. Garner read a paper on “Small 
Sewage Works.” In this the author dealt with the 
design, equipment and operation of small sewage 
installations, ranging in size from those in use at 
large private residences to those of modern villages. 
While land treatment of sewage was fast losing its 
advocates, it could not be denied that it was the best 
and least costly method for small country places, 
where the land was sufficiently porous and had a good 
subsoil. Even meadow land, when suitably prepared, 
was capable of purifying large quantities of sewage, 
if the settleable solids were first removed. It might 
be assumed that some form of tank treatment, generally 
simple settlement, was essential for the satisfactory 
working of an irrigation scheme. Septic conditions 
should be avoided, because sewage was more readily 
purified when applied fresh to land. The Ministry 
of Health Requirements formed a useful guide to tank 
capacity, but, at very small works, it was generally 
Sufficient to provide a single rectangular tank with a 
capacity equal to.12 hours’ dry-weather flow. Screens 
should not be fixed unless regular attention was avail- 
able; floating solids could be retained in the tank 
by means of suitable scrieve-boards. Whenever road 
washings had access to the sewers, a grit chamber should 
be constructed, or the settling tank might be divided 
to make the inlet end serve the same purpose. A good 
slope in the tank floor was necessary to facilitate 
cleaning. It was a good working rule to have sufficient 
land for one half to be under irrigation while the other 
half was resting. Taking 10 gallons per head as the 
average for small country places, at least 1 acre per 
5,000 gallons dry-weather flow would appear necessary 
under average conditions. Examples of actual installa- 
tions were given by the author, and costs were quoted. 



































In the discussion, the view was expressed by Alderman 
Longbottom that it was bad policy to lay down small 
plants, ahd that sewage treatment should be concen- 
trated in large installations. Mr. Gilbert Thomson 
dealt with the design of septic tanks for small installa- 
tions, and Mr. Lloyd referred to the building of the 
walls of filters with breeze blocks as cheaper than 
brick or masonry. Mr. Garner, in reply, said he was 
in agreement with the ideas put forward by Mr. 
Thomson on septic tanks, but thought they would 
prove more costly than the means of treatment 
referred to in the paper. He found that little saving 
could be made in the construction of retaining walls for 
filters by the use of other materials than brick or stone. 

In the absence of Mr. F. C. Temple, his paper on 
“ First Principles in Sewage Disposal ’’ was presented 
by Dr. H. T. Calvert. In it, the principal claim was one 
for exact definition of the terms used in connection 
with sewage treatment and disposal, and for the institu- 
tion of rational means of specifying data obtained in 
the operation of plant. 


LocaL OWNERSHIP OF TRANSPORT. 


At the meeting on Friday morning, November 18, 
the papers were submitted through the Institution of 
Municipal and County Engineers, and Mr. Edward 
Willis occupied the chair. Mr. H. Marsh presented a 
paper on “The Present-day Implications of Local 
Ownership of Transport Undertakings.” It was 
frequently suggested that, with the extended use of 
motor omnibuses, tramways were fast becoming 
obsolete. This was of vital importance to many local 
authorities, who had to consider whether a complete 
or partial scrapping of existing systems of transport 
was either practicable or politic. While tramways 
possessed certain disadvantages, there was no doubt 
that, by reason of the great capacity of the cars, they 
were invaluable in the handling of heavy passenger 
traffic. By co-ordinating their use with that of motor 
omnibuses, their retention would, in all probability, 
be assured. 

Any particular means of transport ceased to be 
economically advantageous to the community when 
it ceased to be self-supporting. It was the case, 
however, that cheap fares, in places where congested 
conditions existed, might be the foundation of a real 
social gain not measurable in terms of what individuals 
were willing to pay. A distinct weakness of tramways 
was the inflexibility of their routes. Electric tramways, 
generating stations, cars and equipment cost more to 
instal than motor omnibuses or trackless cars, but 
their operating costs were lower than those of ’buses. 
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Not everywhere then must it be taken for granted that 
tramways were to give way to other transport methods. 
Great improvements had been made in the design of 
motor omnibuses and it might be taken that the double- 
decked top-covered ’bus had come to stay, but the 
conversion from tramway to omnibus transport would 
result in the use of a much larger number of vehicles in 
the streets, a condition which local authorities, and others 
entrusted with traffic control, were anxious to avoid. 

In some cases, trackless trams had been adopted 
as a partial solution of the problem, but, in general, 
it was probable that they would only be worked 
as long as existing plant and equipment could 
be retained in serviceable condition. Co-ordination 
was necessary, and Lord Ashfield had recently stated 
that his companies supported the proposals of the 
London and Home Counties Traffic Advisory Com- 
mittee, that there should be a common management 
and common fund for transport in London. For this 
arrangement to function properly, it was thought that 
there should be control of development, fares and ser- 
vices by a public body. Such a policy meant that 
the various undertakings should be worked together 
as a single system, to provide London with adequate 
services. A similar need existed in many large pro- 
vincial centres for some practical arrangement between 
all the local transport organisations. A national 
policy with statutory regulations and correlation of all . 
passenger road services, no matter who owned them, 
was the only practical and permanent solution. 

Mr. Spencer, in opening the discussion, suggested 
that the days of free competition between the 
various means of transport were over. Tramways, 
which were the earliest really practical passenger- 
carrying service on the roads, at first had a monopoly, 
but with many impositions that were very onerous. 
The monopoly had gone, but the obligations to main- 
tain the roadways between the track, and to a distance 
of 18 in. on each side of it, remained, as well as the 
obligation to charge no more than certain statu- 
tory fares. Rail transport was necessary to deal 
with heavy traffic at low fares, which required power 
generated in an efficient central station. Co-ordination 
was necessary in the public interest. Tramways, said 
Mr. Dryland, served a good purpose to the travelling 
community, especially to workmen. Mr. Marsden 
suggested that co-ordination was a question of finance, 
and one difficulty was that it might be taken that each 
service must show a profit. The transport of workers, 
at cheap rates was nevertheless as essential as the 
provision of gas, water or electricity. It might be 
possible to pass an amended Tramways Act to relieve 
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tramways of some, at any rate, of their obvious handi- 
caps. Unlimited competition caused congestion and 
unnecessary wear and tear of the roads. Mr. Merry 
thought that, if assisted by the Ministry of Transport, 
the difficulties regarding finance need not prove insur- 
mountable, but it would be a false step if having 
common funds meant common management. He was 
glad to note that Mr. Marsh suggested a council, and 
he hoped that such a central control board would be 
made representative of all the interests concerned. 
Mr. Marsh, in reply, said that he was convinced that the 
only way of reaching a permanent solution was by 
means of statutory action. Whatever was done 
should be arranged to give the best terms to the public, 
whether the ownership was public or private. 

Mr. B. Price Davies then presented his paper on 
‘“ Costing for Public Works and Buildings.” 


Coast Erosion. 


On Friday afternoon, the meeting considered the 
questions involved in coast erosion. Mr. E. A. Sandford 
Fawcett presided, and the first paper, entitled ‘‘ Coast 
Erosion and Defence,” by Mr. E. J. McKaig, was taken 
as read. This paper, it may be said, was confined to 
a consideration of the initial causes of coast erosion, 
in the endeavour to assist the design of defences. 
According to the Director-General of the Ordnance 
Survey, during a period of 35 years, the coast of 
England and Wales lost, through erosion, no less than 
4,692 acres, but the figure given did not take account 
of any additions by accretion. As the Scottish and 
Irish coasts were formed of harder rocks, they did not 
suffer to the same extent as those of England and Wales. 
With wave motion, the water had an up and down 
movement only, with the following minor exceptions :— 
A thin layer of the surface did go forward through the 
action of the wind and the crests of breaking waves 
were blown forward, both of which actions had a direct 
erosive action. There was another movement in a 
seaward direction, imparted to the water as a result 
of the up and down wave motion in association with 
the slope of the shore and the breaking waves, which 
resulted in the undertow, or seaward scour, probably 
the greatest eroding influence. This action, being 
assisted by gravity due to the beach gradient, was 
responsible for on-shore gales being the most erosive. 
It resulted in material that had been dislodged by the 
breaking wave being rapidly rolled seaward. Aggrava- 
tion of the conditions was found where the coast was 
steep, and, for this reason, vertical sea walls, unless 
provided with other protective measures, had been 
adversely criticised by eminent authorities. Groynes, 
obstructions erected on beaches to arrest the travel of 
beach material, when of appreciable width, had the 
advantage of dividing the length of wave and reducing, 
to some extent, its energy. The arrest of the flow 
within the area of influence of the groyne tended to 
alter the direction of the flow beyond the limit of the 
groyne, frequently with ill effects upon the adjoining 
shores. When reinforced concrete was used for sea- 
works, it was essential that all steel should be provided 
with at least 2 in. of cover, otherwise corrosion would 
take place. The first step towards a solution of the 
financial problems involved, might be the exemption 
from taxation of any property subject to erosion, if the 
owner was actually defending his property in an 
efficient manner. 

Mr. S. W. Mobbs then gave a brief summary of his 
paper on ‘‘ Sea Defence ; Erosion and Protection on a 
Sandy Coast.” This proved to be an account of 
experiments and the recent successful application of 
means to prevent erosion in a district with a sand and 
shingle beach and a very unstable, and easily eroded, 
foundation. On the coast of Norfolk and North Suffolk, 
the tendency was for the coast to be gradually eroded, 
and the littoral drift was from north to south. Sub- 
sequent to the construction of the Lowestoft harbour 
in 1831, the Denes to the south of the town disappeared, 
the rate of erosion being hastened by the projection. 
The village of Pakefield, south of Lowestoft, which 
was unprotected, had suffered severely, and. since 
1904, the sea had encroached at a rate of 22 ft. a year. 
The author then detailed the story of the failure of 
early works, and specified what he thought were the 
causes. Upkeep of groynes had risen from 128/. in 
1914, to 4,413/. in 1922, when Mr. Mobbs advised the 
Council to abandon the old works and designed the 
new works, which he described. Means of temporary 
protection at the bases of the walls were introduced to 
combat vertical erosion until the old works were finally 
abandoned. A low sea wall was decided upon as the 
best means of combating vertical erosion, if designed 
to conform, as nearly as possible, to the contour of the 
natural beach. 

The groyning used was designed to induce the 
depositing currents to deflect shorewards, to keep the 
sea-ends as low as possible, to prevent tidal scour past 
the ends, to present as little vertical area as possible 
to wave action, and to allow regular feed of the material 
along the whole beach over the tops of the groynes, 











Reinforced-concrete groynes, of a triangular form, 
were introduced, which had the advantages of cheap- 
ness, rapid construction, and the use of very little 
plant and unskilled labour for their construction. In 
addition, it had been found that they could be removed 
and re-erected in a different position or alignment, 
and required no repairs. Three years’ experience had 
shown, as far as could be judged, that the general 
design of the works appeared to be correct, for the 
groynes had thrown back the high-water mark so far 
that, while on the completion of the works, 27 acres 
of foreshore existed in front of the line of the wall, the 
corresponding area was now 36 acres. 

Mr. Tyler, in opening the discussion, called attention 
to the fact that the lack of co-operation between various 
local authorities resulted in a great loss of land, and 
Mr. Ward thought that only by spreading the cost of 
sea defences over as wide a base as possible, perhaps 
with national assistance, could the sea encroachment 
be resisted. The need for general help in dealing with 
the problem was not, however, admitted by Mr. 
Hutton, who contended that the rates of seaside towns 
were not the highest. The erosion below the low-water 
mark was a great problem, which was perhaps the most 
important. The contention was then made by Mr. 
Owen Baines that no hard and fast rules could be laid 
down regarding coastal defence. At Paignton, the 
most serious action was due to the effect of wind and 
rain on the cliffs above the general surface of the sea. 
When calling upon Mr. Mobbs to reply to the discussion, 
the Chairman suggested that co-operation in dealing 
with sea works, whether voluntary or national, seemed 
to be essential. By the investigation of erosion below 
the low-water mark, it might prove possible to 
provide early remedial measures with great savings. 
Mr. Mobbs then answered the questions raised, 
stating that he agreed that the advantages of using 
groynes must always be regarded as uncertain, and it 
was consequently the best practice to use types which 
could be removed if they did not serve the intended 
purpose. It was particularly important, in preventive 
work, to study the erosion below the low-water mark. 


Roap ACCIDENTS. 

In the other section held on Friday afternoon, 
November 18, when Alderman G. Marlow Reed pre- 
sided, Lieut.-Colonel J. A. A. Pickard, of the National 
Safety First Association, presented a paper entitled 








“A Review of Road Accidents, Their Frequency, | 


Cause and Prevention.” In the introduction to the 
paper it was shown, in graphical form, how the rate of 
accidents had increased from year to year, mainly owing 
to the rapid development of mechanical traction. 
Only by educative action could reduction be anticipated, 
and examples of the work done by the Safety First 
Association in this direction were referred to. The 
discussion served to show the general belief that the 
endeavour was one deserving the support and assistance 


of all. 


The final meetings were held on Saturday morning, | 


November 19, when two papers were submitted through 
the Institute of Cleansing Superintendents, the President 
of which Institute, Mr. James Jackson, occupied the 
chair. The papers were ‘‘ Why the Yield of House 
Refuse is Unnecessarily High, and How It May be 
Reduced,” by Mr. Alex. L. Thomson and “ Cleansing,” 
by Mr. W. Weaver. 








SHIPPING, ENGINEERING AND MACHINERY EXHIBITION 
Otymp1A, 1929.—At a meeting of the Honorary Com- 
mittee of Experts held on November 8 under the 
chairmanship of His Grace the Duke of Northumberland, 
the general manager of the Shipping, Engineering, and 
Machinery Exhibition, Mr. F. W. Bridges, reported that 
the attendance at the 1927 exhibition had exceeded the 
previous record of 100,000 by some two or three thousand, 
The results were so encouraging that they felt justified 
in reserving similar dates for 1929. The order books of 
many of the participating firms showed that the exhibi- 
tion had been successful to some extent in the direction 
of relieving unemployment, and a big percentage of 
exhibitors had already applied for space for 1929. He 
suggested that these firms might do what they could to 
increase local interest, and hoped they would encourage 
the attendance of their employees. As it was, the 
number of employees visiting the exhibition showed a 
large increase, and he thought their organisations might, 
with profit to themselves, pay official visits in the same 
way that the employers’ associations did. A good start 
had been made with the programme for 1929, and a 
number of overseas visits had been planned with the idea 
of interesting visitors from our overseas dominions, 
who would be specially catered for. Dr. H. S. Hele- 
Shaw reminded the committee that the recent exhibition 
showed some very interesting developments, but members 
should not leave novelties to discover themselves. They 
should report any striking development to the secretary, 
who would see that the matter was taken up. The Duke 
of Northumberland was unanimously re-elected Honorary 
President for the 1929 exhibition, with Dr. H. S. Hele- 
Shaw and Mr. D,. A. Bremner, chairman and _ vice- 
chairman respectively of the Honorary Committee of 
Experts. 





VERTICAL SPINDLE MILLING 
MACHINE. 


A WELL-KNOWN and useful type of vertical spindle 
milling machine, re-designed to bring it into line with 
modern workshop practice is illustrated in Figs. 1 to 
4 opposite. This machine is one manufactured by 
Messrs. Alfred Herbert, Limited, of Coventry, and 
replaces, as implied, a model which has now been on 
the market for several years. As will be seen, the 
machine is of the knee and column type. It was origin- 
ally designed for belt drive, with a cone pulley at the 
base of the column at the back. This arrangement is 
superseded by a single pulley drive which may be run 
direct from the line shaft to the main shaft at the head 
of the column, without the need of a countershaft. 
If, on the other hand, motor drive is desired, the motor 
is mounted at the back of the column on an extension 
of the base, the belt being carried up from this point 
to the main shaft in the head. It will be noted that 
the main belt from the line shaft is enclosed at the head 
of the machine. When the drive is by motor the 
whole belt is enclosed by a guard. The feed drive 
from the main shaft to the feed gear box is similarly 
covered, as is well shown in Figs. 1 and 3. 

The gears in the driving box are of chrome-nickel 
steel, the final drive to the spindle being by spiral 
bevels. The speed changes are eight in number, and 
range between 51 r.p.m. and 500 r.p.m. Speed 
changes are made by combinations of sliding gears 
responding to movements of the three small levers 
shown at the head of the column, the master lever on 
the left (Fig. 3) being thrown into one or the other of 
its extreme positions with the movement to right or 
left of one of the other two levers. The loose pulley 
and all shafts in the driving gear box run on ball 
bearings. 

The change speed gear is furnished with interlocks 
so that it is impossible to engage more than one pair 
at atime. The gears run inan oil bath. The starting 
and stopping lever is arranged at the front of the 
machine on the spindle head and may be seen in 
Fig. 1. 

As already noted, the feed drive is by enclosed belt ; 
the drive is taken direct from the main shaft, to the 
feed gear box shown in the lower part of Fig. 3. This 
gear box is of Messrs. Herbert’s dial feed type, in which 
the movement of the operating handwheel works the 
change gears inside the box by means of grooved 
cams and levers. The feeds are indicated on a dial 
on the outside of the box, and all it is necessary to do 
is to turn the handwheel pointer to any desired feed 
figure on the dial. The feeds provided are nine in 
number, and range from } in. to 104 in. per minute. 
As is usual in machinery of this firm, hand wheels are 
provided for all motions, and all these are arranged 
at the front of the machine so as to necessitate a mini- 
mum amount of movement on the part of the operator. 

One of the changes made in the machine is the 
provision of automatic rotary feed to the circular table, 
the earlier model having hand feed only for this move- 
ment. This is taken off the main feed for the table, 
as will be clear from the views reproduced in Figs. 1 
and 4. The main table has a length of 49 in. and 
a width of 10? in. The longitudinal feed is 30 in., 
and as stated a choice of nine rates is provided. The 
cross traverse, by hand, is 12} in. For the circular 
table, which is 13 in. in diameter, the same range 
of feeds is available, while the driving worm can be 
thrown out of gear so that the table can be rotated 
quickly by hand. The ouside edge of the table is 
graduated in degrees. The table and feed can be easily 
removed when the main table is required for larger 
pieces, or for several parts for gang milling. 

The distance from the centre of the spindle to the face 
of the vertical slide is 11} in., and to the column 12{ in. 
The table has a vertical adjustment of 17 in., this being 
arranged for by hand wheel and telescopic screw. 








STANDARD SPECIFICATIONS FOR PAINTS, VARNISHES 
AND Patnt INGREDIENTS.—Six new specifications have 
just been published by the British Engineering Standards 
Association as an addition to the series for paints, var- 
nishes and paint ingredients, which is being prepared at 
the request of both the manufacturers and the con- 
sumers. The new issues, which are for ready-mixed linseed 
oil paint (oil gloss), green, No. 293, 1927; ready-mixed 
linseed oil paint (oil gloss), black, No. 294, 1927; ready- 
mixed linseed oil paint (oil gloss), red oxide of iron, 
No. 295, 1927; lithopone oil paste, No. 297, 1927; 
red oxide of iron oil paste (Class 1, natural or mixed 
oxides), No. 298, 1927; red oxide of iron oil paste 
(Class 2, oxide of iron base), No. 299, 1927, each contain 
a dozen or so clauses, constituting the specification 
proper, dealing with such subjects as drying time, 
colour and opacity, &c., weight per gallon, flash point, 
keeping properties, &c. In conclusion, there are three 
appendices giving the methods for the determination of 
drying time, skins and coarse particles, and water. 
Copies of these new specifications may be obtained on 
application to the B.E.S.A. Publications Department, 28, 
Victoria-street, S.W.1. Price 2s. 2d. post free. 
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VERTICAL-SPINDLE MILLING MACHINE. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 


(For Description, see opposite Page.) 
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Fig. 2. 
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BELGIAN CoAL AND [Ron INDusTRIES.—The year 1926, 
which had threatened to be a very bad one for the 
Belgian coal mining industry, proved to be most success- 
ful owing to the strike throughout the British collieries. 
The Belgian stocks of coal were quickly exhausted, and 
the output during the year amounted, according to the 
Comité des Forges de France, to 25,319,570 tons, as 
compared with just over 23,000,000 tons in the preced- 
ing year. In 1926, the Belgian pig-iron production was 
about 3,400,000 tons, equal to an increase of 34 per cent. 
over the figure for the preceding year, and to an increase 
of 37 per cent. over that for 1913. On January 1, 1926, 
there were 32 furnaces in blast and 23 idle; on 





December 31, all the furnaces, including one which had 
been added in the course of the year, a total of 56 
furnaces, were in blast. 





Surppine Casuattres.—According to the returns for 
the second quarter of the current year, which have been 
recently issued by Lloyds’ Register of Shipping, the 
vessels of 100 tons or above totally lost or condemned 
in consequence of casualty or stress of weather during the 
period under review, were as follows :—75 steamers and 
motorships, with a gross tonnage of 112,240 tons, and 
23 sailing ships, with a gross tonnage of 18,006 tons, which 
give a total of 98 vessels with a total gross tonnage of 
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130,246 tons. The losses incurred by owners in Great 
Britain and Ireland, the figures for which are included in 
the totals given above, were 15 steamers and motorships 
and two sailing ships, having a combined gross tonnage of 
36,148. As regards those vessels broken up, the loss of 
which was not known to be in consequence of casualty 
or stress of weather, the figures given are 28 steamers and 
motorships, with a gross tonnage of 64,749 tons, and 
seven sailing ships, giving a total gross tonnage of 
69,794 tons; out of which 10 steamers and motorships 
and two sailing ships, with a total gross tonnage of 
29,796 tons, belonged to owners in Great Britain and 
Ireland. 








FERENCE ON ENGINEERING 


MATERIALS. 

THE object of the conference relating to Engineering 
Materials, held in Berlin between October 22 and 
November 13, with its series of lectures by prominent 
metallurgists and others and its discussions, was to 
review comprehensively the present state of knowledge 
of materials employed in engineering, and the methods 
of testing them. The aim of the exhibition, in which 
most of the exhibits were anonymous, was to show 
typical products of the German metallurgical industries, 
and in this way to demonstrate their ability to respond 
to the demands of the consumer. Further, testing of 
all descriptions was carried out almost continuously, 
to give users a clear idea of the tests regularly em- 
ployed by makers. The properties of the various 
materials and their disabilities were also demon- 
strated. The exhibition was intended to be comple- 
mentary to the lectures, and it was hoped that the 
conference and exhibition together would assist users 
in realising that limitations are set to the properties 
of engineering materials by the very nature of the 
manufacturing processes. It was considered that 
these facts should be made clear, and that direct 
co-operation between maker and user was most de- 
sirable, especially to extend the applications of new 
materials. 

The idea of the whole scheme originated from the 
Verein deutscher Ingenieure. It was supported by the 
Verein deutscher Eisenhiittenleute, the Deutsche Gesell- 
schaft fir-Metallkunde, and the Zentralverband der 
deutsch-elektrotechnischen Industrie. These four 
societies formed a limited liability company for the 
business arrangements. 

The proceedings were formally opened on October 22. 
The guests were received by Dr. Wendt at the exhibi- 
tion. Dr. Curtius, Minister of Trade, in declaring the 
exhibition open, referred to the necessity for quality, 
which was the criterion of progress in an industry. He 
hoped that the exhibition would give a picture of the 
fruitful issue of the union of science and commerce. 
The City of Berlin received the guests at the town 
hall the same evening. 

Over two hundred lectures were arranged for the first 
two weeks of the conference. The majority were 
delivered in the Technical High School, Charlottenburg. 
Season tickets were procurable, admitting the purchaser 
to any lecture, and four times to the exhibition. The 
general meetings of the various societies promoting 
the exhibition were included in the courses of lectures, 
in addition to meetings of other societies. 

The annual meeting of the Verein deutscher Eisen- 
hiittenleute was held on October 23 in the Krolloper, 
and was well attended. Dr. Végler stated in his lecture 
that, despite the loss to the Republic of the great 
steel-producing districts of the south-west, the output 
of steel this year had attained the pre-war figure. That 
was a great achievement, since after the peace treaty, 
Great Britain, France, and Germany found themselves 
with an approximately equal productive capacity of 
10,000,000 tons to 12,000,000 tons of raw steel per 
annum. It then appeared a question of some economic 
and political significance what course these outputs 
would take during the reconstruction and competitive 
periods following. Apparently, despite the fact that 
only 7 per cent. of the necessary ores were mined in 
Germany, the technical advance there had been such 
that the pre-war output had been attained and absorbed, 
whereas those of Great Britain and France had not 
seriously increased during the same period. Severe 
competition and falling off in prices had resulted. 
This state of affairs seemed likely to continue. 

The technical lectures commenced on October 24, 
and were exceptionally well attended. The lectures 
dealt with the testing and structure of materials, 
plastic deformation and flow of materials, stresses in 
simple structures, new materials and processes, the 
demands of special industries on materials, and the 
corrosion of materials. Under testing of materials, 
special attention was paid to cold and hot deformation, 
tension and compression tests, ageing, the significance of 
slip, cohesion and three-dimensional stresses, and speed 
of testing, especially in notched bar and repeated 
tests. These contributions were made mostly by 
steel metallurgists. Another series of interesting lec- 
tures was given by mathematical physicists on the 
kinematics of plastic deformation, bending, stresses in 
simple structures and tests on single crystals. Many 
lectures of a physico-chemical nature showed what the 
scientific aspects of metallurgy offered to the technical 
side. The lecture by Professor F. R. Schenck was 
notable in this respect. 

The electrical industry made two important contri- 
butions in regard to new materials—one concerned 
with beryllium and its alloys, and the other with a 
new cutting alloy, a very stable tungsten carbide 
(with cobalt), with a Brinell hardness of 500-600 and 
extraordinary resistance to abrasion. Both classes of 





ENGINEERING. 


material seem assured of a future. The nitrogen 
case-hardening process was described, and its progress 
discussed. As might be expected, the requirements of 
power generation engineers were discussed, many 
lectures being devoted to boiler and turbine materials. 
Excellent papers were read on welding, the applica- 
tions of which have been widely increased, sheet 
material, magnet steels, tool steels and light alloys. 
Dr. Hutton, as the British representative of the 
Institute of Metals, was publicly welcomed at the 
general meeting of the corresponding German society. 

The exhibition was arranged in the New Motor Hall 
at Kaiserdamm, Berlin’s largest hall. The centre of 
the ground floor was devoted to the testing of iron 
and steel, and non-ferrous metals. The testing of 
insulating materials also occupied a great deal of 
space. Voltages up to 1,000,000 were in use. Below 
and in the gallery surrounding the hall, typical pro- 
ducts, of the industries represented, in the finished and 
intermediate states, were displayed. Smaller test- 
ing arrangements for insulating materials, library 
and exhibits of various associations were also arranged 
in the gallery. 

The display of typical products, their applications 
and possibilities, coupled with actual demonstrations 
of their properties with the use of the most modern 
apparatus, thus formed the centre of attraction of 
the exhibition. Excellent films were shown from time 
to time. It*is impossible in a limited space to describe 
all the notable machines and exhibits. The following 
remarks are accordingly confined in the main to some 
of the ferrous exhibits. 

“An interesting demonstration consisted of two 
comparative series of compression tests carried out, 
on various carbon and alloy steels, at temperatures 
rising by 100 deg. intervals, both at constant load 
and, dynamically, at constant energy. The differences 
in behaviour of the various materials were immediately 
noticeable. A demonstration of nitrogen surface 
hardening was given. Ammonia gas was used, the 
temperature being 520 deg. C. and the time 24 hours. 
A case 3, in. thick, and of 700 Brinell hardness, was 
said to be obtained. Various machine tools and 
arrangements to indicate and record pressure and 
work done were shown. Several machines purposing 
to measure resistance to abrasion were also seen at 
work, but no finality seems to have been reached 
in this class of appliance. 

In the section for mechanical testing, several universal 
machines of 50 tons capacity were to be seen, as well as 
some larger and many of smaller size. A pulsator 
arrangement was observed on some of these machines, 
and it was stated that a given load could be applied 
at low frequency to the specimen, presumably to 
test its resistance to repeated or alternating stress of a 
given value. A very ingenious brake was noted on one 
of the many types of single-blow notched bar machines. 
Two optical arrangements, accessory to Brinell testing, 
were shown. The image of the impression was magnified 
and projected on to a graduated ground glass screen in 
a simple camera in the one case, and, in the other, 
a magnified shadow of the ball and material, apparently 
in section, was thrown on to a scale, so that the diameter 
could be directly read off. A large space was taken 
up by fatigue testing machines, many being of the 
repeated blow type. Several repeated bend machines 
were shown at work. It is understood that 50 machines 
of this type have been sold, mostly to steelworks. 
There was also an alternating torsion machine with 
an optical indicator which showed the formation and 
widening of a hysteresis loop with increasing load. 
Another exhibit was a very high-frequency tensile 
testing machine. 

The section for chemical analysis proved interesting. 
Apparatus for the estimation of oxygen in steel 
was shown. The latest and most accurate method 
for estimating total oxygen by reduction with 
carbon at 1,550 deg. C. in a _ high frequency 
furnace, and subsequent measurement of the evolved 
volume of oxygen containing gases, CO and CO,, 
was demonstrated. A rotary oil pump was em- 
ployed for backing, and high vacua maintained by 
a three-stage mercury diffusion pump. A Sprengel 
pump served to bring the reaction gases from the 
low-pressure side to atmosphere for measurement and 
analysis. A complete analysis was carried out, with 
great skill, in under two hours. It seems that at last 
a process has been evolved which enables total oxygen 
to be determined. SiO, and Al,O, can be evaluated 
by bromine extraction, and FeO and MnO obtained 
by difference. The oxygen question is now, it seems, 
capable of answer. 

The metallographic department contained polishing 
and etching apparatus, and about 100 visual, workshop, 
binocular, polarisation and large photomicrographic 
microscopes. The last were almost all of the inverted 
type. Observation seemed to show that a clearer 
differentiation between certain kinds of inclusions 
could be obtained in the polarisation microscopes. A 
very comprehensive collection of specimens was avail- 
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able, and a splendid set of photomicrographs, including 
colour diapositives. 

The physical testing department was common to 
ferrous and non-ferrous metallurgy. Several interesting 
dilatometers, and examples of magnetic and arrest point 
apparatus were shown. One side of this section was de- 
voted to resistance determinations and optics, including 
X-rays. Apparatus was at work for the examination of 
an aluminium propeller blade, to show the effects of cold 
work on atomic structure, and the effects of impurities 
on spectra. This department also contained excellent 
photographs, and a very complete set of atomic models. 

The heat treatment section enabled visitors to see 
hardening and tempering actually carried out. The 
pyrometer installations were very complete. Ther- 
mostats and automatic signalling were fitted in some 
cases. There was a well-equipped workshop for pre- 
paring test pieces of various kinds. A part of the 
non-ferrous section was devoted to lubrication and 
bearings. Measurements of the thickness of the film of 
lubricant were being carried out on ordinary and ball 
bearings, in the former case by an electrical capacity 
method. There was a section devoted to corrosion. 
It dealt with the factors influencing corrosion, as well 
as going into the effects of alloying elements and 
protective coatings. 

The display of semi-finished and finished products and 
methods of manufacture was comprehensive and well 
arranged. The weldless tube and alloy steel sections 
were perhaps the most notable. Types of failures 
and effects of incorrect manufacture and treatment 
were shown by examples or photographs. A space model 
showing the effect of cold working and annealing 
temperature was an interesting exhibit. 

The superiority of 30 per cent. cobalt steel over 
other types for permanent magnets was demonstrated 
in an interesting manner. Magnets of the same size, 
but of different materials, were arranged in a row, 
supporting iron rods of different lengths and weights, 
according to their qualities. The weight was 800 grams 
for the cobalt steel, 240 grams for 5 per cent. tungsten 
steel and only 50 grams for carbon steel. 

Space, unfortunately, does not admit of reference 
to the further exhibits, of which the cast-iron section 
was not the least interesting. The sections of the 
non-ferrous exhibit devoted to light alloys, nickel and 
its alloys, and tantalum, beryllium and cerium were also 
very notable in many ways. A section of a 14-ton, 
vacuum melted, nickel-iron-chromium alloy ingot was 
shown. A small room over the main entrance contained 
attractive exhibits of single crystals of copper and other 
elements, examples of various types of crystallisation, 
and of the effects of cold working. 

Material handbooks, for ferrous and for non-ferrous 
materials, have been published to record in permanent 
form some of the data made available at the exhibition. 
These two books are on the loose-leaf principle. The 
data are sub-divided under properties of the various 
materials, types of material classified according to 
composition, materials for special purposes, and treat- 
ment and testing of materials. The various sections 
are written by competent specialists, and the data will 
be brought up to date from time to time. The arrange- 
ment of the matter is along definite and fixed lines, so 
that information can be readily found. The idea of 
the books is excellent, and they should prove of very 
considerable value. 

The veil of secrecy appeared to be completely with- 
drawn from all the sections of metallurgy represented, 
and the general impression was gained that a great 
co-operative effort had been made, and that it had 
been successful. The exhibition was on the whole, 
perhaps, more notable for the apparatus and _ tech- 
nique shown, than for the actual range of metallurgical 
products displayed. 








Sates ReEcorps.—The engineer salesman, whose 
training has usually accustomed him to order and system, 
should appreciate the Salmanger Desk Companion, a 
copy of which we have received from Messrs. Salmanger 
Map Company, Grove Park, S.E.12. It is in the form 
of a substantially bound interleaved, foolscap diary, two 
days to the page. With ample space for entries, each 
day is provided with ruled and headed columns, for the 
day’s, week’s, month’s and year’s sales, in the current 
and preceding year. This permits of a comparison being 
instantly made at any period with the previous year’s 
sales turnover, advertising, &c., besides giving a detailed 
and accurate report of the progress of the sale department 
from day today. The month terminates with a monthly 
summary, and expense sheet, and a salesman’s cost 
summary, also covering two years, while the year ends 
with other sheets giving expenses analysis, &c., for three 
years, and squared paper for charts. The reference part 
of the book is singularly full of informative tables and 
paragraphs, and contains two useful maps, one showing 
very clearly the London postal districts, the other being 
for use with the gazetteer provided. This shows every 
town in Great Britain and Ireland having a population 
of over 800, with early closing and market days, &c. 
The price, 25s. net, entitles users to certain services of the 
Salmanger Information Bureau gratis. 
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THE HOLLAND VEHICULAR TUNNEL 
UNDER THE HUDSON RIVER. 
By Frank W. SKINNER, M.Am.Soc.C.E. 
(Concluded from page 671.) 

Tunneling Shields.—The six shields employed were 
of similar design, and one only need be described. 
The diameter was 30 ft. 2 in. and the length 18 ft. 
10 in. over all, inclusive of the hood which projected 
30 in. in advance, and the tail, of plate 2? in. thick, 
which overlapped the tunnel rings a maximum dis- 
tance of 8 ft. Stiffening was effected by numerous 
vertical and horizontal diaphrams, and heavy gusset 
plates that divided it into 19 pockets or working 
chambers in four tiers. A single shield weighed 
about 400 tons, with equipment. The working face 
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of one of the shields is shown in Fig. 43, Plate 
LVII, this view being taken in the south, New 
Jersey, river caisson. 

At the second and third floor levels, horizontal 
sliding tables or platforms, under the hoods, were 
provided with 12 hydraulic jacks, 3} by 36 in., and 
in the periphery of the shell there were 30 pushing 
jacks, 10 in. by 40 in. The latter, as usual, were 
forced against the last assembled segment-ring 
to advance the shield, the total maximum thrust 
being 6,000 tons. The 30 hydraulic jacks for push- 
ing each shield, were all controlled separately or in 
sets of 5 adjacent jacks, thus providing means 
for correcting and maintaining the tunnel alignment, 
both vertically and horizontally. A heavy radial 
arm for the erection of the 3,000-lb. ring segments 
was pivoted on a horizontal axis in the centre line 
of the tunnel, and was revolved by a rack and pinion 
and moved longitudinally by a hydraulicram. The 
tail of the arm is shown in Fig. 45, Plate LVIII. 
while the head is shown fitting in a key segment in 
Fig. 53, Plate LX. Each shield was lighted by 
about 60 electric lamps, with flood lights under 
hood and tail. Current was shut off previous to 
every blast. 





Trailing behind each shield was a steel bolting 
platform. At each shield, pneumatic hammers, 
drills and caulkers were installed. Compressed air 
was delivered to each heading by a 6-in. high pres- 
sure and a 12-in. low pressure main, besides which 
there were a 1}-in. hydraulic pressure main, a 
6-in. fire main, a telephone line, 2 trolley lines and 
an electric light cable. The air mains may be easily 
recognised in Fig. 46, Plate LVIII. Two 36-in. 
service tracks, laid with 60-lb. rails, were maintained 
from the shafts to each heading, for dump cars 
drawn by electric locomotives. Most of the spoil 
was handled by pick and shovel, but in some cases 
by Hayward buckets operated on mono-rails in the 
shields. One of the latter is shown in use in 
Fig. 52, Plate LX. 


Fig.59. POSITION OF SHIELD AT END OF SHOVE. 






Fig.41, EXCAVATION FOR NEXT SHOVE COMPLE- 
TED EXCERY DOCHING Allee Or can eee. 


The concrete tunnel bulkheads, 12 ft. thick, were 
each equipped with two high level man locks, 
6 ft. in diameter, one of which was maintained as 
an emergency lock ; both had a capacity for 20 men 
and were provided with locked decompression gauge- 
valves that fixed the time of emergence. There 
were also two 8-ft. low-level material locks. The 
bulkheads and locks are shown in Fig. 46, Plate 
LVIII. Inside each bulkhead, a single drum hoist- 
ing machine, operated by a 20 h.p. electric motor, 
hauled the cars through the locks. The segment 
joints were caulked with lead wire. They were 
tightened to an initial tension of 25,000 lb. per 
square inch by special wrenches with 4-ft. handles, 
operated by two men. While a ring (30 in. long) 
was being assembled, excavation in front of the 
shield was made, if necessary, by men working in 
front of the forward bulkhead and passing the spoil 
in through the doors at different levels, temporary 
bulkheading and puddle being maintained there if 
necessary to prevent cave-ins and blow-outs. In 
moving forward, much of the silt was transversely 
displaced by the shield and so was not excavated, 
and some of it was allowed to flow into the front of 
the shield as it advanced. 





To enable the electric locomotives to haul cars to 
and from the shields where the trolley wires could 
not be installed, the trolley wire was extended 
to the shield by a single cable wound by an electric 
motor on an insulated horizontal drum carried on 
the rear of the locomotive and maintaining a con- 
stant tension. This device was worked very 
effectively. 

Installation of Shields.—After the land shafts 
had been completed, cradles, built of longitudinal 
timbers, were constructed on the bottoms of the 
shafts, and on them were erected segments of 
the circular shield girders forming inverted arches, 
on which the side pieces and roof arch were assembled 
simultaneously on both sides of the horizontal 
longitudinal axis of the shield. The upper sections 
of each shield were sprung apart to receive the 
crown section which was inserted, and then the 
sides were pulled together with powerful horizontal 
tie rods and open holes were filled with field rivets. 
Fig. 42, Plate LVII, shows one of the New Jersey 
shields being assembled in the North land shaft. 
The pieces of the shields were handled by derricks 
at the tops of the shafts. These also assembled, 
at the rear of the shields, several rings of the regular 
tunnel lining that were set against the concrete 
wall of the caisson to provide resistance for the 
fifteen 10-in. thrust jacks installed in the lower half 
of the shield circumference. These were used 
to overcome the friction of the shield in its cradle, 
and drive it through the opening in the opposite 
wall of the caisson. 

After the completion of each shield, the lower 
part of the shaft containing it was reconverted to 
a pneumatic chamber, by the construction of a tem- 
porary air-tight steel roof or deck above the shield. 
When air pressure had been admitted below this 
roof the removal was begun of the temporary steel 
bulkhead, 31 ft. in diameter and concentric with 
the shield, previously forming part of the shaft 
wall. This circular steel bulkhead, as shown in the 
drawing, Fig. 28, in our last article (page 669, ante), 
was about 6 ft. thick, and was stiffened by several 
plate girders with horizontal webs extending from 
the inside, to the outside steel plates that formed 
the spaces of the bulkhead. The removal of the 
bulkhead was started at the bottom, successive 
horizontal layers were burned out with carbo- 
hydrogen torches, and as fast as the steel was 
removed the soil exposed was carefully protected 
with boards and puddled with clay to retain air 
pressure high enough to dry out the soil, but light 
enough to avoid a blow-out along the shaft wall. 
After the lower side of the bulkhead had been 
removed, a wooden bulkhead was built in front of 
the shield, and the space in front of it was puddled 
with clay. The air pressure in the shaft was then 
reduced until it balanced the water pressure at the 
top of the shield, and the remainder of the bulk- 
head was removed from the top down. The air 
pressure was raised as the work progressed until 
all of the steel bulkhead was removed and the 
shield was advanced, pushing ahead the wooden 
bulkhead at the bottom and compressing the clay 
in front of it, this being removed as the shield 
advanced. 

An annular pocket was excavated ahead of the 
shield to correspond with its semi-circular hood 
30 in. long, and was packed with clay to seal the 
hood and prevent air leakage as the shield advanced. 
It also explored the ground ahead, and provided 
for the removal of any obstructions that might 
otherwise have been pushed along, making open 
channels behind them to facilitate the escape of the 
air pressure. 

As the tail of the shield left the shaft, grouting 
was at once started to fill the annular space outside 
the tunnel rings behind it. In some cases where 
the shields were started in wet sand, the clay 
against the temporary wooden lower bulkhead was 
omitted, and the wooden bulkhead itself was 
pushed forward, the sand being excavated in 
advance and thrown into the shield over. the top of 
the bulkhead, or passed through small doors cut 
in the bulkhead. After the shield was about 
200 ft. clear of the shaft, a concrete bulkhead was 
built in the tunnel between the shield and the 
shaft, and air pressure was applied between this 
bulkhead and the shield only. This permitted 
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the removal of the temporary airtight shaft roof, 
and made possible the assembly of another shield 
in the open bottom of each New Jersey land shaft. 

After the completion of all the shields, all shaft 
roofs were removed, leaving the shafts permanently 
under atmospheric pressure only. In one case 
where the earth adjacent to the shaft was very soft, 
a concrete cradle about 50 ft. long was constructed 
in advance of the shield to support it, and grout 
was injected to stiffen the soil before the shield 
was advanced. 

The shields emerging from the Jersey shafts 
penetrated the rock-filled timber cribs encoun- 
tered by the shaft caissons when sunk, and a very 
heavy leakage of the air pressure was sustained 
under these circumstances, amounting to 40,000 cubic 
feet of air per minute, taxing the full capacity of 
the compressors in the power house. Before 
driving the south tunnel shields, six vertical grout 
pipes were sunk close to the bulkhead on the 
outside of the shaft, and through them was forced 
a quantity of Portland cement grout. This dis- 
placed much of the soft mud and filled the cavities 
so as greatly to diminish the air leakage when the 
shield was driven forward. 

To facilitate the driving of the New York shield 
through the existing river bulkhead of piles and 
heavy timbers, a large amount of clay was deposited 
in the slip between the piers and on the landward 
side of the bulkhead to displace a portion of the 
soft mud, and to fill all cavities that might exist 
around the tops of the piles. This formed a blanket 
under which the shield was successfully driven, 
without blowouts. Great care was taken to excavate 
ahead of the hood, and make certain that all 
piles within the area’ of the tunnel section were 
cut off in advance. 

When the New York shield entered the Hudson 
River silt, the front of the shield was completely 
bulkheaded, and some of the lower ports were 
opened to allow part of the material to enter the 
tunnel as the shield was advanced. The remainder 
of the material encountered was displaced trans- 
versely by the movement of the shield. It was 
noticed that the tunnel lining rose behind the shield 
as the shield advanced and remained stationery 
when the shield stopped. Consequently, the shield 
was at all times below grade, while the tunnel lining, 
a short distance back, was above grade. The 
transverse bulkheads in the shield were, therefore, 
moved forward, thus materially reducing the weight 
by limiting the amount of spoil in the shield and 
the rising of the tunnel lining was reduced. A 
concrete bulkhead, 10 ft. thick, and provided with 
man, material and emergency locks, was built about 
200 ft. beyond the shaft, adding sufficient weight 
to the tunnel to further reduce the displacement 
upwards, and this entirely ceased after the shield 
had travelled 240 ft. from the caisson and entered the 
sand which overlies the bed rock. Careful observa- 
tions and gauge readings showed that the mud con- 
tained more water and was lighter and softer at the 
bottom than at the top of the shield, and that, as 
the shield advanced, the hydraulic jack pressures 
were transmitted 75 ft. backwards through the 
earth each time the shield moved. 

When the South Jersey shield encountered the 
soft Hudson River silt, the tunnel lining began to 
rise and move northward as the shield advanced. 
A large percentage of excavation was then permitted 
to enter the tunnel through openings in the lower 
part of the shield and the top parts of the shield 
were bulkheaded. After each push, the spoil was 
removed from the shield before the erection of the 
cast-iron lining rings. Althcugh progress was con- 
siderably retarded, the upheaval was remedied by 
utilising the spoil to increase the weight of the 
tunnel. A semi-circular steel bulkhead, trailing 10 ft. 
behind the shield, was fitted to the invert and 
openings through the front of the shield, immediately 
above the springing line, were equipped with 
hydraulically-operated doors, which, when the 
shield advanced, were opened, allowing a definite 
amount of the spoil to flow through the doors and 
fall on chutes that delivered it into the rear of the 
trailing bulkhead. The spoil is shown entering 
through the doors in Fig. 44, Plate LVIII. 

The shield was advanced at the rate of 16 ft. in 
24 hours, until, approaching the river shaft, it 


compressed the mud so much in advance that it 
was necessary to open holes in the shaft caisson 
and admit the silt into the shaft until the pressure 
indicated by gauges approached normal, and per- 
mitted the shield to enter the shaft after the removal 
of the bulkhead. In tunneling west from the New 
Jersey land shaft, the trailing steel bulkhead was 
omitted, and all of the pockets above the springing 
line, and four immediately below it, were left open, 
allowing the material to come directly through the 
shields. 

Precautions.—Every possible provision was made 
for the safety of the workmen in the tunnel. A 
high-level emergency gangway was maintained 
between the shield and the emergency air lock. A 
safety screen consisting of a vertical steel plate 
diaphragm reaching from the crown of the lining 
to its horizontal diameter, was maintained at a 
distance of not less than 200 ft. in the rear of the 
shield in order to provide a water seal and maintain 
the air in the upper part of the tunnel in case of 
the far end of the tunnel having a _ blowout. 
Concrete bulkheads were also maintained in all 
of the tunnels at a distance of not more than 600 ft. 
in the rear of the shield. Combustion was stimu- 
lated so much by the compressed air that it would 
reignite the glowing wick of an extinguished candle, 
and fire lines were installed in all of the compressed 
air sections of the tunnel. 

As the air pressure increased, the length of the 
working shift decreased to a minimum of 45 min. 
under the maximum pressure of 47 lb., and the 
rate of decompression was strictly retarded in 
accordance with legal requirements that, at the 
limit, allowed about 1 min. for decompression of 
each pound of pressure above 10 lb. The greatest 
number of shifts worked in one day in any tunnel 
was 20, the workmen then working two shifts, with 
an interval of four hours between. The men were 
subjected to a rigid physical examination before 
being employed in the compressed air, and the 
examination was repeated every 60 days as long as 
they remained at work. 

A hospital lock, with a resident physician, nurse, 
and all necessary medical and surgical equipment 
was provided on each side of the river. The 
aggregate number of decompressions in all of the 
shafts and tunnels was 718,383. The maximum 
pressure of 47 lb. was attained only in the shaft 
caissons, while 36 lb. was the maximum in the 
tunnels, and the total number of cases of bends was 
528, none of them fatal. 

The shields were driven with great care almost 
exactly to the required line and grade by the delicate 
manipulation of pushing jacks. The space outside 
the lining, vacated by the tail of the shield, was 
immediately filled by 1:1 cement grout forced in 
under high pressure through grout holes closed by 
screw plugs in each segment of the lining. 

Special Driving.—Under Canal-street, New York, 
there was a cover of only 20 ft. over the tunnel, 
and as it was not considered safe to maintain a 
pressure of more than 15 lb. in the shield, it was 
found to be impossible to dry out the mud in the 
heading more than half way down from the top of the 
shield. The excavation was, therefore, made with the 
aid of top breast boards packed with clay, both in 
front and behind, at the completion of every shove. 
This permitted the air-pressure to be raised suffici- 
ently for the excavation of the bottom before the 
clay in the top of the face was removed. As fast 
as the excavation was made in the bottom pocket, 
the face was supported by breast boards in front of a 
wooden bulkhead and the space between was packed 
with clay. After the bottom excavation, the air- 
pressure was lowered, and the top excavation was 
extended to 2} ft., by advancing the breast boards 
and clay puddle. After the entire face was breasted, 
an annular space, 2} ft. deep in front of the hood, 
was excavated and packed with clay, sealing the 
hood before the latter was advanced. The push 
was then made with the lowest possible air pressure. 

This method was very slow and troublesome, and 
was finally superseded in quicksand by breasting 
and claying the upper half of the face as before, and 
then advancing the shield before the lower portion 
was excavated, thus compacting the soil there, which 
was continuously excavated and thrown over the top 





of the bulkhead, as much as was necessary to relieve 


the pressure resisting the advance of the shield. 
This method, which is illustrated in the diagrams 
Figs. 38 to 41, on page 735, increased the rapidity of 
the advance from 2 ft. per day to 5 ft. per day. 

| Where the lower part of the shield was in rock 
and the upper part in mud, excavation was carried 
on by driving a short bottom drift in advance of the 
shield and placing in it a concrete cradle with steel 
rails on which the shield slid. After the placing of 
the cradle, the rock was blasted out about 5 ft. in 
advance, and the soft material on top was carefully 
excavated and supported by poling and breast 
boards. 

Air-pressure was admitted to the first shield in 
October, 1922, and was removed from the last shield 
in March, 1925. All four of the river shields were 
driven through both of the bulkhead openings in the 
river shafts, and after they met in the centre of the 
tunnel were stripped of their equipment and 
diaphragms and abandoned, remaining permanently 
there outside of the finished tunnel lining. The two 
shields excavating westward from the Jersey land 
shaft were dismantled and removed at the tunnel 
portals. Fig. 54, Plate LX, shows the two shields 
of the North Tunnel meeting on November 18, 
1924, while Fig. 55 shows the closing ring of this 
tunnel, connecting the sections advanced from the 
two ends. 
| The tunnel lining was grouted only in rock excava- 
|tion and in some of the sand excavation ; in silt 
| it was not grouted and was not caulked until after 
| the air-pressure was removed. In rock and sand, the 
| lower quarter of the lining was caulked before the 
‘removal of the air pressure. After the completion 

of the Jersey end of the tunnel, more than 8,000 
| wooden piles, from 85 to 100 ft. in length, driven in 
|its vicinity for a new pier for the Erie Railroad 
| Company, caused portions of this tunnel to move 
| laterally 2 in., and to rise a maximum of 4} in., which 
was afterwards reduced by settlement to 2} in. 

Trench Construction.—Kast of the New York land 
piers, the circular tunnel section changes to rectan- 
gular, of which there are 2,056 linear ft., built 
in open and covered excavations. The maximum 
cross-section is about 43 ft. by 31 ft., subgrade 
| depth varying from 19 ft. to 38 ft. below the street 
level and from 11 ft. to 30 ft. below mean high 
| water, which corresponds with ground water level. 
| From the ends of the rectangular tunnel section to 
|the portals there is open construction work with 
retaining walls. 

Owing to the treacherous character of the ground 
containing large quantities of quicksand, and 
saturated nearly to the surface with water, the 
presence of a large brick and stone sewer in poor 
repair adjacent to the excavation of the tunnel, 
and the presence of tall and heavy buildings with 
their footings far above the bottom of the excava- 
tion, together with the large number of water and 
gas mains and other structures below the surface 
that greatly interfered with this work, construction 
was considered difficult and dangerous. By very 
careful planning, the employment of experienced 
workers and the exercise of many precautions, 
and especially by the system of preliminary drainage 
and pumping by which water was lowered several 
feet and the soil stabilised, the work was executed 
in a safe and satisfactory manner without the use of 
compressed air. 

Before the excavation was commenced, al] the 
various gas mains that were to be encountered 
were by-passed by means of 10-in. pipes, carried 
above the traffic, on towers and by 8-in. service 
pipes laid in the gutters, the old mains being main- 
tained in the trench while the work was in progress. 
After its conclusion they were restored to service and 
the by-passes removed, thus eliminating any danger 
of explosion due to leaks during construction. Most 
of the numerous buried pipes had to be shifted dur- 
ing construction and to be relocated, involving very 
delicate and difficult operations. 

The original ground water level was only abeut 
8 ft. in maximum depth below the surface, and 
attempts were made to lower it by driving numerous 
well points and pumping on them—a method that 
has been satisfactory in other parts of New York, 
but which was unsuccessful here because the sand 
was so fine that the water would not flow through 











it with sufficient rapidity or to a sufficient distance. 
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Sumps 10 ft. by 12 ft. on top were started at 
10 approximately equidistant points, excavated by 
hand and lined with wooden piles down to ground 
water level, beyond which they were continued to 
subgrade and lined with steel sheet piles up to 
52 ft. in length. These were driven from 4 ft. to 
13 ft. below subgrade and the sand excavated 
by grab. 

In the bottom of each sump was set a 4}-ft. by 
6-ft. wooden frame 30 ft. high, with the vertical 
sides covered with }-in. by }-in. mesh galvanised- 
wire net, around which gravel was back-filled up 
to the top of the steel sheeting. The steel piling 
was then pulled, after which the sumps were un- 
watered by a large number of pumps with capacities 
up to 1,000 gallons per minute. The pumps, working 
continuously day and night, lowered the water in 
some places to the bottom of the sumps,. but in 
other places only to within 10 ft. of the sub- 
grade. 

After removing the street paving, 10-in. longi- 
tudinal stringers 24 in. apart were laid on the surface 
of the ground and covered with 4-in. transverse 
planks, on which traffic was maintained, while the 
earth was excavated underneath by hand as the 
stringers were shored up. The earth was loaded 
into l-yard buckets on narrow-gauge flat cars, 
hauled by electric storage locomotives to the shafts, 
where the buckets were hoisted by derricks and 
dumped to motor trucks. The excavation was made 
in six lifts, the spoil tracks being successively shifted 
for each lift. The sides were retained with an upper 
tier of wooden sheeting and a lower tier of steel sheet 
piles, of which 130,500 sq. ft. were driven by three 
steam hammers. All of the steel sheeting was left 
permanently in the ground. 

Near the river, the ground was very soft and wet 
with 10 ft. of quicksand above subgrade. There, 
a 3-ft. by 3-ft. longitudinal trench was first excavated 
on the centre line and sheeted with wooden planks. 
This served as a drain communicating with sumps 
in which pumps were operated, and after several 
days the soil was dried sufficiently so that it could be 
excavated 3 ft.; the trench was then deepened and 
its bottom covered with gravel, pumping continued, 
another lift and trench excavated, re-gravelled, 
pumped and excavated, and so on. The general 
excavation was carried down on each side of the 
trench as fast as the latter was lowered. The spoil 
excavated from the open trenches at the ends of the 
tunnel near the portal was loaded by hand into 
buckets that were handled and dumped to trucks 


| by eight-wheel locomotive cranes with 41-ft. and 


44-ft. booms operated by steam engines. 

The sheeting was generally braced by 12 in. by 
12 in. transverse struts 10 ft. apart horizontally 
and from 3 ft. to 5 ft. apart vertically. These took 
bearing at one end with 1}-in. steel plates against 
the longitudinal wales, and at the other end on 
a pair of }-in. vertical plates separated by 3 sets of 
steel wedges driven tight, adjusted whenever 
necessary and supplemented by screw jacks to resist 
the very heavy earth pressure. Gauges on the steel 
sheeting indicated an hydraulic pressure of 3 lb. to 
the square inch. Vitrified pipe drains 8 to 12 in. in 
diameter were laid at subgrade through the entire 
length of the trench, and connected to sumps, thus 
obtaining permanent drainage and permitting the 
concrete bottom to be laid in the dry. 

In Canal-street, two tracks of the New York 
Central Railroad were in operation over an old trunk 
sewer that had a clearance of only 3 ft. below the 
surface of the street. This sewer had a 12-in. 
brick arch roof of 16-ft. span, supported on stone 
| walls said to have formed part of a canal built more 
|than 100 years ago. The sewer was in bad repair, 
running nearly full and was subject to a tidal flow. 
The trench was excavated within a few inches 
of the sewer wall, and was very carefully braced to 
| distribute the pressure and avoid injury to the sewer 
wall. The excavation was first carried down to a 
depth of about 4 ft. below the crown of the sewer, the 
upper set of wales and struts were put in place and 
the wooden sheeting was driven, a foot or two at a 
time, as the excavation and bracing were continued 
down to ground water level. The space between 
sheeting and the sewer wall was very carefully filled 
with rammed concrete, the lower tier of steel sheet 
piles was driven and concreting continued between 
them and the sewer, thus forming a uniform cushion 
and providing a water-tight barrier that prevented 
seepage from the sewer into the tunnel trench. 
On one occasion, a run in an adjacent sump under- 
mined 45 ft. of the sewer bottom, which dropped 
out without injury to the sewer arch, although the 
latter was in bad condition, but was saved by the 
steel sheeting and the careful bracing. 

The tunnel passes for about 40 ft. diagonally under 
a six-storey brick building whose foundations are 
20 {t. above sub grade. To protect them, the 
contractor first drove 62 sectional, 14-in. steel 
piles by the jetting and blow-out process, carrying 
them down 15 ft. below sub grade until the pene- 
tration was only 1 in. under 50 blows with a 5,000-Ib. 
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steam hammer. The tops of the piles were cut off 
just below the level of the old footing and were 
capped with 12 in. by 24 in. timbers that supported 
the needle beams inserted in the walls. The piles 
were tested by 60-ton loads applied by hydraulic 
jacks, and eventually were cut off with carbo- 
hydrogen torches at sub grade and received the 
concrete walls that support the old footing. 

The tunnel excavation in another place was only 
10 ft. clear of the 155-ft. front of a brick manu- 
facturing building 10 stories high with its footings 
on sand 15 ft. above subgrade. The old wall was 
braced against the steel sheeting with 16 in by 16 in. 
struts, and the excavation was carried on without 
losing material or causing any settlement of the old 
walls. 

The 1:3: 4 concrete for this work was mixed in a 
l-yard machine located at the central station from 
which the concrete was delivered in buckets to all 
parts of the work by motor trucks within 5 min. 
After the floor was completed, the wall forms 
were erected and concrete was filled in them up 
against the permanent steel sheeting, forming a 
protection wall from 4 in. to 18 in. thick and 10 in. 
clear of the steel frames for the tunnels. This space 
was lined on the outside with an 8-in. brick wall and 
formed a facing for the concrete in the tunnel wall. 
On the inside of it was erected the steel framework. 

The jack arches between the vertical members of 
the transverse steel bents were concreted in wooden 
forms. The roof concrete was dumped into control 
boxes at street level, from which it was spouted to 
position in the Blaw Knox forms 40 ft. long, that 
were adjustably mounted on steel travellers running 
on a broad gauge track in the invert. The ceiling 
concrete was hand-rubbed with carborundum bricks, 
the concrete was waterproofed with asphaltic mastic. 

Materials and Jnspection.—All material and 
supplies were ordered by the contractors, and 
were inspected, usually at the place of manufacture, 
under the direction of the tunnel commission. 
Most of the materials were delivered by water, 
but at the New Jersey end of the tunnel some 
of them were received by rail. Storage space 
was provided on both sides of the river, and a 
portion of the tunnel lining segments were stored, 
where manufactured, in space leased by the tunnel 
commissioners for that purpose. Spoil was trans- 
ported from the tunnels by mechanical haulage, 
chiefly operated by electric motors over elevated 
service tracks, about 700 ft. long in New York, and 
1,000 ft. long in New Jersey, that terminated in 
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dumping boards, delivering directly to barges that 
carried an average of 700 yards per day, all of which 
was dumped at sea. 

Full-size mechanical tests were made at Lehigh 
University of the tunnelling segments, both as 
assembled together in rings and separately, and 
under conditions similar to earth pressures and 
to those developed by the shield jacking. The 
cast-iron segments tested under loads varying from 
257,600 Ib. to 317,000 lb., developing strength in 
excess of requirements, while the cast-steel segments 
withstood the heaviest loads that could be applied. 
In segments tested for jack pressure, failure 
occurred at 685,000 lb. and 733,000 Ib. 

Concreting the Interior of the Cast-iron Tubes.— 
About 46,000 yards of concrete, mostly 1:2: 4 
made with } in. aggregate was used for lining the 
circular tubes with a minimum thickness of about 
12 in., affording a minimum protection of 2 in. 
beyond the edges of the segment flanges. About 
10,000 yards of concrete was also required for 
the floor and ceiling slabs, and for the duct banks 
on both sides of the roadway. For purposes of 
concreting, the vertical cross section of the tunnel 
was divided into three sections on each side, 
numbered 2, 3 and 4 from the bottom. The side 
sections were separated by the bottom section No. 1 
and the top or crown section No. 5, making in all 
eight sections besides the ceiling slab No. 6. 

Four duplicate concrete plants were established, 
one for each tunnel, at the bottom of each of the 
river shafts. The aggregate was all unloaded from 
barges by derricks with Hayward clam shell buckets 
delivering to surface bins, on each side of the 
river, holding 400 yards of gravel and 250 yards 
of sand. From the bins the aggregate was fed 
through vertical cast-iron pipes terminating in 
measuring chambers, and controlled by horizontal 
slides, that delivered the required quantity of 
material to the Ransome concrete mixers, four in 
all, installed at the tunnel roof. 

Portland cement was delivered in bags to the 
working platform alongside the mixer anc the 
1:2:4 concrete was discharged to 1}-yard side 
dump cars on narrow-gauge service tracks close 
to the tunnel roof, suspended by single 5-in. by 
3-in. angles bolted to alternate crown segments 
of the lining and at each end of the cross ties. 
Movable }-yard receiving hoppers were bolted to 
the ties, and from them the concrete was spouted 
to the lower forms 1 and 2, through counterweighted 
chutes 60 ft. long. Before concreting, the cast-iron 
segments were cleaned by wire brushes and pneu- 
matic hammers and all leaks were caulked. 

The Blaw-Knox steel forms for the haunches of 
the invert were carried on an adjustable rolling steel 
framework ; the steel floor beams were set on 
2-in. permanent concrete filler blocks, and the 
concrete floor slab was poured flush with the tops 
of the beams and integral with the No. 2 lining 
concrete. The invert concrete was poured in 
sections 60 ft. long, and the forms were stripped 
after 16 hours. The narrow-gauge surface track 
was transferred from the invert to the top of the 
14-in. floor slab, and a broad-gauge track 13 ft. 3 in. 
wide was laid concentric with it to handle the forms 
for the concrete sections 3, 4 and 5, and 6, which 
were made in 15-ft. lengths and were adjustable 
vertically by jack screws, and transversely by 
ratchet jacks. Fig. 47, Plate LVIII, shows the 
invert concreted and the floor slab forms in place. 

Form 3 was concreted in two vertical lifts separated 
by one layer of the tile duct and the 6-in. cast-iron 
fire main. Wires welded to the inner face of the 
wall forms roughened the concrete surface with 
grooves 4 in. apart to key with the tile setting. 
The remainder of the side walls to the ceiling, 
forming sections 4, were concreted in forms that 
provided for a keyed joint with the ceiling slab. 
Form No. 5 for the crown, illustrated in Fig. 48, 
Plate LIX, was made with six movable longi- 
tudinal plates on each side of the centre line, and 
a key plate at the top, through which concrete 
was shovelled by hand. Grout and vent pipes 
were placed in every pocket formed by the segment 
flanges, and great care was taken to grout the 
space solid and avoid possibility of air pockets. 
Arch forms were stripped after 20 hours, and the 
surface of the concrete was smooth finished. 


Arch concrete was brought on the suspended 
tracks to the working platform bins, but the track 
was removed and concrete hoisted from the tunnel 
floor for the ceiling slabs by travelling elevators, to 
which the concrete cars were dumped. The ceiling 
forms, shown in place in Fig. 56, page 737, were | 
stripped after six days. Great care was taken to insure | 
a smooth finish on the surfaces of all the ventilation | 
ducts. Concreting was commenced about midway | 
between the two river shafts and carried on con- | 
tinuously in both diections, all operations being | 
timed successively to maintain the progress and | 
avoid interference. The concrete ceiling was finished | 
with paint applied by an air spraying-machine. | 
This process is illustrated in Fig. 51, Plate LIX. | 

Tile Lining.—The walls of the tunnel were faced | 
with 350,000 sq. ft. of white glazed vitreous tile | 
selected from samples submitted by 21 United States 
and foreign manufacturers. These tiles were tested | 











for absorption, quenching, natural and artificial | 
freezing, mechanical strength and mortar adhesion. | 

A }-in. scratch coat of 1:2 Portland cement | 
mortar was first applied to the concrete surface, and | 
on it were placed temporary guide screeds and a | 
g-in coat of 1 : 2 mortar with 10 per cent. lime was | 
floated flush with the screeds and covered with neat 
cement in which the 4}-in by 4}-in. by ,*;-in. glazed 
white tiles were beaten to place. These tiles | 
developed a light reflection of not less than 70 per | 
cent., and were trimmed at the top and bottom with | 
one and two rows of orange tile. All of the doors, | 
trimmings, and other exposed metal work, in the tile 
surface were made of bronze, furnished at a contract | 
price of $150,000. The State line dividing New | 
Jersey and New York is marked in both tubes, as 
shown in Fig. 57, on page 737. 

Paving.—The contract for 45,000 yards of granite | 
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Co-operative Production. The Priestman-Atkinson System 
By Henry Atxrnson, M.I.Mech.E. London: Bou- 
= House. Ernest Benn, Limited. [Price 12s. 6d. 
net. 

THE term co-operative production, coined in recent 

years, has become associated with those systems 

of payment by results which are generally known as 

“* collective.’ These are, to some extent, the product 

of the dissatisfaction which existed, and still does 

exist in some instances, in consequence of the experi- 
ence of workmen with the operation of individual 
systems of payment by results. The variation in 
earning opportunities and the cutting of job-rates 
at times under all systems, both went to justify 
the attitude of opposition and dislike which grew 
up, and the minds of many who were interested in 
the real well-being of industry have been directed 
toward a system which would induce maximum 
output and, at the same time, avoid the objections 
which have been levelled against individual systems. 

One of the alternative systems put forward was 

introduced by William Dent Priestman in 1917, 

and the object of the author of Co-operative Pro- 

duction, whose name is here identified with this 
system under the name of the Priestman-Atkinson 
system, is to explain in detail the steps necessary for 
its introduction and to indicate what, in his opinion, 
are its advantages over other methods of payment. 
The book is divided into three parts :—I. Wages 
in relation to increased production ; II. Preparation 
of a system of co-operative production ; III. The 
effects of co-operative production. In the first 
part the need for efficient production is emphasised 


jand the argument is summed up as follows :— 


1. Increased production per man is essential for 





paving was awarded, at a price of 7.39 dols. | industrial prosperity. 2. The workers will not be 
per yard exclusive of the concrete foundations. | inclined to increase production unless they receive 
Paving was made with granite blocks from 8 in. |a commensurate reward for their extra effort. 
to 12 in. long, 3 in. to 4} in. wide, and 4} in. to | 3. Increased wages are no guarantee of increased 
5} in. thick, requiring from 32 blocks to 54 blocks | production. 4. Therefore some form of payment in 
per square yard as compared with 30 blocks of the relation to output becomes necessary if both 





standard size. The blocks were required to meet | 
the specifications of the American Society for 
Testing Materials. The minimum joints are 3-in. 
at the top, and the blocks are laid on 1 in. of 1:3 
cement sand cushions. The pavement has no 
crown, but the surface slopes } in. in 20 ft. trans- 
versely, and the blocks are set in transverse rows. 
Fig. 49, Plate LIX, illustrates the work of placing 
and ramming the setts. 

The joints are filled with mastic, made of 1 part 
sand heated to from 300 deg. to 325 deg. F. and 1 part 
asphalt at 325 deg. F., both heated outside the 
tunnel. The asphalt was delivered in motor truck 
wagons and thence transferred to 500-gallon kettles 
heated by oil burners and agitated by compressed 
air from an electric compressor. From the kettles 
the hot asphalt was drawn into an electric mixer 
where it was combined with the sand, and the result- 
ing mastic was distributed in wheelbarrows and 
applied with squeegees and sanded. Figs. 49 and 50, 
on Plate LIX, illustrated the processes of ramming 
the setts, and applying the asphalte filler. 

[In concluding this account of the Holland Tunnel 
it may be interesting to mention that information 
just to hand from- Mr. Ole Singstad, the chief 
engineer, is to the effect that even under the 
maximum conditions of traffic on the first day, 
when over 52,000 vehicles passed through the tubes, 
the carbon monoxide content of the air in the 
interior only ranged between 1 and 2 parts per 
10,000. We wish again to express our indebtedness 
to Mr. Singstad for his assistance in the compila- 
tion of this article, and the facilities he recently 
afforded for our inspection of the tunnel under his 
personal guidance when it was nearing completion. 
—Ep. E.] 








THE MarkInec oF IMPORTED MERCHANDISE.—The | 


standing committee appointed by the Board of Trade 
to consider the advisability of marking imported goods 
to indicate the country of origin, will devote its attention 
toelectric cables and insulated wires, of all descriptions, 





at 11.30 a.m. on December 12, and at 10.30 a.m. on 
December 13 next. These inquiries will be held at 
the New Public Offices, Great George-street, London, 
S.W.1, and any communications upon the subject 
should be addressed to the secretary, Mr. E. W. 





Reardon, at that address. 


employer and worker are to be satisfied. 5. To be 
permanent such method of wages payment must 
be accompanied by goodwill and confidence in both 
employer and worker. 

Methods of payment other than that of co-opera- 
tive production, including profit-sharing and co- 
partnership, are reviewed, and numerous argu- 
ments are brought forward and statements made in 
favour of co-operative production. The author 
rightly dismisses profit-sharing as a method of making 
payment by results ; so many factors can affect 
profit, “‘that the personal effort of the worker has 
little or nothing to do with the profit he receives.” 
Where co-partnership is in being the rewards are 
held to be so small, or to be hedged around with such 
restrictions, that the appeal is spoilt. Piecework 
and premium bonus systems, it is argued, fail because 
rates are badly set ; earnings are variable, some men 
get the soft jobs and others the hard, favouritism 
being shown by the foremen, this and other varia- 
tions in earning opportunities causing jealousies. 
between workman and workman. Rates get cut 
if men earn high wages and this leads to restriction 
of output. The Premium Bonus systems are re- 
viewed, special attention being given to the Rowan 
system which is rightly held to appear complicated 
to the men, and the claim made for it as to ease of 
setting rates “seems to put a premium on loose 
time-setting as well as on the work.” The first 
part is finished off with a chapter on co-operative 
production, the principle being recommended on the 
grounds that by the unification of the efforts of all 
the men and the equalisation of bonus, individual 
jealousies are avoided; ‘there are no fat jobs or 
lean ones”; that there are neither job rates to be 
cut nor ratefixers to pay, while restriction of output 
reacts upon the workers themselves in the form of 
reduced bonus. 

In Part II, under the “‘ preparation necessary for 
the introduction of a system of co-operative pro- 
duction,’ the method of obtaining what is referred 
to as “‘the standard output” and period for same 
is discussed. Naturally for different classes of 
products the bases would vary, and a chapter is 
devoted to the method-of giving effect to these 
differences under the heading of “ standard point 
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values.” This fixing of the “standard output ” 
and of “ point values ’’ is one of the more important 
factors in the organisation of a system of co-opera- 
tive production ; it is, of course, equal to the fixing 
of job rates for individual systems, and the 
success of the system will depend upon the care 
exercised in the fixing of these factors. It is 
interesting to note that provision for the modifica- 
tions to these standards is made to allow for improve- 
ments in plant or alterations in ‘manufacturing 
conditions. Broadly speaking the bases recom- 
mended are man-hours and work done. The author 
states that “in one factory the Point Values were 
altered for some of the articles five times in three 
years.”” Had the values not been modified the 
workers would have received a higher bonus for 
no increase in effort and the price of the article 
could not have been reduced. In another chapter 
diagrams of results obtained are given; while in 
another the effect of overhead expenses is con- 
sidered. 

In Part III the effects of co-operative production 
are treated. In this section it is argued that the 
collective system of payment creates confidence 
between the individual workers and the manage- 
ment ; encourages men to help each other ; renders 
supervision less necessary; tends to improve or 
eliminate the slacker ; encourages the sympathy of 
the workers with the difficulties of management and 
induces a controlling influence among the workers 
toward improvement in output. There is a chapter 
dealing with fallacies in the workers’ minds in connec- 
tion with increased production, and another dealing 
with the criticisms which have been levelled against 
the system. 

The book as a whole can be recommended as 
putting the case for collective systems of payment 
in a fair light. There can be no doubt that, whether 
due to faulty administration or inherent faults, 
individual systems of payment have been the cause 
of much contention, and that some of this is likely 
to be avoided in the use of a system as advocated 
in this book. Equally, there is no doubt that the 
book is a distinct advance on the sentimental and 
formless propaganda which was such a feature of 
the early days of the Priestman system which, as 


now advocated, is worthy of close attention. With’ 


loose ratefixing, one of the features put forward as 
being possible under the Rowan system of premium 
bonus, unequal earning opportunities can never 
be avoided. A collective system prevents this, 
and with the provision for the modification of the 
basis of payment, as described, improvements in 
plant, etc., can be used to reduce costs and not 
merely to increase bonus which can be, and in 
some instances is, the situation otherwise. Such 
an arrangement gives that elasticity which is 
necessary and is always associated with individual 
systems of payment. Another claim justly made 
for collective systems is that they tend to encourage 
team work ; that the individual becomes interested 
in the progress of the ultimate completed product, 
instead of his own particular operation and imme- 
diate profit only. Thus, if he assist his fellow work- 
man, he can do so with profit to all and without 
loss to himself. One good feature of a collective 
system, run as advocated by Mr. Atkinson, is that 
staff employees can share in the bonuses. One of 
the bad results of the operation of individual systems 
has been the upsetting of the balance of wages 
between class and class, particularly between work- 
men and supervisors. Under the system advocated 
this difficulty can be avoided. 

Altogether, the book is a distinct addition to the 
literature on the subject of the remuneration of 
labour, and advocates of collective systems in general, 
and the Priestman system in particular, must feel 
indebted to the author for having rescued that 
system from its friends and making it useful, for 
increasing output, without preventing reduced 
labour costs when these are possible. In the interests 
of industry, however, it appears desirable to sound 
one or two warning notes. Broadly speaking, the 
object of any industrial concern is output, output 
at such cost that will enable the product to be 
readily sold and more orders obtained. In order 
to do this effectively, goodwill is necessary and 
goodwill calls for satisfied workmen. In pondering 
over the subject, the reader will do well to consider 











whether or not, as regards output, a collective 
system will make a strong appeal to a workman, 
the result of whose efforts will be merged with those 
of others who may either be more energetic or less 
industrious than himself; more or less skilful. 
One of the curses of the individual systems has been 
inequality of opportunity; will equality of output 
be a curse of collective systems ? Another question 
concerns rate-cutting, which has been a blot on the 
administration of individual systems. The modi- 
fication of point values is but another form of job 
rate adjustment, and can be abused under one 
system as under another. This is not to suggest 
that the adjusting of point values will be treated 
as an opportunity “‘ to cut,” but it is well to bear in 
mind that an alteration to system does not alter 
economic conditions or human nature, and, whether 
the cutting of job rates in the past has been due to 
dishonesty of employers or to economic pressure, 
the position would be largely the same under one 
system as under another. The great question is to 
have the basis right, and this is an aspect with which 
the author deals. 





Theory of Machines. By Lovuts Tort, M.Sc., and A, T. J. 
{. London : 


KERSEY, A.R.C.Se., M.I.Mech.E., M.I.A.E. 

Sir — Pitman and Sons, Limited. [Price 12s. 6d. 

net. 
ALTHOUGH there are several good books of fairly 
recent origin available on the theory of machines, 
none are so definitely adapted as this new publica- 
tion to the requirements of those following the 
prescribed courses of study leading up to university 
degrees or the examinations for the A.M.Inst.C.E., 
A.M.I.Mech.E. and advanced National Certificate. 
Hitherto it has been necessary to search among 
various works in order to acquire the full know- 
ledge required for the standard set by the syllabus, 
with the attendant risk of becoming overloaded 
with matter which could quite well be disregarded 
for the time being, and because this book eliminates 
the sifting process the student’s task has been 
rendered so much the lighter. Moreover, in order 
to promote familiarity with the types of problem 
likely to be encountered, there are included upwards 
of 300 examples, many of which are culled from past 
papers set in the aforesaid examinations, the 
answers being listed at the end. These constitute 
a very valuable feature. The first two chapters 
deal mainly with elementary principles in mechanics 
which at first sight appear to be somewhat out of 
place in an advanced textbook, but a complete 
understanding of these early portions is essential 
if satisfactory progress through the remaining 
parts is desired. 

The aim throughout has been to treat comprehen- 
sively the fundamental principles, so that with 
thorough assimilation their application to particular 
allied problems presents no great difficulty. In 
certain cases what appear to be original, or little 
known, methods of attacking the problems are 
introduced with consequent advantage. Mathe- 
matical solutions are given where possible, and this 
presumes a fair knowledge of the calculus up to the 
solution of differential equations. There is an 
interesting chapter on cams, in which the deter- 
mination of profiles suitable for high-speed work is 
discussed and guidance given for the estimation of 
the stiffness of the return spring, the results being 
of much practical importance, since only a slight 
departure from a proper transition curve is fre- 
quently the reason for unsatisfactory running. 
The section on engine balancing is simply explained, 
following orthodox lines and including treatment 
of radial and vee engines. A point which concerns 
designers is that in comparing the out of balance 
moments for different types of engines in which 
equilibrium of primary forces cannot be conveni- 
ently arranged, there is some dubiety as regards 
the proper choice of position for the reference plane, 
and it is surprising that this important question is 
never alluded to in textbooks. Consideration of 
valve diagrams is rather brief, and the statements 
implying that crank positions for corresponding 
events on the two sides of the piston are exactly 
opposite each other, are misleading, as this is only 
true when the leads are the same for each end, 
whereas for practical reasons these often differ. 
Methods of obtaining velocity and acceleration 





diagrams for points in a mechanism are very clearly 

explained, and the application to various common 

arrangements shown, but there is no reference to 
the crossed-rod type of Stephenson link motion or 
to the Marshall valve gear. 

Formule for calculating periods of transverse 
vibration or whirling speeds of shafts are estab- 
lished on well-known lines in the concluding chapter. 
The subject of torsional vibrations has received 
much prominence within recent years, and simple 
methods of arriving at the natural periods for any 
number of shafts and masses connected in series 
have been devised which might have been given 
here instead of limiting the work to consideration 
of a single shaft with end masses only. A sum- 
mary of the principal formule, together with some 
useful notes on the theory of their units and dimen- 
sions, which facilitate the memorising of them, is 
given in an appendix, and a slight improvement 
could be effected by adding a list giving the mean- 
ing of the symbols adopted and equation numbers. 
There are numerous uniformly excellent diagrams 
which in just a few cases are not conveniently 
situated in relation to the corresponding text. 
Admirably fulfilling the specific purpose for which 
it has been prepared, this book should become 
highly popular among students and teachers con- 
cerned, to whom it can be specially recommended, 
whilst it would also be quite a useful addition to 
the library of engineers in general. 

Handbook of Ore Dressing. By ArtuurR F, TaacGarrt. 
London: Chapman and Hall, Limited. [Price 50s. 
net. | 

PROBABLY few outside the ranks of those who are 

personally concerned with ore dressing realise the 

variety and wide scope embraced by this subject. 

Some idea of the many-sidedness of ore dressing 

may, however, be gathered when it is recollected 

in how many forms the various economic minerals 
occur in nature, and the variety of combinations in 
which they are found ; each set of conditions pro- 
viding its own special problems of treatment. To 
this must be added the fact that opinions about the 
best methods for treating any particular ore fre- 
quently disagree, so that essentially similar ores 
may be treated by different methods even in the 
same district. Whilst an ore-dressing plant may, 
in a general way, be likened to a factory where raw 
materials of perhaps small commercial value in their 
natural form are manufactured or converted into 
saleable products, the analogy differs essentially on 
certain points. Thus, in a factory it is usually 
not only possible, but perfectly feasible, to lay down 
quantitative rules for operation, and the results 
may be predicted with a considerable degree of 
certainty. In ore dressing, however, despite the 
fact that the operations followed, such as crushing, 
gravity concentration, dewatering and so forth, 
are simply practical applications of well-known 
physical principles, yet in practice these operations 
are inter-dependent in their results the one on the 
other, and introduce complexities which cannot 
be resolved and stated in the terms of a formula. 
It follows therefore that the best guide to the 
deduction of future results from a given set of 
conditions is obtained by a careful study of the 
records of previous performances under as nearly 
as possible similarly prevailing conditions. The 
engineer, therefore, who is investigating an ore- 

dressing process, or designing a flow-sheet for a 

new mill, requires access to as much data of a 

reliable nature as he can obtain, so as to benefit 

by the proved experience of modern practice as 
exemplified by successful plant outlays. 

Despite the complexity and wide range of the 
subject, the literature devoted to ore dressing has 
at no time been over abundant—perhaps, owing 
to these reasons, and also to the fact that constant 
improvements and the discovery of new methods 
and processes soon render a work of this nature out 
of date. For a period of many years there was 
indeed no text-book or practical handbook on ore 
dressing with any pretension to completeness; a 
state of affairs which was at length ended by the 
publication of Richards’ classical work, volumes ITI. 
and IV. of which appeared in 1909. Meantime, the 
art has undergone many changes; the extensive 
development and wide adoption of froth flotation 








740 





[DEc. 9, 1927. 





ENGINEERING. 





methods for the concentration of sulphide slimes, 
for example, has introduced a new aspect in mill 
design and operation. 

The appearance of Professor Taggart’s work can 
not fail to be welcomed by engineers, students and 
others interested in ore dressing, for it combines 
the advantages of a modern treatise with the prac- 
tical arrangement and handy form of a reference 
handbook. Armed with this book, the engineer 
will feel himself not only independent of other 
literature, and freed from the loss of time engendered 
by the necessity of searching through countless 
periodicals and volumes of transactions of a number 
of institutions, but in a position to solve at short 
notice most problems of ore dressing with which he 
may be faced. 

The first 228 pages are devoted to brief but lucid 
descriptions, placed in alphabetical order, of the 
metals and minerals whose ores require dressing 
as part of their preparation. This section includes 
discussion of treatment, which is an important 
feature. There is also a summary of the economic 
elements, their occurrence, production, uses, 
price, &c. 

In the following 700 odd pages, the individual 
operations of milling, such as coarse and inter- 
mediate crushing, fine grinding, screening, classi- 
fication, methods of concentration, dewatering, etc., 
are treated separately. Treatment of ores of non- 
metallic minerals has not been segregated from 
treatment of metallic ores, for—as Professor Taggart 
remarks in his preface—such a segregation is not 
justified on physical grounds, and both metallic 
and non-metallic practice as a result of a purely 
arbitrary separation in the past, have suffered 
through the progress of developments in the one 
field being ignored by those practising in the other. 

Sections on sampling, transport of ores and treat- 
ment products, designs of milling plants, hydro- 
metallurgy, and on the engineering fundamentals, 
physics, mathematics and mechanics follow, and 
have been contributed by associate editors who are 
experts in the various subjects. The sections on 
mathematics and mechanics are presented in the 
form of rules for the solution of typical problems 
with numerous examples of methods of use and will 
therefore, be particularly welcome to the practical 
engineer, who is a trifle “‘ rusty ’’ in these subjects, 
and at the same time of undoubted value to the 
student. 

The plan adopted in this volume of setting the 
text in type of two sizes, the thread of description 
and principle being carried along in the larger type, 
whereas matter of reference character, mill per- 
formances, numerical data, and so forth, being 
printed in smaller type, has much to recommend it, 
and will be found a great convenience by all classes 
of readers. Bibliographical references are made in 
parenthesis in the text, which has the advantage 
of acquainting the reader immediately with the 
source of the authority cited without tiresome 
reference to another part of the book, and the inter- 
ruption to thovght thereby entailed. The work is 
very clearly printed on thin paper and profusely 
illustrated with diagrams throughout, and despite 
its 1,600 pages, it is only two inches in thickness. 





MIDDLE EASTERN AIRWAYS. 


In his speech at the christening ceremony of the 
City of Baghdad air liner, when it was placed in 
commission on the Cairo-Basra line, Sir Henry 
Dobbs claimed that the conquest of the air would 
restore to Iraq “ her ancient geographical primacy 
as the central region of the earth.” It was a 
significant statement, if, perhaps, a trifle extrava- 
gant. 

Now that a new world has appeared on Europe’s 
western horizon, the world’s economic centre of 
gravity can never swing back to the land between 
the Seven Seas, but it is certainly feasible that no 
little entrepét importance will accrue to this 
region from the development of aerial communica- 
tion between Europe and the Far East. British 
Imperial policy, always keenly apprehensive of 
developments in the Middle East, has now an 
added reason for vigilance—one which, even in the 
present early stage of its emergence, has given the 
diplomats some cause for concern. 


There has been some proneness in the English 
press to regard the British project of an Indo- 
Egyptian airway, which was to be the first link 
in an Anglo-Australian line, as a uniquely bold and 
advanced achievement. Actually it is only one of 
a number of converging routes which are being 


pushed out across Europe towards India. French | 


enterprise has already established an airway from 
Paris to Constantinople, by way of the capital 
cities of the Little Entente, and preparations are 
in active progress for its extension via Afium 
Karahissar and Aleppo to Dair az Zor, thus placing 
Paris in speedy communication with its Syrian 
mandatory. But a further extension is already the 
subject of rumour, and it seems unlikely that the 


short gap between Dair az Zor and Baghdad will long | 


remain unbridged. 

It has been suggested that Anglo-French co- 
operation in the working of the Indo-European 
airway would be mutually advantageous, since 
France could provide practically the whole of the 
organisation necessary on the European stage, and 
could, in return for placing this at the disposal of 
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British machines, utilise British organisation from 
Baghdad to Calcutta, in order to establish air 
contact with French Indo-China. British machines 
have already begun to operate on the Paris-Con- 
stantinople air line. 

Propesals for Italian co-operation have also been 
made. An Italian airway is already in regular 
operation between Rome and Constantinople, 
while it has been reported that a line to Cairo via 
Crete is projected. 

Perhaps more significant from the political stand- 
point is the system of air communications stated to 
be in process of creation in the Middle East by 
the Union of Socialist Soviet Republics with the 
aid of a subsidiary organisation of the German 
air combine. How far the services comprised in 
this system are regularly operated routes or mere 
lines on the map is difficult to determine, and reports 
were at one time current of the abandonment of 








important lines owing to obstacles placed in the 
path of the German undertaking by Russian ad- 
ministrators. The U.S.S.R may, however, be 
credited with the intention of making the order of 
progress in air transport development which these 
routes suggest, and the tardy development of 
aviation in other European countries, with the 
exception of Germany, is not such as to make 
comparisons humiliating for Russia. 

It appears to have been the original intention 
of those directing the policy of Russian civil 
aviation to make Kharkov the starting point of 
two main eastern airways, one skirting the northern 
shore of the Caspian Sea, and the other proceeding 





south-eastward between the Caspian and.” the 
Black Seas. The first project seems, however, to 
have been abandoned, although an isolated link, 
between Taeschaus and Charjui, through Khiva, 
is reported to be continuing operation and to have 
proved highly successful. 

The other service from Kharkov halts at Rostov, 
Mineralnye Vody and Baku before proceeding to 
Enzeli (Pahlevi), in the south. The further exten- 
sion southward of this line will probably result from 
the completion of the Persian system, for which the 
| German company received a contract two years ago. 
| As yet, however, only services between Pahlevi 
jand Teheran, and Quretu and Teheran, are in 
| existence. 

It will be seen, therefore, that there are three 
| main routes from Europe to India. The first, 
| controlled chiefly by Germany and Russia, would 
|pass over Berlin, Moscow, Kharkov, Baku and 
|'Teheran, proceeding to India either by way of 
| Quetta or Peshawar, or over Baghdad, Basra and 
‘the Persian Gulf; the second, under the control of 


| ny . ; 
| France and states over which it exerts a measure of 
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influence, traverses Prague, Vienna, Budapest, 
Belgrade, Bucharest, Constantinople and Aleppo ; 
and the third would utilise the Italian line from 
Barcelona or Marseille to Rome, Naples, Brindisi 
and Athens, whence it would proceed either to 
Alexandretta and Baghdad, or to Crete and Cairo. 
Whether these routes enter the Middle Eastern 
region from the north, between the Caspian and 
Black Seas, or from Syria or Egypt, they must 
converge on Iraq and Persia, and economic con- 
siderations, as well as the difficulty of operation 
over the mountainous plateau which constitutes 
most of Persia, will divert the routes southward to 
the Gulf rather than across Afghanistan. 

Another interesting project for an air line, one 
terminal of which would be situated in the Middle 
East, is that which it has been suggested should 
link China with Persia, through Tabriz, Teheran 
and Meshed, but, though this is a possibility which a 
distant future may realise, it is not one to be 
regarded as of imminent practicability. 

An examination of the possible air routes of the 
Middle East clearly reveals the extent to which even 
the aeroplane is earth-bound and its freedom of three- 
dimensional movement limited. ‘The obstacles 
placed in its path by mountain ranges impede 
it less than is the case with surface transport 
methods, but they are sufficiently formidable to 
restrict the choice of routes very narrowly. The 
most important factor is the mountainous nature of 
the region. The Plateau of Iran, the Elburz 
mountains and the Taurus all present difficulties 
which a commercial air service will seek to avoid, 
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and the route following the course of either the | to the interposition of the Elburz mountains and 
Euphrates or the Tigris and skirting the north-| the Hindu Kush. 
eastern shore of the Persian Gulf possesses clielonn| The foregoing is sufficient evidence of the vital 
advantages. Alternatively, the southern coast of | importance of Iraq and Persia in any project of 
the Caspian Sea and the valleys between the | air communication with the Far East and India 
Elburz mountains and the Hindu Kush, which'sponsored by the European colonial powers. 
constitute the Indo-Persian frontier, might be| Whatever the origins of the intrigue which 
followed down to the coast in the neighbourhood of | culminated in the refusal of the Persian Mejlis to 
Chahbar. The Iraq-Persian Gulf route is, however, | ratify the agreement to afford facilities for a 
greatly to be preferred on account of its shorter regular British air line along the southern Persian 
distance, its ease of operation, and the commercial | coast, the incident aptly illustrates the incom- 
importance of its towns. patibility of national exclusiveness and the proper 
Of the three lines of approach to Persia, that |development of so truly international a form of 
taken by the British line from Cairo to Basra is | transport as the aeroplane. If the British line is 
probably the freest from navigational difficulties. | forced to follow a route along the south-western 


After leaving Cairo the machines skirt the Delta, | coast of the Gulf the journey will be considerably | 


cross the Suez Canal and follow the railway to Gaza. | lengthened, and two long sea crossings made 
A divergence to Jerusalem is precluded at present inevitable. British policy, no less than Persian, 
by the lack of aerodrome accommodation in the | has also to justify itself for the refusal to grant 
vicinity suitable for commercial aircraft, as well as | permission for the extension of the Persian air line 
the somewhat difficult nature of the hill-country of | between Enzeli and Teheran to Baghdad, and the 
central Palestine. From Gaza the route turns | allegation of Russo-German control seems super- 


inland, the next stop being at Ziza, the aerodrome | ficially an inadequate excuse for rejecting co-opera- | 


facilities of which are superior to those at Amman, | tion. 
the capital of Transjordania, where it would other-| The Middle East reproduces the same con- 


wise have been desirable to make a halt. From | glomeration of nationalities, and almost the same | 


Ziza the desert stretches eastward for 450 miles and | exclusive and mutually hostile patriotisms as have 
provides, perhaps, the most severe test of pilotage hampered the development of European aviation. 
of any section of the route. It will surprise no one that Persia hesitates to 

The intense summer heat and the height, aver- | 0-operate in a scheme which is avowedly subsidised 
aging about 2,000 ft. above sea level, combine to|for the purpose of promoting the political and 
produce a rarefied atmosphere in which aero engines economic unity of the British Empire, and that 
will give, owing to the low weight of air taken into | hostile critics assert its importance to imperial 





the cylinders at each suction stroke, substantially 
less than their rated power. This fact, as well as 
the possibility of encountering high winds, makes 
the provision of considerable reserves of engine- 
power an essential precaution. The chief difficulty 
experienced in the operation of this, as of so many 
sections of this region, is the desert nature of the 
terrain, making the possible consequences of a 
forced descent extremely unpleasant. Water can 
be obtained throughout the year only at Rutbah, 
roughly mid-way on the desert section. Location 
from the air of a machine which had been forced to 
land would be difficult, particularly in summer-time, 
when the mirage may limit visibility to three or 
four miles, and the lack of recognisable landmarks 
not only complicates the problems of pilotage, but 
adds to the difficulty of detecting and retaining in 
sight the object for which search is being made. 
Safety demands, therefore, that the machine engine- 
power shall be divided into several units and that, 
on one power-unit failing, flight shall be maintained 
on the remainder. 

Colonel Burchall, who is in charge of the airway, 
describes the desert section as comprising a variety 
of curious features, including extensive mud flats, 
bitumen lakes, basalt-crowned hills, and boulder- 
strewn plains. On changing the course eastward 
from Baghdad the only serious navigational difficulty 
is presented by occasional sandstorms, which are, 
however, infrequent, and appear to be periodic, 
and to accompany weather conditions whose 
regularity of recurrence makes accurate prediction 
fairly certain. As with fog on the European lines, 
such storms will cause the interruption of the 
service and force down machines in flight. 

Along the north-eastern shore of the Gulf forced 
landings might be attended by danger in those 
areas where the coast is bordered by mountains 
or swamps. The most effective precaution is the 
provision of multi-engined aircraft to make such 
an occurrence unlikely. Once the open ocean is 
reached the machine enters an area, .extending 
as far west as Chahbar, in which the influence of 
the monsoon is felt in its season, but it is not 
considered that weather conditions will be worse 
than those experienced in north-western Europe. 

The north-western entrance to the Middle East, 
which is to be exploited by the French, is probably 
little less easy to operate than that from Cairo 
to Baghdad, although a mountainous tract east 
of Constantinople and the Taurus range in the 
south of Asia Minor present difficulties which 
cannot easily be avoided by a detour without 
substantially lengthening the journey. The northern 
entrance is rather more difficult, particularly if 
India is entered at Quetta or Peshawar, owing 








security would be such as to force Great Britain to 
bring southern Persia under as effective a control 
as is exercised over Iraq, Transjordania, Palestine 
and Egypt, which are also traversed by the airway. 
It is significant, too, that the co-operation of 
Egypt, the least dependent of these four States, 
is provisional and subject to legislation which will 
later be introduced. 

Only by the establishment of an Air Transport 
Union for effective co-operation between the 
States of the Middle East will it be possible to 
disarm suspicion of imperialistic and strategic 
motives on the part of the promoters of schemes 
of aerial development. The nations have still to 
decide whether the primary purpose of the airway 
is to be commercial or military. Germany has 
decided that the basis of air power is the creation 
of a system of air transport exclusively economic 
in its aims. France appears still to have faith 
in the possibility of achieving commercial advantage 
as a by-product of military security. Great Britain, 
characteristically, hopes to promote both ends 
and to achieve the integration of its Empire 
economically, politically, and militarily by aerial 
development. It is not remarkable that, amid 
these diverse policies, civil aviation, dependent 
as is no other transport medium on international 
co-operation, has languished. 

After exasperating delays and endless negotiation, 
an approach towards co-operation for the -creation 
of a truly international system of air transport 
appears to be coming into being in Europe. It is 
to be hoped that the obstacles which are slowly 
being removed in Europe will not be re-erected in 
the Middle East. 





THE NUVAKO PNEUMATIC 
CONVEYING SYSTEM. 


Tue general principles of pneumatic conveying 
either by pressure or vacuum are now fairly well- 
known, though up to a comparatively short time ago 
only grain and a few other materials of similar light 
weight and uniform composition had been successfully 
handled. Recent experience, however, has extended 
the range of application and such irregularly-shaped 
and heavy materials as coal, iron ore, ashes, limestone, 
&c., can now be transported with certainty and ease. 
This progress has not been made without difficulties. 
in some cases very formidable ones, and the installa- 
tion we now describe with the aid of Figs. 1 to 12, on 
pages 742 and 743, embodies two new and ingenious 
appliances, by means of which some of the more 
serious difficulties have been surmounted, This instal- 
lation is an extension by Messrs. Ashwell and Nesbit 
Limited, 12, Great James-street, Bedford-row, W.C.1 
of a pneumatic coal-conveying plant previously erected 
by them at an important riverside factory in East 


|London. Coal is brought to the works, for boiler- - 
house use, in two ways: by lighter alongside the 

wharf, and by rail. The original plant was chiefly 

concerned with the former supply, which was taken 

direct from the barges by a pneumatic conveyor of the 

vacuum type and deposited in a large bunker by two 

dischargers. From this it was removed by a belt con- 

veyor to the boiler-house. 

The erection of a new boiler-house, however, and 
the fact that the main supply of coal is now obtained 
from wagons run into a works’ siding close to it instead 
of from lighters, involved a remodelling and exten- 
sion of the plant. The remodelling included a coal 
suction pipe between the storage bunker on the wharf 
and the new cyclone discharger on the boiler-house, 
|and an air suction pipe between the new pump and 
| the old unloading apparatus at the wharf. These two 
| pipes are seen at the left of Fig. 1, leading to the 
original plant, which needs no further reference. The 
general layout of the new plant is shown in Figs. 1 
to 4, on page 742. On the top of the boiler-house, 
above the stokehold, runs a series of coal bunkers 
with hopper bottoms, These dischage directly into 
the hoppers of the mechanical stokers of the Lanca- 
shire boilers below, and are themselves supplied 
with coal from a band conveyor having a travelling 
throw-off. The conveyor and throw-off are clearly 
‘shown in Figs. 1 and 2, and do not, of course, 
form part of the Nuvako pneumatic plant. This 
consists of a cyclone discharger with an automatic 
valve feeding coal to the belt conveyor, a steam- 
driven vacuum pump, a coal suction nozzle, and the 
necessary pipes, valves, and accessories. The various 
parts can be easily identified in Figs. 1 to 3, and 
will now be described in some detail. 

The plant is of the suction type, a method in which 
the design of the vacuum pump is of prime importance. 
It will be realised that the pneumatic conveyance of 
loose, irregular materials in bulk makes use of a diffe- 
rent principle from that of the more widely-known 
method by which a relatively close-fitting piston, either 
as a cylindrical container, or in the form of a trolley, is 
propelled along a tube. If a vacuum is used in this 
method, it is advantageous to obtain as high a degree 
of rarefaction as possible, or, if a pressure is used, this 
also should be high. With loose materials, the essen- 
tial requirement is an enormous volume of air sweep- 
ing through the pipes, the vacuum required being only 
partial. The material floats in the stream of air and 
the velocity as it approaches the exhausting apparatus 
increases, due to the decrease of friction. Succeeding 
particles, then, are travelling at a slightly less rate 
than those in front of them, and the choking of the 
pipes is very unlikely. Incidentally, in the pressure 
system, the velocity of the travelling particles de- 
creases with the distance from the pump or fan, and 
the risk of choking is greater, though in some cases, 
such as delivery of material from a central store to a 
number of other places the pressure, or blowing, 
system has advantages, 

Apart from the necessity of the supply of large 
volumes of air, a successful vacuum system demands 
a means of preventing dust and small particles of the 
conveyed material from reaching the exhauster. It is 
clear that with a reciprocating pump the effect of 
dust, &c., may be serious. A method sometimes 
adopted is to interpose textile filters in the pipe line. 
Such filters require frequent cleaning, and, when coal 
or similar explosive dusts are concerned, introduce fire 
risks. The introduction of the cyclone discharger in 
the Nuvako system in the pipe line, between the pump 
and the suction nozzle, provides almost complete auto- 
matic separation of the dust without the use of any 
filtering medium. Should any dust, however, pass the 
discharger, the form of pump adopted renders it quite 
innocuous, in fact, unless the dust is sufficiently valu- 
able as to make it worth recovery in small quantities, 
some leakage past the discharger may be disregarded. 
The pump or exhauster fitted is a water-sealed rotary 
vacuum pump, a type more suited to the creation of a 
copious non-pulsating flow of air than the reciprocating 
pump, which requires either very large cylinders or to 
run at a very high speed. 

This pump is illustrated in Figs. 5 to 7. From the 
cross-section of Fig. 7 it will be seen that the casing 
is elliptical and contains a rotor with curved peripheral 
vanes. As the rotor is circular, the tips of the vanes 
are not at equal distances from the casing, they almost 
touch it at two points, from which at either side the 
space between the rotor vanes and the casings is crescen- 
tic. A small stream of water is introduced into the 
casing by the pipe shown at the left hand of Fig. 6, 
and, being caught by the vanes of the rotor is compelled 
by centrifugal force to follow the contour of the casing. 
The depth of water between individual vanes of the 
rotor is, therefore, dependent on the relative peripheral 
position of the rotor to the casing which is constantly 
varying, and the result is a piston-like action of the 
water in the space between each pair of vanes, which is 
consequently filled and emptied twice each revolutiong 
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Inlet ports are arranged at those vanes from which | about the range in degree of vacuum which is most! 
the water recedes as the rotor revolves and outlet ports | effective in pneumatic conveying. Fig. 12 gives volu- | 


at those in which it enters. 


water. 


wise. 


cylinder engine, the unit being shown in Fig. 5. A| 
governor capable of hand regulation is fitted. Stopping 


and starting are controlled by hand, and are not auto- 
matic. The large pipe in the centre of the figure is that 
of the air discharge to the atmosphere. It is carried 
through the roof and bent over. The inlet pipe is 
taken through the wall in the background. The power 
required is about 14 brake horse-power per ton per hour 
when material is being handled in a straight vertical 
lift, the horizontal pulls vary with the distance, the 
contour of the pipe and the material handled. The 
limit of height of lift has not yet been reached in 
practice, and that of the horizontal distance seems to 
be merely a question of power, 1,000 ft. or more being 
possible under existing conditions. It is not claimed 
that pneumatic conveying requires less power than other 
methods of transportation, but it has so many distinct 
advantages that often power consumption is a matter 
of secondary concern. For example, the question of 
freedom from coal dust is of prime importance in 
factories engaged in the production of foodstuffs. 
The cost of power for driving the exhauster can be 
greatly reduced in some works by arranging for the 
engine to exhaust into the process main, and either 
running the engine without cylinder lubrication or 
using a small turbine. Several installations of these 
plants exhausting against pressures up to 60 lb. per 
square inch are in successful operation. As regards 
the exhauster mechanically, it is clear that the small 
number of working parts, absence of piston rings, 


The air in the pipes is| metric and brake horse-power curves on a base of 
thus drawn out by the vacuum created by the receding | vacuum in inches of mercury, with the engine running 
water, and is, later in the revolution, discharged to the | at a constant speed. 

atmosphere by the compressive effect of the entering | 
The water is slowly drained off from the | 
bottom of the casing, and carries with it any heat | 
generated. The direction of rotation is counter-clock- | along which it runs horizontally to the wharf apparatus, 


The pump is direct driven by a vertical single-| from it by a tee-piece with isolating valves in either 





| duced in Fig. 4. 





valves, etc., reduces the maintenance costs to a mini- 
mum. Its volumetric efficiency is at a maximum just 


The inlet, or air suction, pipe to the pump is led, after 
passing through the engine-room wall as mentioned 
above, across the coal siding to an adjacent building 


a branch to the new cyclone discharger being taken 


side. The arrangement is clearly shown in the drawings 
forming Figs. 1 and 3, but perhaps a better idea of 
the scale, etc., is gained from the photograph repro- 
Here the larger of the two inclined 
pipes across the middle of the figure is the air suction 
pipe, the smaller one, with its markedly easier bends | 
is the coal suction pipe. This is supported at its lower | 
end by an angle frame carried on a gantry spanning | 
the siding. | 








Below this frame is a length of flexible | 
pipe to permit movement in the wagons being dis- 
charged by the rigid portion carrying the suction nozzle. | 
In the top left-hand corner of the figure is a girder | 
supporting the pipe between the wharf bunker and | 
the cyclone discharger. 

Following the course of the coal in its path towards | 
the pump, Fig. 4, shows a wagon in position under | 
the suction pipe. An attendant is necessary to move 
the nozzle as the coal is removed. No broom or shovel 
is needed, it being possible to pick up the last particle 
of the coal by the nozzle in a manner somewhat 
similar to that of a domestic vacuum cleaner. The 
shape of the nozzle is varied with the material to be 
handled and with the type of container from which 
it is to be extracted, the cardinal requirements being 
an easy opening for the ingress of the material, and a 
secondary air inlet the opening of which must be 
above the surface of the material and capable of 
control by the attendant, though once the setting is 
determined for a particular material, little adjustment 
is generally needed during the operation. The second- 
ary inlet pipe is shown on the nozzle in Fig. 2. The 
pipes are partly of cast-iron and partly of steel. The 











Fig. 4. WaAGoN DISCHARGING PIPEs. 


coal suction pipes need careful erection, but provided 
the several lengths are in strict alignment, they may 
be arranged as required irrespective of deviation 
either in the vertical or horizontal plane. 

The material travels along the centre of the pipe 
so that very little wear really occurs. A sudden 


| obstacle in the pipe, however, such as that caused 


at a joint by a slight difference in diameter or eccen- 
tricity of adjoining pipes, is apt to cause trouble from 
the deviation of the flow into something resembling 
eddies. In erection, care is accordingly taken that 
the several pipes join up correctly, the joints being 
coupled together with turned and fitted bolts. The 
flanges are faced, and rubber rings are used as jointing 
material. As already stated, the bends are easy, a 
bend of small radius being apt to set up wear on 
account of the change in direction of the flow. When 
such cannot be avoided the tendency to wear is met 
by using special hard metal or by other means. In 
addition to the flexible pipe made use of in this in- 
stance, telescopic pipes are occasionally fitted for such 
purposes as unloading lighters where the craft rises 
as the load is removed, or follows the movement 
of the tide. No special trimming arrangements are 
needed in such an instance as the nozzle can be moved 
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about as desired, so effecting the same purpose. The 
nozzle at the end of the pipe in the wharf bunker is 
somewhat the same as that described above, but, as 
already stated, the major portion of the coal is now 
obtained from wagons and the bunker pipe line is only 
occasionally used. 

Both the coal-suction pipe lines, however, converge 
to the cyclone discharger, together with the air suction 
pipe. The details of the discharger are given in 
Figs. 8 to 10, from the first of which it will be seen 
that it consists of a series of cones and cylinders, the 
upper inverted cone being double, and the lower 
cylinder forming an automatic valve. The coal-convey- 
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ing pipe terminates tangentially in a cylindrical part of 
the discharger, as shown in Fig. 10. The coal, on 
entering this chamber, loses its velocity, and falls duwn 
the cone below it into the discharge-valve chamber. 





The air-suction pipe is connected to the discharger at 
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AvToMATIC DISCHARGING VALVE IN 
ACTION. 


Fia. 11. 


its apex, but is virtually prolonged downwards into it 
by a cylindrical diaphragm, the bottom edge of which 
lies below the top of the internal inverted cone. This 
cone extends well down past the coal inlet, and is con- 
tinued upwards to the top of the discharger. The 
upper part is arranged with an opening partially of a 
spiral form, best seen in Fig. 9. The dusty air is 
carried up in the space surrounding the inner cone, and, 
being drawn through the spiral passage, its original 
rotary motion is maintained up to the moment it passes 
across the edge of the outlet diaphragm. The result of 
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this motion and arrangement of baffles is an almost 
complete separation of the coal dust, which then slides 
down the inner cone and joins the coal stream into the 
automatic valve below. 

The automatic valve is a distinct advance on previous 
practice. It does not require power for its operation, 
has few wearing parts, and its length ensures clearance 
of any foreign bodies which would otherwise tend to 
jamb the coal stream. The valve chamber is kept in 
place by vertical guide rods at the sides, and at the top 
by a sleeve on the bottom of the discharger body. Its 
weight, and practically that of the contained coal, is 
balanced by levers and weights and by the external 
upward air pressure due to the partial vacuum inside it. 
The exit at the bottom is closed by a balanced hinged 
door. A flexible pipe is connected with the air-suction 
pipe to maintain the vacuum. The action is as follows :— 
As the coal accumulates in the valve chamber, the 
weight ultimately overcomes the suction effect and 
that of the balance weights, and the valve, under the 
influence of gravity, slides down the neck and guides 
for afew inches. This movement, by means of suitable 
links, &c., opens the bottom door, stops the coal supply, 
and breaks the vacuum. The charge of coal then falls 
out, and the valve, now lightened, returns under the 
action of the balance weight to its loading position, the 
bottom door being automatically closed, the coal-supply 
valve opened, and the vacuum re-established during the 
short traverse. By the action of the internal automatic 
valves, it is impossible for any air to enter the pipe line. 
The discharger is shown in operation in Fig. 11, on page 
743, in which the several paris described above can be 
recognised. The bottom of the chamber, however, differs 
somewhat from that shown in Fig. 8, inasmuch as it is 
conical in form, this being the more usual practice. The 
valve is shown in the act of discharging into a Lea 
cubi-meter, which records the quantity of coal being 
delivered on to the conveyor belt over the bunkers 
referred to earlier. 

We have not discussed the lay-out of a plant on the 
pressure or blowing system, as the installation described 
above is purely a suction system, but it is interesting to 
note that in some plants where distribution is required, 
the same pump is made to perform the two functions of 
creating a vacuum and a pressure simultaneously, by 
coupling the pump delivery pipe to the distributing 
system. The Nuvako methods are, further, not con- 
fined to stationary plants for land factories, but may be 
installed on portable frames to run over wagons on 
sidings, or in pontoons for work alongside ships. 





LETTERS TO THE EDITOR. 


THE SPONTAN TRANSMISSION GEAR. 
To THE Epiror oF ENGINEERING. 


Srr,—Having read the description of the Spontan 
transmission in your issue of November 18, it occurred 
to me that the following facts might be of some 
interest. 

In 1922, an almost identical device was designed 
and patented by myself (British Patent No. 199654, 
of October 13, 1922). A bench model was constructed, 
and, although it was not really sufficiently robust for 
the purpose, it was decided to try it in a motor 
car. It was accordingly fitted up in an old A.C. 
chassis, which thereafter could frequently have been 
seen scaling the various short hills which abound 
in the neighbourhood of Holland Park. On one 
occasion, the car actually made an adventurous 
trip from Holland Park to Brook-street and back, 
negotiating the complications of the Kensington 
High-street traffic with commendable ease. Every- 
thing seemed rosy until one day, when reading one of, 
the able series of articles by Mr. Constantinesco in the 
Automobile Engineer on the subject of variable trans- 
missions, I happened upon two interesting pieces of 
information. The first was to the effect that a trans- 
mission such as I had proposed would require an 
engine considerably larger than ordinarily necessary ; 
also that, under certain conditions of torque and speed, 
the vehicle would be propelled in a series of kangaroo- 
like bounds. 

The statement about the over-size engine was no 
doubt correct for a transmission in which the value of 
the secondary torque throughout its whole range is 
a function of the square of the engine speed. In this 
particular transmission, however, there is a dis- 
continuity in the secondary torque curve corresponding 
to the point at which the gear ratio becomes one to 
one and the drive direct. The secondary torque 
changes suddenly to the value of the engine torque 
from a value equal to— 


2 TT 
Mart a sin 0d 6, 
g JO 


where 7 and @ are angular measurements of relative 
rotation between the primary and secondary shafts, 











M = total weight of reciprocating masses, 

r == throw of secondary crankshaft, 

1 = mean radius of path of rotating masses, 

‘ w = angular velocity of primary shaft. 

It was at this point that the kangaroo effect was 
supposed to appear. In practice, however, I never 
experienced it. The discontinuity in the secondary 
torque curve, although no doubt offensive to a variable- 
transmission purist, was, in my opinion, justifiable 
in view of the advantage of obtaining a direct drive. 

Interesting, or even unpleasant, would have been 
mild adjectives to apply to the second piece of informa- 
tion which I obtained from Mr. Constantinesco’s 
article previously referred to. The fatal information 
was that a German Patent of 1907 had completely 
anticipated most of the features of my invention. 
Since this German patent had by that time expired, 
the main features of the device had therefore become 
public property, and I realised that my British patent 
No. 199654, instead of being worth at least the number 
of pounds paid for it, was, in fact, only an ordinary 


piece of paper. 
I an, Sir, 


Yours faithfully, 
G. L. Sarroris. 


Crankless Engines, Limited, 
20, Grosvenor-gardens, 
S.W.1. 
November 30, 1927. 





APPARATUS FOR INVESTIGATING 
BELT PHENOMENA. 


To THE EpIToR OF ENGINEERING. 


Sm,—Your issue dated September 30 last, page 438, 
contained a paper entitled ‘‘ Transmission of Power by 
Belts,” read by Mr. H. W. Swift before the British 
Association. I shall be pleased if you will be good 
enough to publish the following comments on the paper 
in question :— 

The author described a new apparatus for investi- 
gating belt phenomena. The design of the apparatus 
in question, and the author’s conclusions drawn from 
the observed effects, leave much that cannot be whole- 
heartedly accepted by those who have had experience 
in the application of belt drives. It is difficult to see how 
the mechanical method of returning the power from the 
driven shaft U, to the driving shaft U, by means 
of the return drive R.D. would replace the simple 
electrical method previously suggested, and condemned 
as limiting the possible power through the test belt 
to the rated output of the electrical machines. A point 
that has, apparently, been overlooked is the existence 
of the power that will undoubtedly be transmitted 
from pulley D to pulley R, when the apparatus is in 
motion. It must be realised that power enters the 
system at pulley D. 

A simple explanation of what takes place in the 
system so arranged would appear to be, that the test 
belt and the return belt, when all pulleys are of the same 
diameter, will each transmit half the power from shaft 
U, to shaft U,. When pulley R is increased in 
diameter by lapping with canvas, as described, the 
gear ratio of drive R.D. is altered, thus creating the 
situation that the belts are pulling one against the 
other, and that one belt is slipping in order to allow 
the other to transmit the power. 

The paper further states:—‘‘ When the return 
circuit is employed in conjunction with an electric 
load, the power transmitted by the test belt may be 
varied by gradual steps up to two or three times the 
permissible output of the driving motor.” No other 
conclusion can be drawn from this than that the writer 
presupposes that the test belt and the return belt are 
capable of generating power. If the test belt transmits 
three times the output of the driving motor, where is 
the source of the additional power? The action of 
the plant seems to be that the test belt is reduced to 
a state of excessive slipping, under which condition no 
belt can transmit its quota of power. In conjunction 
with the return belt, it merely transmits the output of 
the motor, this small output being claimed by the 
author to represent the power losses of the system. 

Another statement calls for some examination :— 
“The loss of power may be regarded as the sum of two 
components—the loss of speed or slip, and the loss of 
turning moment, due mainly to hysteresis, friction 
and windage.’’ Surely the loss of turning moment 
would result in a loss of speed at the driven end of the 
drive; thus the loss of speed stated and measured 
will include the loss of turning moment and not be 
additional to it. A simpler explanation of this point 
is that, in addition to the loss due to slip and creep, 
there is a certain small amount of power absorbed by 
windage, internal friction in the driving medium, and 
by friction in the bearings. This loss, however, is made 
up at the source of power, and it is only misleading to 
describe it as a loss of turning moment. 

The means described for measuring the loss of 


turning moment are therefore of no import, though 
it may be noted that the displacement of the swing 
frames is most probably due to the four shafts, all 
rotating in the direction tending to cause a clockwise 
motion of the swing frames. It is difficult to under- 
stand how a loss of turning moment can be the sole 
cause of the displacement. 
3 I am, Sirs, ~ 

Yours faithfully, 

; J. Dawson, Jr. 

Boultham Works, Lincoln. 

November 3, 1927. 

[To this criticism, Mr. H. W. Swift, the author of 
the paper read before Section G of the British Associa- 
tion at the Leeds Meeting, has submitted the following 
reply.— Ep. E.] 





To THE EpiTorR or ENGINEERING. 


Srr,—Thank you for the opportunity to reply to 
Mr. Dawson’s criticisms of the belt-testing plant 
described before the British Association, and published 
in your issue of September 30. 

Mr. Dawson bases his criticisms on two main issues :— 
(a2) His unwillingness to admit the possibility of 
returning power mechanically without wasting it. 
(6) His assertion that ‘‘ the loss of speed will include 
the loss of turning moment and not be additional to 
it.” 

With regard to the former, it is not easy to give a 
simpler explanation of the principle of the return belt 
than that contained in the original paper without 
trespassing on the territory of the text-book. Once it 
is pointed out that, under steady running conditions, 
the slip and power of a belt are definitely related to 
one another, there is involved in the conception 
nothing more than the principle of work in an elemen- 
tary form. Power will only pass from the drum D to 
the pulley R if the ‘‘ power delivered elsewhere from 
the shaft U, exceeds that corresponding to slip s in 
the test belt, which cannot possibly occur in the 
completely mechanical system, and is easily avoided 
when an auxiliary electrical load is employed. In all 
other cases, the belts are actually, as Mr. Dawson 
suggests, ‘‘ pulling one against the other,” which is 
exactly what we require. 

The conception involved differs little from that 
employed in Dr. Lanchester’s gear-testing machine, or, 
by analogy, from the Hopkinson test for electrical 
machines. If Mr. Dawson is unable to accept the 
theory, he is still at liberty to accept the invitation 
given him some months ago to inspect the plant in 
operation and to see for himself that the principle 
does hold, and that neither belt is called upon to 
“ generate power !”’ 

His other main assertion, that ‘‘ the loss of speed 
will include the loss of turning moment and not be 
additional to it,’ with its implied corollary that the 
loss‘of power is the same as loss of speed, I am content 
to leave to the judgment of those who are acquainted 
with the principles of mechanics. 

Yours faithfully, 
H. W. Smita. 

Technical College, Bradford. 

November 12, 1927. 





OVERHEAD LINES REGULATIONS. 
To THE EpITOR OF ENGINEERING. 


Str,—I should be glad if every engineer who has 
had experience of overhead line design, construction 
and operation, would write to Mr. Theodore Stevens, 
Hon. Secretary of the Overhead Lines Association, 
50, Lincoln’s-inn Fields, London, W.C.2, giving very 
briefly his suggestions under the following headings :— 
(1) Recommended minimum height of lines above the 
ground. (2) The essentials for guarding lines (other 
than to comply with Post Office telephone requirements) 
(3) Suitable limits of voltage regulation necessary for 
rural distribution. (4) Points that require attention in 
connection with wayleaves, and (5) Any other matters 
that should receive attention. This information is 
required for submission to the Electricity Commis- 
sioners, as representing the views of those who are deal- 
ing practically with overhead lines. 

Yours faithfully, 
R. BorLtasE MATTHEWS, 
President, Overhead Lines Association. 
50, Lincoln’s-inn Fields, 
London, W.C.2. 





CONFERENCE ON WELDING.—A conference on Welding 
is being arranged by the engineering extension depart- 
ment and the department of practical mechanics of 
Purdue University, Lafayette, Indiana, U.S.A. This, 
the third annual conference on this subject, is to be held 
on December 13, 14 and 15 next, and will be devoted 
to the theory and practice of electric, Thermit, and oxy- 
acetylene welding, as applied to manufacturing opera- 





tions. 
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LABOUR NOTES. 


Ir seems to be taken for granted in well-informed 
Labour circles that, at its meeting on December 20, 
the General Council of the Trades Union Congress 
will accept Sir Alfred Mond’s invitation to a joint 
conference, on the subject of peace in industry. It 
certainly would be a tactical blunder to reject it. 
Judging, however, from the comments of some repre- 
sentative trade unionists, the real difficulties of the 
promoters of the movement will only begin when the 
parties meet. From the point of view of the general 
body of organised employers, the scheme has the fatal 
defect that neither of the parties is in a position 
effectively to negotiate on behalf of the interests which 
it represents. But, juding from some observations 
made by Mr. Citrine at Cleckheaton last week-end, 
there is a fundamental difference regarding the 
desirability of peace in industry within the ranks of 
Labour itself. Mr. Citrine said that, undoubtedly, 
the issue of trade unionism in the immediate future 
was as to whether it would be known as revolutionary 
or constructive, and he believed the movement was 
going to be divided on that issue. One section un- 
doubtedly believed that it was not the business of 
trade unionism to bolster up capitalism by means of 
conferences with the employers, but there was another 
section which believed that there should be a statesman- 
like attitude and constructive proposals. His own 
view was, he went on to say, that there was need for 
centralised action in the industrial sense, and on the 
general position he advocated strongly industrial re- 
construction. Entering into conferences with employers 
did not mean that trade unionists were “ selling the 

. Mr. Citrine’s personal opinion is, in the light 
of that declaration, not at all obscure; but the fact 
that he believes the trade union movement will be 
divided ‘“‘on this issue” can hardly be regarded 
as a hopeful sign. 





Even less hopeful is the opinion expressed by Mr. Tom 
Kennedy, M.P., at a meeting in Holbeck. The Trade 
Unions and Trade Disputes Act was, he said, a very 
skilful effort, drafted to serve a very base political 
propaganda purpose. The Tories professed to believe 
that trade unions existed only to foment strikes, where- 
as the truth was that no trade union ever desired to use 
the strike weapon. He knew of no trade union leader 
who had ever advocated a strike. The most dangerous 
provision in the Act was aimed at destroying the right 
to strike. The right to strike was vastly more im- 
portant than the strike itself. If it were taken away, 
what better than slaves would British workers be ? 
The Civil Service clause in the Act was a deliberate 
insult to the whole of the workers in the Civil Service. 





The views of the extremists—who were, no doubt, 
in Mr. Citrine’s mind when he spoke at Cleckheaton— 
are fully and frankly expressed in the latest issue of 
the Minority Movement’s official organ. In the 
opinion of the Worker, there is no need to wait for the 
meeting of the General Council. ‘‘ Facts more eloquent 
than any words,” it says, “‘ make plain to the blindest 
that the General Council will grasp at any straw, 
however slender, which will enable them to say that 
they have negotiated a peace, and that, therefore, 
honour and dignity demand that they compel the rank- 
and-file to keep the agreement they have made (with- 
out the rank-and-file’s consent, but in its name !). 
Not only is the Mond agreement as good as signed 
(with all its details left as the ‘ good ’ Sir Alfred wishes) 
but it is as good as established as part of the ‘ consti- 
tution’ of the T.U.C., then to be used as a pretext 
for expelling recalcitrant sections, even as the General 
Council’s next-door neighbours disaffiliate all those 
parts of its rank-and-file which show a desire to take 
the objects of the Party seriously.” 





‘* We have warned our readers,” the Worker proceeds, 
‘of the course of events so constantly that we are 
fearful of growing ineffective through sheer monotony. 
But the fact is there before us that the Trade Union 
Movement is in danger—great, grave and immediate— 
of being turned into a designed and deliberate machine 
for imposing Boss-dictated ‘discipline’ upon every 
section of the working-class that will not willingly 
submit to ever-intensifying exploitation. There is 
only one safeguard left for the workers—to wrest the 
whole machinery of the Labour Movement, industrial 
and political, out of the hands of those who have 
turned (or are turning it) from an agent of emancipa- 
tion into an instrument of oppression. More, much 
more, than ever the hope of the workers is in the 
speedy success of the Minority Movement.” 





According to news from Berlin, the Association of 
German Steel and Iron Manufacturers has informed the 
Government that it intends to close down its works in 
Western Germany on January 1. It is obliged, for 
economic reasons, it says, to take this step, as the trade 


unions are insisting not merely on the strict observance 
of the wages award of July 16, but also on an all-round 
advance. It is understood that the manufacturers of 
steel and iron in other parts of Germany will support 
the Rhenish organisation in the steps which it is about 
to take. 





The New York correspondent of The Times states 
that, in his report on the fiscal year ended June 30, 
Mr. Hoover, the Secretary of Commerce, referred to 
the great strides in efficiency made by industry, which 
had permitted the maintenance of high wages without 
a rise in the level of prices. Taking 1925 as the latest 
year for which complete figures were obtainable, Mr. 
Hoover showed that the average wage paid was $1,280 
(2561.)—an average for both sexes, all ages, and all 
degrees of skill. With the proper allowance for changes 
in purchasing power, this was at least 35 per cent. 
higher than in 1924, in face of a considerable shortening 
of the working day. Mr. Hoover laid stress on the 
increased use of electricity in industry, which had 
increased industrial activity and raised the standard of 
living, and the growth of 5 and 10 cent stores. 
The latter represented in part a shift from other 
methods of distribution, although the total volume of 
retail distribution had also increased, and was plain 
evidence of the high volume of consumption by the 
masses of the people. 





The question of peace in industry was discussed by 
the council of the National Union of General and 
Municipal Workers at their quarterly meeting in London 
last week. The following official statement was sub- 
sequently given out for publication :—‘‘ The Council 
decided that the trade union movement should not be 
committed to any plans which might not be in the 
highest interests of the wage-earning classes or which 
might limit the freedom of trade unions to secure 
better conditions for their members. The union does 
its best to arrange settlements with employers as wage 
conflicts arise, but would not approve any settlement 
with groups of employers which would bind workmen 
to existing conditions of labour or present rates of pay. 
Wage reductions have been cruel in their effects, 
without being helpful to British industry, and no peace 
terms should be approved which would involve further 
submissions to employers’ demands, or which would 
prevent organised labour from using any opportunity 
to raise the workers’ standard of living.” Messrs. J. R. 
Clynes, M.P. (president), W. Thorne, M.P., A. Hayday, 
M.P., J. Jones, M.P., and W. Windsor, M.P., and Miss 
Margaret Bondfield, M.P., attended the meeting. 





The Ministry of Labour states that on November 28, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,145,200, of whom 788,100 were wholly unem- 
ployed, 291,300 temporarily stopped, and 65,800 
‘persons normally in casual employment.” .Of the 
total number, 916,800 were men, 32,000 boys, 167,100 
women, and 29,300 girls. On November 21, 1927, the 
number of unemployed persons was 1,126,254. Of 
these, 778,140 were wholly unemployed, 282,957 tem- 
porarily stopped, and 65,157 “‘ persons normally in 
casual employment” ; 898,163 were men, 32,532 boys, 
165,848 women, and 29,711 girls. On November 29, 
1926—when the figures were affected by the dispute in 
the coal-mining industry—the number of unemployed 
persons was 1,496,067, of whom 1,170,615 were men, 
36,913 boys, 251,371 women, and 37,168 girls. 





The Netherlands Director-General of Labour may, 
when he deems it necessary, grant temporary exemp- 
tions under the Labour Act of 1919, as amended in 
1922, which limits hours of work to 8} per day and 
48 per week. Exercising this power in September last, 
he informed the metal-working industry that he had 
prolonged the sanction for overtime in mercantile 
and naval shipyards until January 1 next. The 
authority thus given was for a 50 hours’ week. Accor- 
ding to the official organ of the International Labour 
Office, the maintenance or withdrawal of the extension 
is to depend on the situation in the shipbuilding industry 
during the fourth quarter of the present year. 





In 1926, it may be added, the Director-General issued 
1,137 permits authorising the prolongation of the 
working week by two hours’ overtime or less, 5,816 
permits, authorising the prolongation of the working 
week by from two to five hours’ overtime, and 7,640 
permits authorising the prolongation of the working 
week by from 5 to 7} hours’ overtime. For more than 
74 hours’ overtime per week 1,577 permits were granted. 
Of the total number of permits issued, 2,121 were valid 
for one or two days, 1,784 for three to six days, 3,455 
for one to two weeks, 1,559 for two weeks to one month, 
4,102 for one to three months, 2,089 for three to six 
months, and 993 for six months or more. The. total 





number of establishments taking permits was 10,111. 





At a meeting in Leningrad of the Central Executive 
Committee of the Union of Soviet Republics, Mr. 
Rykov stated that steps would be taken during the 
next few years to reduce the working day in industry, 
from eight to seven hours without a reduction of 
wages. The Presidium of the Central Executive 
Committee and the Council of People’s Commissaries, 
it was added, had been instructed to prepare, within 
a year, for the gradual introduction of this reform 
in certain branches of industry, together with the 
renewal of equipment, rationalisation of undertakings 
and increased productivity of labour. The general 
opinion, based on interviews with members of the 
Central Executive Committee, was, Industrial and 
Labour Information states, that the introduction of 
a seven-hour day would improve the material 
condition of the workers, by increasing their spare 
time and enabling them to develop social and cultural 
activities. It would also, it was claimed, reduce 
unemployment. Its political appeal, moreover, would 
be to strengthen the confidence in, and sympathy 
with, the Soviet Government of, both the Russian 
masses and the foreign workers. Nor would the 
introduction of the seven-hour day reduce the 
productivity of labour but, on the contrary, increase 
it, provided that‘ regrganisation of production and 
technical improvements took place at the same 
time. : 





Judging from a speech by Mr. Molotov, reported in 
Isvestia, the Opposition is not in favour of the step. 
Mr. Zinoviev is of the opinion that the question of 
hours of work is not of the greatest importance to 
the workers at the present time; the problems of 
wages and housing are more urgent. Referring to the 
fact that the Opposition has been accused of pandering 
to the masses, he holds that ‘“‘ the history of the Party 
does not contain any proposal of such a demagogic 
and hazardous nature as the present one.” He has 
proposed to the Central Committee of the Party 
the withdrawal of the measure. Mr. Kubyshev, 
President of the Supreme Economic Council, states 
that there‘ are many obstacles in the way of the 
immediate realisation of the reform. The seven-hour 
day is hindered in some branches of industry by 
the fact that there are not sufficient skilled workers. 
Until skilled workers have been trained it will be 
impossible, he argues, to increase the number of 
shifts. 





The official organ of the International Labour Office 
states that, according to a provisional report from the 
seamen’s section of the German Transport Workers’ 
Union, German seamen have succeeded in securing 
certain wage increases. Able seamen will in future 
receive 115, instead of 100, marks a month, and firemen 
125, instead of 112, marks a month. Increases for other 
ratings will be proportional. Improvements in con- 
nection with working hours have also been secured, in 
that, while hitherto the three watch system has been 
applied to firemen only in vessels of over 2,000 
gross registered tonnage in the Baltic and North Sea 
trades, it will henceforth apply in vessels of 1,600 gross 
registered tons and over. 





A writer in the Berliner Tageblatt suggests that the 
present state of the Ruhr coal industry again raises the 
question whether the process of closing down un- 
economic mines, interrupted at the outbreak of the 
British strike, should not be resumed. The Commission 
entrusted with this work, the writer goes on to say, 
has in the meantime been dissolved, and differences of 
opinion exist among the various organs connected with 
the coal trade, as well as in the industry itself, regard- 
ing necessity, and, in particular, the practicability of a 
further rationalised process of closing down. As a 
result of the steps taken in 1925, more than 35,000 
miners were dismissed and 31 mines closed; 35,000 
more men were dismissed by mines still in operation. 
The decrease in the number of employed and in 
working hours has not led to an actual decrease in the 
productive capacity of the Ruhr coal industry. With 
the present operating and producing technique of the 
Ruhr industry, and with approximately 380,000 miners, 
a daily output of 400,000 tons would correspond to 
about the normal productive capacity. 





RusBER Exuisition.—An exhibition, intended to 
illustrate the part played by rubber in modern industry 
and commerce, is now being held at the Imperial Insti- 
tute, South Kensington, London, S.W.7, and will continue 
until December 31. This has been organised by the 
Institute authorities in collaboration with the Rubber 
Growers’ Association, 2-4, Idol-lane, Eastcheap, London, 
E.C.3. The Exhibition is open for part of the day on 
Sundays, in addition to morning and afternoon on week- 
days. A special film is being shown and lectures on 
rubber will be given in the kinema hall in connection 
with the Exhibition. 
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THE DAVIES | ELECTRO-MAGNETIC 
ORE SEPARATOR. 


THE separation, by electro-magnetic apparatus, 
of magnetic particles of ore from the surrounding 
non-magnetic gangue, has been practised for some 
decades. The process, however, was long confined to 
the treatment of relatively highly-magnetic minerals, 
and the introduction of improved and perfected appara- 
tus for the separation and concentration of feebly-mag- 
netic ores is of comparatively recent date. A machine 
for this purpose, termed the Non-Entraining Magnetic 
Separator, designed and constructed by Mr. Arthur 
Davies, Assoc.Inst.M.M., of 27, Radcliffe-road, Winch- 
more Hill, London, N.21, embraces several features of 
interest. A general view of the appliance is given in 
Fig. 1, on this page. The apparatus, a cross-section of 
which is shown in Fig. 2, comprises two sheet- brass rock- 
ing trays, arranged below a rotating head ; to this head 
are bolted three rings, the lower edges of which are cut 
into the form shown in section in the figure. These rings 
are termed the upper lifting magnets, and are adjustable 
vertically ; they are usually stepped in the manner 
indicated. Each ring is furnished with two ridges or 
*‘ points”; these, when viewed in plan, may take the 
form of six concentric circles, or, alternatively, they may 
have a spiral shape, as shown in Fig. 3. Immediately 
underneath the shaking trays are arranged two pole 
pieces, each of which is energised by a coil surrounding 
it, as shown in Fig. 2. The rotating head, the three 
rings, the two pole pieces, and the pedestal, on which 
the latter stand, are made of dead-soft, carbon free steel, 
which material, needless to say, possesses high perme- 
ability and low retentivity. 

The head, and the rings attached to it, are rotated 
by means of the shaft and bevel gearing shown. The 
two shaking trays are rocked by means of a bell-crank 
lever arrangement operated by the shaft. The shaft itself 
is driven by belt from an electric motor; in Fig. 1, 
the belt pulley is seen on the left, that on the right 
acting as a flywheel. Finely crushed ore is fed into 
the two hoppers seen in Fig. 1; it passes through 
an outlet, the size of which may be regulated, and 
falls in a fine stream on to the shaking trays. These 
convey the particles into the magnetic field existing 
in the space between the pole pieces and the upper 
lifting magnet rings. The more highly magnetic 
grains contained in the mineral are removed first by 
the outer ring. The second ring removes the less 
magnetic particles, and the third ring, the most feebly 
magnetic. Non-magnetic material is not affected, and 
passing right through the magnetic field, is delivered into 
a funnel-shaped receptacle to which rubber tubing of 
convenient length is connected. The magnetic particles 
carried along by each rotating ring, and dropped as 
the magnetic flux weakens, are received into brass, 
channel-shaped receptacles, fitted underneath each 
ring and having the same curvature. Leading out of 





| each channel receptacle are three zinc-sheet, funnel-like 
receivers, which are joined in such @ manner as to 
constitute a single outlet, this being accomplished in 
the manner shown in Fig. 1, by means of rubber tubing 
and cast-brass, four-way joints. Felt contact pieces, 
which just touch the edges of the rings, are placed at the 
neutral point, i.e, midway between the two pole 
pieces. ‘These ensure that no particies remain adhering 
to the rings. 

An attractive feature of the apparatus is that 
use is made of the magnetic-flux leakage. Three soft- 
iron bands are fitted to the outer periphery of the rota- 
ting head. This device is shown in section in Fig. 2, 
and is also noticeable in Fig. 1. Lines of force ema- 
nating from the pole pieces render these bands magnetic ; 
they are thus able to remove tramp iron, magnetite, 
and other matter of high magnetic permeability, from 
the mineral under treatment, before this enters the 
magnetic field proper. The material taken up by the 
bands may be removed by a contact piece placed in a 
convenient position. Another interesting feature of 
the apparatus is that, in the case of rings having 
lifting points in the form of six concentric circles, the 
magnetic continuity of each point is broken over a 
length of a few inches, by the insertion of a strip of 
brass of similar shape and length. This has the 
effect of preventing the formation of an embankment 
of partially attracted minerals on the shaking tray, 
in the region of the magnetic field, and imparts to the 
feed a steady and uniform flow. In the case of the 
spiral-shaped lifting magnets, the actual form of the 
points is designed with a view to the breaking down of an 
embankment at the feed, and no non-magnetic insertion 
is necessary. A spiral point may, in fact, be regarded 
as having lateral movement; the path of the point is 
constantly changing, with the result that an embank- 
ment cannot be formed. These several features explain 
why the machine is called a non-entraining separator. 
The mingling and entangling of non-magnetic or weakly- 
magnetic particles with the more highly-magnetic min- 
erals, is rendered less likely and the production of clean 
fractions is practically assured. 

The apparatus, we understand, is suitable for the 
separation and concentration of any magnetic mineral, 
whether highly, moderately or weakly magnetic. 
Recently we had an opportunity of witnessing the 
appliance in operation at the Bessemer Laboratory of 
the Royal School of Mines, Prince Consort-road, South 
Kensington, London, 8.W.7. The machine demonstra- 
ted had the following approximate main dimensions :— 
Outside diameter.of the rotating head, 32} in. ; overall 
length of horizontal shaft, 64 ft.; outside diameter of 
the outer, middle, and inner magnet rings, 31 in., 
27} in., and 23 in., respectively. The width of each 
ring was approximately 2 in., and the depth 2} in. 
The diameter of each of the magnet cores was 
44in., and the two shaking trays were each 8 in. in 








width. The power required to rotate the head of the 


NY A 
B.C HF 
A  —— N 
weaid Vi 
N) N 
Va 


: We 
KAHAN 








[DEc. 9, 1927. 





FOR ORES. 










































Za 


We 
XCM GG. 


Wd 


Sas 









x 


N 


a 


> 






Ke 


\ 

















“ENGINEERING” 





“ENGINEERING” 








machine was between } and } h.p. The apparatus, 
which is compact and portable and requires no firm 
foundation, was mounted on a table, as shown in Fig. 1. 

A quantity of Brazilian ore sand was subjected to 
treatment, and the machine separated this into three 
fractions, namely, a highly-magnetic black mineral, 
which was stated to be ilmenite (a titanic iron ore) ; 
monazite, a yellowish mineral which contains the 
phosphates of cerium, lanthanum and thorium; and 
ordinary siliceous sand. The current used was four 
amperes at 220 volts. Ilmenite sand from Nigeria 
was also treated in the machine. The outer magnet 
ring of the apparatus removed the greater part of the 
ilmenite present, the middle ring withdrew the remain- 
der of the ilmenite, which was found to be mixed with 
a little rutile, a mineral consisting chiefly of TiO,. 
The products separated by the inner ring comprised 
rutile and other feebly-magnetic minerals. As before, 
the ore was found to contain a certain quantity of 
siliceous sand. In this second experiment the current 
used was two amperes at 220 volts. In each of the 
above cases, the soft-iron bands fastened on to the 
periphery of the rotating head, removed small pro- 
portions of magnetite present in the two minerals 
treated. The capacity of the machine shown was in 
the neighbourhood of from 500 lb. to 600 lb. of heavy 
concentrates per hour. The contrasting colours of the 
various fractions, and their general appearance, indi- 
cated, in asomewhat striking manner, that the machine 
was functioning satisfactorily ; furthermore, the appel- 
lation ‘‘non-entraining separator’? appeared to be 
fully justified. 








MACLAREN’S TEMPERATURE- 
CONTROL APPARATUS. 


Many industrial and scientific processes necessitate 
the maintenance of a constant temperature for a long 
period, and numerous devices have been produced 
from time to time for automatically regulating the 
supply of heat to furnaces, metal-melting pots, ovens, 
chambers, vessels containing liquids, &c. Much of 
the apparatus supplied for the purpose is, however, 
of a comparatively complicated and delicate character, 
which is easily liable to accidental derangement, and 
therefore not well suited for use in an industrial 
establishment. Moreover, it is often rather costly, 
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and is therefore not so likely to be used to replace 
hand regulation as a cheap and simple automatic 
regulator would be. It will be obvious that a material 
economy in fuel or energy consumption can, in many 
cases, be effected by automatic temperature control, 
and, in addition to this advantage, the quality of the 
product is likely to be improved, and the need for 
constant attention is avoided. 

To meet the objections referred to, Messrs. Robert 
Maclaren and Company, Limited, Eglinton Foundry, 
Glasgow, C.5, have placed upon the market a range of 
temperature-control apparatus which can be used for 
maintaining a constant-temperature in gas-heated and 
electrically-heated furnaces and ovens of all descrip- 
tions, as well as in buildings, ships’ cabins, cold stores, 
biological incubators, &c. Examples of the apparatus 
are illustrated on this page; Figs. 1 and 2, showing 
the regulator used with gas-heated appliances, and 
Figs. 3 and 4 that used with electrically-heated appara- 
tus. The gas regulator illustrated is suitable for 
controlling the temperature of a furnace or oven, 
and, as will be clear from the section reproduced in 
Fig. 1, consists of a casing containing a disc 
valve, and having connections for the inlet and outlet 
pipes; in the case of the particular regulator illus- 
trated, the connections are for }-in. pipes. The position 
of the valve, relatively to its seating, can be adjusted by 
the screw and handwheel shown, a sleeve on the latter 
being provided with a scale which, in conjunction with 
a pointer attached to the body, can be used to vary 
the temperature of the furnace when it is desired ; 
the scale and pointer can be seen in Fig. 2. Screwed 
on to the casing is a tubular stem, the length and 
material of which depend upon the working conditions 
of the furnace, or oven, with which the apparatus is 
to be employed, but inside the tube, and screwed into it 
at the outer end, is a rod of metal having a negligible 
coefficient of expansion. The tubular stem is exposed 
to the atmosphere of the furnace or oven, so that 
its length is affected by any change of temperature, 
and as the length of the inner rod remains constant, 
it will be evident that, in the case of a fall in tem- 
perature, the tube will contract, and the inner rod will 
push the valve away from its seating against the 
action of the spring, shown in section in Fig. 1, thus 
increasing the supply of gas. If, on the other hand, 
the temperature in the furnace rises, the expansion of 
the outer tube, by withdrawing the rod, will permit 
the spring to close, or partially close, the valve, thus 
cutting off, or reducing, the supply of gas; a by-pass 
is, of course, provided for re-lighting the gas when the 
supply is restored as the furnace temperature falls. 
In practice, the valve will take up a position such that 
the supply of gas is just sufficient to maintain the de- 





sired temperature, and will remain stationary in this 
position as long asthe furnace conditions are unaltered. 

It will be clear from the foregoing description that 
the position of the valve is directly controlled by the 
relative expansion of the outer tube and inner rod, 
and that this comparatively small movement is ren- 
dered sufficient to give the necessary control to the 
flow of gas by employing a valve of large diameter. 
The electrical control gear operates on the same 
general principle, but in this case, as will be clear from 
the section reproduced in Fig. 3, the relative expansion 
of the tube and rod are made to open and close a pair 
of contact points. The latter are included in a local 
circuit controlling the operation of a clapper switch, 
or a relay, which can be used, either directly or in- 
directly, to open or close the main circuit of the 
furnace or oven controlled by the apparatus. Current 
from the mains is used in the local circuit, so that 
batteries are not required, but as the current is very 
small, there is no question of arcing at the contacts, 
which are of silver. 

The control temperature can be regulated at will 
by means of a handwheel and screw, which alter the 
position of one of the contacts, as will be clear from 
Fig. 3. A pointer, attached to a sleeve extending 
downwards from the handwheel, moves over a scale 
on the end of the contact box, and by turning the hand- 
wheel to adjust the contacts the temperature can be 
set to the required value. This temperature will 
then be maintained automatically within about 
4 deg. F. The range through which the control 
temperature can be varied is about 400 deg. C. in the 
standard regulators, the external appearance of which 
is shown in Fig. 4. 

Both gas and electric regulators are made in various 
sizes, and in two types, for use at high and low tem- 
peratures, respectively. The low-temperature type 
is suitable for controlling temperatures up to 300 deg. 
C., and the high-temperature type for temperatures up 
to 1,000 deg. C. The only part requiring renewal is 
the tubular stem exposed to the furnace atmosphere, 
and this, the makers state, has an estimated life of 
about 5,000 hours when working between the tem- 
peratures of 800 deg. and 1,000 deg. C. At lower 
temperatures the tubes are said to last indefinitely, 
but in any case they can be replaced at a low cost. 





Boakp oF TRADE MERCHANDISE Marks ENQuIRIES.— 
The Standing Committee (General Merchandise) appointed 
by the Board of Trade have reported on their inquiry as 
to whether imported mowing machines, of the rotary 
blade type, should be required to bear an indication of 
origin ; and the report will shortly be obtainable from 
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THE PRATT AND WHITNEY SUPER- 
MICROMETER. 


Tue high order of accuracy required in modern 
machine work, in which it is necessary to work to 
10,000ths of an inch instead of to 1,000ths, which 
formerly sufficed, has created a demand for an 
instrument by means of which reliable measurements 
to the former order of accuracy can be quickly and 
easily made in the shops or tool room. Such an 
instrument, known as the super-micrometer, was 
put upon the market some few years ago by the 
Pratt and Whitney Company, Hartford, Conn., 
U.S.A., and was illustrated and described on page 
174 of our 116th volume. A new model, recently 
produced by this firm, is illustrated on page 750. The 
instrument, which occupies a position intermediate 
between ordinary micrometer calipers and an elaborate 
measuring machine, is intended for general use by 
toolmakers, inspectors and mechanics, in shops where 


measurements to am in. are required. The improve- 
ments incorporated in the new design will be readily 
apparent on comparing the illustrations on page 750 
with those in our previous article, and are intended 
principally to render the instrument more serviceable 
for the class of work referred to. 

As is perhaps most clearly shown in Figs. 1, 2 and 7, 
which are, respectively, an elevation, a plan, and a 
general view of the instrument, it consists of an 
accurately-ground cylindrical bed, on which are fitted 
a fixed headstock carrying the measuring screw and 
a movable tailstock. The position of the latter on 
the bed is adjusted by means of a rack and pinion 
gear, and it can be fixed in any position by means of 
a clamp, best shown in the end view of the tailstock, 
Fig. 4. A table on which work to be measured can 
be placed, either directly or in some suitable fixture, 
is also provided, as shown in Figs. 7 and 8, the table 
being clamped to a slot milled in the bed, by means 
clearly illustrated in Fig. 5. The fixed headstock is 
shown in end elevation in Fig. 3, and in longitudinal 
section in Fig. 6. It will be understood from the 
latter that the measuring screw does not rotate, but 
is moved longitudinally by the rotation of the index 
wheel, in the centre of which a nut isformed. The edge 
of the index wheel, which is of Duralumin, is knurled 
and graduated, the graduations being read in con- 
junction with a vernier attached to the headstock, as 
shown in Figs. 1 and 2. Provision is made to com- 
pensate for any slight lead error which may develop 
in the measuring system in the course of time, and 
a single helical spring is fitted, as shown in Fig. 6, 
to take up backlash and keep a constant pressure 
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on the thrust bearing. 
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The instrument has a measuring range of 8 in. 
between the anvils, and is capable of accommodating 
work 2% in. in height between the measuring axis 
and the top of the work table, or 3} in. in height 
between the axis and the bed. Its accuracy depends 
upon the use of standard inches, eight of which are 
supplied with the instrument, these being used in 
setting it up to the nearest even inch measurement. 
They consist of cylindrical discs, of a special alloy 
steel, hardened, seasoned and machine lapped, so 
that their diameters are accurate to within 0-00001 in. 
The equipment of the instrument also includes a 
rectangular bar which can be passed through an 
opening in the tailstock, and supported at the other 
end on a pin fitted into the headstock, as shown in 
Fig. 1. One edge of this bar is specially grooved to 
take the standard inches, although, as shown in 
Fig. 7, it can also be used as a work support in certain 
cases. In setting up the instrument for a given 
measurement, the bar is placed in position with the 
grooved edge uppermost, and the requisite number of 
standard inches are placed in the groove vertically 
and edge to edge, their diameters then coming in 
line with the measuring axis. The measuring spindle 
has a working range of 0-5 in., with a liberal allowance 
at each end of its travel, and the spindle is graduated 
circumferentially at intervals of 0-05 in., each graduation 
representing one revolution of the index wheel. The 
edge of the latter is graduated from 0 to 49 and the 
graduations, as already stated, are read in conjunction 
with a vernier, the markings on which are about 
jy in. apart, and are therefore quite easy to read. 
With the aid of the vernier, the position of the index 
wheel can be read to ;4y of a revolution, and as a 
complete revolution is equivalent to a movement of 
0-05 in., the vernier reads to 00-0001 in. In the earlier 
model, above referred to, the index wheel was of 
large diameter, and had 500 divisions on its periphery, 
which were read directly without a vernier. The 
wheel, however, was in rather an exposed position so 
that it was liable to damage by careless handling. 
A slipping belt device was also fitted for the purpose 
of ensuring uniform contact pressure, but this has been 
abandoned in the new model. 

In the latter, the measuring spindle is set either 
to zero or to 0-500 in., and with the requisite 
number of standard inches in position on the 
movable bar, the tailstock is moved up, by means 
of the rack and pinion, to bring the anvil on it into 
contact with one end of the line of standard inches, 
the other end of the line thus being in contact 
with the measuring spindle. The latter is then moved 
back a little by rotating the index wheel, and after- 
wards slowly brought forward again until it is felt 
to make contact with the standard inches. The 
vernier is then adjusted to bring its zero into line 
with that on the index wheel, and when this has 
been done, the standard inches can be removed and 
the work inserted for measurement. ‘To set the instru- 
ment for measurements in the range from zero to 
0-5 in., the tailstock is moved up so that the anvils 
are in contact, the measuring spindle having been 
previously set in the zero position, but for any other 
range the standard inches are employed as indicated 
above. For the range 0-5 in. to 1-0 in. one standard 
inch would be used with the spindle set to 0-500 in., 
while the range 1-0 in. to 1-5 in. would be covered 
by using the standard inch, and setting the spindle 
to zero. In the former case, the reading obtained 
from the spindle and index wheel would be added to 
0-5 in., and in the latter case to 1-0 in.; the setting 
for other ranges will be obvious. 

The illustration, Fig. 7, shows the instrument 
checking a plug gauge, while Fig. 8 shows it in use 
for measuring the pitch diameter of the threads of 
a tap by the well-known three-wire method. The 
tap, in this case, is mounted between centres carried 
on a base with a three-point ball support, this fitting 
ensuring the correct location of the work between the 
anvils of the super-micrometer. These, of course, 
are only examples of the work for which the instrument 
is suitable. It obviously has many possible applica- 
tions in making measurements for which the ordinary 
hand micrometer calipers are not sufficiently accurate. 
The makers claim that, with the siper-micrometer, 
measurements can be carried out to ten-thousandths 
of an inch by any ordinary mechanic, and that a 
dozen men measuring the same part will all obtain 
the same reading. Messrs. Buck and Hickman, Limited, 
2 to 6, Whitechapel-road, E.1, are agents for the 
instrument in this country. 








ApwIRALTY Dock For StncaporE.—The fifth of the 
seven sections of the large 50,000-ton fioating dock for 
the new Singapore naval base, which is under construc- 
tion for the British Admiralty, was successfully launched 
this week from the Wallsend shipyard of Messrs. Swan 
Hunter, and Wigham Richardson, Limited. It is hoped 
to launch the remaining two sections before the end of 
the present: year. 
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Hatuimay, and A. L. Marpens. [Price ls. 3d. net.] 
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the Maximum Lift of Withdrawing and Discharging 
Air from the Upper Surface of an Aerofoil. By W.G. A. 
Perrine and G. P. Dovatas, D.Sc. [Price 6d. net.] 
London: His Majesty’s Stationery Office. 

The Wonder Book of Engineering Wonders. Edited by 
Harry Gotprne. London: Ward, Lock and Com- 
pany, Limited. [Price 6s. net.] 
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Berechnung. By Dr.-Inc. Tu. Gestescut. Fourth 
edition. Berlin: Wilhelm Ernst und Sohn. [Price 
12-40 marks. ] 


The Semi-Centennial of the Hokkaido Imperial University. 
Japan, 1876-1926. Sapporo, Japan: The Hokkaido 
Imperial University. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—No improvement has taken 
place in the Scottish steel trade this week, and a very 
ordinary demand prevails. The import of Continental 
steel still continues, and this to some extent is hampering 
the local makers. The prices at which this is being offered 
are an inducement to consumers, but, generally, the total 
tonnage being used in the industry is not very heavy 
at the moment. The black sheet trade is rather quieter 
this week, and light sheets and galvanised sorts are 
not moving too freely, while the demand for the heavier 
sheets has not improved. The following are the current 
market quotations :—Boiler plates, 10/. 10s. per ton; 
ship plates, 8/. 2s. 6d. per ton; sections, 7/. 12s. 6d. 
per ton ; and sheets, } in., 8/. 17s. 6d. per ton, all delivered 
Glasgow stations. 


Malleable-Iron Trade.—Movement in the West of 
Scotland maileable-iron trade is still within narrow 
limits. Buyers have not risen to the bait, and the reduc- 
tion of 10s. per ton lately announced has not brought 
out the business expected. Specifications are not of 
much tonnage, and the difficulties at the works con- 
tinue. The re-rolled steel departments are not well 
employed. The current price for “Crown” bars is 
101. 5s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—There is no change to report 
in the state of the pig-iron trade of Scotland. The out- 
put from the small number of furnaces now in blast 
is more than equal to all demands, and stocks continue 
to increase. This has a weakening effect on prices, 
which are barely steady. To-day’s quotations are :— 
Hematite, 76s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 77s. 6d. per ton, and No. 3, 72s. 6d. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour, for the week ending 
Saturday last, December 3, was 671 tons. Of that quan- 
tity 655 tons went overseas, and 16 tons coastwise. For 
the corresponding week of last year the total shipment 
was only 4 tons coastwise. 


Shipbuilding.—Messrs. William Hamilton and Com- 

any, Limited, Port Glasgow, have secured a contract 
from the Avenue Shipping Company, Limited, London, 
for a single-screw cargo vessel. She will be 375 ft. 
in length, 53 ft. 6 in. in breadth, 28 ft. 3 in. in depth, 
and of 8,100 tons deadweight on a draught of 25 ft., 
and her loaded speed will be 10 knots. The propelling 
machinery will be supplied by Messrs. John G. Kincaid 
and Company, Limited, Greenock, and will consist of 
one eight-cylinder Burmeister and Wain internal-com- 
bustion engine developing 1,950 b.h.p. at 105 r.p.m. 
The cylinders will be 630 mm. bore, and the piston 
stroke 1,300 mm. All the auxiliaries and winches 
will be electrically operated, the power being generated 
by Fiat Diesel engines. 





CoMPRESSED-AIR EXPLOSION AT DEPTFORD : ERRATUM. 
—We regret that in the account of the compressed air 
explosion at Deptford, which appeared on page 718 of 
our last issue, it was stated that the inspectors’ opinion 
on one point had been confirmed by Dr. Louis Brown. 
This should have been Dr. Lowe-Brown. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MrppLesBRouGH, Wednesday. 


The Cleveland Iron Trade.—The restricted output of 
Cleveland pig iron is well taken up. Local steel works 
and foundries are consuming the bulk of the make. 
Home customers at a distance are taking rather better sup- 
plies from this area, but export trade remains extremely 
dull. A little business has been put through the producers’ 
direct selling agency, established in Glasgow to supply 
Cleveland pig iron to consumers across the Tweed, but 
the sales are understood to have been at about ls. per 
ton below the recognised market quotations. Further 
substantial price concessions will have to be made to 
recapture the Scottish trade, as Continental iron can still 
be delivered there at 6s. below Cleveland pig. No. 1 
Cleveland is quoted 67s. 6d. ; No. 3, g.m.b., 65s. ; No. 4, 
foundry, 64s. ; and No. 4, forge, 63s. 6d. 


Hematite.—Somewhat better accounts are given of the 
East Coast hematite-iron branch of trade. Recent home 
and export sales have strengthened the hands of makers, 
and inquiries circulating encourage hope of continued 
improvement. Producers are not pressing sales so 
persistently as they have been, but possibly contracts 
might still be arranged at a little below prices named. 
Mixed numbers are 71s., and No. 1 is put at 71s. 6d. 


Foreign Ore.—With the exception of sales of odd 
cargoes, trafsactions in foreign ore are little heard of. 
Best rubio remains at 21s. c.i.f. Tees. 

Blast-Furnace Coke.—Local consumers of Durham 
blast-furnace coke continue disinclined to pay the 
unprofitable prices makers are prepared to accept, and 
business is quiet. Users claim they can cover their 
needs on the basis of good average qualities at 17s. 6d. 
delivered. 

Manufactured Iron and Steel.—Transactions in finished 
iron and steel are on a good deal less extensive scale than 
could be desired, but some firms are fairly well sold. 
Common iron bars are 101. 15s. ; best bars, 111. 5s. ; best 
best bars, 111. 15s.; iron rivets, lll. 15s. ; packing 
(parallel), 87.; packing (tapered), 11/.; steel billets 
(soft), 71. 2s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d. ; steel ship plates, 81. 2s. 6d. ; 
steel angles, 7]. 12s. 6d. ; steel joists, 71. 12s. 6d. ; heavy 
steel rails, 87. 10s.; and galvanised corrugated sheets, 
131. 7s. 6d. 

Imports of Iron and Steel.—Statistics just issued show 
last month’s imports of iron and steel to the Tees from 
Holland, Belgium, France, Norway, Sweden, India, 
Germany, and coastwise amounted to 17,008 tons, as 
against 47,855 tons for November last year, and only 
5,048 tons for the pre-war November of 1918. 


Shipments of Iron and Steel.—Last month’s shipments 
of iron and steel from the Tees are officially returned 
at 72,766 tons, or 12,684 tons below the clearances 
in October. Of the 14,361 tons of pig iron loaded in 
November, 8,302 tons went overseas and 6,059 tons went 
coastwise; of the 5,409 manufactured iron shipped, 
3,875 tons went abroad and 1,534 tons went coastwise ; 
and of the 52,996 tons of steel despatched, 43,199 tons 
went to foreign ports and 9,797 tons went coastwise. 
The principal customers were Scotland, 3,059 tons of 
pig iron; the Cape, 1,049 tons of manufactured iron ; 
the Argentine, 11,576 tons, and India, 9,595 tons of steel. 





Prrsonat.—Messrs. W. F. Dennis and Company, 70, 
Queen Victoria-street, London, E.C.4, have been 
appointed the sole representatives in Great Britain, 
Northern Ireland and the Irish Free State, for Messrs. 
Heckel Company, Limited, Saarbrucken, Saar, manu- 
facturers of haulage and conveyor plants, aerial rope- 
ways, &c.—Messrs. Grier and Company, 32, Great St. 
Helens, London, E.C.3, have been appointed the sole 
representatives for the United Kingdom, Ireland, and 
the British Dominions, ’of the ‘“‘ De Maas ”’ Shipbuilding 
Company, of Slikkerveer, Holland. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, S.W.1, particulars 
of the following tender, Further details may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted. The 
Uruguayan State Railways Administration invites tenders, 
to be received in Montevideo, by April 12, for the supply 
and delivery of three steam locomotives. Local repre- 
sentation is essential. (Ref. No. A.X. 5599.) 





THE INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
The ninth annual dinner of this institution was held on 
Tuesday, December 6, at the Connaught Rooms, the 
chair being occupied by the President, Mr. Alfred C. 
Adams, and the attendance amounting to about 200 
members and guests. In proposing the toast of ‘The 
Petroleum Industry,” Mr. Douglas Hacking, M.P., 
expressed his belief in the bright future of the industry 
and: gave some statistics supporting the view that trade, 
in general, showed some signs of improvement. Sir 
Robert W. Cohen, in responding, referred to the progress 
made in the last 30 years and to the manifold uses of 
petroleum and its derivatives. Sir Frederick W. Black 
proposed the toast of ‘“‘ Our Guests,”’ and, in replying, 
Dr. W. Cullen expressed the view that there might well 
be closer co-operation between the Institution of Petro- 
leum Technologists, the Institution of Mining and 
Metallurgy and the Institution of Mining Engineers. 
Sir Duncan Watson proposed the toast of ‘“‘ The Institu- 
tion,” and the chairman, in the course of his reply, men- 
tioned that the membership had now reached 1,000, 
and also stated that branches had been formed in Persia 
and in Roumania. ; a 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—A survey of the steel and engineering 
trades of this district reveals mixed conditions. The 
outlook for the New Year, however, is hopeful. Orders 
for various kinds of finished products are coming for- 
ward more freely, while inquiries in circulation are more 
numerous than for some time past. In the raw and semi- 
finished steel branches, the recent dullness has been 
maintained, and is likely to continue to the end of the 
year. Many furnaces are expected to close down for 
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NOTICES OF MEETINGS. 





Tue INsTrTUTION OF WATER ENGINEERS.—To-day at 
10.30 a.m., at the Geological Society, Burlington House | 
Piccadilly, W.1. Annual General Meeting. ‘‘ Rainfalj 
and Flow-off, River Garry, Inverness-shire,” by Capt, 
W. N. McClean. ‘‘ Underground Water Supplies, and 
the Need for Investigation of the Sources thereof,’ by 
Mr. S. R. Raffety. ‘ Failure of Slow Sand Filtration in 
Madras City,” by Mr. J. W. Madeley. At 7.30 p.m. 
Informal Dinner at the Charing Cross Hotel, Strand, 


the holidays, and whether they will relight depends W.c2 


upon the attitude taken by users, who at present still 
indulge in hand-to-mouth purchases, despite the low 
level which quotations have reached. Railway steel and 
furnishing makers report a better demand. Business 
with South Africa is improving, while users in South 
America, China, and Siam are reported to be increasing 
their purchases. The depression of armament depart- 
ments tends to lift. Orders from foreign powers, for 
naval replacement work, have been received locally, and 
further orders for armour and guns are likely to come 
from other sources. There is a strong call for machinery 
of various descriptions. Electrical plant is perhaps the 
most active. Canada, Africa, Egypt, India, Straits 
Settlements, Argentina, Brazil, Persia, and Soviet 
Russia have all placed orders for this class of machinery. 
Overtime working is still in operation in branches 
devoted to the production of automobile steel and trans- 
mission gear. The lighter trades are variable. A falling 
off has been experienced in the call for plantation, forest, 
and saw-milling tools. Big business is being done in 
electricians’ tools, and there is a strong call for engineer- 
ing requisites. Considering the time of the year the 
light foundries are doing good business in builders’ 
ironwork, 


South Yorkshire Coal Trade.—The general position is 
far from being satisfactory. Despite the advent of 
Christmas, the demand for house coal is still below normal, 
though tending to improve. Best house coal has been 
reduced by 9d. per ton, but so far the reduction has had 
little effect in stimulating the demand. The position 
of industrial fuel is much the same. Steams are on the 
slow side, and it is not likely that any improvement 
will be recorded until the open-hearth steel trades have 
resumed more active operations. Foundry and furnace 
coke are not so strong on foreign account, but home 
requirements tend to increase. Gas coke is in a much 
improved position both on inland and overseas account. 
Quotations :—Best hand-picked branch, 28s. to 30s. 6d. ; 
Derbyshire best brights, 21s. 6d. to 22s. 6d. ; Derbyshire 
best house, 2ls. to 21s. 6d.; screened house coal, 18s. 
to 19s.; screened house nuts, 16s. to 17s. 6d.; York- 
shire hards, 14s. 6d. to 16s. 6d.; Derbyshire hards, 
15s. to 17s.; rough slacks, 8s. 6d. to 9s. 6d.; nutty 
slacks,\j6s. to 7s. ; smalls, 3s. to 4s. 6d. 





NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 


The Coal Trade.—Business in the Welsh coal export 
trade still continues on very quiet lines, and with 
supplies excessive, prices remain irregular and a matter 
of individual. bargaining, on the basis of 19s. for best 
Admiralty large and’. 12s. . for best bunker smalls. 
Inquiries for shipment over next year are, however, 
circulating more freely, and though actual business is 
still much below that done in former years, the volume 
is steadily increasing. The Brazilian Central Railways 
have bought 180,000 tons comprising two-thirds large and 
one-third small, and several bunker contracts have been 
arranged at 19s, for best second-class large and 13s. for 
best bunker smalls. The Madrid, Saragossa and Alicante 
Railway of Spain has also purchased 60,000 tons of large, 
for delivery in the first quarter of the year, in addition to 
which steamers have been chartered to lift the coal at 
9s. 3d. Alicante. A Greek electricity works also requires 
prices for 50,000 tons of sized coal and the Paris-Orleans 
Railway want offers up to 200,000 tons of large and 
small coal. Tenders for the Egyptian State Railways 
requirements of 100,000 metric tons of Welsh large coal, 
at Alexandria over the first four months of 1928, have been 
deposited and show that Messrs. Watts, Watts and 
Company, Limited, submitted the lowest price, offering to 
supply at 27s. 2d. per metric ton c.i.f. at Alexandria, 
which is 1s. below the price at which they secured the 
contract in September last. Foggy weather and the 
consequent delay to shipping has had an adverse influence 
on exports in the past week, the total of 396,250 tons 
being 53,000 tons less than that of the preceding week, but 
considerably in excess of the clearances at this time last 
year, when 36,730 tons were despatched on the resumption 
of work after the seven months’ stoppage. 

Ship-Repairing Crisis.—A crisis is developing in the 
Welsh ship-repairing industry. The members of the 
Amalgamated Engineering Union, chiefly fitters em- 
ployed in the dry docks, have turned down, by a ballot 
vote, the provisional agreement reached, by their repre- 
sentatives and the dry-dock owners, after months of 
negotiation for a revision of working rules and conditions. 
The employers have intimated that they will not make 
any further concessions and that the terms of employment 
will be posted at the yards in the New Year. This means 
that.the men will either have to accept the new terms 
or remain idle. 


Tron and Sieel.—Exports of iron and steel goods in the 
past week totalled 11,111 tons, of which tinplates and 
terneplates amounted to 4,204 tons, blackplates and 
sheets to 147 tons, galvanised sheets to 817 tons and othe 
iron and steel goods to 5,844 tons. ; 





Tue InstITUTION OF MECHANICAL ENGINEERS.—To- 
night, at 7 p.m., at Storey’s Gate, St. James’s Park, 
S.W.1. Informal Meeting. ‘‘ Economies in Engineer- 
ing,” introduced by Major S. J. Thompson. Thursday, 
December 15, at 7.15 at the Connaught Rooms, Great 
Queen-street, W.C.2. Institution Dinner. Friday, 
December 16, at 6 p.m. ‘‘ Some Experimental Results 
from a Three-Cylinder Compound Locomotive,” by 
Mr. Lawford H. Fry. 


THE Junior InstITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ Manage- 
ment Graphics,” by Mr. T. G. Rose. Friday, December 16, 
at 7.30 p.m., ‘‘ Hardening and Quenching throughout the 
Ages,” by Mr. P. J. Haler. 


THE Royat InstirutTion.—Saturday, December 10, 
at 3 p.m., at Albemarle-street, W.1. ‘ Recent Develop- 
ments in Astrophysics ” (Lecture I), by Mr. F. J. M. 
Stratton. Tuesday, December 13, at 5.15 pm. “A 
Year’s Work in X-Ray Crystal Analysis ’ (Lecture IV), 
by Sir William Bragg. Thursday, December 15, at 
5.15 p.m. ‘* Petroleum Natural Gases and their Deriva- 
tives” (Lecture II), by Mr. J. Kowloy. Saturday, 
December 17, at 3 p.m. ‘“‘ Recent Developments in 
Astrophysics ” (Lecture II), by Mr. F. J. M. Stratton. 


Tue Murine Instirute or Scortanp.—Saturday, 
December 10, at 3 p.m., at the Royal Technical College, 
George-street, Glasgow. ‘‘ Miners’ Nystagmus,” ~ 
Dr. J. S. Haldane and Dr. T. L. Llewellyn. ‘ An Im- 
proved Face Conveyor,” by Mr. A. V. Reis. “The 
Transport of Injured Persons Underground,” by Mr. D. 
Davidson. 


Tue Institute oF British FoUNDRYMEN: SCOTTISH 
Brancu.—Saturday, December 10, at 3.45'p.m., at the 
Royal Technical College, Glasgow. ‘“‘ Electric Furnaces,” 
by Mr. V. Stobie. East MipLanps Brancu.—Saturday, 
December 10, at 6 p.m., at the Technical College, Lough- 
borough. ‘‘ Shrinkage Holes in Small Grey Iron Cast- 
ings,” by Mr. P. A. Russell. NEWCASTLE AND DISTRICT 
Brancu.—Saturday, December 10, at 6.15 p.m., at 
the Neville Hall, Newcastle-upon-Tyne. ‘*‘ Manganese 
Bronze,” by Mr. W. Lambert. Watrs AND MonmovuTH 
Brancu.—Saturday, December 10, at 6.30 p.m., at the 
Technical Institute, Cardiff. ‘‘Steel Making by Electric 
Furnace,” by Mr. R. J. Richardson. 


THe Hutt Association oF ENGINEERS.—Saturday, 
December 10, at 7.15 p.m., at the Technical College, 
Park-street, Hull. Lecture: “The Production and 
Modern Applications of Dissolved Acetylene,” by 
Mr. W. C. Freeman. With demonstrations. 


Tue Institute oF TRANSPORT: MIDLAND LocaL 
Srection.—Monday, December 12, at 6 p.m., at the 
Queen’s Hotel, Birmingham. “ Organisation of the 
Transport of Goods by Road,” by Mr. W. D. Wright. 


THe InstrruTion or AUTOMOBILE ENGINEERS: 
BIRMINGHAM CENTRE.—Monday, December 12, at 
7 p.m., at the Queen’s Hotel, Birmingham. “‘ Experi- 
ments on Various Gaseous Fuels in a High-Speed Internal 
Combustion Engine,” by Dr. A. F. Burstall. 


THE Braprorp ENGINEERING Socrety.—Monday, 
December 12, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. ‘“‘ Water Impurities and 
their Control,” by Mr. E. L. Landorph. 


Tue InstiTuTE oF Metats: ScortisH Locat SECTION. 
—Monday, December 12, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Age Hardening of Alloys,” by 
Mr. R. Hay. 


Tue INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, December 13, at 5.30 p.m., at the Royal 
Society of Arts, John-street, Adelphi, W.C.2. Sympo- 
sium on ‘ Detonation in Motor Fuels,” opened by & 
Paper by Mr. H. R. Ricardo. 


Tue INstTITUTION oF CIviL ENGINEERS.—Tuesday, 
December 13, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘‘ The Reconstruction of Two Rail- 
way Swing Bridges between Ipswich and Great Yar- 
mouth.” by Mr. K. B. Turner and Mr. R. E. Walsh. 
Wednesday, December 14, at 6.30 p.m., Students’ 
Meeting. ‘‘The Reconstruction of Paddington Goods 
Station, Great Western Railway,” by Mr. E. C. Cookson. 


THE INSTITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Tuesday, December 13, at 7 p.m., at the Town Hall, 
Leeds. Joint Meeting with the Chartered Institute of 
Secretaries. ‘‘ Railway Goods Rates: Revision and 
the ‘ Appointed Day ’,” by Mr. D. H. J. Hartley. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: Scor- 
TISH CENTRE.—Tuesday, December 13, at 7.30 p.m., at 
the Royal Technical College, George-street, Glasgow. 
“The Stability of Large-Power Stations,” by Mr. F. H. 
Clough. 

THe SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, December 13, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘ Chilled Rolls,’’ by Mr. A, Allison, 





Tae Society or Grass TEcHNOLOGY.—Wednesday, 
December 14, at 2.30 p.m., at University College, 
Gower-street, W.C.1. ‘The Analysis of Opal Glasses,” 
by Mr. J. H. Davidson and Miss V. Dimbleby. ‘“ The 
Durability of Iron-Containing Glasses,” by Miss V. 
Dimbleby and Professor W. E. S. Turner. “‘ The Effect 
of Iron Oxide on the Properties of Glass,” by Dr. 8. 
English, Mr. H. W. Howes, and Professor W. E. S. 
Turner. 

Tue Institute or Transport: NortTH-WESTERN 
Locat Srection.—Wednesday, December 14, at 6 p.m., 
at the Midland Hotel, Manchester. ‘‘ Lessons of Railway 
Statistics,’’ by Mr. R. Bell. 


THe MANCHESTER METALLURGICAL SocretTy.—Wed- 
nesday, December 14, at 7 p.m., at the Engineers’ Club, 
Albert-square, Manchester. Open Discussion on Practi- 
cal Metallography,” introduced by Mr. Geo. Mohn. 


THe InstiruTIon or AUTOMOBILE ENGINEERS: 
MANCHESTER CENTRE.—Wednesday, December 14, at 
7 p.m., at the Engineers’ Club, Albert-square, Manches- 
ter. ‘*‘ The Modern Motor ’Bus,” by Mr. G. J. Rackman. 


Tue Nortu-East Coast INst1TuTION OF ENGINEERS 
AND SHIPBUILDERS: GRADUATES’ SEcTION.—Wednes- 
day, December 14, at 7.15 p.m., at Bolbec Hall, New- 
castle-upon-Tyne. “Ship Ventilation,” by Mr. H. Caird. 


THE BELFAST ASSOCIATION OF ENGINEERS.—Wednes- 
day, December 14, at 7.30 p.m., at the Municipal College 
of Technology, Belfast. ‘‘ Applications of Modern Oxy- 
Acetylene Welding,” by Mr. W. C. Freeman. With 
Demonstrations. 


THE INSTITUTION OF ENGINEERS-IN-CHARGE.— Wed- 
nesday, December 14, at 7.30 p.m., at the St. Bride 
Institute, Bride-lane, Fleet-street, E.C.4. ** Lubrica- 
tion and Lubricating Oils,” by Mr. S. E. Bowrey. 

Tue Royat Society or Arts.—Wednesday, Decem- 
ber 14, at 8 p.m., at John-street, Adelphi, W.C.2. “ The 
Evolution of Modern Road Surfaces,” by,Major R. G. J. 
Clements. 

THE InstITUTION oF MinING AND METALLURGY.— 
Thursday, December 15, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. “ Boiler 


Water Treatment at the Sons of Gwalia, Limited, 
Western Australia,” by Mr. V. T. Edquist. ‘‘ Use of 
Rock-Drills for Boring Deep Holes,” by Mr. E. W. 


Wright. 

Tue InstirvTion oF ELectrRicAL ENGINEERS.— 
Thursday, December 15, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. ‘‘ Squirrel-Cage Induc- 
tion Motors,” by Mr. D. B. Hoseason. 

Tue INsTITUTION oF CrvIL ENGINEERS: BIRMINGHAM 
AND District AssoctaTion.—Thursday, December 15, 
at 6 p.m., at the Birmingham Chamber of Commerce, 
New-streef, Birmingham. Lecture: ‘“‘Some Notes on 
Highway Bridges,” by Capt. C. G. Mitchell. 


THe Roya AERONAUTICAL Socrety.—Thursday, 
December 15, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘“‘The Development of 
Torpedo-Carrying Aircraft,” by Major F. A. Bumpus. 


Tue InstiruTte oF MeTats : BrrmMIncHAM LOCAL 
Srctrion.—Thursday, December 15, at 7 p.m., at the 
Engineers’ Club, Waterloo-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society and 
the Staffordshire Iron and Steel Institute. ‘“‘ Duralumin,” 
by Dr. L. Aitchison. 


THe Society or CHEemicat InpusTRY: CHEMICAL 
ENGINEERING Group.—Friday, December 16, at 6 p.m., 
at the University, Liverpool, Joint Meeting with the 
Liverpool Section of the Society of Chemical Industry. 
** Oil Pollution of Seas and Harbours—and a Remedy,” 
by Mr. C. 8. Garland. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEnNts’ Section.—Friday, December 16, at 6.15 p.m., 
at Savoy-place, Victoria-embankment, W.C.2. “‘ Auto- 
matic Voltage Regulators,”” by Mr. E. B. Watton. 


THE InstTITUTION OF LOCOMOTIVE ENGINEERS : NORTH 
EastTERN CENTRE.—Friday, December 16, at 7 p.m., at 
the Hotel Metropole Leeds. (1) “‘ Piston Gland Pack- 
ing”; (2) ‘‘ Coupling and Connecting Rod Lubrication,” 
by Mr. C. F. Adams. : 

Tue InstiruTION or Locomotive Enervers: Man- 
CHESTER CENTRE.—Friday, December 16, at 7 p.m., 
at the College of Technology, Sackville-street, Man- 
chester. ‘‘ Ten-Minute Papers,” by Mr. G. C. R. Parker 
and Mr. R. C. Bond. 

Tue InstITUTE OF BRITISH FoUNDRYMEN : MIDDLES- 
BROUGH BrancH.—Friday, December 16, at 7.45 p.m., 
at the Cleveland Technical Institute, Corporation-road, 
Middlesbrough. ‘‘ Machine Moulding,” by Mr. W. J. 
Molineux. 





Conrracts.—Messrs. Light Railways, Limited, 2, 
London-wall Buildings, E.C.2, have received orders for 
five broad-gauge tank wagons for the Bombay, Baroda 
and Central India Railway, and 16, for the East Indian 
Railway, also 5 metre-gauge petrol-tank wagons for the 
Madras and Southern Mahratta Railway. These are 
being manufactured in Belgium by the Société Anonyme 
des Ateliers de Construction de Familleureux.—Messrs. 
Alfred Herbert, Limited, Coventry, have received instruc- 
tions from N. V. Provinciale en Gemeentelijke Electriciteits 
Maatschappij, Amsterdam, to supply 4 further Atritors ; 
16 of these are now in use, or on order for the Centrale 
Noord Station at Amsterdam. The machines will each 
have a pulverising capacity of 8,000 lb. of coal per hour, 
and will be driven in pairs by steam turbines. This is 
believed to be the largest single installation of unit 





pulverisers in Europe. 
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THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE usual monthly meeting of this Society was held 
on November 16 in the Society’s Rooms at 49, Cromwell- 
road, South Kensington, Sir Gilbert Walker, C.S.I., 
F.R.S., President, being in the chair. The following 
papers were read and discussed :— 

* The Influence of Forests on Rainfall and Run-off,” | 
by Dr. C. E. P. Brooks. This paper stated that, 
of the water vapour which is condensed as rainfall 
over the land, about two-thirds is provided by evapora- 
tion over the oceans, and the remaining third by 
evaporation and transpiration over the land. The | 
latter contribution is made up of the evaporation of 
rainfall intercepted by foliage, evaporation from the 
soil, and transpiration, and estimates were made of | 
these three factors for forests, crop or grass land, 
and bare soil. The figures were expressed as_per- 
centages of an average rainfall of 30 in. a year. For | 


‘ A 3 Steg 
forests they give :—Interception, 15; evaporation | 
from soil, 7; 


transpiration, 25; total, 47 per cent. | 
For crops : —Evaporation from soil, 17; transpiration, | 


137: total, 54 per cent. For bare soil :—Evapora- 
tion, 30 per cent. Thus the replacement of forests by 
crops would tend to increase the supply of moisture 
to the air, and therefore the general rainfall slightly ; 
replacement by bare soil would decrease the general 
rainfall slightly. The changes in the run-off are likely 


to be more noticeable ; replacement of forests by crops | 


would decrease the run-off by 15 per cent. and make 
it less regular ; replacement by bare soil would increase 
the run-off but would make it highly irregular. A 
forest 30 ft. high may be considered as adding about 
30 ft. to the effective height of the ground, and this 
should increase the local orographical rainfall by 1 or 
2 per cent. Data obtained in various localities were 
examined in detail. At Mauritius, deforestation has 


| resulted in a decrease by 2 or 3 per cent., while in 


Sweden, Germany and India the rainfall at forest 
stations was about 1 per cent. greater than that at 
neighbouring stations in the open. 

“ The Secondary Depression on the Night of January 
28-29, 1927,” by C. K. M. Douglas, B.A. In this paper 
the discontinuities associated with this intense and 
deepening secondary depression were examined in 
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detail by means of autographic records. The results 
have a bearing on the recent work of Dr. J. Bjerknes, 
who has shown that the polar air behind a cold front 
is frequently warmed dynamically by descending 
movement until it is about as warm as the air in the 
warm sector. About 70 miles behind the first cold 
front, there was a dry front, with a rise of temperature 
and sharp fall of relative humidity, separating air kept 
cold and damp by the rain and air behind the rain 
area which had been warmed at the dry adiabatic rate 
when it descended. 

“« The Circulation of the Atmosphere over Melbourne,” 
by E. Kidson, D.Sc. This paper stated that it had been 
shown that it was possible to obtain estimates of 
wind velocity at high levels by means of nephoscope 
observations. No other means was at present available 
for securing a comparable amount of data for the 
same levels in a climate such as that of Melbourne. 
These upper winds were freed from the purely local 
effects, and much information could, therefore, be 
deduced from them regarding the general circulation. 
Large-scale local effects, however, were still of great 
importance. 
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THE APPEAL OF CANADA. 


TuHE recent advice given by Mr. Baldwin that 
Canadians should not be in too much of a hurry 
to develop their country, but be satisfied with 
a more gradual expansion, is a recommendation 
which, in this particular case, it is easier to give 
than to follow. Few probably realise the wonderful 
way in which the trade of that country is increasing, 
its present rate being unique among the nations, 
and far exceeding that of the go-ahead United 
States. The latter country has probably come 
through the war and post-war period more easily 
than any other. Busied with her own affairs, 
and blest with superabundant gold, the United 
States has rightly or wrongly refused to concern 
herself seriously with any troubles outside her 
frontiers, with perhaps one exception, and has 
concentrated her whole energy upon increasing 
her already great prosperity. So great indeed is 
this, and money so plentiful, that the people of 
the United. States are constantly on the alert for, 
and seeking out, promising opportunities in the 
neighbouring Dominion. In these things she thus 
has an advantage over Canada. The latter country, 
as soon as the war started, placed herself and her 
resources at the service of the Empire, and of the 
cause for which we stood. For a relatively small 
people her losses were heavy, but were proudly 
borne, and she has since set herself, with no ill- 
success, the task of once more setting forward 
on her hopeful career. To-day is Canada’s 
opportunity, but as in all rapidly-developing 
countries, capital is short, and if England fails 
to realise this fact and act upon it, the United 
States have no intention of denying themselves 
the chance now offered. For this reason, Mr. 
Baldwin’s advice, though reasonable in itself, 
and if followed likely to keep the people from 
many troubles, is scarcely practicable. Canada is 
having the pace set for her, and it is surely our 
duty, as we should esteem it our privilege, to 
co-operate with her, so that her independence 
may be maintained, and we may together continue 





to strive for the ideals we have in common, rather 
than allow by default the ascendancy of another 
power, who, however friendly disposed, is not 
with us in the Empire, and at the present moment 
appears to be largely concerned with the idea that 
she must set herself up as a rival to us, for some 
reason which is past explanation, in naval strength. 

The activity in Canada is, indeed, astonishing. 
This autumn she has harvested a wheat crop 
which, if not a record, is said to have been better 
than that of any previous year but one. Her 
output of electrical power is increasing by giant 
strides. ‘The year 1926 showed an increase in 
total business of 14-5 per cent. over that of 1925, 
the United States showing only one-third of this 
rate, though, of course, on a larger total. Sales 
of stocks and shares in Canada in 1926 increased 
no less than 56-5 per cent., and of bonds no less 
than 14 per cent., while in the United States in 
the same period the former increased by only 
4 per cent. and the latter actually decreased by 
13 per cent. Building contracts showed a growth 
of 25 per cent., and the production of coal a like 
increase. How important in- the world this scion 
of our house is becoming is seldom realised. 
Canada, in the matter of imports, stood seventh 
among the world’s nations in 1926, surpassed 
only by the United Kingdom, Germany, the United 
States, France, Japan and Italy. In exports, from 
tenth on the list in 1913, Canada has moved up to 
fifth, in total trade occupying the same position, 
being surpassed only by the United States, the 
United Kingdom, Germany and. France. In total 
trade per capita the country shows up still better, 
being second in the world; while to-day with her 
population of less than ten millions, her exports 
exceed those of the United States when that country 
had a population of 75 millions. 

With all this rapid growth there is certainly 
ground for very serious thought. Mr. Baldwin 
has advised the country to be careful to maintain 
its standards. At the present time, Canada is 
running the risk of having standards forced upon 
her not of her own choosing, and ideals foreign to 
her outlook upon the world. The United States 
has declared herself in favour of detachment from 
all other nations—Canada, intensely loyal to the 
parent stock, has whole-heartedly adopted an 
attitude of attachment to the Mother Country 
and the Empire, and the ideals these stand for in 
the world, whatever the consequence. Should we 
not then in return make the effort to bind our loyal 
Dominion to us with all the friendly bands it is 
possible to contrive, and so help to counteract the 
conditions creeping over the country. 

At the present time, of the outside capital 
invested in Canada, some three thousand million 
dollars represent United States property. Against 
this, British investments are only responsible for 
a value about two-thirds of that amount. Moreover, 
the former figure is advancing very rapidly, 
while the latter shows almost complete stagnation. 
The country is full of branch works of United 
States firms, necessarily carrying with them close 
touch and constant dealings with the parent bodies 
across the border. Is it surprising that Canada 
complains of our lack of interest in the opportunities 
she has to offer, and of our unwillingness to embark 
on new ventures, leaving the risks to be gladly 
taken by the United States, and, of course, by the 
Canadians themselves, staking their all on their 
country’s future. 

As in capital, so in our trade, our record is an 
extremely unsatisfactory one. Forty years ago 
no less than 41 per cent. of Canada’s import trade 
was derived from this country, while 47 per cent. 
of her exports were destined to these islands. 
While the latter have dropped to 36 per cent., the 
former figure has steadily shrunk till it is now 
reduced to 16 per cent. In the same period her 
imports from the United States have increased 
from 44-6 per cent. to 67 per cent. Thus, we have 
lost a great deal of ground, though the position in 
1927 shows some little improvement on that for 
1922. Totals, of course, have grown, and the 
percentages are figured on very much larger amounts, 
but the position is anything but satisfactory, in spite 
of a preferential tariff in our favour. That this has 
had some effect is clear from the fact that from 
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1886 to 1896 our imports to Canada fell off to the 
extent of 16 per cent., while after the establishment 
of the preferential tariff the tide turned, and to 
1927 has shown an increase of 400 per cent.; but 
we cannot close our eyes to the fact that in this same 
period the United States imports have increased, 
not by 400 per cent., but by 1,200 per cent. 

Canada, thus somewhat overshadowed by 
her wealthy southern neighbour, is turning to in- 
creased intercourse with us, in the hope that the 
present trend may be arrested. There is no doubt 
that increased traffic and business is possible in 
many directions between us, in spite of physical 
advantages possessed by our cousins across the 
Atlantic, to whom, of course, nothing unfriendly 
would be thereby implied either by Canada or our- 
selves. Our reputation stands where it always has, 
for quality ; our prices are good ; sentiment is all 
in our favour. Individual successes point to the 
probability of like results in other cases, if the trade 
is approached on the right lines. Manufacturers of 
engineering plant should examine prospects promptly 
and sympathetically, conceding all that*is possible 
and invoking the aid, if necessary, of exports credit, 
to make business easier for the younger nation, whose 
working capital is all absorbed in developing its 
industries, and who therefore prefers to pay by small 
and numerous instalments. 

Why should this country be responsible for 45 per 
cent. of the imports of cutlery into Canada, and for 
something like 77 per cent. of the imports of steel 
for wire ropes, and wire ropes themselves, and only 
for 5-2 per cent. of the imports of engires and 
boilers and about 10 per cent. of her machinery, 
excluding agricultural machinery, of which our 
trade is insignificant (less than 1 per cent.) ? Why 
should Sheffield, although herself hardly maintaining 
her ground, be so far ahead of Manchester and 
the heavy engineering centres in these matters ? 
Of electric light fixtures, Canada draws from us 
only 1-2 per cent. of her total imports, which 
again seems to reflect upon Birmingham and other 
districts engaged on these products. Can nothing 
be done in such directions ? If we can supply, as 
we do, about 30 per cent. of the logging equipment, 
although ourselves not a country with large tracts 
of forest to exploit, and 20 per cent. of the electric 
motors taken from outside by Canada, and if indi- 
vidual firms can score successes with plant, in which 
the United States competes, there can be no reason 
why our imports generally should not be capable of 
considerable improvement. Admitting that the pre- 
sence of United States capital in the country is 
likely to influence the trend of a proportion of 
the imports, there still remains a large field which 
it should be perfectly feasible for us to occupy, 
while this may itself be expanded by the introduc- 
tion of British financial help in the development 
of Canada’s growing industries. Moves in these 
directions on the part of Great Britain would be 
welcomed in Canada to-day. 

In discussing these matters here, people have 
been known to remark that they would like to feel 
that such opportunities really existed. Our advice 
to these doubting Thomases is that of H.R.H. the 
Prince of Wales. Let young men of imagination 
be sent out to look into the conditions—men with 
energy enough to seek out the opportunities, with 
minds alert enough to recognise them when they 
are presented, and responsible enough to be able 
so to accommodate their terms of business as to 
meet on as nearly an equal footing as possible the 
competition of other would-be sellers. It is gratify- 
ing to record that we have recently come across 
encouraging examples of this kind, and we hope 
the future will produce more o them. 

What, for instance, should be more open to attack 
than the machine tool trade? Canada at present 
buys some tools from us, and likes them enough to 
buy more. The country is in a state well suited to 
our products. She has not yet attained, speaking 
generally, to such specialisation in industry that 
there is any great need of the single-purpose machine. 
Her present interest lies more with the general- 
purpose tool, of which we in this country have most 
knowledge. Her country is undergoing rapid 


development, and while this continues there must be 
much general engineering to be done for which the 
products of our machine-tool industries would be 
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eminently suitable. Again, the expansion of her 
industries carries with it the demand for all sorts 
of engineering requirements and plant of which we 
might undoubtedly secure a reasonable share. 
With her agricultural conditions, so different as 
they are from ours, and so akin to much in the 
United States, it is doubtful whether it would be 
useful at the present time to make a bid for trade 
in agricultural machinery. Nor, again, with the 
United States factories so near, is there much use 
in trying to convince Canadians that they might 
just as well buy British motor cars, which do not 
suit either themselves or their country, as United 
States cars, which much better meet the conditions. 
In these and a few other directions, the attack would 
have to be organised and worked on a very large 
and powerful scale to be effective, and the position 
of these United States manufacturers appears to 
be virtually impregnable. There is, however, no 
vestige of doubt that we can compete in many 
lines, and we hope the advice of His Royal Highness 
will stimulate many of our engineering firms into 
going about the matter in the right spirit to ensure 
the success which is there to be grasped. 

The cry of Canada to us to-day is the cry of the 
Macedonian of the Pauline vision—‘‘ Come over 
and help us ’—and the reproach will be ours if we 
do not turn to mutual profit this appeal on the 
part of one of the most loyal of our children. 





THE PRACTICE OF SAFETY. 

THE Home Office is to be congratulated on having 
at last been able to initiate an enterprise which 
has been in contemplation for a long time. Before 
the war it was decided that a permanent safety 
museum should be formed, which was to exhibit 
methods, arrangements, appliances and materials 
for promoting the safety, health and welfare of 
workers in the manufacturing industries and 
others which come under the supervision of the 
Home Office. A building was designed and erected 
for this purpose, but the outbreak of war caused it 
for the time being to be converted to other uses. 
It has now been restored, a collection of suitable 
exhibits has been organised and installed, and the 
museum has been opened. It may be hoped that 
its establishment is the beginning of a useful and 
permanent institution, which may help those who in 
any capacity are connected with practical industry. 

From one aspect, manufacturers practise safety 
because they must, and the Home Office is interested 
in it because it is the business of its Factory Depart- 
ment to see that they do. It is a mistake, however, 
to regard safe working as mere compliance with 
statutory regulations, and the Home Office fac- 
tory administration as a technical police. Funda- 
mental interests of the industry, no less than 
the wishes of those who are concerned in it, are 
involved in all useful measures fc > maintaining and 
increasing safety in manufacture, and the Home 
Office recognises, as is shown sufficiently by the 
general practice of its inspectors and conspicuously 
by the present opening of its industrial museum, that 
it can be occupied better than in enforcing regula- 
tions. In all but exceptional cases manufacturers 
require not constraint but information, which they 
can be trusted to turn to the best account when it 
is presented to them fully and accurately. As is 
seen in many of the exhibits in the Museum, mini- 
mum safety measures, which obviously are all that 
can be prescribed by statute, may fall short of what 
manufacturers wish to do when they have become 
acquainted with the facts, and the wide and various 
connections of the Home Office with industry place 
it in an unequalled position to act as a clearing house 
of the experience by which these facts can be 
ascertained and authenticated. ‘The factory in- 
spectors have always been willing and anxious to 
advise and to persuade, and wisely have used their 
powers to compel as a last resort, to be applied only 
when indispensable amendments could not be 
procured otherwise. They have, however, been 
limited in the means by which they could convey 
information which manufacturers could apply with an 
independent judgment to the circumstances of their 
own works. The absence of means for stimulating 
and assisting independent judgment is probably the 
main impediment to advances in safety practice. 





At the present time it is merely commonplace 
to say that as a whole safe working is efficient 
working. For many years past, and particularly 
since the war, the conscious object of manufac- 
turers has been to induce workers to improve their 
efficiency. In the main this policy has been the 
result of sheer necessity. The employer wants to get 
the most hecan out of his works, and the workman 
to get the most he can in return for his labour. These 
natural desires are stimulated by the knowledge 
that a world which for four years squandered its 
substance on destroying most of what it produced 
is not able now to afford the cost of buying what it 
wants, unless it can get it a good deal cheaper in 
real money than it had to pay formerly. The world’s 
orders will go to the works who can supply its 
needs with due regard to this condition precedent 
of its ability to buy, and whatever obstructs an 
industry in its attempts to conform with this 
condition will impair the livelihood of those who 
work in it, and reduce their standard of living. 
The first condition of efficient modern manufacture 
is that it shall be uninterrupted. Years ago this 
was understood in the shops as well as anywhere 
else. In Mr. Legros’s recent plea for better technical 
management in the conduct of engineering manu- 
facture, he recorded how he had found a foreman 
who could say offhand what the works had to pay 
for every minute the shop was stopped, and calcu- 
lation showed his estimate to be right within 
5 per cent. The incident was described to illus- 
trate the importance a competent man with the 
interests of the shop at heart attaches to uninter- 
rupted. working, and the same principle must apply 
to the continued freedom of individual workers 
from interruption. When this is realised, it 
becomes evident that mischievous interruption 
need not amount to actual stoppage, but may 
be present also if the agency in question merely 
reduces a man’s energy or power to do work. 
Among the more obvious sources of interruption, 
either in the narrow or the wider sense, are acci- 
dents, impaired health, or insufficient well-being. 
It happens, fortunately, that those considerations 
lead to precisely the same conclusions as are reached 
when the situations of men are regarded from a 
merely philanthropic point of view. It is fortunate, 
because it leads a works to do from economic 
necessity what it might not be able to do from 
philanthropic motives without raising its costs 
and depriving its workmen of a living. As it is, 
it is common ground that whatever improves the 
safety, health, and well-being of men almost invari- 
ably improves the efficiency with which they work. 

In principle the force of these considerations is 
admitted generally. In many works. they have 
been applied wisely and with success, but it must be 
admitted that as yet their application is not nearly 
as general as their importance deserves. In addi- 
tion to the cause to which reference has been made 
already, two others seem to be at work, and affect 
both employers and workmen. On the one hand, 
they do not realise the full extent of the risks in- 
volved in certain constructions and methods, and, 
on the other hand, they are so familiar with existing 
ways of working that they look on the attendant 
risks with the contempt that comes of familiarity, 
and it does not occur to them that an alternative 
is possible. They neither realise the risks they 
are running, nor know the means by which these 
risks can be minimised or avoided. So far as 
concerns the employers, who are responsible for 
seeing that costs are kept down to what will secure 
business, without more experience than they have 
had individually they may not be able to judge what 
precautions could be applied in practice, and what 
their economic effect would be. It is to meet these 
difficulties that the Home Office Museum seems 
primarily designed. Little or nothing has found its 
way into the exhibits which has not been tested 
and found satisfactory in practice. For conveni- 
ence of demonstration some objects, such as the 
valves and steam traps of Messrs. Hopkinson, are 
quite usefully shown partly in section; but apart 
from such objects and a few models where it has 
been impracticable to show a full-size exhibit, 
the safety sections of the museum consist of 
machines, plant and appliances as they would be 





used in practice, except that often it has been 
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necessary to allow less space between machines 
than would be required or desirable in work, and 
usually it has not been practicable to show the 
manufacturing process in which the machinery is 
used. On the other hand, power is provided, 
and the machines are shown under belt, so that they 
can be seen in motion. 

Most of the exhibits are provided by the manu- 
facturers without charge for hire on either side, 
and as, of course, none is accepted which does not 
comply with all statutory and standard require- 
ments, both manufacturers and their customers 
have the advantage of showing and seeing nothing 
but appliances of certified excellence. A few exhibits, 
however, show examples of dangerous patterns, such, 
for instance, as a case of very ordinary electric fittings, 
every one of which has caused a fatal accident with 
alternating current under a tension of 250 volts or 
less. Photographs of actual installations are also 
shown for the double purpose of including work, 
such as that of docks, which could not be exhibited 
otherwise, and of demonstrating that the machinery 
and plant in question form no official counsel of 
perfection, but a part of current practice in com- 
mercial works. On the other hand, many useful 
details are illustrated by samples, such, for example, 
as a number of flooring surfaces suitable to pro- 
vide against slipping in various circumstances. 
In one way or other most of the exhibition has 
direct engineering interest, but its scope extends to 
many of the more important industries run by 
machinery. Broad principles, such as those of 
heating, lighting, and ventilation, are illustrated by 
special exhibits, and embodied in the installation of 
the building itself, while in regard to health and 
welfare a careful and comprehensive selection is 
given of objects and information, which illustrate 
the regular practice of individual firms. The 
Museum embodies, in fact, a miniature object 
lesson, which, as far as it goes, gives the best practice 
in regard to its subject to be found in the industries, 
authenticated by the approval of the experienced 
Home Office inspectors. No permanent collection 
of the same authority has before been made, and its 
existence should do much to enable manufacturers 
to decide what measures with the like objects they 
can usefully adopt themselves. 

In its present state the Museum is a highly satis- 
factory beginning, and it may be hoped that it 
will be developed as its importance deserves. Each 
exhibit and group of exhibits, for example, is accom- 
panied by a succinct description of what it contains, 
but the usefulness of the collection would be in- 
creased if such descriptions were collected in a 
single volume, and included in each group the most 
prominent alternative appliances which are not 
exhibited. Doubtless it would not be easy to pre- 
pare such an account, and still less to keep it up 
to date in classes of work that are constantly subject 
to improvement. It can hardly be questioned, 
however, that it would be of service to visitors 
who mean business, and its distribution should 
add to their numbers. A desideratum no less obvious 
is that the size of the collection should be more 
proportionate to its ambitious scope. A floor space 
of some 10,000 square ft. cannot be expected, even 
with the most judicious display, to do justice to the 
safety measures which deserve the attention of 
all industries. Even at the present time the 
exhibits do not pretend to include more than a 
small fraction of what is used. Doubtless it will 
never be possible that they should, but the Museum 
may run some risk of failure in its main purpose 
if it does not provide a somewhat ampler selection 
than is possible in its present building. 








COHESION. 

THE nature of cohesion is one of the fundamental 
problems of the engineer. In selecting his materials 
he employs a multiplicity of tests, but the fact that 
most failures of structures can now be explained 
by accepted views on faulty materials, faulty 
treatment or incorrect design, must not be allowed 
to mask our ignorance of the real nature of the 
strength of solids. The study has, however, been 
by no means neglected, and the simple atomic 
entity of a few decades ago has developed into a 
eomplex planetary system of yery hazy domain 





and obscure force relations. We must allow 


reasonable time for existing knowledge to be 
consolidated. A few decades hence science may 
characterise the real difficulties in novel ways 
without being much nearer to a solution of the funda- 
mental problem. But there has been sufficient 
advance to justify the general discussion on Cohesion 
and Related Problems, which the Faraday Society 
held on Wednesday, November 23 last, when fourteen 
papers were presented, others being still promised. 

The President of the Society, Professor C. H. 
Desch, opened the discussion with a masterly 
general survey of cohesion phenomena from the 
standpoint of the engineer and metallurgist. Under 
hydrostatic compression, he stated, solids were 
perfectly elastic; Hooke’s law was not obeyed ; 
the real tenacity was difficult to determine, and so- 
called triple tensile stress (in all directions) was 
hardly obtainable. By cooling spheres of rock salt 
in liquid air and then immersing them in molten 
lead, Joffé had greatly increased the tensile strength 
of this material. The so-called clink stress was of 
importance in the manufacture of steel ; in cooling 
ingots and in reheating billets, internal stresses 
produced cracks or clinks, but pure triple tensile 
stress was not reached in irregular specimens. A. A. 
Griffiths had enormouslyincreased the tensilestrength 
of brittle materials, like glass and silica, by slowly 
drawing out the heated material, but that method of 
strengthening had not yet been applied to metals. 

Metals showed viscous flow and deformation under 
constant stress, not only at temperatures near their 
melting points. Professor Andrade, to whom Dr. 
Desch referred in this connection, subsequently 
gave particulars of his experiments of 1914. He 
produced flow under constant stress, irrespective of 
the contraction of area during the test, by floating 
a body of hyperbolic shape in water, and he then 
observed similar flow curves for wires of lead (at 
— 78 deg. C. and at ordinary temperature), frozen 
mercury, brass (at about 400 deg. C.), and German 
silver (500 deg.). Slip, Dr. Desch continued, in- 
creased the resistance to further slip; the cold- 
worked metal, if soft, became more ductile and less 
dense. The crystal boundaries of common metals 
seemed, at ordinary temperatures, to be stronger 
than the crystals themselves, so that fracture 
occurred through the crystals rather than between 
them, whilst at higher temperatures the fracture 
passed preferentially between the crystals. The 
condition of one or two layers of atoms on the 
crystal surface might differ from the condition in 
the interior of the space lattice, and even perfect 
crystals might be aggregates of smaller masses in 
slightly-varying orientation. The old distinction 
between cohesion and adhesion probably had little 
theoretical significance. 

Professor A. F. Joffé, of Leningrad, pointed out, 
in his paper on Mechanical and Electrical Strength 
and Cohesion, that the electric theory of solids of 
Born gave, for rock salt, a cohesive strength of 
200 kg. per sq. mm., whilst the crystals failed 
under tension at 0-4 kg. per sq. mm., and broke 
down in electric fields of 300,000 volts per cm., 
though it should require 100,000,000 volts to tear 
the ions apart. As regards the tensile strength, 
surface cracks in rock salt might have the great 
importance to which A. A. Griffiths had drawn 
attention. Joffé had therefore made tensile tests 
of this material in cold and hot water, where the 
cracked surface would be dissolved, and had thereby 
actually raised the strength to 160 kg. per sq. mm. 
The method being objected to, he had cooled a 
sphere of rock salt in liquid air, and then plunged 
it into hot water or molten lead, as mentioned by 
Professor Desch. The maximum radial stress 
between the centre and the surface of the sphere 
was then independent of the radius and of cracks, 
and it reached 70 kg. per sq. mm., so that again 
theoretical values were approached. With respect 
to the inferior dielectric strength, experiments made 
with glass, mica, calcite, oil, &c., in exceedingly 
thin films, proved not only that the heat evolved 
in these tests reduced the strength very considerably, 
which was well known, but also that the fall of 
potential was practically limited to a very thin 
surface layer near the electrodes, and that conduc- 
tivity and ionisation by collision had to be con- 
sidered. The influence of surface cracks would be 





of interest to engineers, but Professor Pélanyi, 


during the discussion, questioned their effect in the 
tensile tests of rock salt. He had found that the 
increased strength of the salt under water dis- 
appeared again when the crystal was dried, and he 
suggested some plasticity effect of the possibly 
colloidal surface layer on the wet salt under the 
influence of the stress. 

In his own paper on Deformation, Rupture and 
Hardening of Crystals, Professor M. Polanyi dealt 
with recent researches, conducted at the Kaiser 
Wilhelm Institute for Physical Chemistry, with 
special regard to single crystals of metals. These 
crystals, in wires or rods, only revealed their latent 
crystal faces when strained. A stressed hexagonal 
crystal of zinc assumed an elliptical shape. The 
orientation of the lattice with respect to the wire 
axis was changed, so that the basal plane of slip 
finally made an angle of about 5 deg. with this 
axis, and there was further rotation of the direction 
of slip about the axis of loading to which it tended 
to become parallel. The zinc crystal thus acquired 
a fibrous structure, and this applied also to cadmium 
and many other metals. With body-centred cubes 
(tungsten and iron) this final direction was the 
face diagonal; with face-centred cubes (copper 
and aluminium) two groups of crystal arrangements 
resulted, the directions approaching the axis being 
the cube diagonal and a cube edge. In zinc, there 
was one preponderating slip plane. Cubic crystals 
had many such planes and lines of slips, the planes 
of closest packing being the most important. 
Rupture of a crystal often occurred by increasing 
contraction without the appearance of a plane of 
rupture, and planes of fracture coincided, in zinc 
and bismuth, but not in iron or tungsten with 
the closest packing, Thus, tenacity could not be 
calculated on the lattice theory. The cohesion forces 
were not overcome by the applied force; failure 
was premature, inasmuch as it occurred far below the 
theoretical stress required. Cold work changed the 
orientation of the lattices and delayed the breakdown. 

When a crystal was bent, the parallel layers 
changed into concentric shells or arches, with their 
upper surfaces in tension and lower surfaces in com- 
pression, separated by surfaces of discontinuity, 
along which the lattice was broken and across 
which slip paths were interrupted; the resistance 
to deformation was increased, and the metal was 
hardened. There was also preferential strengthening 
of some initial latent slip planes. But Sachs and 
others had shown that slip did not occur on one 
plane only, and a curvature of the slip planes was 
disclosed by Laue diagrams, even in the most 
wniformly stretched crystals. As the hardening 
was due to the formation of surfaces of discon- 
tinuity, so the weakening and recovery (by time 
and heat) were due to the healing up of these sur- 
faces of separation and to the disappearance of the 
broken-up structure. 

Professor G. I. Taylor, of Cambridge, did not accept 
the idea of surfaces of separation and the breaking 
up of small particles between them. He thought 
that such particles would rather act as keys and 
take part in the general shear movement, and he 
suggested, in his paper on Resistance to Shear in 
Metal Crystals, that in materials under shear the 
stress would concentrate in the ends of the cracks 
and would tend to curl the ends up in the same 
sense of rotation. Of two cracks near each other, 
the one end would, to a certain extent, shield the 
other, and although cracks would also form in other 
directions, the stress concentration at the ends 
would be smaller as the number of cracks was 
greater. He had obtained evidence of this slight 
curling up by cutting a single crystal of aluminium 
under shear obliquely, and by taking X-ray diagrams 
in two directions at right angles. 

Space will not permit us to deal with the general 
discussion or with any of the remaining papers, 
except that submitted by Professor T. W. Richards, 
of Harvard, on Cohesion and Chemical Attraction. 
In this Professor Richards pointed out that the 
assumed changes in the practical volumes of colliding 
gas particles were even more marked in fluids and 
solids. The study of the volumes and compressibili- 
ties, and of the energy changes involved in chemical 
reactions, indicated that both cohesion and chemical 
affinity exerted pressures leading to contraction. 
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Observations of tenacity, hardness, ductility, crystal 
form, &c., supported that conclusion. The affinity 
pressure might be polar, or non-polar, or both. It 
could not be merely thermal; there must be an 
additional intrinsic distending pressure. Every sub- 
stance existed only by means of a pressure balance ; 
external pressure plus affinity pressure had to equal 
intrinsic pressure plus thermal pressure. Professor 
Richards has developed these views in many papers 
published since 1900, and in the meantime similar 
suggestions have been made by others. 








NOTES. 
A Messacz TO CONGRESS. 

Tue recent Three-Power Naval Conference at 
Geneva broke down because this country would not 
agree to a total figure for cruiser tonnage which was 
insufficient for the duties which its Navy has to 
perform. No attempt was made by us to define 
or control the service required from the Navy of 
any other country. It was pointed out, however, 
that to agree to the 10,000-ton cruiser proposal put 
forward by the United States would increase, and 
not reduce, naval expenditure. In his Message to 
Congress, read on December 6, President Coolidge 
stated that ‘“‘no agreement can be reached which 
will be inconsistent with a considerable building 
programme on our part.” The Message to Congress 
is a domestic matter, and is not addressed to out- 
siders, and since there exists both a big navy party 
and its opponents in the United States, it might 
possibly appear that this phrase is intended to make 
the best of both worlds, and please both sides. |The 
statement, however, has another aspect, and may 
suggest to an unkind outsider that the invitation 
to the Three-Power Conference was an attempt on 
the part of the United States to limit the size of 
other peoples’ navies, but not of their own. Perhaps 
the most interesting part of President Coolidge’s 
message, however, was his list of the duties which the 
United States Navy has to perform. As we have 
said, there has been no attempt on the part of this 
country to define or limit these duties, but it is 
interesting to hear what they are from the President, 
as no attempt was made to state them at Geneva. 
It seems that the United States has ‘‘a foreign 
commerce and ocean lines of trade unsurpassed by 
any other country.” She has “ outlying territory 
in the two great oceans and long stretches of sea 
coast studded with the richest cities in the world.” 
She has “responsibility for the protection of a large 
population and the richest treasure ever bestowed 
upon any people.” She is ‘charged with the 
international duty of defending the Panama Canal.” 
In view of these commitments, it would appear 
reasonable that the United States should build the 
navy she deems necessary, and that “ propaganda ” 
should not cause her to change her course, the only 
comment necessary being that it is not clear that 
anyone has at any time attempted to prevent her 
building the navy she considered desirable. In view 
of President Coolidge’s impressive enumeration of 
his country’s naval responsibilities, it may, however, 
be suggested that the British Empire has outlying 
territory, not only in the two great oceans, but in 
every ocean; that, with every respect, her ocean 
lines of trade do surpass those of the United States ; 
that she is charged with the international duty of 
protecting the Suez Canal; and that, above all, 
Great Britain, the heart of her organisation, is 
utterly dependent on sea communication for her 
existence, which can hardly be said of the United 
States. There is no value in setting the responsi- 
bilities of one country against those of another in a 
competitive spirit, but it may, as politely as possible, 
be suggested that as the United States is the 
arbiter of the navy she needs, this country might 
also be allowed to decide the size and style of navy 
she requires for her own peculiar situation. 


Tue NortH WESTERN BRANCH OF THE INSTITUTION 
OF MECHANICAL ENGINEERS. 

The annual dinner of the North Western Branch 
of the Institution of Mechanical Engineers, held on 
Thursday, December 1, as usual proved to be a very 
pleasant event. Members and guests were received 
by Mr. H. F. Massey, chairman of the branch, and 
by Sir Henry Fowler, K.B.E., President of the 
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Institution, who was present as a guest. Mr. W. L. 
Hichens was the guest of the evening, and during 
his speech, in proposing the toast of “The Institu- 
tion,” spoke of the improved outlook owing to 
economies made by firms in the past few years, 
the adoption of costing methods, and the changed 
attitude of labour. An olive branch had been held out 
to employers and the action was being met by at 
least some firms in a friendly and accommodating 
spirit. Sir Henry Fowler replied to this toast, and 
subsequently Mr. H. L. Guy, in a speech full of 
witty allusions, proposed the health of the guests. 
The response to this was made by Major P. J. 
Cowan, M.B.E., by Principal B. Mouat Jones, 
D.S.0O., and by Mr. J. E. Montgomery, of the 
Institution headquarters staff. The latter gave 
some particulars of the working of the National 
Certificate scheme, while Major Cowan spoke of the 
conditions in Canada, pointing out the need there 
was for making British engineering plant better 
known in the Dominion, the opportunity now pre- 
sented by the adoption of a standard Canadian 
Electrical Code, and the possibility of organising in 
the engineering industry so as to make it attractive 
for young Canadians to come over to works here to 
obtain their practical experience, in order that they 
may become more familiar with our country and its 
industries. The toast of ‘‘ The Chairman ” was pro- 
posed by Mr. W. H. Patchell, who also remarked 
upon conditions in the Dominion. In his reply, 
Mr. Massey stated that as the branch was not con- 
fined to Manchester, it had been decided that the 
next chairman should be chosen from Liverpool, 
and announced Professor W. H. Watkinson as the 
chairman-elect. 


. 
THE GREAT WESTERN Rattway LOocoMoTIvE 
‘* Kina GEORGE V” IN THE UNITED STATES. 


Considerable interest has been aroused, both in 
this country and in the United States, by the pres- 
ence at the centenary celebrations of the Baltimore 
and Ohio Railroad, held at Baltimore from September 
24 to October 8 last, of the Great Western Railway 
locomotives North Star and King George V, the 
former having been built in 1837, and the latter, 
of course, being the first of a new class recently 
designed by Mr. C. B. Collett, C.B.E., and built 
at the Swindon Works. After the conclusion of the 
centenary celebrations, the King George V, parti- 
culars of which will be found in ENGINEERING, on 
page 56 ante, was employed on a run in passenger 
service on the Baltimore and Ohio Railway, from 
Baltimore to Washington, thence to Philadelphia 
and back to Baltimore, the total distance covered 
in the three sections being 271-8 miles. The report 
on this run of the Baltimore and Ohio Test Bureau 
is reprinted in the current issue of the Great Western 
Railway Magazine, from which we gather that the 
performance of the engine was regarded as parti- 
cularly creditable by the officials present. The 
train consisted of three passengers coaches, two Pull- 
man sleepers, an official car and a dynamometer car, 
the total weight hauled being 543-6 tons, and records 
were taken of drawbar pull, speed, boiler pressure, 
throttle opening and reversing-lever position through- 
out the whole of the run ; no record of coal or water 
consumption was kept. The first section, of about 
39 miles, from Baltimore to Washington, was com- 
pleted in 58 minutes 45 seconds, actual time in 
motion, the maximum speed attained being 74 m.p.h. 
From Washington to Philadelphia, some 135 miles, 
the running time was 2 hours 56 minutes, and the 
maximum speed 73 m.p.h., while for the third sec- 
tion, of about 96 miles, from Philadelphia to Balti- 
more, the time in motion was 2 hours 14 minutes 
50 seconds, and the maximum speed 69-3 m.p.h. 
Throughout the trip, no difficulty was experienced 
in starting or in hauling the load, although the fuel 
used, a hard gas coal for which the form of grate 
was not well suited, gave some trouble from clinker- 
ing. When it is remembered that Driver W. Young 
and Fireman G. Pearce, both of the Great Western 
Railway, were unfamiliar with the road and with 
the class of fuel used, it will be evident that some, 
at least, of the credit for the satisfactory perform- 
ance of the engine is due to these two men—a fact 
which was fully acknowledged by the American 
officials. The latter commented particularly on the 
smooth-running qualities of the engine, as well as 
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on its performance, workmanship and appearance. 
The engine has thus worthily upheld the high tradi- 
tions of British locomotive engineering, and the 
reception accorded it by American engineers must be 
gratifying to the directors of the Great Western 
Railway Company, as it is also to British engineers 
in general. 


THE CoMING OF AGE OF THE INSTITUTION OF 
AUTOMOBILE ENGINEERS. 


The annual dinner of the Institution of Automobile 
Engineers, held on Wednesday, the 30th ultimo, 
marked the coming of age of the Institution. The 
chair was taken by the President, Major E. G. 
Beaumont, who, in replying to the toast of ‘“‘ The 
Institution,” proposed by Sir Henry Fowler, men- 
tioned that no less than 10 past presidents were 
present, and that the number would have been still 
larger if the dinner had not, unfortunately, coincided 
with that of the Royal Society. If evidence were 
needed, we think that this fact might be taken to 
indicate the great interest taken in this compara- 
tively young Institution by many of our leading 
engineers. Such interest is readily explicable to 
those who are familiar with the activities of the 
Institution, which has been marked throughout its 
career by the exceptionally high standard of the 
papers read, and the unusual virility with which all 
matters associated with its activities are handled. 
Reference might be made, in particular, to the 
methods adopted to cater for the needs of provincial 
members. Six local centres are in existence, each 
ranking in importance with the London centre, and, 
in addition, there are five provincial graduates’ 
centres. The policy is adopted, so far as is prae- 
ticable, of reading the more important papers at 
each of the local centres, as well as in London, and, 
while it will be appreciated that this imposes a 
considerable burden on the author, it ensures that 
the papers are discussed very fully, and the often 
valuable opinions of those provincial members who 
are unable to be present when the paper is read in 
London, are duly recorded. Another direction in 
which the Institution has played a leading part is in 
the encouragement of joint meetings with other socie- 
ties. A large number of such meetings have been held 
with the Royal Aeronautical Society, and with the 
Institute of Transport, and the results suggest 
that this procedure might be adopted with advantage 
to a much greater extent by the older institutions. 


SUBMERGED COMBUSTION. 


It has long been known that, by forcing in a supply 
of air, flames can be maintained below the surface 
ot water or other fluids. ‘lhere have veen repeated 
attempts to utilise this phenomenon for the evapora- 
tion of certain chemicals and also for the production 
of steam, or rather of a mixture of steam and 
spent gases, intended for use as the working fluid 
of prime movers. A comprehensive study of the 
whole subject is contained in a paper read, on 
Wednesday last, by Mr. Norman Swindin, 
A.M.I.Mech.E., at a meeting of. the Institution 
of Chemical Engineers, held at Burlington House, 
London, W.1. Mr. Swindin concluded that in no 
case had the procedure led to any material improve- 
ment in the overall thermal efficiency. Neverthe- 
less, the chemical engineer encounters many heating 
problems in which efficiency is a secondary considera- 
tion. The concentration of sulphuric and nitric 
acids, and of caustic soda are instances, and he 
believes that it is in cases of this kind that submerged 
combustion may find its first real application. 
Many of the patentees who have tackled the 
problem have had a very imperfect appreciation of 
the essentials involved. In many instances they 
have attempted to prevent back firing by wire- 
gauze screens, but these soon heat up and become 
useless. The gases must be fed to the burner at 
a speed higher than that at which a flame can be 
propagated backwards. There has also been great 
difficulty in discovering a suitable refractory for 
lining the combustion chamber. Ordinary silica 
bricks fuse too easily, silica ware devitrifies, and 
carborundum is too porous. So far, the most 
satisfactory material has been alundum, but zirconia 
would, he says, be ideal if it could be obtained in 
suitable form. In the concluding section of his 
paper, Mr. Swindin discussed the possibilities of 
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submerged combustion in connection with power 
production. He has worked out a temperature- 
entropy chart for the steam-gas mixture, and with 
this has calculated the theoretical efficiency of a 
power plant in which this mixture is used as the 
working fluid. He concludes that the method 
would give us merely an inferior kind of steam engine, 
working at an unnecessarily high pressure and 
running at a high speed and incapable of being 
coupled to a condenser. There is, he states, a 
possible use for such a system in locomotives, but 
although the boiler would be smaller than that now 
required, the engine would be larger and a large 
air compressor would have to be fitted. 


ELectricaAL DEVELOPMENT IN RurRAL AREAS. 


It is generally realised by the electrical engineer, 
if not by the lay man, that if, in the threadbare 
phrase, a cheap and abundant supply of electricity 
is to be obtained throughout the length and breadth 
of the country, it is not only necessary to achieve 
economies at the generating end, but that a good 
deal more must be done to cut down the costs of 
distribution. As Mr. Page pointed out in his recent 
presidential address to the Institution of Electrical 
Engineers* the best way to do this is to inaugurate 
an active selling policy, a remedy so simple as to be 
as distasteful to many of those concerned with 
electricity supply as was similar advice to a certain 
Biblical general. This, however, is not the whole 
story ; and there is, no doubt, as was recognised in 
the memorandum issued by the Electricity Commis- 
sioners some three months ago,f that certain 
obstacles with regard to the obtaining of wayleaves 
and to the regulations, which shackle the erection of 
overhead lines, urgently require removal. We are, 
therefore, glad to learn that the Commissioners have 
been taking steps to secure a comprehensive review 
of the whole matter, and to obtain such further 
information as is necessary to complete a survey of 
the position. With this end in view they con- 
vened a conference on November 22, at which 
various departments and associations, interested 
in different aspects of the matter, were present. 
These included the Ministries of Transport and 
Agriculture, the Development Commissioners, the 
Association of Consulting Engineers, the Royal 
Agricultural Society, the National Farmers’ Union 
and a number of electrical bodies, but not,we notice, 
the newly-formed Overhead Lines Association. On 
this occasion the Commissioners stated that they 
had initiated a detailed review of the regulations 
and procedure affecting overhead lines and way- 
leaves, and had convened a _ conference of 
supply engineers to consider their modification. 
Two sub-committees were appointed from those 
present, to investigate different aspects of the 
problem, while other matters were remitted to 
the British Electrical Development Association 
for consideration. We understand that the 
conference will meet again in March to consider 
the reports of these sub-committees, and it is 
expected that by that time a revised draft of regula- 
tions and other information, which is being collected, 
will also be available. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN extra general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
2nd inst., at Storey’s-gate, Westminster, the Presi- 
dent, Sir Henry Fowler, K.B.E., occupying the 
chair. 

Cutting TEMPERATURES. 


Mr. E. G. Herbert summarised his report to the 
Cutting Tools Research Committee, the title of 
which was “ Report on Cutting Temperatures ; 
Their Effect on Tools and on Materials Subjected 
to Work.” This is reprinted in an abridged form 
on p. 759 of this issue of ENGINEERING. 

Mr. William Taylor, O.B.E., said that Mr. Herbert 
had introduced a number of new terms. Thus, 
“ work-hardening,” he thought, introduced a new 
idea. Mr. Herbert used it first in connection with 
the pendulum tester when he said that the Brinell 
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test was not a test of the natural hardness of the 
material, but a test of the material as modified by 
the test itself; and he now showed that the hard- 
ness of materials cut by a cutting tool was affected 
before the severance of the chip, the material being 
actually hardened by the cutting tool. It was 
some years ago since about half-a-dozen men met 
in Birmingham to discuss whether it was possible 
to find a means of valuing any given cutting tool in 
terms of its durability. Up to the time of the present 
paper, only a glimpse had been obtained of what was 
involved in that connection, because it had not been 
possible to put a figure of merit on cutting tools by 
testing them to destruction. The author now indi- 
cated that there was a possibility of being able to 
take any cutting tool, and by the means he described 
measure how long it was likely to last in. dealing 
with any given material. As Mr. Herbert had 
pointed out, the characteristic dips in the work- 
hardness curve gave an explanation of things which 
had been known to other practical men for some time. 
If a piece of hardened carbon steel, such as a piece 
of watch spring, were bent into a U-shape between 
the fingers, all the tempering colours on it having 
been cleaned off, and it was then put into a spirit 
lamp flame and warmed up, long before any tem- 
pering colour appeared, that piece of steel would 
acquire a permanent set. Its elastic limit would be 
lowered. He took it that that point was some- 
where about Mr. Herbert’s D2 point. 

Much the same occurred with sheet zinc. Before 
the introduction of the dynamo, it was necessary to 
get electric current from bi-chromate batteries. 
In that connection, they used to bend up sheets of 
zine, putting them into a bucket of boiling water, 
after which they bent as easily as lead. Things like 
that probably occurred in connection with most of 
the materials with which they dealt. Every day 
properties were heard of, of which greater use ought 
to be made. It seemed to him that these things 
pointed to the fact that they had too long neglected 
the science of the workshop. Their study of mate- 
rials had been directed in the main to obtaining 
structures which would endure, whereas in the work- 
shop materials were taken and broken down. More 
knowledge was required of the properties of 
materials above the elastic limit; the author had 
made a beginning in showing how it was possible to 
investigate those properties. Among those factors 
was the effect of temperature. Engineers had known 
for a long time how to forge and melt the materials 
they used. They were now learning about the value 
of hot pressing and so on. The subject of high- 
pressure boilers was now under consideration. 
Many of the professors were turning their attention 
to the study of the properties at high temperatures 
of materials used for boilers. He wished they would 
extend their studies to an investigation of the pro- 
perties of the materials which could be used in the 
workshop. He thought Mr. Herbert’s success in 
these investigations was due to the fact that he 
combined the scientific mind and scientific know- 
ledge and method with practical experience. That 
was more and more what was needed in scientific 
research. 

Mr. R. C. Macdonald remarked that he was 
specially interested in one point. About 13 years 
ago. he had to punch a number of light armour 
plates about }-in. thick, the holes being about 4 in. 
in diameter. He could not state the composition. 
The press used failed after the first plate or two 
had been punched. He had then heated the plates to 
about 250 deg. F., and, on these being punched, the 
results were good. No special note was taken of the 
actual temperature, but it appeared that it was a 
close approximation to Mr. Herbert’s D2 tempera- 
ture. That was press work, but in connection with 
the heating of steel for the work of machining, an 
interesting field was opened up to the machine tool 
maker. 

Mr. F. E. Robinson felt the paper opened up 
great possibilities to those engaged in the machining 
of materials, particularly by the milling machine. 
The problem of the correct temperature at which to 
harden milling cutters, and that at which they 
should be reheated for different materials, was a 
serious one. It was possible to get certain results 
by means of the diamond hardness tester, but 
these might give no real indication of what had 





happened at the cutting edge of the tool. Mr. 
Herbert’s suggestions offered great possibilities for 
practical investigation in workshop laboratories 
equipped with such an apparatus as the author made. 
He regarded the tests with large single crystals 
as very important. In certain experiments con- 
nected with the drilling of long holes, he had noticed 
some extraordinary results in respect to the structure 
of the material. The form of the crystal growth in 
the original ingot might have much to do with the 
machining properties. There was some indication 
that if, in the case of large-crystal ingots, the 
material could be forged and drawn out into a long 
fibrous structure, there would be a marked difference 
in the quality of the hole that could be drilled. No 
indication at all had been found from the micro- 
structure of the material, but there was an indica- 
tion of potentialities in regard to the macrostructure 
of the material. If a study were made of the 
peculiar lines or bands of pearlite and ferrite which 
appeared in a steel specimen under heat treatment, 
the indication would be that when the lines were 
straight beautiful drilling would result. On the 
other hand, should there be any tendency for the 
lines to cross one another, the result would be 
different, i.e., a rough hole. 

Principal G. F. O’ Riordan observed that he would 
like to refer to Mr. Taylor’s remarks on science 
in the workshop. He felt this subject had been 
woefully neglected. He did not think that the 
technical institutions were entirely at fault, and he 
did not know whether employers in the engineering 
workshops had really. done all that they could. 
Nevertheless, it had been proved that where a 
management comprised men with a desire to take 
advantage of research work, excellent results could 
be obtained. As a consequence of real and hearty 
co-operation between engineering factories and a 
certain technical college in the Midlands, he had 
been able to perform very useful research work for 
the local industry. Personally, he would be glad 
of the opportunity of visiting workshops and 
carrying out work if allowed to do so. 

Mr. C. W. J. Taffs said that he had recently 
seen the Herbert pendulum hardness tester at 
work, and had been delighted with the simplicity 
of its operation and the consistency of its results 
when high degrees of hardness were measured 
(of the nature of 600 Brinell), which, with the 
Brinell or other testing apparatus, were not 
usually satisfactory. In connection with this 
pendulum tester, and the velvet-pile effect of the 
surface of the specimen, the harder the specimen, 
the shorter he thought was the pile of velvet with 
which, one could imagine, the surface would be 
covered ; therefore, there would be less resistance 
to the swing of the pendulum. The swing would, 
in consequence, be greater (this was Mr. Herbert’s 
scale hardness), and there would be a longer swing 
of the pendulum in time (Mr. Herbert’s time 
hardness). He felt that a rationale of the meaning 
of “hardness ” determined in that way was desir- 
able. 

Mr. W. F. Cully remarked that, as the subject of 
work-hardening had been brought up he would like 
to refer to the hardening occurring in the grinding 
and lapping of a specimen for hardness testing. 
Some time ago, in connection with the manufacture 
of watch springs, only one maker in England was 
working on the alloys which, he imagined, were used 
on the Continent 40 or 50 years ago. The steel 
was prepared by a good deal of hard work, and after 
hardening the springs were stretched and finally 
finished off by a very slow and laborious process of 
hand lapping. The manufacturer affirmed that the 
good results were almost entirely due to the 
hardening resulting in that final finishing. 

Lieut.-Col. E. Kitson Clark felt that he could 
only consider the relation of academic knowledge 
to workshop practice. When steel first came into 
use for boiler plates he had had cases of plates 
which, after being flanged at what was apparently 
a satisfactory temperature, developed cracks on 
cooling off, right down the flange. Advice from 
practical and technical men differed as to the 
correct temperature, and no help could be obtained 
that way. Consequently he had to leave it to the 
workmen, who relied upon their instinct; but that 
course was not satisfactory, though it proved 
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successful. He did not’defend these methods, but 
in practice they were satisfactory. Personally, he 
had been at it so long that he judged by eye, to a 
certain extent, just as the furnacemen did. This 
he hoped Mr. Herbert would teach them to replace 
by a method which would be more scientific. 

Mr. Percy M. Baker, M.B.E., thought Mr. 
Herbert’s apparatus a very interesting one to use, 
but on one point he entertained doubt. The ball 
with its weight was placed on the specimen which 
it slightly indented. The reason for the alteration 
in the time constant was that the ball was not rolling 
on a plane surface, but on a curve, which was 
possibly a portion of a curve struck with a larger 
radius than that of the ball itself, and dependent 
upon the hardness. This introduced a change 
of period of swing from that which it would have 
been on a plane surface. He entertained some 
doubt whether, in preparing a specimen by polishing 
and lapping, the structure of the material was not 
changed. Did results obtained on a polished surface 
agree with those on an unpolished surface ? 

Mr. S. G. Williams said it was known that no 
real definition of hardness existed. It was under- 
stood that orientation of the crystals, or something 
within the atomic structure of the material, per- 
mitted it to part sometimes more and sometimes less 
readily. A matter of say 50 deg. C., or 200 deg. C., 
did create a difference at the cutting edge of the 
tool and the material, so that the latter could be 
cut more freely. There were forces at work and 
changes taking place which were not understood 
at the moment, only the manifestations were per- 
ceived. What happened was clear, but not the 
reason why. A soft material did not necessarily 
cut more readily than a hard material. Hardness 
was not the problem when machining or tooling, 
and the ordinary Brinell test was by no means a 
criterion for the efficiency of machinability. 

Mr. A. J. Shrimpton said he had been trying 
to conjure up in his mind what the pendulum 
was really doing. The surface of the material 
was indented, and he wondered whether at the 
same time at certain temperatures the material 
became plastic, and the whole machine dropped 
so far into it that there would be a friction effect. 
It was interesting to speculate also as to what 
was being measured. Was it only the surface effect 
according to the indentation, or the change in 
the material that was taking place if the machine 
went into the body of the material ? 

Mr. W. H. Patchell said he hoped he would not 
be considered a heretic if he stated that he was 
rather. sorry that the paper had been brought 
forward ‘under the egis of the Cutting Tools 
Research Committee, because he was afraid that 
under that title a good many people would be 
prevented from seeing it who really ought ‘to 
study it. He thought that everybody who was 
working materials hot ought to read the paper. 
Colonel Kitson Clark had referred to some of the 
things that took place in a boiler shop. There 
were many other things that occurred in boiler 
shops that engineers did nat know, but which 
they ought to know. When some high-pressure 
boilers were required, he was once offered nickel steel 
boilers. He begged his clients not to touch them, 
as boiler makers were not 100 per cent. sound 
even with ordinary steels. If such knowledge as 
the author had put before the Members under 
the guise of the Cutting Tools Research Committee 
could be made common knowledge among those 
who had to heat materials, he thought it would be 
all the better for all concerned. 

The President said that ir connection with the 
heating of materials, in his own works they always 
heated nuts in order to cut them freely. He had 
read the paper and looked forward with delight 
to the time when in buying tool steel it would be 
possible to ask what was its figure of merit. That 
would be a great help to all engineers. The paper 
gave manufacturers an opportunity of making a 
move in that direction. 

Mr. E. G. Herbert, in reply, said he had often 
made work-hardening tests of hardened steel. A 
peculiar curve was obtained, but he had not found 
the D2 point in hardened steel. It occurred, 
almost universally, in unhardened steel. He 
thought probably the effect of bending zinc at quite 


a low temperature was something to do with that 
peculiar work-hardening temperature effect. It 
probably bent easier at one of those critical points. 
He was never able to get a good work-hardening 
results with zinc, so he did not know what the 
critical temperature was. He agreed entirely with 
what Mr. Taylor had said in connection with the 
scientific investigation of workshop problems, and 
especially on the question of what happened to 
metal when it was stressed beyond its elastic limit, 
as it always was in workshops. They had rather 
neglected the aspect of the flow of metals beyond 
their elastic limit. Mr. Macdonald gave a very 
interesting illustration of what he thought was 
most probably a D2 effect in the punching of holes 
in an armour plate. If Mr. Macdonald was working 
at about the temperature he stated, there was no 
doubt that it was a critical temperature for most 
steels, and if the punching went through very easily 
at that temperature, it was a confirmation of what 
his experiments would lead him to expect. 

There were cases in which, in taking a finishing 
cut, it had been shown that by increasing the 
cutting temperature they might get freer cutting and 
a better surface, but in the ordinary case, when they 
were doing high-production work, they were right 
up near the softening point of the steel, and the 
question that arose was to keep the temperature 
down. When travellers had called with the object 
of endeavouring to sell tool steels, he had, for some 
time, made it a habit of asking them what treatment 
they recommended for hardening it, what was its 
softening temperature, and what its hardness at 
650 degree? He had never once received answers 
to those questions, and he had found that a very 
convenient way of getting rid of his visitors. In con- 
nection with Mr. Cully’s remarks, he had prepared 
a great many specimens for hardness tests, and had 
always assumed that any machining process har- 
dened them considerably, but he did not think a 
lapping process hardened the surface, and he would 
be very much surprised to find that a careful and 
slow lapping process would affect the quality of a 
spring by work-hardening it. The properties of 
steel at forging temperatures was not part of the 
subject dealt with in the paper, and he was afraid 
he had not much information on that particular 
point. 

With the pendulum machine, the ball always 
made an impression very much like a Brinell 
impression, and it rolled about in it. He had taken 
a piece of mild steel and carefully made a time test 
impression, subsequently taking a section through 
it, and he had found that the radius of the curve 
was about 30 per cent. greater than the radius of the 
ball. The ball was rolling in a curve, which it very 
nearly fitted. Professor Benedicks had investigated 
the matter, and had found that the radius of the 
curve varied with the hardness of the specimen. 
It was very easy to get a sort of mental picture of 
what was happening with the pendulum if one took 
a small cylindrical body, and a curved piece of card- 
board, and set the cylinder rolling backwards and 
forwards, gradually increasing and diminishing the 
radius ofthe curve. As the radius was diminished the 
movement got quicker and quicker. Something 
of that kind undoubtedly did affect the time of the 
swing of the pendulum. He quite agreed with Mr. 
Williams that there was no connection between the 
Brinell test and the machinability. So far as he 
could ascertain, the pendulum rolled practically 
without friction. He had set it swinging and 
watched it for three-quarters of an hour before it 
came to rest, on certain specimens, and on measuring 
the amplitude he did not think there was any fric- 
tional effect at all. 

The President, in closing the meeting, expressed 
the hope that Mr. Herbert would complete his paper 
with a description of his pendulum tester. He also 
announced an informal meeting to take place to- 
night at 7 p.m., the subject for discussion being 
‘““Economics in Engineering,” to be introduced 
by Major S. J. Thompson. ‘The next general 
meeting would be held on Friday, the 16th inst., at 
6 p.m., when a paper on “Some Experimental 
Results from a Three-Cylinder Compound Loco- 
motive” would be submitted by Mr. Lawford Fry. 
The Annuai Dinner of the Institution would take 


THE SMITHFIELD CLUB SHOW: 

At one time the Smithfield Club Cattle Show 
probably afforded a quite exceptional opportunity 
for manufacturers of agricultural appliances to 
bring their products to the attention of farmers. 
Nowadays, however, its value in this respect is 
somewhat reduced, as the well-organised peripatetic 
exhibitions of the Royal Agricultural Society, and 
the numerous important local shows held throughout 
the country, afford a more convenient opportunity 
for enabling manufacturers to get in touch with 
local interests. To take only one instance in which 
the fixed location of the Smithfield Show limits its 
scope, it is now a very general custom for makers of 
tractors to offer potential customers an opportunity 
of seeing the machines at work under local condi- 
tions. In the case of the Royal Agriculturai 
Society’s shows, this usually merely involves an 
adjournment to an adjacent field, but a corresponding 
procedure at the Smithfield Show would involve a 
long journey from the Agricultural Hall, in which 
the show has been held continuously since 1862. In 
spite of. the obvious disadvantages of the location as 
a venue for the exhibition of implements, however, 
the show has long occupied a leading position as a 
live-stock exhibition, and the collection of agricultural 
appliances on view, although relatively small, has 
always been widely representative in character. 
The show, which opened on Monday last, is no excep- 
tion in this respect, as such diverse products as 
internal-combustion engines, windmills, transport 
vehicles and refrigerating plant are all represented, 
in addition to such purely agricultural products 
as binders, ploughs, beet-lifters, and so on. Occur- 
ring as it does at the fall of the year, it is hardly 
to be anticipated that the show will be marked by 
the introduction of very striking novelties, and this 
is confirmed by an examination of the exhibits, 
establishing that the great majority have already 
been on view at one or other of the leading shows 
held throughout the year. 

Apart from the introduction of self-contained 
electrically-driven units, to which we referred at 
length in our description of the Royal Agricultural 
Society’s show at Newport, improvements in field 
machinery in the last twelve months have been 
of a very minor nature, and have mostly been 
confined to efforts to decrease the draught by the 
extended use of ball bearings, and other detail 
alterations. To a great extent, the same remark 
might be made in reference to those appliances 
which, while being of great value on the farm, have 
a wider application, such as small internal-combus- 
tion engines. It may be observed, however, that 
the old-established firm of Messrs. Petters, Limited, 
Westland Works, Yeovil, are showing a new addi- 
tion to their range of small engines. The new 
model is made in three sizes, of 14, 3 and 5 brake 
horse-power respectively, and we illustrate the 3 h.p. 
engine in Fig. 1 annexed. The engines are of the 
hopper type, and are designed to run exclusively 
on petrol, a fuel which is preferred to paraffin 
by many users on account of its greater simplicity 
in use. It is, of course, open to the objection 
that it is more costly than the alternative fuel, 
but the fact that small engines on the farm 
are usually only required to run intermittently, 
together with their relatively high economy, 
results in the cost of fuel being very trifling in 
any case. The engine operates on the two-stroke 
cycle, and develops its rated power at 700 r.p.m. 
The base of the engine constitutes the fuel tank, 
and the petrol is raised from this tank to the 
carburettor by means of a small diaphragm pump. 
The governor, which is mounted on one of 
the flywheels, is connected to the throttle, and 
therefore regulates the charge at each revolution. 
The main bearings are ring lubricated, while the 
big-end bearing is supplied from an oil bath on the 
governor side of the engine. The piston is of cast 
iron, while the connecting rod and crank pin are 
machined from high-tensile steel forgings. As 
shown in the illustration, two flywheels are fitted, 
of ample size to secure even running. , 

Another new exhibit by the same firm is the 
forced-feed lubricator illustrated in Figs. 2 and 3, 
on page 757. This lubricator, known as the Calibra- 
tor, differs in several respects from the usual designs. 











place on Thursday, the 15th instant. 








It consists of the normal supply tank fitted with a 
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3-B.H.P. Two-StroKkE ENGINE ; 
Messrs. Petters, LIMITED. 


Fia. 1. 

















Fig. 4. Hypravtic Cak Jack; Mrssrs. TANGYES, 
LIMITED. 


gauge glass, as shown in Fig. 3, the special feature 
being in the arrangement of the independent 
pump units. The latter may be fitted to give from 
2 to 12 feeds, and a section through one of them is 
given in Fig. 2. The camshaft, shown on the 
right, is fitted with a separate cam for each unit, and 
is driven by rachet and pawl mechanism from any 
suitable part of the engine. Each pump unit con- 
sists of a phosphor-bronze pump body, bored to 
receive two hardened-steel plungers. These plungers 
are provided with a sheave partially encircling the 
eccentric, but with an open end to simplify dis- 
mantling. It will be noticed that there are no glands 
on the plungers, sealing being effected by means of 
oil rings. The operation of the pump unit is as 
follows: On the outward stroke, oil is drawn in, 
through the strainer, to the space between the 
spring-loaded and eccentric-driven plungers in the 
lower barrel. On the return stroke the inlet port is 


closed by the eccentric plunger, and the oil is carried 
in front of the latter, compressing the spring in 
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Fia. 3. 
Forcrp-Frrep Lusricator; Messrs. Petrrers, LIMIrep. 


Fies. 2 anv 3. 


the process, until it escapes through the passage, 
shown dotted in the figure, to the sight feed. From 
this point it passes to an opening in the side of the 
upper plunger barrel, and enters this barrel in the 
space between the two plungers, which are arranged 
in the same way as those in the lower barrel. On 
the next inward stroke of the eccentric-driven upper 
plunger, the supply passage is sealed, and the oil is 
delivered through the vertical opening shown, to the 
required bearing. It will be noticed that there are 
no spring-loaded ball valves in the apparatus, 
their place being taken by piston valves, so that 
there is no danger of a valve sticking, or alter- 
natively, being held open by a particle of grit. The 
quantity of oil delivered at each stroke can be 
regulated by altering the position of the left-hand 
plunger in the lower barrel, thus altering the length 
of the cylindrical oil space between the two plungers. 
The provision made for making this alteration will 
be clear from the section. Any required pump unit 
can be withdrawn from the oil tank by slacking off 
two nuts. It may be mentioned that when used 
for the lubrication of engine cylinders, &c., the 
Calibrator can be regulated to deliver a charge over 
several complete working strokes. 

Another small appliance, which would appear to 
prove of considerable service, is shown on the stand 
of Messrs. Tangyes, Limited, of Birmingham. The 
type of service jack usually supplied as part of the 
tool kit for either commercial or private vehicles, is 
notorious for its inefficiency and liability to total 
failure, though it is only fair to state that it often 
receives very bad treatment, owing to the failure 
of the majority of car makers to provide a proper 
seating on the axles. Apart from this, however, the 








average jack marketed for car use is too limited in 
its range, particularly since balloon or semi-balloon 
tyres have become standard equipment, and as the 
jack introduced by Messrs. Tangye, and illustrated 
in Fig. 4, annexed, overcomes the defects referred to, 
it should be assured of a large market. The jack is of 
the hydraulic type, oil being utilised as the working 
fluid, and is designed for a working load of 2 tons. 
The normal working travel is 4} in., and the height 
when closed is 7} in. The central adjusting screw 
has a range of 3} in., giving a total extended height 
of 15 in. The weight of the jack, complete with 
the operating lever, is 9 lb. The same firm are 
showing a range of hydraulic ship jacks, suitable 
for various loads from 12 tons to 200 tons. The 
bodies in all sizes are of cast iron, the same material 
being used for the, rams in the larger sizes, with 
a shrunk-on steel ring, while in sizes below 50-ton 
capacity the rams are wholly of steel. The pumps 
with their plungers are in gun-metal, and the 
cistern is arranged in all cases so that the jack 
can be used either horizontally or vertically. 

We do not propose to attempt any description 
of the exhibits as a whole, since, as already stated, 
the more important have previously been on view 
at other exhibitions, and have therefore been 
dealt with in our columns. Some of the machines 
shown, such as relatively-large Diesel engines, 
and a motor rail locomotive, would appear to be 
somewhat out of place, as it is difficult to conceive 
what interest such appliances can possess for the 
bulk of the visitors to the show. It is evident, 
however, from the representative collection of 
refrigerating plant, that the exhibits are intended 
to appeal to transport and marketing interests in 
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CUTTING TEMPERATURES* 
By E. G. HERBERT. 


ALL metal-working operations generate heat, and 
the metal worker, in his efforts to increase produc- 
tivity, finds himself limited by the inability of his 
tools to withstand higher temperatures. The greatest 
advance made in the productivity of metal-working 
industries was the raising of permissible cutting 
temperatures by the invention of high-speed steel. 
Further advance is to be sought in two directions, in 
tools capable of withstanding higher temperatures, 
and in work materials capable of being cut or otherwise 
deformed with a less production of heat. Although, 
in general, the limiting factor is the temperature 
generated in machining operations, it cannot be assumed 
that maximum productivity invariably coincides with 
maximum machining temperature. If any particular 
material offers a lessened resistance to deformation at a 
certain “‘ critical’’ range of temperatures, it may be 
possible to increase productivity by artificially raising 
the machining temperature above that generated by 
machining, so as to bring the metal within this critical 
range. 


liquids are generally employed to keep the cutting 
temperature below the softening point of the tool.* 
Attention has therefore been directed chiefly to the 
operations of presswork on sheet metal, which do not 
usually generate very high temperatures, and in which 
an artificial regulation of working temperature could 
be effected without difficulty, should this prove to be 
beneficial. 

The third part of the paper is a short résumé of the 
research work that has been carried out in the hope 
of finding the source of the work-hardening changes in 
metals. 

Part I.—Tue Hor Harpness or Toot STEEL. 


The term ‘‘ hot hardness”? has been adopted in 
preference to ‘‘ red hardness”’ because the property 
of remaining hard when heated, the distinguishing 
feature of high-speed steel, is effective at temperatures 
from 250 deg. C. to 650 deg. C., the greater part of this 
range being below red heat. The method adopted for 
measuring hot hardness was that of the time test made 
with the pendulum hardness tester, equipped with a 
spherical-faced diamond of a }$-mm. radius. The 
specimen was placed on the flat end of a steel bar 1} in. 
in diameter contained within an electric furnace. This 





The first part of the present work is an investigation 
of the heat-resisting properties of a high-speed steel, 


massive support served as a reservoir of heat, mini- 


then transferred to the high-temperature chamber 
and quickly brought to the desired temperature 
and quenched. The general method was to harden 
a series of specimens by one treatment only, at tempera- 
tures rising by intervals of 50 deg. from 800 deg. C., 
to make hot-hardness tests on these and select the 
hardening temperature which gave the best result. 
The specimens of the second series were hardened 
at the selected temperature, and were given secondary 
treatment at a range of temperatures rising from 
420 deg. C. The temperature of the first series was 
measured by a _platinum-rhodium-platinum couple 
encased in a small silica tube and inserted in a hole in 
the specimen. Difficulty being experienced through 
failure of the silica tube at the highest temperatures, a 
different method of temperature measurement was 
adopted in hardening the specimens of the second 
series, which received a secondary heat-treatment. 
These specimens were heated to 1,300 deg. C., measured 
by a disappearing-filament pyrometer, and were 
quenched in oil. For the secondary treatment, the 
specimen was placed in the electric furnace previously 
brought to the desired temperature. It was retained 
at that temperature for half an hour and then removed 


and allowed to cool naturally. 
hot-hardness 





First Series, Hardened Only.—The 




































































Fig.4. HOT-HARONESS CURVES OF SECOND SERIES, 
ALL HARDENED AT 1,300°C., AND SUBJECTED TO SECONDARY 
TREATMENT AT TEMPERATURES FROM 420°TO 700°C. 
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after being subjected to various primary and|mising fluctuations of 
secondary hardening temperatures. Much valuable temperature due to sur- 


work has been done in the past to find the hardening 





face radiation. 
The temperature was 








process capable of imparting maximum cutting effici- | 
ency to tool steel. The criterion adopted in most of | measured by an 
this work has been the performance of the tool in actual | constantan thermocouple ; 
cutting, and this must always be the ultimate criterion ; | inserted in a hole in the specimen. 
but owing to the great difficulty and expense of carry- | 
ing out reliable cutting tests, and the constant need of 
judging the efficiency of tools, it seems desirable to| was found to be soft. : K 
develop a simple process whereby their qualities may | of steel, 1} in. by } in. by } in., with a hole drilled in 
be measured without subjecting them to the costly | one end. Only one face of the specimen was tested, 
trial by cutting. The property by which it is here| this having been previously explored for uniformity 
attempted to gauge the efficiency of tool steel is ‘‘ hot | of hardness. Each determination consisted of from 
hardness.” Hardness is not the only quality which | 36 to 50 hardness tests, made on a surface area about 
determines tool efficiency, but it is the most essential | }-in. square which had been found by previous explora- 
factor, since a tool that is soft, or one that becomes | tion to be uniform in hardness. The specimen was 
soft under normal cutting conditions, is useless. An | not removed from the furnace during the determination, 
investigation of hot hardness is a means of determining | which occupied about three hours. The steel selected 
the predominant, though not the sole, factor in tool| for experiment was “ A.W. Premier”’ high-speed steel, 
efficiency. | the typical analysis of this steel, in percentages fur- 
The second part of the inquiry deals with the effect | nished by Messrs. Sir W. G. Armstrong, Whitworth 
of cutting temperatures on work materials, and has | and Company, being as follows :— ; 
special reference to the fact that steel and many other| Carbon, 0-70; chromium, 4; vanadium, 1; tung- 
metals show a marked decline in their capacity to work | sten, 18; silicon, 0-2; sulphur and phosphorus, 
harden, when they are within a restricted range of | below 0-02; manganese, 0-2. : 
temperatures, the “‘free-cutting range.” Facts have| The object being to ascertain the hardening treat- 
been adduced (The Engineer, 1926, vol. cxli., pages 238 | ment which would impart the maximum hot hardness to 
and 276)f which show that when metals are cut within | the steel at the highest temperatures, all preconcep- 
this range there is a lessened force on the tool, a| tions as to hardening procedure were set aside. The 
lessened generation of heat, a different character of| specimen was placed in the preheating chamber of 
chip, a more smoothly finished surface, and an in-| a gas furnace and allowed to soak at a dull-red heat, 
creased durability of the cutting tool. But it is not | __ 
onay te regulate the temperature generated bya cutting | * Vanick and Wickenden have shown (in a Paper 
tool, the evolution of heat being so great that cooling | before the American Society for Steel Treating, May 1926) 
| that there exist critical cutting conditions which result, 
* Cutting Tools Research Committee. Report on Cut-| respectively, in rough and smooth finish on a given steel, 
ting Temperatures ; their effect on Tools and on Materials | and that it is practicable to change from a rough to a 
Subjected to Work. Read before the Institution of | smooth finish by suitably increasing or decreasing the 


Mechanical Engineers, London, December 2, 1927. | speed, feed, depth of cut, or tool angle. This, apparently, 
Abridged. is an example of the regulation of cutting temperature 


+ ENGINEERING, vol. cxxi, pages 270-2. | to secure definite practical results. 


iron- 


close intervals of temperature until the specimen 
The specimens were blocks 




















commenced with the furnace cold, and repeated at | quenched at 800 deg. was quite soft. 


Fic. 6. Etrectric INSPECTION FURNACE. 


Tests were | curves of these specimens showed that the specimen 


That quenched 
at 850 deg. was found to have been slightly and 
unevenly hardened. Hot-hardness tests were not 
made_on these specimens. The cold hardness rose 
regularly with the hardening temperature from 800 deg. 
to 1,250 deg., and fell to 1,340 deg. C. The hot hardness 
at 500 deg. rose quite regularly with the hardening 
temperature from 900 deg. to 1,340 deg., and this 
applies génerally to the hot hardness at 300 deg., 400 
deg., and 600 deg., though the specimen hardened 
at 1,340 deg. was out of series at these temperatures. 
This range of temperatures from 300 deg. to 600 deg. is 
that of high-production cutting temperatures, and it is 
this range which must be extended if any general 
increase of productivity is to be accomplished. From 
this point of view, the steel hardened at 1,300 deg. was 
decidedly the best, as it possessed the highest hot 
hardness within the useful range and retained its 
hardness to the highest temperature, 610 deg. This 
hardening temperature (1,300 deg.) was, therefore, 
selected for the primary treatment of the second 
series of specimens which were to receive secondary 
treatment. The specimen hardened at 1,340 deg. 
was blistered, it was somewhat uneven in cold hardness, 
and its hot-hardness curve was irregular. 

Dempster Smith and Leigh have noted* the “ wave- 
like manner” in which the hardness of tool steel 
decreases as it is heated, and it was hoped that, by 
hardening specimens at a sequence of temperatures, it 
might be possible to trace the development of indi- 
vidual maxima and minima. The wavelike character 
of the hot-hardness curve was amply confirmed, and 

* Proc. I. Mech. E., 1925, vol. i, page 383, and 
ENGINEERING, vol. cxix, pages 357, and 364-6, 
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several features, such as the initial increase of hardness, 
the rather sudden fall in the neighbourhood of 200 deg., 
often followed by a, siight increase of hardness, were 
common to many of the specimens, but beyond this 
it was not possible to trace any general correspondence 
of maxima and minima. No systematic investigation 
was made of the influence of different cooling media on 
the hot hardness. The specimens hardened at the 
lower temperatures were quenched in water, and 
this was continued until, at hardening temperatures 
of 1,100 deg. and 1,150 deg., the specimens were cracked. 
Fresh specimens were hardened at these two tempera- 
tures and quenched in oil, which was used in all subse- 
quent primary treatments, without the occurrence 
of cracking. In specimens quenched at 1,100 deg. 
and 1,150 deg. in water and oil, respectively, there 
was no increase of hardness due to the more rapid 
cooling in water. 

Second Series, Primary and Secondary Heat-Treat- 
ments.—T hese specimens were all heated to the selected 
primary temperature 1,300 deg. and quenched in oil. 
They were then given secondary treatment for half an 
hour in the electric furnace at temperatures from 
420 deg. to 700 deg. and allowed to cool naturally. 
In Fig. 4, page 759, the hot-hardness curves of these | 
specimens are given, with the curve of the specimen | 
hardened only at 1,300 deg. It is apparent that the | 
secondary treatment at 650 deg. and 700 deg. lowered | 
the hardness over almost the whole range, while 
secondary treatment at 575 deg. and 620 deg. increased | 
the hot hardness over that of the “‘ hardened only ”’ | 
steel, at all temperatures between 250 deg. and | 
600 deg. Decidedly the best result was given by | 
the steel hardened at 1,300 deg. and retreated at | 
575 deg. It had not only the highest hot hardness, | 
but also the greatest range of hot hardness. The 
hot-hardness curves in Fig. 4 suggest a ready means | 
of appraising the merit of high-speed steel tools. The 
suggested method is that of adopting a “ figure of | 
merit’? which the tool should be required to attain | 
in a hot-hardness test. The figure of merit would 
necessarily consist of a hardness number and a 
temperature, and the quality of the tool would be | 
judged by a single hardness test at that temperature. | 
For example, the figure of merit 40/600 would denote | 
a diamond time hardness of 40 at 600 deg. C., as 
indicated by a large dot in Fig. 4. This figure of 
merit is surpassed by tools retreated at 420 deg., 
520 deg., 575 deg., and 620 deg. The figure 45/600 | 
is surpassed only by the steel retreated at 575 deg. | 

In selecting a figure of merit, regard would be paid 
to the class of work on which the tool might be required 
to operate. For example, mild steel having a low 
‘induced hardness ” (see Part II) would be cut with 
maximum efficiency, judged by output, by tools whose 
figure of merit consisted of a high-temperature 
coefficient and a moderate hardness coefficient, such 
as 40/650, whereas steel having a high work-hardening 
capacity and, therefore, a high ‘‘ maximum induced 
hardness,” would demand tools possessing a high 
degree of hot hardness, even though this occurred at 
a relatively low temperature. For such purposes, an 
appropriate figure of merit might be 50/400 or 53/400, 
as indicated by dots in the diagram. Either of these 
figures would be met by tools treated at 1,300 deg. 
and 575 deg. 

It has been shown by Dempster Smith and Leigh, 
and it has been repeatedly shown by tests made on 
the tool-steel testing machine, that a tool hardened 
only possesses greater durability at low cutting 
temperatures than one that has received secondary 
treatment. This would be anticipated from inspection 
of the curves in Fig. 4. At temperatures between 
100 deg. and 250 deg., the ‘“‘ hardened only” steel 
possesses greater hardness than any of the retreated 
steels. This has been shown* to be the range of 
cutting temperatures for tools operating under fine 
cuts at low speeds. An appropriate figure of merit 
for tools intended for such work might be 57/200, 
as indicated by a dot in Fig. 4. It is necessary to 
bear in mind, however, that a ‘hardened only” 
steel may be too brittle for tools of weak section. 

To facilitate the method of judging tools by a 
figure of merit based on hot hardness, the hot-hardness 
test should be made on the hot tool while it is still 
in the furnace at the close of the secondary heat- 
treatment, or the tools can be transferred singly 
from the treating furnace to a special inspection 
furnace, Fig. 6, in which they can be tested for hot 
hardness. The inspection furnace is electrically heated, 
and can be maintained at the temperature selected 
for hot inspection. A pyrometer, hinged to the sliding 
cover of the furnace, can be brought into contact 
with the surface of the tool where the hardness test is 
to be made. A hole in the furnace cover exposes the 
tool to the pyrometer, and, when this is lifted clear, 
serves to admit the pendulum diamond as shown. 
The tool rests on a fixed iron slab, and the outer 











* Proc. I. Mech. E., 1926, vol. i, page 289, and Enat- 
NEERING, vol, cxxi, pages 213-6. 








casing of the furnace can be raised or lowered so as 
to bring the opening in the cover close to the surface 
of the tool. 

It may be necessary to adopt a somewhat lower 
figure of merit if the hot-hardness inspection follows 
directly on the secondary heat-treatment without 
intermediate cooling. Thus, the steel hardened at 
1,300 deg. and reheated to 575 deg. was tested for 
hardness at every stage, with the results showing that 
the cold hardness was increased by the secondary 
treatment from 53 to 55-8, and that the hot hardness, 
44-2, which the steel possessed when in the treating 


Fig.9. TEMPERATURE WORK-HARDENING 
CURVE OF VICKERS TEST-BAR STEEL 
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furnace, increased to 49-5 as a result of allowing the 
specimen to cool after treatment at 575 deg. and slowly 
reheating it to that temperature while making the series 
of hot-hardness tests which resulted in the curve 
marked 575 deg. in Fig. 4. This significant increase 
of hot hardness may be evidence in favour of the ter- 
tiary heat-treatment sometimes advocated. It may 
have a bearing on the improvement which is some- 
times observed in cutting tools after they have been 
used and resharpened. The secondary treatments used 
in this investigation were applied for thirty minutes in 
every case. Similar results might have been obtained 
by the application of higher temperatures for a 
shorter time, but the less drastic treatment and the 
longer time period would be conducive to uniformity 
of results, besides facilitating the inspection for hot 
hardness which is advocated as an essential feature in 
the hardening of tools of high-speed steel. 


Part Il.—Tue Errect oF TEMPERATURE ON WoRK 
MATERIALS. 


The hardness of work materials gives but an imper- 
fect indication of their resistance to cutting tools, 
some metals, such as stainless steel and manganese- 
steel, being difficult to cut though soft, while some 
harder metals offer less resistance to the cutting tool. 
In a paper presented to the American Society of 
Mechanical Engineers,* the author has made an analysis 
of the hardness induced by cutting tools by compress- 
ing the metal before separation of the chip takes place, 
and the view has been put forward, supported by 
evidence, that resistance to cutting does not depend 
on the original hardness of the metal cut, but on the 
induced hardness in the path of the tool, this depending 








on the work-hardening capacity of the metal. A com- 
parison of a number of different metals showed that the 
hardness induced by the tool in the metal it was about 
to cut was approximately equal to the hardness in- 
duced by the first two passes of the ball in the pendu- 
lum time work-hardening test, and this hardness was 
taken to be a measure of the resistance offered by the 
metal to cutting. If resistance to machining depends on 
capacity for work-hardening, it follows that any 
change in this capacity will be accompanied by a 
corresponding change in resistance. Important 
changes in the work-hardening capacity of metals 
occur, at temperatures generally below 300 deg. C. 
Fig. 9 is a typical temperature work-hardening curve 
of steel, this being the Vickers test-bar steel 
(C, 0:65 per cent.; Mn, 0-83 per cent. ; Si, 0-29 per 
cent.; P, 0:03 per cent.; S, 0-03 per cent.) used for 
file test-bars and for the test tubes of the tool-steel 
testing machine. The ‘“ work-hardening capacity ”’ 
here plotted against temperature is measured by the 
** scale work-hardening test ” of the pendulum hardness 
tester, in which five successive scale tests are made on 
the same spot, the first scale reading (giving the original 
scale hardness of the specimen) being subtracted from 
the average of the next four, and this difference 
measures the average increase of scale hardness due to 
rolling four times with the 1-mm. pendulum ball. 

| Six principal features are almost invariably present 
| in the temperature work-hardening curve, three peaks. 
| Pl, P2, and P3, and three depressions D1, D2, D3. 
| Of these, the most important is the depression D2, 
which occurs in steel and iron at temperatures from 


TEMPERATURE DUCTILITY AND 
TEMPERATURE WORK-HARDENING 
CURVES OF SHEET STEEL. 
Depth of Impression 

Load 





4000 
4UUU 





8 
x 


Bo 





x 


nf 


Y 
f\ 
y 


3500 
wo 








3000 





2500 





Load in Lb 


2000 





1500 





we 





Di 


























0 ~=100° 200-300-400 500 
Temperature Degrees Centigrade 


120 deg. to 150 deg. C., and in non-ferrous metals 
generally below 100 deg. C. The effect of these changes 
on resistance to cutting has already been referred to. 
The present investigation is concerned with their 
effect on ductility. Work-hardening is known to be 
a very important factor in presswork operations on 
sheet metals, necessitating repeated annealing between 
stages, and the object of the investigation was to find 
whether, and to what extent, the changes in work- 
hardening capacity, and in particular the D2 decline 
in this property, could be turned to practical account 
by warming the metals to the critical D2 temperature 
and working them when in the condition of minimum 
work-hardening capacity. 

For the purpose of the experiment, a low-carbon 
sheet steel was selected. In its temperature work- 
hardening curve, the D2 minimum occurred at 140 
deg. C., the P2 maximum at 240 deg., and the P3 
maximum at 375 deg. For the temperature-ductility 
tests, a tool was constructed as shown in Fig. 11. The 
specimen A was a disc 1} in. diameter punched out 
of the sheet steel. It was placed in a recess in a cylin- 
drical steel body B and held in position by a screwed 
plug D. A hardened-steel ball E, 10 mm. in diameter, 
was inserted in a hole in the plug, and a hardened steel 
plunger F rested on the ball. The hole C below the 
specimen was 3-in. (15-87 mm.) in diameter, the thick- 
ness of the steel sheet being 0-060 in. (1-52 mm). 
Thus the clearance between the ball and the hole into 
which the specimen was to be pressed was 2-93 mm. 
or nearly double the thickness of the specimen. This 
free clearance was adopted to obviate any pinching 
of the specimen between the ball and the entrance to 
the hole. 

The result of this was that, when the ball was forced 





* Trans. Amer, Soc. Mech. E., 1926, vol. xlviii, page 705. 


down by the plunger, the part of the specimen situated 
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over the §-in. hole was placed in tension, with an 
absence of shearing or drawing stresses. An iron- 
constantan couple was inserted into the interior of the 
tool as shown, and the whole apparatus was placed in 
the electric furnace, which rested on the platen of a 
10,000-lb. Olsen universal testing machine, whose 
compression head was caused to bear on the plunger F. 
Arrangements were made for accurately measuring 
the movement of the plunger, this being the measure of 
the depth of the impression. The whole apparatus 
was raised to the desired temperature, which was 
maintained during the test. Load was applied by 
slow continuous operation of the testing machine, and 
periodical readings of load and deflection were taken 
until rupture occurred, this being clearly indicated by 
sudden decline of load and often by sound. 

Tests were made at a succession of 22 temperatures, 
ranging from cold to 450 deg. C., and the resulting 
curves of depth of impression and load at rupture are 
shown in Fig. 12, the temperature work-hardening curve 
of the sheet steel being drawn below for convenient 
reference. It appears that the depth of impression 
fell rapidly to a minimum at the temperature 143 deg., 
corresponding to D2, and rose almost continuously at 
higher temperatures. The load curve follows generally 
the impression curve, but falls rapidly from 360 deg. 
This result, though it shows a fairly close connection 
between work-hardening capacity and ductility, appears 
at first sight to lead to conclusions directly opposed 
to those which might be anticipated. If ductility is 
measured by the depth of the impression at rupture, 
then it appears that ductility is least when work- 
hardening capacity is ata minimum. Before adopting 
. this conclusion it is well to direct attention to known 
facts concerning the behaviour in tension of metals 
having a high work-hardening capacity. Experience 
shows that when such metals are tested in tension, 
failure occurs by a succession of local extensions 
occurring over the whole length of the specimen, 
and the total extension is greater than in a more ductile 
metal. There is ample evidence that this is what 
happened in the test described above. 

These experiments were repeated with a stainless-steel 
sheet kindly supplied by Messrs. Brown, Bayley’s Steel 
Works. The thickness of the sheet was 0-061 in., 
and its analysis: carbon, 0-11 per cent.; chromium, 
15-7 per cent.; and nickel, 10-5 percent. Temperature 
work-hardening tests were made on this steel with the 
pendulum fitted with a 1-mm. spherical-faced diamond, 
resulting in an abnormal form of this curve, which 
suggested that some slipping of the diamond ball had 
taken place. Slip is known to occur when work- 
hardening tests are made on very soft metals with a 
bright ball, but has never before been observed with 
specimens as hard as the stainless steel. To obviate 
slip, the tests were repeated, using instead of the 
diamond a 1-mm. steel ball roughened by etching with 
weak nitric acid. The resulting curve is no doubt 
the true work-hardening curve of the steel. All the 
six characteristic features are present, the D2 depression 
occurring at 136 deg. C. Ductility tests were made 
with the tool shown in Fig. 11, and discs of the stainless- 
steel sheet. The load fell continuously from 7,060 lb. 
at room temperature to 4,559 lb. at the D2 temperature, 
136 deg. There was no indication of a P1 maximum, 
but both the load and the depth of impression rose to 
a maximum corresponding with P3 (300 deg. C.). 
Reviewing the ductility tests on the two steels and 
their respective work-hardening curves, it appears that 
the Pl and P2 maxima of work-hardening capacity are 
comparatively unimportant in their effect on ductility, 
that there is a marked minimum corresponding to D2, 
and that the principal change of ductility occurs in the 
wide range of temperatures between room temperature 
and P3. It is significant that precisely these charac- 
teristics are found in the false work-hardening curve 
made with the diamond. It is not known what caused 
the diamond to slip only at temperatures between 
room temperature and P3, but the cause was probably 
connected with the change in the ductility of the steel 
between these temperatures. 

The ductility tests were repeated with sheet brass. 
In this case also there was a change of ductility at 
the D2 temperature, 36 deg. C., but, as in the cases 
of the two steels, it was not easy to infer the precise 
nature of the change in ductility, because of the per- 
missive character of the rupture when the specimen is 
in tension. In a test of this character, any serious 
local weakening of the specimen causes a concentration 
of the breaking stress at the weakened spot, and early 
rupture under a light load may be a sign of ductility 
rather than of its absence. It is therefore proposed 
to pursue the investigation, using a ductility test from 
which the permissive element of rupture in tension will 
be eliminated, and further to experiment with actual 
presswork operations conducted at the critical tempera- 
tures of low work-hardening. In selecting the tem- 
peratures for such experiments, it may be necessary 
to allow for the rise of temperature caused by deforma- 
tion of the metal in the dies. Some experiments have 





been carried out, using the ‘“‘ tool-work thermocouple” 
method and the string galvanometer* with a view to 
measuring the temperatures generated by some simple 
presswork operations. These experiments are not 
completed, and are reserved for a future report. 


Part III.—Tue CHANGES IN WorK-HARDENING 
CAPACITY WITH TEMPERATURE. 


Much research work has been carried out in an 
endeavour to trace the origin of the remarkable changes 
at low temperatures which have been revealed by the 
pendulum work-hardening tests. The ordinary metal- 
lographic methods with etched specimens were not 
available, since these changes occur at temperatures far 
below those associated with the known chemical and 
molecular changes in metals. The method adopted 
has been that of straining polished, but unetched, 
specimens at the critical temperatures previously ascer- 
tained, especially D2, P2, and P3, and examining the 
flow pattern in the polished surface. The method of 
straining commonly adopted was that of screwing a 
pair of polished specimens together face to face, but 
separated by a thin plate of mica to prevent contact, 
‘and making pendulum tests along the contiguous edges 
of the specimens while they were in the electric furnace 
at the desired temperature. 

As a result of many such experiments, on a wide 
variety of metals, it was concluded that at the D2 
temperature there was a tendency for slip to take place 
at the crystal boundaries, this tendency being absent, or 
less marked, at higher and lower temperatures. The 
evidence of boundary slip seemed clear in the cases of 


Fig.19.TEMPERATURE WORK-HARDENING 
CURVES OF FINE-GRAINED CARBONLESS 
IRON, AND OF SINGLE IRON CRYSTAL 
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aluminium-bronze and tin, doubtful in the case of steels 
generally, and absent in brass, copper and several other 
metals. It seemed desirable to ascertain whether the 
phenomenon was one of crystallisation, and if so whether 
it was confined to something happening at the crystal 
boundaries, and Professor F. C. Thompson suggested 
that these questions could best be settled by making 
temperature work-hardening tests on very large single 
crystals, so as to eliminate boundary effects altogether. 
Dr. H. C. H. Carpenter kindly supplied specimens of 
aluminium containing single crystals up to 4 in. long, 
also a specimen of the same metal in a finely crystalline 
state. Temperature work-hardening tests were made 
on these specimens. The tests on the single crystal 
showed an almost entire absence of fluctuations. Those 
on the fine-grained metal showed decided fluctuations, 
but the form of the curve is abnormal, and the charac- 
teristic features of the typical curve cannot be identified 
with certainty. This result being somewhat incon- 
clusive, application was made to Mr. L. B. Pfeil, of 
Swansea University College, who kindly supplied a 
specimen of carbonless iron .containing very large 
crystals, 14 to 2 in. long, and a specimen of the same 
iron in a finely-crystalline state. 

Temperature work-hardening tests were made on 
these specimens and the resulting curves are shown in 
Fig. 19. The fine-grained iron gave a perfectly normal 
curve with all the six critical points easy to identify, 
the D2 depression occurring at 120 deg. C. The tests 
on the single crystal were made at close intervals of 
temperature and the readings were very consistent. 
Forty-three tests were made, each consisting of five 
hardness measurements. These 215 hardness tests 
were made within an area § in. in diameter in the centre 
of a single crystal. The curve is abnormal in form, but 
shows a definite minimum at 120 degrees corresponding 
to D2, and maxima corresponding approximately with 
P2and P3. The inferences drawn from these investiga- 
tions are, that the phenomenon is one of crystallisation, 
that it is not, in iron, confined to the crystal boundaries, 


but that in both iron and aluminium it is affected by 
the presence or absence of boundaries. The funda- 
mental investigation will be pursued, With such guidance 
as can be obtained from these clués. Metallurgists 
might well devote some attention fo phenomena of 
undoubted theoretical interest, which promise to be of 
practical importance in relation to metal-working 
operations. The low-temperature changes in metals 
appear to have received but scant attention, except 
in the case of work done by Professor Thompson and 
his associates. In a paper on “ The Changes in Iron 
and Steel below 400 deg. C.,” by Goffey and Thompson,* 
much evidence has been collected of low-temperature 
changes, and experiments are described in which steel 
wires were tested in torsion at various temperatures and 
the limit of proportionality measured. 


PRAcTICAL APPLICATIONS. 


The capacity of high-speed steel for rapid removal 
of metal depends mainly on its hot hardness. This 
property can only be measured by cutting tests at high 
temperatures or by hot-hardness tests made on the 
hot steel. Cutting tests with individual tools being 
generally impracticable, the hot-hardness test remains 
as the only practical method of prejudging the quality 
of high-speed steel tools. It is desirable that all 
concerned with the efficiency of high-speed steel should 
be acquainted with the hot-hardness curve of the 
particular steel and hardening process employed. The 
hot-hardness curve being known, a suitable “ figure of 
merit ” can be selected, as, for instance, 40/600 denoting 
a diamond time hardness of 40 at 600 deg. C., and a 
single hardness test on the tool at the selected tem- 
perature will show whether it conforms to the standard 
adopted. In cases with a secondary heat-treatment, 
the hot-hardness test can be made while the tool is still 
at the secondary temperature, being transferred to an 
inspection furnace in which the temperature can be 
maintained while the test is made. A figure of merit 
based on hot hardness can be used for specification 
purposes in the purchase of high-speed steel tools. In 
order that a tool may cut a given metal without undue 
wear, it is necessary that the hardness of the tool 
should exceed the hardness of the metal in a certain 
proportion. The actual proportion will depend on 
the standard of durability adopted (e.g., 20 minutes or 
1 hour between sharpenings). Since cutting heats 
the tool and work hardens the metal before cutting it, 
the significant tool/work hardness ratio is that between 
the hot hardness of the tool and the work-hardened 
or induced hardness of the metal. 

In selecting a figure of merit to which the hot 
hardness of tools must conform, regard may be had 
to the kind of work on which the tools are to be used. 
The standard of hot hardness may require to be hotter 
in one case, harder in another, while, in yet another, hot 
hardness may be less important than cold or cool 
hardness. 

As examples of the three cases it may be required— 

(a) To obtain maximum rate of removal of mild 
steel A. 

(6) To obtain maximum rate of removal of stainless 
steel B. 

(c) To obtain maximum tool durability in a 
finishing tool. 

Time work-hardening tests on steels A and B gave 
the following results :— 


Maximum Approx. 
Induced Brinell 
Hardness. No. 
Steel A 31-5 315 
Steel B 44 440 


The problem is to select figures of merit for tools in- 
tended to cut steel A having maximum induced hardness 
31-5 (315 Brinell), and steel B having maximum 
induced hardness 44-0 (440 Brinell). Referring to the 
hot-hardness curves, Fig. 4, it is seen that heat-treat- 
ment at 1,300 deg. and 575 deg. would allow a figure of 
merit 45/600. Diamond time hardness 45 is equivalent 
to Brinell 610, and the tool/work ratios would be 
Brinell 610/315 = 1-94 for mild steel A, and 610/440 = 
1-37 for stainless steel B. A tool/work hardness ratio 
of 1-37 is probably too low for tool durability, and it 
may be decided to adopt, for cutting stainless steel B, 
a figure of merit 55/400 which would still be fulfilled 
by the tool hardened at 1,300 deg. and 575 deg. Dia- 
mond time hardness 55 is equivalent to 740 Brinell. 
The tool/work hardness ratio would therefore be 740/440 
= 1-68. Cutting would have to be done at a lower 
cutting temperature and at a much lower speed, owing 
to the greater heat-generating propertics of the steel 
having higher induced hardness. The tool would also 
be less durable than in the former case, owing to the 
lower tool/work hardness ratio. 

To meet the third case, in which light cuts are to be 
taken at low or moderate speeds, the cutting tem- 
perature will be low, and high hot hardness is of no 
advantage. A figure of merit 57/200 is suggested for 





* Proc. I. Mech. E., 1926, vol. i, page 289, and Ener- 
NEERING, vol. cxxi, pages 185, 213, and 270. 





* Journal of the Iron and Steel Institute, 1923, No. 1, 
page 465. 
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tools intended for low-temperature cutting, and this 
would only be met by the steel which has been hardened 
but not retreated. Experience has shown that tools 
which have been hardened only are more durable than 
those which have received secondary treatment, when 
used under conditions which generate little heat and 
are not liable to cause breakage. 

7. There is an intimate connection between the work- 
hardening capacity of metals and their ductility. The 
known changes in work-hardening capacity with tem- 
perature are accompanied by changes in ductility, 
and there is ground for believing that presswork on 
sheet metals can be facilitated by warming the metals 
and working them at or near the D2 temperature, 
which coincides with minimum work-hardening capacity. 
The D2 change point has been found in brasses at 36 deg. 
and 75 deg. C., and in iron and various steels at 120 deg. 
to 140 deg. C. In determining the working tem- 
perature, it may be necessary to make a deduction from 
the D2 temperature on account of the rise of temperature 
caused by machining. x 





FLAME-PROOF ELECTRICAL 
APPARATUS FOR COAL MINES. 


Tue Safety of Mines Research Board have for 
some time been investigating the methods, whereby a 
spark which occurs within an electrical apparatus can 
be prevented from igniting the surrounding explosive 
gas. In general, this necessitates the enclosure of the 
equipment in a flame-proof container, but at the same 
time adequate means must be provided for the release 
of the internal pressure, and the problem arises how 
this can best be done. The Board have, therefore, 
undertaken a research into the general subject of 
the release of pressure from partially-closed vessels, 
and have already published two reports on flame- 
proof electrical apparatus, fitted with flange and 
perforated plate protection, respectively.* A third 
reportt on ring relief protection has recently been 
issued, and contains some interesting information on 
an important subject. 

In flange protection, the pressure produced by the 
explosion is released at flanged joints, the width of, 
and the spacing between, which is such that the flame 
cannot reach the outer atmosphere. In perforated 
plate protection, the pressure is, in addition, released 
through holes covered by perforated plates, through 
which the flame cannot pass. With casings of large 
volume, however, it is evident that the total area of 
gap of safe width which can be left at flanged joints, 
may be insufficient to afford an adequate release of 
pressure, The ring relief device embodies the principle 
of flange protection, but is a development of it, in that 
it provides a number of gaps. 

The majority of the experiments described in the 
report were made with an eight-litre spherically-shaped 
vessel, the design of which enabled an explosive mixture 
ignited centrally to devolop its maximum pressure on 
the walls. Six bolts were screwed into the top of this 
vessel on a flange of 4-in. internal diameter. A number 
of rings, separated from each other by narrow distance 
pieces, arranged radially and equally spaced, were 
assembled within the cage formed by the six bolts, 
and were held in position by a circular brass plate. 
The interior of the vessel, therefore, communicated 
with the outer air through the series of gaps between 
the rings. The rings were stampings of copper plate, 
0-04 in. in thickness, and their external diameter was 
maintained constant at 6 in. throughout the experi- 
ments. The internal diameter was, however, 2 in., 
3 in. and 4 in. in different series, thus providing rings 
of 2 in., 1} in. and 1 in. width, respectively. The 
distance pieces were rectangular strips of brass, 1 in. 
broad, and of the same width as the rings. Variation 
in the width of the gap was obtained by varying the 
thickness of the distance pieces from 0-01 in. to 0-06 in. 

The first series of experiments were concerned 
mainly with the release of pressure afforded by different 
arrangements of the rings. The explosion vessel, in 
each experiment, was filled with a mixture of methane 
and air, containing between 9-2 per cent. and 9-8 per 
cent. of methane. This mixture was ignited at the 
centre. The vessel was surrounced by an atmosphere 
containing between 8 per cent. and 10 per cent. of 
methane, but in no instance was shis mixture ignited. 
The various experiments, the results of which are set 
out in detail in the report, showed that the maximum 
pressure developed within the vessel decreased with 
an increase in the number of rings, with an increase 
in the width of the gap between consecutive rings, and 
with a decrease in the width of the rings. A possible 
explanation of the last factor is that, although an 
increase in the width of the rings may afford increased 





* See ENGINEERING, vol. cxxii, page 166. 

+ Safety in Mines Research Board. Paper No. 35.— 
Flame-Proof Electrical Apparatus for Use in Coal Mines. 
Third Report. Ring Relief Protection. by H. Rainford 
and R. V. Wheeler, H.M. Stationery Office, Is. net. 
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frictional resistance to the passage of the gases between 
them, it also provides an increased area of cooling 
surface, thereby causing a great reduction in the 
temperature of the expelled gases. Comparisons also 
showed that, under equal conditions, the release of pres- 
sure afforded by the ring device wasconsiderably greater 
than with a flange. This may be because a consider- 
able quantity of unburnt gases is expelled through the 
opening in advance of the flame. As in previous 
experiments, it was found that central ignition produced 
the highest pressures. 

Of the three factors—width of gap, width of ring 
and number of rings—on which the release of pressure 
in the ring relief depends, the width of the gap between 
consecutive rings is the most important. The second 
series of experiments, therefore, sought to determine 
the maximum width of gap between consecutive rings 
that could be used with safety for different conditions, 
as regards the number and width of the rings, the 
composition of the inflammable mixture within the 
enclosure, and the position of the point of ignition of 
the mixture. The results showed that the widest gap, 
through which the flame would not pass was 0-04 in. 
When the width of the gap was increased to 0-05 in., 
rings 2 in. or 14 in. wide were safe, but rings 1 in. 
wide allowed the flame to pass between them. Sets 
of rings, which were safe when the ignition was central, 
allowed flame to pass when the mixture was ignited 
close to them. With a given number of rings and a 
given width of gap between them, the effect of reducing 
their width was to increase the likelihood of flame 
passing through the gap and igniting the inflammable 
mixture outside. This is due to the fact that a reduc- 
tion in the width of the rings decreases the total 
cooling surface exposed to the flame. 

Having determined the minimum width of gap 
(0-05 in.), through which a flame would pass, when a 
set of 10 rings each 1 in. in width was used, experi- 
ments were made in which approximately the same 
total area as in this arrangement was provided by 
using a large number of rings. In no instance did the 
flame pass. In order to determine whether there was 
more danger of the flame passing through the device 
when the mixture within the vessel propagated flame 
slowly, a series of tests was made with a mixture 
containing 7-35 per cent. of methane. All the arrange- 
ments of rings which prevented the passage of flame 
with the most explosive mixture (9-5 to 10 per cent. 
methane) were also found to be safe with the slower- 
burning mixture. 

To obtain information regarding the effect of an 
increase in the volume of the enclosure on the release 
of pressure, a cubical box of welded-steel plate with a 
capacity of 33 cub. ft. was used. This was provided 


with two circular holes 4 in. in diameter, over which | 


a series of rings could be bolted. Experiments were 
made solely with arrangements of rings through which 
the flame from an explosion of a 9-5 per cent. methane- 
air mixture did not pass, and records were obtained 
regarding the release of pressure only, there being no 
inflammable mixture surrounding the casing. The 
widths of gap between consecutive rings, used in these 
experiments were 0-01 in. and 0-02 in., the width of 
the rings being 1} in. Ten rings were used in the 
first experiment, and their number was increased by 
this number up to 40. The results show that the latter 
arrangement allowed of a complete release of pressure. 

The action of the ring-relief device in preventing 
explosions is explained as follows: When a mixture of 
firedamp and air is exploded within a partially-closed 
vessel, the burnt and burning gases issuing from 
the enclosure, are cooled either by the abstraction of 
heat by the solid surfaces or by expansion. If the 
ring-relief device comprises a few rings only, the gas 
passes through the gap so rapidly that the cooling 
effect is small. On the other hand, the expansion 
effect is considerable. When many rings are used 
the opposite is the case, cooling being the predominating 
factor. If the width of the gap does not exceed 
0-04 between consecutive rings, both methods of 
cooling are operative, independently of the pressure 
developed within the enclosure. When the width of 
the gap exceeds this amount, neither method of cooling 
is sufficient to prevent the flame or hot gases capable 
of igniting an external inflammable mixture from 
passing through the device. These conclusions are 
similar to those reached by Beyling.* The action of 
the ring-relief device is, in fact, similar to that of the 
perforated plate device, though the former is more 
effective, being incapable of passing a flame even 
though considerable pressure is developed within 
the enclosure. 

The general conclusion drawn from the experiments, 
described in this report, is that the ring-relief device 
is a satisfactory means of releasing the pressure from 
a fire-damp explosion within the casing of mining 
electrical apparatus, and at the same time of preventing 
the passage of flame. The open area provided by the 





* Glickauf, 1906, vol. xlii, p. 1. 





device affords ample release of pressure when the 
width of gap between consecutive rings is not more 
than 0-02 in., whilst the passage of flame does not 
occur when the gaps are 0-04 in. in width. The width 
of the rings should be 14 in., but need not be more. 
To be completely effective as regards the release of 
pressure, the total open area provided by the device 
should be not less than 1-3 sq. in. per cubic foot of 
free space within the enclosure. 

The work dealt with in this report was carried out 
jointly under the Safety in Mines Research Board and 
the British Electrical and Allied Industries Research 
Association. 





THE AUSTRO-DAIMLER TUBULAR 
FRAME MOTOR-CAR CHASSIS. 


TuBvuLaRr chassis frames, as an alternative construction 
to the familiar and normal form of rectangular frame, 
are not novel. This form was used by Lewis, the 
designer of the first Rover 8 h.p. car, over twenty years 
ago, and it has since been employed by more than one 
French builder. Ford and others have also used it, with 
modifications, for light agricultural and road tractors. 
In the form just introduced by the Austro-Daimler 
Company, whose British headquarters are at 18, Great 
Portland-street, W, the ideal aimed at is lightness, 
combined with unusual flexibility and adaptability 
of the back axle and wheels to follow irregularities 
of the road surface. The movement thus provided is 
obtained by making the inner ends of the axle casing 
half-spheres which register, after the manner of a ball 
and cup, with the differential driving gear casing. The 
frame, which is illustrated in Figs. 1 and 2, opposite, 
consists essentially of three wrought steel parts, viz. : 
the tubular central trunk, which is rigid and encloses 
the propeller shaft and acts as a torque and distance 
stay; the embossed oval for the axle casing-sleeves ; 
and the channel-section fore part of the frame. The 
latter consists of two channels forming side bearers 
| supporting the engine and gear-box unit and carrying 
| the suspension, which is by semi-elliptical fore-and-aft 
| springs placed under the frame member and stiffened 
| by friction dampers. It provides, also, the cross-stay 
| support for the radiator. Considered as a structure, 
the fore part of the frame is Y-shaped, the two limbs 
meeting in a cross-bolted joint about the neck of the 
torque tube or central trunk. The upper and lower 
halves of the differential axle casing are clamped to 
the rear part of the central tube, which is continued 
aft of the differential casing. At its extremity it 
carries a cross member, considerably raised above 
the tube extension. This member forms the back 
anchorage post for the body, the front of the body 
resting on the forked section of the frame. The fuel 
| tank is located between the rear body anchorage posts, 
| and has a central arch cavity to clear the rear-end of 
| the tube. 

The rear suspension is interesting and simple. Each 
wheel has a short transverse cantilever suspension, 
| the idea being to make both wheels free to displace 
| independently, but without flutter or bounce. The 
| rigid ends of the springs meet at the centre under the 
|axle casing. Their rebound is damped by a flat leaf 
spring, also transverse, between the short cantilever 
| springs, and attached to them by bands at a distance 
of some 12 in. from the outer ends of the cantilevers. 
Thus the free movement of the springs is limited to 
the length of about 12 in. between the brake plate or 
wheel-hub and the damper spring, but as the latter is 
also a laminated leaf spring, it provides the means for 
absorbing abnormal shocks transmitted through the 
cantilever springs. Each axle-shaft casing, it will be 
understood, is permitted a limited amount of angular 
movement, thus giving independent movement to each 
rear wheel. The central tube carries radial bearers or 
brackets to which the running boards are clamped. 
Lugs riveted to the tube provide anchorages for the 
battery-box bearers, &c. The wheel base is 11 ft. 6in., 
and the wheel track is 4 ft. 74 in. (front) and 4 ft. 83 in. 
(rear). There is a 9 in. minimum ground clearance 
and the height of the body-floor is 18in. from the ground. 
This combination of a light frame and low frame height 
results in a low centre of gravity, without reducing 
ground clearance, and is taken advantage of for mount- 
ing roomy and lofty bodies of the saloon and similar 
enclosed types. The chassis weighs 19 cwt., which is 
about 2 ewt. lighter than a normal chassis of the same 
size and power. A further saving of 2 cwt. is gained 
in respect of the body, giving a total saving of 4 cwt. 

The engine has six cylinders cast en bloc with the crank- 
case in Silumin alloy. The cylinders: are fitted with 
liners, and have a bore and piston stroke of 76 mm. 
and 110 mm. (2-99 in. by 4-33 in.). The valves and 
camshaft are overhead, the valves being in parallel rows 
and operated by pivoted arms. The camshaft is driven 
by a vertical spindle, in common with the magneto and 
a dynamo, at the rear of the engine, the magneto 
and dynamo being placed transversely. A spiral gear 
is used for this triple drive. The cooling water and the 
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Fie. 2. 
oil are circulated by pumps, and the fuel feed is by an} HIGHER STEAM PRESSURES, AND 
Autovac from the large tank at the rear. The engine de- : 


velops 70 brake horse-power at 3,000 r.p.m., but is rated | THEIR APPLICATION TO THE 

at 21-6 h.p. The carburettor is a Zenith, of the triple- | STEAM TURBINE. 

diffuser type. The transmission is by a plate clutch| By A. H. Law, M.LE.E., and J. P. Currrenpen. 

and four-speed gear box, with central gear and brake | y 

levers, and spiral-bevel final reduction. Rudge-Whit- | I eS iy —_ ses h 

worth wire wheels, with 32 in. by 6-2 in. low-pressure | nfluence of High-Pressures on Turbine Design. The 
adoption of a larger number of stages implies small 


tyres, are fitted. There are-expanding shoe brekes on | diameters, which in turn enable the machine to be 


both axles and they are servo and pedal operated. The} |“. é : ie 
hand brake operates independently on the rear wheels. | designed with greater nozzle and blade heights. This is 


The steering is light, even at low speeds, and free from of particular importance at the high-pressure end, and, 
shocks on rough roads. This is chiefly due to the special | to a large extent, counteracts the effect of the increased 


type of front shock absorber. The independent move- density of the steam at the higher pee Fig. 22, 
ment of the rear wheels, it is found, tends to reduce | 0% Pase 764, shows the reduction _ the nozzle height 
skidding and has a steadying effect on the car when | of the first stage of a turbine as the initial pressure in- 
braking or rounding curves | creases at constant temperature. It is assumed that the 
; steam quantity is 100,000 lb. per hour at 200 lb. per 

| sq. in. abs., the quantity being corrected at the higher 
THE Junior INSTITUTION OF ENGINEERS.—“ The Nile pressures for greater available heat and somewhat lower 
and the Use of its Waters” was the subject chosen by | turbine efficiency. A constant ratio of blade speed to 
Sir Murdoch Macdonald for his recent presidential address | steam speed of 0-45 is assumed. From this it will be 
to this Institution. He described the possibilities of | realised that a very considerable decrease in stage 


further land reclamation and irrigation improvements, | : : F 
and discussed the constructional works at present under | mean diameter is necessary if reasonable nozzle and 


consideration. One scheme suggested was the heighten- | blade heights are to be obtained at the higher pressures. 
ing of the Assouan Dam by 7 m., which, so far as stability This is important, since the influence of nozzle and 
was concerned, would be perfectly safe. The Gebel | blade height on stage efficiency is very considerable. 
Aulia site for a new dam and reservoir on the White | In a paper read at a meeting of the Schiffbautechnischen 
Nile, just beyond Khartoum, was an excellent position, and 
a relatively low dam, built on the sandstone formation, | 
would be capable of retaining a large volume of water. | Engineers, on November 3, 1927. 














* Paper read before the Institution of Electrical 
Abridged. 











Gesellschaft, on ‘*‘ The Modern Steam Turbine and its 
Application to Ship Propulsion,”’* Professor Dr. E. A. 
Kraft referred to American tests which indicate that 
there is a falling off in efficiency from 97-5 per cent. to 
89 per cent. as the height decreases from 100 mm. 
(4 in. approx.) to 5 mm. (0-2 in. approx.). Whilst 
care in the design and finish of the nozzles will minimize 
this falling off to a certain degree, the experience of the 
authors and other investigators shows that the shorter 
nozzles and blades are undoubtedly less efficient at both 
normal and higher pressures. The results of experi- 
ments with varying heights, for both reaction and 
impulse blading, are shown in Fig. 23. The fact that 
greater blade heights are possible when using small stage 
diameters renders it unnecessary, in many instances, 
to design the high-pressure turbine with partial admis- 
sion to the first stage, and hence an increase in turbine 
efficiency, due to a decreased windage or circulating loss, 
is possible. 

The employment of smaller diameters has also had 
a considerable effect on the design of the rotor, and has 
led to the introduction of a rotor machined from the 
solid. This design has been adopted in several instances ; 
see Figs. 12, 16, 19, 20 and 21, on pages 728, 730 and 731, 
ante. Fora given number of stages, this design results in 
a reduction of weight and overall length, and, since the 
discs also add to the strength of the rotor instead of 
being merely dead weight, is a more rigid construction. 





* See The Engineer, vol. cxlii, page 603. 
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Further, for a given blade loading and peripheral 
speed, the maximum disc stress is less than in the case 
of discs mounted separately on the shaft, as is well 
shown in Fig. 24. The two types of discs A and B, 
for the “solid” and “ separate ’’ constructions, respec- 
tively, are shown approximately to scale, and the 
corresponding stresses are represented -by curves A 
and B. The third disc C, in dotted lines, shows the 
increased scantling necessary to reduce the maximum 
stress in the “‘ separate ” disc to that of dise A. Apart 
from these advantages, this construction lends itself 
to a gain in efficiency owing to a reduction in the 
diameter of the glands and, consequently, a reduction 
in the gland leakage. 





example, it will be noted that the horizontal joint only 
is subject to the highest pressures, and it has been 
stated that this has remained perfectly tight and has 
presented no sign of leakage. In this connection, it 
may be noted that extremely deep flanges are used on 
all body joints so as to reduce, as far as possible, the 
bending stress in the flange and, by the use of long 
bolts, make sufficient allowance for expansion under 
high temperatures. In the case of an experimental 
machine of similar size, built by the Westinghouse 
Electric and Manufacturing Company, it is under- 
stood that the casing has been made from solid rectan- 
gular blocks of steel, bored and otherwise machined to 
the necessary shape. In some instances, notably in 


With regard to the method of blade attachment, | the high-pressure cylinder of the Erste-Briinner 
designers do not seem to have found it necessary to | machine at Witkowitz and the Escher, Wyss 1,000-kw. 
depart to any great extent from standard practice, machine at Siemensstadt, the horizontal joint has 
especially since blade heights, and consequently root | been eliminated altogether, and the only joint is a 
stresses, tend to decrease with higher pressures. When | vertical one at the exhaust end. In these cases, the 


working with high temperatures, however, to minimise 
the possibility of expansion troubles, there is a tendency 
to employ a type of fixing in which each of the blades 
can be fitted independently, and it is for this, or other 
reasons already stated, that the English Electric 
Company, for example, employ a modified form of 
De Laval fixing similar to that used in the Benson 
experimental plant at Rugby and illustrated in Fig. 25. 
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No great departure in nozzle design can be ascribed 
to the use of higher pressures, but, since nozzle heights 
tend to diminish with increased pressure, the refine- 
ments introduced recently in normal-pressure machines 
are of even more importance in high-pressure construc- 
tion. Thus, various types of built-up diaphragms 
were employed in several of the machines already 
described. ji 

With moderately small stage diameters, a type of 
built-up diaphragm similar to that employed on an 
English Electric back-pressure turbine is in general 
use on high-efficiency machines working with both high 
and more normal pressures. It consists of separate 
nozzle blocks, each cut from the solid and held in 
position on a mild-steel centre. With this construction, 


greater accuracy of manufacture and a better finish of | 


the nozzle-blade surfaces are possible. It is also 
possible to pay greater attention to the shape of the 
steam passage, so as to eliminate any losses due to 
shock and turbulence. 

The combination of high pressure and temperature, 
especially where this extends over a considerable 
number of stages as in many of the machines included 
in group (B)(i), necessitates a particularly strong and 
rigid construction for the casing. Various departures 
from the normal design are to be noted from the 
descriptions and sections which have been given of 
different machines, For extra-high pressures, the 
tendency in design is, however, to try to avoid high- 
pressure joints, both horizontal and vertical, wherever 
possible. In the 1,200-lb. per square inch turbine 
built by the General Electric Company for the Edgar 
station, the casing was made in two halves rigidly 
bolted together, each half being a separate casting. 
The inlet and exhaust steam pipes were also cast 
integral with the bottom half of the casing. In this 
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casing, with the exception of the exhaust pipes, is 
forged from a single piece of steel. In the first of these 
machines, the diaphragms are held in an inner casing 
consisting of two steel castings, and the whole is then 
enclosed in the outer casing of forged steel. Fig. 26 


|shows a preliminary design of the steam end of the 


| casing for this machine.* It will be noted that the 











employment of an inner casing to carry the diaphragms 


Fig. 24 
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‘has also been used in other Continental machines, 


notably that installed at Utrecht and the A.E.G. tur- 
bine at Klingenberg, but there is a tendency to abandon 
the use of this inner casing wherever possible. 

The use of smaller stage diameters often introduces 
difficulties in providing a steam belt of sufficient size. 
One method of accomplishing this, adopted by the 
General Electric Company of America, is shown in 
Fig. 27. In order to facilitate the tightening and 
slackening back of the bolts used on these high-pressure 
joints, an ingenious method has been adopted both 
in the United States and in this country. This consists 
of drilling a small hole up the centre of the bolt and 
then heating up and expanding the bolt either by an 
electric heater coil or the flame from a blowpipe when 
it is desired to make or break the joint. In the United 
States also, there is a tendency to use double-nutted 
studs in place of the usual standard form, as it is 
understood that a certain amount of trouble has been 
experienced on the latter owing to the heads breaking 
off. The material used for these bolts is of high tensile 
strength, usually chrome-vanadium steel. With regard 
to the high-pressure machines built in this country, 
at least one manufacturer is using material for bolts 
to the following specification : carbon, 0-3 per cent. to 
0-4 per cent.; nickel, 2-75 per cent. to 3-25 per cent. ; 
manganese, 0-5 per cent. to 0-8 per cent. ; silicon, 
0-3 per cent. maximum; sulphur and phosphorus, 
0-03 per cent. maximum; ultimate tensile strength 
not less than 45 tons per square inch; yield-point 
not less than 30 tons per square inch; elongation not 
less than 25 per cent. ; and reduction in area not less 
than 50 per cent. 





* Zeitschrift des Vereines deutscher Ingenieure. 1927. 


vol. Ixi, page 437. 
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Several designs of pipe joints, three of which are 
illustrated in Figs. 28, 29 and 30, are in successful use 
with high pressures. The first is what is generally 
known as the Navy ring type, and consists of a thin 
sheet of mild steel with concentric grooves machined 
on each face. As far as can be ascertained, this joint, 
Fig. 28, has not been used for pressures much above 
450 lb. per square inch. For the higher pressures a 
modification of this joint, details of which are shown 
in Fig. 29, has been used by Messrs. Babcock and 
Wilcox at Langerbrugge with considerable success. 
A third type of joint, which is of American design 
and is known as the Sargol, is shown in Fig. 30, and has 
been most extensively used, with very satisfactory 
results, in the United States. From an examination of 
the design it would appear to be a development of the 
older Van Stone joint, the principal difference being 
that fine edges are provided for electric welding when 
the final jointing is made. A fourth type of joint, 
particulars of which are given in connection with the 
valve in Fig. 31, was developed by the English Electric 
Company for use with the Benson plant, and was used 
for joint pressures up to 3,250 lb. per square inch with 
complete success. 

No great departures from the systems of governing 
employed on normal-pressure sets are to be noted, 
except that many of the parts such as throttle valves, 
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cages, &c., are, in some cases, machined from solid steel 
forgings, instead of being steel castings. Fig. 31, 
which illustrates the stop valve used for the high- 
pressure experimental plant at Rugby, may be of 
interest. It will be noted that the packing consisted 
of a labyrinth in series with a metallic packing, with 
a leak-off pipe between the two. While the metallic 
packing was working efficiently, a valve kept this 
leak-off closed, but in the event of its failing, the valve 
would be opened and, while the leakage of high- 
pressure steam was restricted by the labyrinth, the 
metallic packing could be replaced. 

The various designs of valves are outside the scope 
of this paper, but attention might be drawn to one 
difficulty, namely, the cutting of the valve and seats 
when throttling takes place. To overcome this, two 
methods have been adopted. One is to make the valve 
in such a manner that the throttling is done on that 
portion which does not form the actual place of seal- 
ing, as will be seen in the case of the Benson valve 
(Fig. 31), and the other method is to place two valves 
in series, with a bypass between the two. With this, 
the first valve is so arranged that it is either fully open 
or closed, and any throttling is done on the second 
valve. 

It will be appreciated that one of the difficulties in 
connection with high-pressure turbines is that gland 
troubles are intensified, and the problem of a very 
efficient gland is one which, in the authors’ opinion, 
has yet to be solved. This problem can, of course, be 
avoided by the employment of an overhung shaft, but 
this arrangement is naturally confined to machines 
where the number of stages is small and the overall 
length short. Since high pressures usually involve 
high temperatures, the carbon type of gland, which is 
satisfactory under lower conditions, is generally out 
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of the question. ' A glance at the various sections given 
of high-pressure turbines will show that, in each case, 
the high-pressure gland is some form of the laby- 
rinth type, the great aim being to introduce as many 
constrictions as possible into the space available, and 
to reduce the clearances to a minimum. The type of 
gland in which the clearances can be adjusted in an 
axial direction, similar to those which are employed 
for glands and balance-pistons in reaction machines, 
is too well known to require many illustrations, but 
several high-pressure machines are fitted with varia- 
tions of this type. Another method of obtaining an 
increased number of restrictions is to adopt a gland 
similar in principle to the Ljungstrém gland. One 
example of this type is that fitted on the General 
Electric Company’s machine at the Edgar station, in 
which the baffles are carried on a number of sleeves. 
The selection of material for the baffles, in view of 
the severe pressure and temperature conditions, is one 
that also requires consideration, as the soft bronze 
alloys that are usually employed for labyrinth glands 
are not suitable. Other non-ferrous alloys, such as 
cupro-nickel, have been tried, but most manufac- 
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pressure turbines at present running on the Continent 
indicate that they have given excellent results and have 
shown a high degree of reliab‘lity. 

The Parsons machine at Crawford Avenue power 
station has given excellent service, and, according to 
the information given to the authors, the troubles that 
could be attributed to high-pressure steam conditions 
have been very slight, consisting mainly of leaking of 
steam joints in the interconnecting pipes between the 
steam chest and turbine casing, and also a slight leak 
at one of the transverse body joints between the cast- 
iron and cast-steel portions. Both of these leaks 
developed after some 12 months’ service, and the former 
trouble was cured by altering the jointing rings and the 
latter by the addition of dumb-bell shrunk keys. On 
the small experimental high-pressure turbine installed 
at Rugby, it was found more difficult to get satisfactory 
operation of the gear box than of the turbine itself ; 
the gear-box troubles were, however, finally overcome. 
The high-pressure glands, shown in Fig. 17, page 729 
ante, passed through the whole of the trials with only 
minor adjustments, and the turbine ran remarkably 





steadily up to its maximum speed of 25,000 r.p.m. 
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turers appear to be of the opinion that steel baffles (of 
0-35 per cent. carbon) are the most satisfactory, pro- 
viding that the surfaces liable to come in contact are 
reduced to an absolute minimum. 

Reliability of High-Pressure Installations.—It is 
only to be expected that the steadily increasing pres- 
sures which have been used during the last two or 
three years will have brought to light new difficulties 
for which solutions have to be found. It is not 
easy to obtain detailed information on a matter of 
this sort, but the General Electric Company has 
stated that on nine machines, all working with a 
steam pressure of about 500 lb. to 600 lb. per square 
inch, no troubles which could directly or indirectly 
be attributed to the employment of these higher 
steam pressures have developed during periods of 
operation ranging from six months to 2} years. It 
is understood that the 3,150 kw. turbine at the Edgar 
station did give a certain amount of trouble in the 
early days of its history. The machine was the 
first of its type and certain difficulties were experienced 
in the design of the high-pressure gland, but, judging 
from the fact that a 10,000 kw. machine is now being 
built to a similar design, it is evident that the troubles 
have been successfully overcome. In the report of 
the National Electric Light Association of America 
issued in July, 1927, there is a statement to the effect 
that the general percentage of “ outage,” due to 
troubles on the high-pressure turbines during 1925, 
was 14-75 per cent., as compared with about 7-3 per 
cent. on more normal-pressure machines for the same 
period. Taking into account the fact that included 
in this percentage are machines which must be con- 
sidered to be purely of an experimental nature, it 
does not appear that the percentage is a high one, and 
there is no doubt at all that within the next year or 
two the comparison will be much more favourable to 
high-pressure turbines. 

Not very much information is available on the 
running of Continental machines. In the case of one 
super-pressure machine, it is understood that in its 
early days vibration troubles were experienced, but that: 
these were cured by an alteration to the supporting and 
driving of the turbine shaft. Reports on the other high- 
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Cost of High-Pressure Installations.—Throughout the 
whole of this paper the question of cost has not been 
considered. This point has been purposely avoided, 
as often engineering projects are proposed or set 
aside entirely from financial considerations, and figures 
are always difficult to refute. Although, for the time 
being, it may be possible to show that with increased 
boiler pressures the cost of certain portions of the 
generating plant is considerably increased, at the same 
time it must be remembered that certain other portions 
of the plant are decreased. The size of buildings, and 
consequently their cost for a given kilowatt output, are 
obviously less, and likewise there is a saving in the 
condensing plant, pumping plant, and cooling towers. 
Finally, there is the consideration that, if the introduc- 
tion of higher pressures means greater economy, then 
the ultimate cost of high-pressure plant will adjust 
itself to meet such conditions ; otherwise no progress 
whatever would have been made in this direction, and 
progress has been steadily going on for many years. 





THE CanapraAN Guiass InDusTRY.—A recent report 
of the Canadian Bureau of Statistics, Ottawa, shows 
that the total value of the pegged. blown, plate, cut 
and ornamental glass produced the Dominion during 
1926, was 11,670,269 dols. The corresponding figure 
for 1925 was 10,117,604 dols. 


CATALOGUES. 


Pistons.—Messrs. Specialloid, Limited, Friern Park, 
London, N.12, have sent us a copy of their bulletin 
containing an article on pistons for commercial-vehicle 
engines and notes on other subjects. 


Tractors.—The Caterpillar Tractor Company, San 
Leandro, California, U.S.A., have sent us a circular and 
magazine containing illustrations of their tractors in use 
for agricultural, dredging, hauling, roadmaking and other 
work, 

Motor Boats.—We have received some interesting 
photographs of the engine, boatbuilding works and 
slipway of Messrs. J. W. Brooke and Company, Limited, 
Lowestoft, who construct marine motors from 3 h.p. to 
100 h.p., and craft up to 150 ft. in length. 

Oil Engines.—The agents for the Deutz oil engines, 
Messrs. Porn and Dunwoody, Limited, 72, Fleet-street, 
London, E.C.4, have sent us circulars giving particulars 
of fixed and portable pumping sets of 24} h.p. to 6 h.p., 
and electric generating sets of 5 kw. and 10 kw. 


Lifts —A new pamphlet illustrating examples of their 
lifts for passengers, goods, motor cars, &c., is to hand 
from Messrs. Medways Safety Lift Company, Limited, 
1-2, Silex-street, Blackfriars, London, S.E.1, who manu- 
facture the lifts in association with Messrs. J. and E, 
Hall, Limited, Dartford. 

Drawing-Office Supplies.—A very complete catalogue, 
with illustrations, dimensions and prices, of drawing- 
office furniture, instruments, papers, tracing cloths and 
all the usual supplies for engineers and architects, is to 
hand from Messrs. A. West and Partners, 36, Broadway, 
Westminster, London, S.W.1. 

Electrical Machinery.—The A.C.E.C. (Belgium), 56, 
Victoria-street, Londen, 8.W.1, have sent us a copy of 
their quarterly review containing articles, in French, on 
electric cranes and lifting equipment for the metal 
industry, single-phase commutator motors, putting 
turbo-alternators into service, and other matters. 


Electric Drives.—The extensive equipment of electric 
motors and automatic controls for driving pumps, 





machine tools, &c., in the shipbuilding works of Messrs. 
Harland and Wolff, Limited,..Belfast,.is described m a 
circular received from: the :GeneraleEleetfic Company, 
Limited, Magnet House, Kingsway, London, W.C.2, who 
supplied several sections of the plant. 


Motorship Machinery.—Messrs. G. and J. Weir, Limi- 
ted, Cathcart, Glasgow, have issued a new catalogue 
of auxiliary machinery for motorships, including elec- 
trically-driven pumps, two-throw motor-driven pumps 
for water and for oil, auxiliary oil engines for driving 
generators, etc., steam and motor-driven air compressors, 
turbine-driven blowers, and air-pressure reducing valves. 


Heavy-Oil Engines.—The new catalogue of horizontal 
heavy-oil engines received from The Keighley Gas and 
Oil Engine Company, Keighley, contains a full specifica- 
tion and illustrations of engines supplied for electric 
generating, factory drives, and other purposes. The list 
of standard sizes includes engines with one, two and 
four cylinders, and normal horse-powers ranging from 
134 to 480. 

Handling Plant.—The catalogue of the New Conveyor 
Company, Limited, Smethwick, Birmingham, shows a 
very complete range of conveying, elevating, screening 
and tipping plant for power houses, gas works, cement 
works, quarries, gas producers, collieries, beet-sugar 
factories and general industrial works. These include 
many standard parts and mechanisms, but it is, of 
course, generally necessary to design the complete layout 
of such plant for each installation. The firm also pro- 
duce iron castings, including gear wheels. 


Insulating Bricks, &c.—Messrs. J. H. Sankey and Son, 
Limited, Essex Wharf, Canning Town, E.16, have 
issued a catalogue of Fosalsil fireproof insulating bricks, 
partition blocks, &c. These blocks, the basis of which is 
diatomaceous earth, are claimed to combine efficient 
insulation with great mechanical strength, high fire- 
resisting properties, extreme lightness, and low cost. 
They are made by Messrs. Moler Products, Limited, 
Colchester, and are intended for use in the construction 
of partitions, floors, &c., and also for furnace insulation. 


Electrical Machinery.—A further batch of leaf catalo- 
gues is to hand from the Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa., U.S.A., dealing 
with the following matters :—Electric locomotives, motors 
and controls for looms and paper mills, low-speed syn- 
chronous motors, marine winch motors, switchgear and 
starters, resistor units, electric melting pots for casting 
bearings, oil-well surface lighting, autovalve lightning 
arrester, marine reduction gears, Westinghouse-Stackpole 
brushes for ventilated traction motors, and Micarta silent 
tooth gears. 

Steel Mills Power Plant.—A description of the power 
equipment of the iron and steel rolling mills of Messrs. 
Raine and Company, Newcastle-on-Tyne, has been 
issued by The English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2. Though 
referred to as one of the smaller mills, one of the machines 
requires a drive of 600 h.p., several others of 400 h.p. 
each, and another series of 300 h.p. each. A steam 
turbine, direct coupled to a high-speed direct-current 
generator, was installed some 13 years ago, with an equip- 
ment of electric motors. Although the generating plant 
is of a kind that would not be made now, it is still in regular 
service and is proving reliable and efficient. The pamphlet 
describes the various machine drives, as well as the power 
plant, and discusses questions of site, cooling water, use 
of residual heat from furnaces, and other matters in a 








way which makes it a valuable record. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, §c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


273,363. Creed and Company, Limited, Croydon, 
F. G. Creed, Croydon, and R. D. Salmon, Croydon. 
Speed Governors. (6 Figs.) February 26, 1926.— 
The invention has reference to speed governors of the 
kind adapted to open and close an electric circuit for 
controlling the speed of an electric motor, and in which 
motion between the contacts other than that due to 
difference in speed of revolution of the governor is pre- 
vented. In a speed governor, according to the invention, 
arranged to be driven by an electric motor, one, 7, 
of the two electric contacts 7, 9 used for controlling 
the speed of the motor is carried by a spring blade 4, 
fixed at one end to a rotary member 1 and provided at 
the other end with a weight 5, and adapted to move in 
a plane containing the axis of the rotary member and to 
move the contact 7 towards and from the contact 4, 
which is normally stationary relatively to the contact 7, 
and is arranged at the centre of motion of the rotary 
member 1, the spring blade 4 forming, for the weight 
and movable contact, a firm frictionless pivot and acting 
to oppose outward movement of the weight. The 
arrangement is such that, when the speed of the motor 





falls below a given predetermined speed, the two contacts 
will be moved relatively to one another by the spring- 
controlled centrifugal weight and alter the motor circuit 
in such manner as to bring about an inerease in speed 
of the motor, and when the speed of the motor rises above 
the predetermined speed, the two contacts will be 
moved relatively to one another in the opposite sense and 
alter the motor circuit in such manner as to bring about 
a reduction in speed of the motor, both contacts rotating 
at the same speed. When using a shunt-wound electric 
motor, the two contacts may be moved apart to open a 
circuit between them and leave a resistance in circuit 
with the field winding of the motor when the speed of 
the motor falls below the predetermined speed, and be 
caused to bear against each other to close the said circuit 
and short circuit the said resistance when the speed 
exceeds the predetermined speed. When using a series- 
wound electric motor, the contacts may be caused to 
bear against each other when the speed of the motor 
falls below the predetermined speed and short-circuit a 
resistance in the motor circuit and to move apart when 
the speed exceeds the predetermined speed and open the 
said short circuit. To admit of the normal speed of 
rotation of the motor being varied, the contact 9 is made 
capable of adjustment in relation to the contact 7 by 
adjusting means arranged co-axially with the rotary 
member 1 of the governor, so that it can readily be 
actuated whilst the governor is running. (Accepted 
July 13, 1927.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


273,891. Armstrong Siddeley Motors, Limited, 
Coventry, F. M. Green, Coventry, and H. L. Towns, 
Coventry. Internal-Combustion Engines. (1 ig.) 








June 25, 1926.—The invention relates to throttle meclan- 
ism for internal-combustion engines, of the kind which 
embodies a cam mounted fast upon the throttle-valve 
spindle so that, by movement of the latter, it actuates a 
part adapted to regulate the mixture strength, the cam 
being shaped to provide a rich mixture at the substanti- 





ally closed and also the fully open positions of the throttle, 
and a weaker mixture at an intermediate position. 
According to the invention, a sector-shaped plate cam is 
employed, which, at its edge, engages and actuates a lever 
which is connected to an angularly movable valve 
adapted to vary the mixture strength by controlling the 
supply of secondary or additional air. The throttle 
spindle 2 and the spindle 3 of the mixture-strength control 
device are paralle] to one another and spaced at a con- 
venient distance. A cam 4 is mounted upon the spindle 2 
of the throttle valve, and a lever 5 upon the spindle 3 of 
the mixture-control device, and one end 6 of this lever 
engages the cam 4. The cam is a plate of sector shape 
contoured at its periphery, and the lever 5 may carry a 
roller 6, bearing against the acting edge of the cam and 
resiliently retained in contact with it by means of a 
spring 7 acting between the lever 5 and a relatively fixed 
part 8. The contour of the cam 4 is broadly of a sinuous 
nature, having a crest 9, 10 at each end of its travel and a 
single depression 11 between the two crests. The two 
latter are not necessarily symmetrical or of the same 
height, but are shaped so that the desired position of the 
mixture-control device and the corresponding degrees of 
richness of the mixture for the fully open and the nearly 
closed positions of the throttle will be obtained. The 
position and the width of the depression 11 allows the 
spindle 3 to move angularly under the action of the 
spring 7 to an extent which will reduce the mixture 
strength to the desired value, and at the desired inter- 
mediate position of the throttle. The cam, therefore, 
would be constructed in accordance with the requirements 
of the particular engine to which it would be applied. 
(Accepted July 20, 1927.) 


LIFTING AND HAULING APPLIANCES. 


271,281. Fullerton, Hodgart and _ Barclay, 
Limited, Paisley, and W. McGregor, Paisley. 
Colliery Winding Engines. (2 Figs.) July 12, 1926. 


~The invention has reference to interlocking gear 
between the clutch and brake engines of colliery winding 
engines. The clutch-engine cylinder is provided with a 
port or passage 1 controlled by a valve 2 operated from 
a rock-shaft 3 through levers 5, 6, and a link 7. The 
shaft 3 also carries two levers 8, 9. A moving part of 
the brake-engine mechanism—for example, the links 
which connect the brake piston-rod to the weighted 
brake lever—is provided with two cam-plates 13, 14. 
The cam-plate 13 is adapted to engage the lever 8, 
while the cam-plate 14 is adapted to engage the lever 9. 
The brake-engine cylinder 15 is provided, on the pressure 
or working side of the piston, with a port controlled by a 
valve 16. The clutch-engine shaft 17 carries a lever 18 
connected to the lever of the valve 16. When the 
winding-drum brake is “ off,” the piston in the cylinder 
15 is at the top of its stroke and is held there by the 
pressure fluid, the valve 16 is closed, the lever 8 is 
engaging the cam-plate 13, the valve 2 is open, the 
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clutch-engine piston is at the bottom of its stroke and 
the clutch is “in.” Before the clutch can be withdrawn, 
the brake must be applied. The brake is applied by 
exhausting the pressure fluid from under the brake 
piston. This permits the brake piston to travel down- 
wards, thereby actuating the weighted brake lever. 
Should an attempt be made to withdraw the clutch 
before applying the brake, the movement of the clutch- 
shaft 17 opens the valve 16 and exhausts the pressure 
fluid from under the brake piston, thereby applying the 
brake. The withdrawal of the clutch is effected by 
admitting pressure fluid under the piston in the clutch- 
engine cylinder. If valve 2 is open, as it is when the 
brake is “ off,’ pressure fluid admitted to the clutch 
engine cylinder will be exhausted to the atmosphere. 
The clutch, therefore, cannot be withdrawn when the 
brake is “ off,” and any attempt to withdraw the clutch 
applies the brake, if not already “on.” Similarly, the 
clutch must be “ in ’’ before the brake can be taken “ off.’’ 
When the clutch is “in,” the valve 16 is held shut by 


| the shaft 17, lever 18 and linkage. In this position, the 


brake may either be “‘ on ” or “ off,” Should an attempt 
be made to move the brake “ off” while the clutch is 
‘“‘out,”” pressure fluid admitted under the brake piston 
in cylinder 15 will exhausted to the atrnosphere 
through the valve 16 without operating the brake piston. 
(Sealed.) 


MOTOR ROAD VEHICLES. 


273,497. E. R. Foden, Sandbach, and Fodens, 
Limited, Sandbach. Steam-Propelled Road Ve- 
hicles. (4 Figs.) July 9, 1926.—The invention relates 
to steam-propelled road vehicles in which the engine is 
placed on top of the boiler. In accordance with the 
invention, the crankshaft bearings 6, which are carried 
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upon horn-plates e secured to the boiler-shell f, are 
made with a spherical exterior which fits within the 
spherical interior of the bearing housing ¢ secured to the 
horn plates e. The bearings may be of ball or roller type, 
when the outer race has a spherical periphery, or may 
be of the plain type. Preferably two rows of rollers are 
employed in each bearing. (Sealed.) 


MISCELLANEOUS. 


273,448. C. Whittaker & Company, Limited, 
Accrington, and N. Whittaker, Accrington. Brick- 
Making Machines. (4 Figs.) May 21, 1926.—The 
invention relates to brick-making machines or presses 
and consists in arranging a sliding, travelling or endless 
sheet or band over a face of the mould, so that when the 
material forming the brick is subjected to the action of 
the pressing piston, its face will receive any pattern 
or design which may be formed on the face of the endless 
travelling band. The mould A is made of somewhat 
greater size from front to back than the size of the 
finished brick, and an endless band B of sheet rubber is 
arranged behind the front wall a extending above and 
below the mould. The band B passes over rollers C2, C5, 
respectively, above and below the mould and also over 
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a third roller Cl by which it can be tensioned. The 
pattern or design is engraved, embossed, cut, moulded or 
otherwise formed on the face of the travelling band. In 
one form of the invention, the band B is not positively 
driven, but as the material moves up and down in the 
mould A under the pressure of the pistons E, E! and 
when being ejected from the mould, the travelling band 
B, owing to the lateral pressure thereon, will move with 
the brick, so that the pattern, when once it is formed 
on the face of the brick, will not be rubbed off again by 
relative movement between the brick and the band. Or 
the band B may be positively driven by a rack e formed 
on the rod of the lower piston E, which engages a toothed 
wheel c on the bottom roller or pulley C%, so that, as the 
piston E moves, the wheel c will be rotated and a move- 
ment corresponding to the movement of the piston E 
will be imparted to the band B. A free-wheel device 
may be inserted between the wheel ¢ and pulley CO’. 





(Sealed). 
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Fra. 1. 


| rectangular, but on each of the longer faces the 
| piers were stiffened by two semi-circular pilasters 
or shafts, whose radius was struck from the plane of 
the sides into which they were built. The piers, 
abutments and approaches were built of stone 


RECONSTRUCTION OF LE DAY 
RAILWAY VIADUCT, SWITZERLAND. 
In recent years it has been necessary to reconstruct 


a large number of railway viaducts in Switzerland, 
The main section 


not only*to accommodate extra traffic, but to 
provide for the heavier weight of trains. The 
bridge, which we illustrate in Figs. 1 to 18, above 
and on pages 768, 769 and 782, is situated in that 
country, not far from the French frontier, at a 


masonry on rock foundation. 
of the two large piers tapered from 4:75 m. by 
13-10 m. (15 ft. 7 in. by 43 ft.) at the base to 
2-55 m. by 8-10 m. (8 ft. 4 in. by 26 ft. 7 in.) at the 
top, i.e., in a height of 36-70 m. (120 ft. 5 in.). 








short distance from the eastern or Swiss portal|'The longer sides of the piers, and the pilasters, 
to the tunnel, 3-8 miles in length, under Mont d’Or. | were thus battered to 3 per cent., the up and down 
It crosses the Orbe, between the stations of Le Day | stream sides, up to the top of the main piers having 
and Vallorbe, and is a double track viaduct carrying | also a batter of 3 per cent. The two side or abut- 
the traffic between Paris and Italy via the Simplon | ment piers were battered to 7 per cent. 
route. The original bridge was an iron structure; When it was finally decided to reconstruct the 
and was built in the years 1867 to 1869, at the cost | bridge, a number of possible solutions were con- 
of 17,6007. It accommodated two tracks and had a | sidered. These included suggestions to build two 
total length of 161-25 m. (532 ft.). It consisted of single track, or, as an alternative, one double 
three main spans with two masonry approach | track steel superstructure of modern type. Both 
viaducts. The three spans of respectively 23-5,| plans were carefully examined, but were finally 
56 and 36:5 m. (77, 183 and 120 ft.), took the form | discarded in favour of replacing the old iron girder 
of a continuous girder structure, the height of the| bridge, by a masonry arch structure. The new 
deck above the valley being 59 m. (193 ft.). In| bridge is illustrated in Fig. 1, above, and in the 
1899 it became necessary to strengthen the bridge. | drawings, Figs. 2 to 8. The remaining views (Figs. 
This was accomplished in the main, by the tap, 13 and 14 and 16 to 18), illustrate the work of 
of struts and ties under the main girders of the two | rebuilding, at various stages, while the other draw- 
principal spans. At the same time the girders of | ings relate to details to which we refer below. The 
the 23-5 m. span were made independent, since it | new bridge, as will be seen, consists of one main 
was found that in spite of the fact that they formed span and two side spans, the approaches remaining 
a counterweight of some 60 tons, the constant move- | practically unchanged. The three larger arches 
ment at the abutment was unsatisfactory. A photo- | carry a series of spandrel arches of between 3-57 m. 
graph of the first bridge after these alterations is | and 4-50 m. (11-7 ft. and 14-85 ft.) span. 
reproduced in Fig. 15, page 782. | Avery complete programme was prepared, so that 
The main piers in the original structure were of | the work could be carried on without undue inter- 
rather unusual shape. The principal section was/ ference with traffic. The chief feature of the 














THE RECONSTRUCTED VIADUCT OVER THE ORBE. 


scheme was the construction of the main arches to 
such a height that the extrados came just below 
the iron girder structure. The latter was then 
allowed to rest upon the new arches and spandrel 
arch piers, and as the ironwork was removed the 
spandrel arches were built in, the latter being carried 
as shown in Figs. 17 and 18, on page 782, to such a 
height throughout the length of the bridge that the 
existing track level was retained. In the design 
the greatest possible use was made of the existing 
masonry. ‘The three views, Figs. 16 to 18, illustrate 
the work at various stages. The first of these shows 
the false work for the main arch, under construction, 
at an early stage. The second illustrates the false 
work complete and the masonry work of the arches in 
hand, while the third shows the arches complete and 
the spandrel columns extended up to the underside 
of the main girders to take the load. To enable this 
to be dene, single line working was temporarily 
adopted, the traffic being accommodated on a 
track run down the centre of the old structure. This 
was accomplished without any material alteration 
of the deck. The adoption of this plan resulted in 
the load on the main girders being somewhat 
reduced, and made it possible for the truss rods of 
the two large spans to be dismantled, so that the 
progress of the masonry work was not interfered 
with. 

The material on the site not being suitable for 
making concrete, the reconstruction of the bridge 
in reinforced concrete was considered inadvisable. 
Further, the construction of the proposed arches 
in masonry could be made to harmonise more 
easily with the character of the existing piers, &c. 
The stone chosen was the so-called Arvel marble, 
which is quarried at Villeneuve at the upper end 
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of the Lake of Geneva; other stone from Triassic 
measures being obtained from St. Triphon, higher 
up the Rhone Valley. For facing the main and 
spandrel arches, Valais granite, procured from 
Bovernier, in the Dranse Valley, was decided upon. 
Concrete with stone facing was used in the upper 
part of the spandrel arch piers and for the new 
deck. 

The three original spans of the bridge were un- 
equal and the arches were therefore of different 
dimensions. The centre span was provided for 
by an oval arch 31-19 m. (102 ft.) in height and of 
44 m. (144 ft. 4 in.) clear opening. As will be seen 
from Figs. 5 to 8, this arch is built on to and into the 
existing piers, the footings having been added to 
as necessary so as to support the new masonry work. 
Tn the case of the two side arches the design was 
controlled by the position of the central spandrel 
arch in each case, and in the arrangement of the 
spandrel arches generally, regard was paid to 
facilitating the construction of the spandrel piers 
inside the old iron girder work. At each approach 
end, foundations were provided for the arches, 
independently of the approach or abutment piers, 
so as to avoid underpinning. At the main piers, 
the side arches were carried on reinforced concrete 
girders, 1-80 m. (5 ft. 102 in.) high in one case and 
1-30 m. (4 ft. 3 in.) high in the other, inserted as 
shown in Figs. 5 and 6 and 10 to 12 in the pilasters 
of the pier. The arches were also well bonded 
into the piers, as shown in Figs. 5 and 6, part 
of the load being transmitted directly in this 
manner, and partly through the cross girders. The 
faces of the main arch are battered to 1 in 33, to 
conform with the batter of the main piers. The 
side arch faces have a batter of 1 in 50, so that the 
cross girders might be made of a length currespond- 
ing with the width of the pilasters at the point 
where they are inserted. In the case of the central 
span, the arch itself is 6} in. wider than the spandrel 
piers, this being reduced to 2} in. on the side 
arches, 

The bridge, as already stated, is a double track 
structure, the width between track centres being | 
3-6 m. (11 ft. 93 in.). The deck has a width of | 
7-6 m. (25 ft.), with an extreme width of 8-4 m. | 
(27 ft. 7 in.) over copings 2 ft. 8 in. wide, the latter 
being of Valais granite, corbelled out nearly 1 ft. | 
4 in. beyond the face of the masonry work below. | 
As will be seen there are nine spandrel arches | 
for the central arch, and seven and five, respectively, 
for the side arches. (78.8) 

Before commencing the actual reconstruction, 
preparatory work was necessary on the existing | wooden frame filled with stones at the end of the | being driven by a 52 h.p. motor and the other by 
bridge. Calculations regarding the iron structure, |short span. The trusses were then removed. | one of 36h.p. The former was capable of handling 
as it then stood, showed that the diversion of traffic | The foundations were also prepared at the same time. | loads of 2-5 tons, and the latter of 2 tons. Supplies 
to a single temporary track down the centre of the | The bridge itself could only be used at such times | of sand and gravel were obtained in the neighbour- 
bridge would not reduce the load sufficiently for | as it was not required for regular traffic; and to| hood and brought to the site by lorry. A small 
it to be possible to remove the trusses under the | serve the various points at which work was carried | quantity obtained from near Le Day station was 
central span. The problem was therefore solved | out two aerial cableways were installed, one on| brought in on the railway. The concrete plant was 
by making the girders continuous, as they were | either side of the bridge and as close as possible to | established at the Vallorbe end of the bridge, and 
originally and placing a load, consisting of a large | it. These worked independently of each other, one | two arches of the approach at this end were used as 
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Fie. 13. CRANES FoR DISMANTLING OLD IRON 
SUPERSTRUCTURE. 


| stores for the materials. The stone from Arvel 
and St. Triphon was brought to Le Day by rail, 
the wagons being shunted on to one of the approach 
lines to the bridge which was temporarily used as 
a siding. The various depots for materials were 
connected together and with the terminals of the 
cableways, by narrow gauge lines. Portland cement, 
to a total quantity of 1,200 tons, was used in the 
work. 

The actual reconstruction work started in the 
middle of October, 1923, with the excavations and 
laying of the foundations for widening the piers at 
their base for the support of the central arch. High- 
grade stone set in cement mortar, consisting of 
300 kg. (660 lb.) of cement to one cubic metre 
(35-32 cub. ft.) of sand was used for the masonry at 
the pier bases and shafts. The masonry work and 
the timber centering followed each other closely, 
the new masonry, as it advanced, being utilised 
for anchoring the extensions of the timber framing. 
| The masonry for the columns and arches consisted of 

specially selected stone set in mortar made of 
400 kg. (880 lb.) of cement to one cubic metre 
(35°82 cub. ft.) of sand. The old masonry of the 
piers in all three spans and that forming the new 
arches was carefully bonded together in the manner 
jillustrated in Figs. 5 to 8. At this stage of the 
| building operations day and night shifts were worked, 
| the piers being cut out rapidly at night by means of 
| compressed air drills, and the new masonry insertions 
| being made by day. Figs. 10 to 12 shows in greater 
| detail the heavy reinforced concrete girders, above 
referred to, which were inserted at the springing of the 
| two side arches. Six bracket-shaped projections 
| were fixed on these girders to act as supports for the 
centering of the side arches. The scaffolding for the 
central arch required 470 cub. m. (16,600 cub. ft.) 
of timber; those for the large and the small side 
arches took 180 and 50 cub. m. (6,360 and 1,770 
cub. ft.) respectively, making a total of 700 cub. m. 
(24,730 cub. ft.). Besides this, the iron work 
weighed 40 tons. The total cost of all the false 
work for the arches amounted to 100,000 francs 
(4,000/.). The intrados of the central arch has an 
area of 850 sq. m. (9,150 sq. ft.) measured down to the 
haunches ; the timber required per square metre of 
intrados area was therefore 0-55 cub. m. (1-8 cub. ft. 
per square foot). For the side arches whose intrados 
area was about 350 sq. m. (3,770 sq. ft.), the timber: 















































Fic. 14. SpanpREL ARCHES UNDER CONSTRUCTION. 
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centering required worked out at practically the 
same proportion. 

Following the construction of the main arches, the 
work on the spandrel arch piers was proceeded with. 
These piers were built for the full width up to within 
about 0-5 m. (20 in.) of the underside of the existing 
iron girderwork. When all the piers had reached 
this level, timber packing for supporting the existing 
iron superstructure was inserted. This consisted of 
oak longitudinal sleepers and hard wood wedges, as 
shown in the lower corners of Fig. 9. The old super- 
structure was packed up so as to rest on all the piers 
at once. By this means the new arches were made 
to take the load of the traffic on the central single 
track. This stage was reached late in the autumn of 
1924, or about thirteen months after reconstruction 
had been started. From this point onwards the 
work was carried on concurrently with the gradual 
dismantling of the old girder-work. In the first 
place, by removing the lower wind bracing and the 
footway, which had been provided for the con- 
venience of passengers, space was made for the 
construction in reinforced concrete of a new footpath, 
and it was possible to carry the concrete of the piers 
right up to the track level. The mild weather 
which prevailed during the early winter months of 
1924-25 made it possible to carry on this work 
practically without intermission, so that by the end 
of December, 1924, beginning with the Vallorbe 
side, it was possible to bed the temporary central 
track on the new masonry, as illustrated in Fig. 14. 





This work was considerably expedited by preparing 


in advance and having ready at hand pairs of joists, | 


with balks between them and with rails already 
fastened to them, in lengths of about 16 m. (52 ft.). 
By this means, an interval of barely 3 hours between 
trains sufficed for laying in one operation about 
45 m. (150 ft.) of temporary track at the required 
level. At the same time the old rails and sleepers 
were removed. The iron superstructure was 
gradually replaced in this way and could be cut up 
by degrees by gas jets, and dismantled. The 
removal of the old superstructure, about 120 m. 
(394 ft.) in length and weighing approximately 
345 tons, took altogether some 40 working days, 
covering about 6,000 man hours. Fig. 13 shows the 
travelling cranes at work removing the old iron 
work. 

In order to prevent undesirable stresses arising 
in the main archwork, the completion of the spandrel 
arch superstructure was carried out as symmetrically 
as possible on both sides of the centre. The upper 
part of the spandrel arch work was made watertight 
by the use of layers of concrete, asphalt and cement, 
over which there was placed a deep stone-filling to 
form the track ballast. Adequate means are 
provided for draining off rain water. 

When the down stream side of the structure 
was completed, the temporary line was moved 
on its longitudinal sleepers right over towards it 
until it was on the correct alignment of the 
permanent track on this side. This freed the up- 
stream half of the deck so that the ballast and the 
permanent way on this side could then be laid. 
When the latter was connected up and made usable 
for traffic, the temporary line, which, as stated above, 
was carried on joists ana longitudinal timbers, 
was removed entirely, and ballast and permanent 
way were then laid on this side also. Normal 
railway traffic was resumed on both tracks on July 1, 
1925, after a period of single-line working between 





Le Day and Vallorbe of 20} months. 

Tests carried out on the new bridge with four | 
locomotives, two on each track, showed deflections | 
at the crown of the central arch and of the side | 
arches of less than ,*, mm. (0-012 in.). When only | 
one track was loaded the deflections were approxi- | 
mately half this amount. Traces of a cross slope | 
at the crown, arising from temporary settlement | 
under heavily-loaded track conditions were only | 
noticeable with the most sensitive clinometers. | 
Other test results were equally satisfactory. 

The masonry work of the bridge, including the 
original piers and abutments amounts in the aggre- 
gate to about 17,000 cub. m. (600,400 cub. ft.), 
of which the original piers and abutments utilised 
are responsible for about half. The new footway is 
clearly shown in some of our illustrations. through 





the spandrel arch piers underneath the main deck. 








The total cost of the reconstruction work amounted 
to 1,157,500 francs (46,3001.), of which sum the cost 
of materials accounts for 917,500 francs (36,7001.) ; 
no account is taken in this of the scrap value of the 
material of the old bridge. 

The work was designed by the Bridge Department 
of the Swiss Federal Railways, who superintended 
all operations ; the actual reconstruction was in the 
hands of several contracting firms. We are 
indebted to M. H. Frélich of the General Directorate 
of the Swiss Federal Railways for the above 
information. 





THE DANGERS OF CORROSION. 


THE art of the engineer consists largely in the 
discovery of a working compromise between the 
ideal and the real. If, for instance, a material were 
found, which combined the mechanical and economic 
advantages of steel with the resistance to atmos- 
pheric influences of chromium or manganese, the 
attention of the designer of structures of all kinds 
could be concentrated on problems of strength, and 
he would be relieved from the anxiety that his work 
may suffer from secular changes, due to a variety of 
causes, unless unremitting care is paid to its main- 
tenance. The present cannot, however, be subordi- 
nated to a hypothetical future. He must therefore 
do the best he can with the materials at his com- 
mand, and trust that his knowledge and his skill 
will enable him to produce something, which will 
give the required service. 

An illustration of this thesis is to be found in 
the increasing use that is being made of steel in 
structural work, whether it be for buildings, 
bridges, ships, or vehicles. It is estimated that 
during 1924 nearly 38 million tons of steel were 
produced in the United States alone, a quantity 
so large as to give rise to the fear that the highest 
quality of ore may be exhausted in 50 years, and 
the whole supply in 250 years. It therefore follows, 
not only that every care must be taken to use a 
minimum quantity of material to obtain the desired 





| strength, by well-thought out alloying and by a care- 


ful investigation of the numerous stresses involved, 
but that endeavours must be made to counteract any 
changes in the structure, which may occur as time 
goes on. Considerable work is being done on both 
these problems by metallurgists and by engineers. 
But as the demands for more buildings, more bridges 
and more vehicles, will not wait upon the successful 
outcome of these endeavours, it is esssential that 
while a cure is being sought, adequate steps towards 
immediate prevention must also be taken. The prob- 
lem is, in fact, urgent, as is shown by Sir Robert 
Hadfield’s estimate that over 40 million tons of steel 
are lost or removed annually throughout the world on 
account of what is conveniently termed corrosion, 
and that this involves a monetary loss of at least 
500,000,000/. Similarly, Dr. Frank Speller, in his 
book “Corrosion Causes and Prevention—An 
Engineering Problem,” estimates that the loss in 
the United States, because of inadequate protection 
of part of the steel in use, may reach about nine 
million tons. The total cost of such replacement 
naturally greatly exceeds the cost of the new 
material. 

It is therefore evident that the incidence of 
corrosion, no less than its effects, are matters 
deserving of earnest study. And, as in so many 
cases, a definition of terms is a desirable preliminary 
to investigation. Such definition seems to be 
provided in the best form by Dr. Newton Friend, 
in the first report of the Committee of the Institution 
of Civil Engineers on the Deterioration of Structures 
in Sea Water*, where he said : ‘“* By the term corro- 
sion is understood the destruction or disintegration 
of a metal, usually as the result of oxidation.” The 
term, however, includes several distinct pheno- 
mena, the more important of which, in the case of 
iron and steel, are: (1) Rusting, which occurs when 
a piece of iron is exposed to a damp atmosphere. 
The metal then unites with oxygen and with 
moisture, so that a brown, porous, friable coating of 
hydrated ferric oxide is found on its surface: (2) 
3raphitisation is also a form of corrosion, to which 
cast-iron is specially liable, though it has alsé been 
observed in wrought iron, especially after long 





* See ENGINEERING, vol. cix, page 584 (1920). 





immersion in sea-water. It is due to the more or 
less complete conversion of the metal into ferrous 
oxide, which, in the case of cast-iron, is admixed 
with the unaltered graphite. (3) Iron is also 
readily attacked by the majority of acids to yield 
ferrous salts. Unless the acid solution is very 
weak, there is not usually any formation of rust or 
basic salts in the presence of air, and the surface of 
the metal remains bright. The iron is continuously 
passing into solution, however, with consequent loss 
of weight. 

The basic causes of corrosion have not, however, 
been easy todiscover. They have been the subject of 
many theories from the time of Faraday onwards, 
none of which have received universal acceptance, 
though the electro-chemical theory is probably 
the most popular at the present time, and none of 
which have provided a complete explanation of 
the many apparently discordant phenomena, which 
occur. The result has been that many practical 
men have been led to apply themselves to experi- 
mental work unguided by any formulated funda- 
mental principles. Their task has, however, also 
been complicated by the many factors involved, 
and although much progress has been made, both 
by theorists and practicians, it is necessary for the 
latter to turn to the discovery of means of preven- 
tion, even if the reason why the exact way in 
which the preventative acts is not known. Those 
preventatives, which are quite distinct from possible 
remedies, must, it is obvious, be found not in the 
laboratory, but by an analysis of the practical 
experience, which has been accumulated in the 
field. 

This being so, Mr. Frank W. Skinner has done a 
real service to engineering in presenting in a paper 
on “The Unlimited Potential Durability of Struc- 
tural Steel,’’ which he read before the Brooklyn 
Engineers’ Club in the early part of the present year, 
a mass of data, collected from many sources, on the 
extent to which corrosion occurs on structures of all 
kinds, and the methods that have been adopted to 
check its inroads. This important subject is ap- 
proached from a somewhat unusual angle. Mr. Skinner 
states that, on account of the widely-spread mislead- 
ing and disquieting statements, regarding the safety, 
reliability and stability of structural steel, particu- 
larly in the frameworks of large buildings, which 
have been published in New York, he determined 
to make an elaborate investigation of the subject. 
He has, in fact, spent much time and energy in 
ascertaining the experiences and views of engineers, 
architects and other skilled persons engaged in the 
design, erection and maintenance of steelwork in 
all parts of the United States and Canada. The 
prejudices he has set out to kill are, broadly speaking, 
unjustifiable, as is amply proved from the contents of 
the paper itself and the subsequent discussion ; and 
we are surprised to learn that they exist to the 
extent that seems to be the case in America. We 
do not think such an antagonistic attitude is pre- 
valent in this country, though Sir Edwin Lutyens 
has expressed the view that skyscrapers are danger- 
ous. In any event Mr. Skinner has collected a 
great deal of information, which cannot fail to be 
valuable to our own structural engineers, and of 
which we hope they will make full use. 

Mr. Skinner’s paper indeed amply disproves 
the possibility of any danger from corrosion in 
structures, which are designed to comply with 
present standards and are properly protected, 
inspected and maintained. In those qualifications, 
of course, lie the gravamen of the charge, which 
Mr. Skinner has successfully refuted. Failures of 
steel structures there have been. But those failures 
can usually be ascribed to faulty design or to 
overloading ; and it is hard to find an instance 
where the attrition of the material by corrosion has 
occurred, if care has been taken in the first place to 
guard against it. To quote Mr. Skinner again : 
Though corrosion may possibly occur owing to 
improper design, construction or unjustifiable con- 
ditions, these possibilities can be enumerated and 
explained and methods for preventing them are 
known, so that any danger can be easily and 
permanently eliminated. He goes so far as to add 
that when structural steel is properly treated by 
ordinary methods and at reasonable expense all risk 
of rusting is removed. 
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This is largely borne out by the answers to a ques- 
tionnaire containing more than sixty inquiries and 
circulated to some 1,000 engineers. The result was 
that over 17,000 itemised replies were received These 
were carefully classified and tabulated, and some 
illuminating results on the question of deteriora- 
tion emerge from them. It appears that 38 per 
cent. of the direct answers state that corrosion 
has not endangered the safety of any structure, 
90 per cent. say that it has not endangered the safety 
of viaducts and bridges, while 30 per cent. state that 
buildings, and 19 per cent. that bridges, have en- 
dured for many years without injury from this cause, 
47 per cent. are of opinion that no structures are 
seriously injured by corrosion, and 80 per cent. that 
all structures can be protected fromits ravages. An 
average of all the replies shows that bridges may be 
made 89 per cent. and buildings 94 per cent. perfect 
in their resistance to corrosion, while 52 per cent. say 
that the best protection is afforded by painting and 
cleaning, though 23 per cent. prefer enclosure in 
concrete. 

Going a step further it appears that engineers at 
any rate do not dread the consequences of the 
greater employment of steel for a variety of purposes, 
in which respect they differ from Sir Edwin 
Lutyens, who thinks that New York’s skyscrapers 
would not withstand a mild tornado. In fact, the 
risk of corrosion in well-designed and maintained 
structures gives rise to no qualms, as is shown by 90 
per cent. of the individual answers to Mr. Skinner’s 
questions, while the same high proportion of replies 
make it clear that there is no limit to the life of pro- 
perly protected steel. An analysis of the replies 
to the questionnaire, in fact, leads to the following 
important results. It is substantially the uniform 
opinion of experienced engineers, architects and 
builders that structural steel will rust, if not pro- 
perly treated, but will not rust if properly treated ; 
that it has a practically unlimited working life ; 
that rust is caused by a limited number of specific 
conditions ; that certain parts of all structures are 
more susceptible than others to rust; that all 
structures can be protected from serious rust ; that 
electrolysis is usually negligible ; that rust can be 
removed after it has commenced, and that it will 
not become dangerous without warning. Finally, 
steel is the most reliable of all structural materials. 

Though it is impossible adequately to summarise 
the information from which these conclusions 
rightly spring, attention may be briefly drawn to a 
few of the outstanding points, and especially to 
certain remarks made in the discussion which, 
generally, confirm Mr. Skinner’s arguments. Mr. 
Skinner’s own conclusions may be shortly stated as 
follows : With proper design, construction, inspec- 
tion and maintenance steel engineering structures, 
especially buildings, can and should have an 
unlimited life, measured perhaps by centuries, so far 
as unimpaired endurance for initial conditions and 
requirements is concerned. Moreover, where 
structural steel is properly and rationally treated 
by ordinary methods and at reasonable expense 
all rusting can be eliminated, and the steel perma- 
nently protected against deterioration. 

In the course of the discussion Dr. J. A. L. Waddell 
remarked that the paper established beyond doubt 
the suitability of steel for both bridges and buildings, 
and that it should remove from the minds of the 
sceptical laymen the apprehension that this 
material was short-lived, as well as the idea that 
reinforced concrete bridges were more permanent 
than those of metal. The truth was that the 
probable life of reinforced concrete structures had 
not been ascertained, especially when they were 
situated in or near salt water. Numerous failures 
under such conditions had already occurred, and it 
was one of the most important economic problems 
of the day how best to build such bridges, in order 
to make them at least fairly long-lived. Dr. F. 
Speller considered that in large buildings most of 
the steelwork could be so protected from the weather 
and that three coats of paint was all the additional 
insurance required during the life of the building. 
Precautions should, however, be taken to prevent 
air circulating between the fire-proofing and the steel 
framework. Columns should be waterproofed with 
asphalt or bitumastic and left uncovered near the 
base, the latter being supported above the basement 





floor on dry masonry piles. Mr. R. Farnham’s 
experience was that no decently treated steel 
structures failed from corrosion. Dr. Maximilian 
Toch gave some useful information on the subject 
of paints, which indicated that this material may 
be a cause as well as a preventive of corrosion. 
In 1901 a number of suspenders on the great 
East River Bridge at New York snapped. A 
short time prior to the accident a paint made of 
sulphonated fish oil by the treatment of menhaden 
oil with sulphur trichloride had been applied and 
thus corroded steel as well as copper. The Brooklyn 
Bridge was almost destroyed for the same reason. 

This information and others of the same character 
may with advantage be compared with the contri- 
bution on painting made by Dr. Newton Friend 
in the Third Report (1923) of the Committee of the 
Institution of Civil Engineers on the Deterioration 
of Structures in Sea Water.* It will be found, in 
fact, that the views of Mr. Skinner and his 
collaborators agree very closely with those adopted 
in the best practice in other countries, though much 
remains to be done to make the best practice 
common practice. In any event there is certainly 
no need for alarm and still less for scaremongering. 








SAND DUNE RECLAMATION IN 
PALESTINE. 


Some travellers have suggested that the state of 
civilisation of a young country might be gauged by 
the length, or rather the shortness, of its bridges. 
This is not, perhaps, a fair standard, but there is 
more sense in the idea than in basing comparisons 
on the size of picture galleries. An art collection 
may largely be due to the generosity or vanity of 
some political or commercial magnate. To replace 
a long crossing over a river bed of indefinite width 
by a short bridge implies the training of the river 
and the prevention of floods, and facilitates traffic, 
and makes large tracts of ground available for 
farming, all of which requires organised adminis- 
tration rather than individual spirit. Organised 
administration and engineering enterprise now 
promise to restore the traditional fertility of Meso- 
potamia and Palestine, which rapidly vanished as 
early as the date of the decay of the Roman empire, 
long before the invasion by the Turks, when rivers 
and sand were no longer kept in check. 

That sand is also the great impediment to pros- 
perity on the Mediterranean shores of Palestine is 
not always recognised, although the coast strip is 
marked as desert land on maps. The sand dunes of 
this coastline, in fact, cover an area of 125,000 acres, 
and these sands, ever shifting and spreading inland, 
with the predominant south winds of the summer, 
are a constant menace to the sparce settlements. 
The Palestine Government Department of Agri- 
culture and Forests began, in 1921, to attack the 
problem of fixing the sands and of reclaiming the 
sand dune area in three experimental stations, two 
of which, at Gaza and at Acre, are still maintained. 
By 1925, promising results had been obtained, as 
we recorded in ENGINEERING, vol. cxx, page 549; 
a further favourable report by the deputy director 
of the department mentioned, Mr. F. G. Tear, has 
recently appeared in vol. vi of the Empire Forestry 
Journal. 

When, by 1926, the reclamation of the whole 
dune area of more than 400 acres between the towns 
of Acre and Haifa was taken up, the Haifa Bay 
Development Company, which owns large tracts 
of the land behind the dunes, proposed improvements 
with a view to the development of Haifa port and 
the extension of the railway to Beirut, situated 
further north on the shore, beyond the old Phoeni- 
cian settlements of Tyre and Sidon. The scheme of 
the company involved afforestation and the creation 
of parks, and also of building areas as at Tel Aviv, 
which is built on a sand dune. During the last 
year, some 97,000 cubic metres of sand have been 
transported by Decauville railway, to fill up swamps 
to a depth of more than a metre on the right bank 
of the Kishon River, and the work of dealing with 
dune swamps by this somewhat novel method is con- 
tinuing ; the annual rainfall at Acre, it should be 
noted, is 692 mm., that is, greater than in London, 





* See ENGINEERING, vol. cxvi, page 435. 


and the ground water level is at 2 metres. Whatever 
the company does, however, the Forest Service will 
maintain the experimental station at Acre for some 
years, at any rate. 

The planting of Ammophila Arenaria grass on the 
seaward slope of the dunes, which we mentioned 
in the previous article, had been effected on the 
quadrant method recommended in Gerhardt’s 
Deutscher Diinenbau. There was, however, a deve- 
lopment of alternate ridges and depressions along 
the vertical lines running down the slope. The new 
plantation on a fore-dune stretch, 1,400 m. long and 
80 m. wide, is therefore being made in horizontal 
rows parallel with the shore line, and this method 
has, moreover, proved less expensive and more con- 
venient for access. The use of timber planking 
for raising artificial dunes has been abandoned in 
favour of brushwood planting. Cuttings of Tamarix 
Articulata have been found to grow too slowly to 
prove serviceable, and double lines of the grass are 
ineffective. For the fixation of interior sand areas 
a mixture of the grass with the common Artemisia 
Monosperme of the district is used; this Artemisia 
can also be sown and can alone be used where the 
drift is not too serious. Tree planting has, in many 
instances, been an indifferent success. Of 100,000 
Eucalyptus Rostrata planted before 1924, only 8,000 
survived ; thriving plants are on shallow sands, 
where the roots can strike good soil. An unexpected 
feature was that the eucalyptus would not do at all 
in depressions where water is liable to stand for 
days. Other eucalyptus and several kinds of pines, 
willows and poplars, have not done well either. The 
promising exceptions are Pinus Halepensis and 
Acacia Cyancphylla; the latter grows into dense 
thickets and gives a fair charcoal. As regards forage 
plants, Medicago Sativa and Lupinus Turmus, little 
can be said so far; other indigenous species of 
Medicago and New Zealand lupines are under trial. 
One of the heavy items in the expenditure has been 
the cost of transport from the nursery, about 5 km. 
distant. A nursery is to be provided on the spot, 
and trees are now raised, not only in old petrol 
tins, but also in seed beds laid out in the dunes 
constructed by adding garden soil. The young trees 
have to be sheltered from the sea winds. By the 
time that the fore-dunes have been raised sufficiently, 
and the acacias have developed, it is hoped to 
grow timber in the district. There remain manifold 
difficulties, but the movement of the sand has been 
arrested at Acre, and the soil has been sufficiently 





stabilised for the introduction of forest crops. 





2,000-H.P. LJUNGSTROM TURBINE 
LOCOMOTIVE. 

On the two-page Plates LXI to LXIII, with 
our issue of this week, and on pages 772 and 773, 
we illustrate a Ljungstrém turbine locomotive 
designed for express passenger traffic and con- 
structed by Messrs. Beyer, Peacock and Com- 
pany, Limited, of Gorton Foundry, Manchester. 
In essentials this differs little from the first of its 
type, which was described in ENGINEERING, vol. cxiv, 
page 64, etc. Certain important details have, however, 
been simplified and improved, whilst, on the other 
hand, some safeguards included in the original design 
have proved unnecessary, and have accordingly been 
omitted. The engine now illustrated, was designed 
so as to be capable of hauling English express 
trains at a maximum speed of 75 m.p.h., but in 
actual service, speeds of 76 miles per hour have 
already been exceeded, and speeds of 80 miles per 
hour are quite within its powers. In order to gain 
experience with the new type, the builders made 
arrangements by which for some months past the 
engine has been running in regular service on the 
Midland section of the London Midland and Scottish 
Railway. As shown in Fig. 1, on page 772, its length 
over buffers is 73 ft. 11 in., and in height and width 
it is up to the very limit of the Midland loading 
gauge. When carrying its full load of fuel (6 tons) and 
1,950 gallons of water, the engine has a total weight 
of 143 tons 14 ewt., of which over 54 tons are available 
for adhesion. Taking the coefficient of adhesion 
as one-third, it is thus capable of developing a pull 
of over 18 tons at the drawbar. In service, a draw- 
bar pull of 9-9 tons was recorded during a run made 





last May from Derby to Bedford. The load on tbis 
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2,000-H.P. LJUNGSTROM TURBINE LOCOMOTIVE. 


CONSTRUCTED BY MESSRS. BEYER, PEACOCK AND COMPANY, LIMITED, ENGINEERS, MANCHESTER. 

















Fic. 16. DravGut TURBINE AND 


Fan. 























Fie. 18. Marin Tursing Openep UP. 











Fic. 17. Martn TuRBINE. 


port h. The smoke-box extension, in which the 
preheater is housed, is mounted on hinges, so that 
access is easily obtained to the drum of the pre- 
heater and to the fan. The drum rests on 6-in. 
rollers, which are coupled by chain gearing to the 
fan shaft, and these rollers drive the drum by fric- 
tion at about 6r.p.m. For use when raising steam 
or when cleaning fires, a ring blower is fitted at the 
base of the chimney. 

The fire-box plating is of steel ¥% in. thick. The 
grate area provided is 30 sq. ft. In addition to the 
brick arch shown in Fig. 4, four large water tubes 
are fitted inside the fire-box. 

The regulator shown in the steam dome is used 
solely for emergency purposes, the engine being 
controlled by an independent regulator mounted on 
the trailing section of the locomotive, but operated 
from the footplate by the handle shown at i. 
Just above this can be seen the handle q, by which 
the reversing gear is operated. Both controls are 
within easy reach of the driver’s seat. Inde- 
pendent control valves are provided for the 

















blower turbine, the 
condenser fan turbine, 
and forthe feed pumps. 

The bunker holds 
6 tons of coal, and is arranged behind the foot 
plate. The two side tanks, best seen in the 
general view, Fig. 2, hold 600 gallons of water 
and about 1,350 gallons more are contained in the 
condenser tank, to be subsequently described. 
The brakes for the six trailing wheels of the boiler 
carrier are steam operated. The engine is also 
equipped with standard vacuum brake fittings, the 
discharge from the air ejectors being passed into 
the feed heaters. 

The steam-using part of the plant is, as already 
noted, mounted on the trailing component of the 
complete locomotive. The two components are 
coupled together by a bronze-bushed ball joint, 
which can be seen to the right of Fig. 4, Plate LXII. 
A longitudinal section through the trailing compo- 
nent, or condenser vehicle, is reproduced in Fig. 6, 
and half-plans, one giving a section, in Fig. 7, whilst 
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19. Marx Tursine Rotor. 


Figs. 10 and 11 are end elevations. Views of the 
leading end of this vehicle are also reproduced in 
Figs. 13, 14 and 15, Plate LXIII. The main by 
which the steam is conveyed from the boiler to the 
turbines on the condenser vehicle is provided with an 
expansion joint on the boiler vehicle, and terminates 
in the ball joint shown at 2, Figs. 6 and 7, and also 
in Fig. 13, Plate LXIII. The casing of the main 
turbine is shown at j, at the top right-hand corner 
of Figs. 10 and 13, and another view of it can also 
be seen in Fig. 14. The general characteristics of 
the turbine will be readily understood from the 
photographs reproduced in Figs. 17, 18 and 19, 
above. As there shown, it is of the disc and 
drum type. The rotor has a single-row impulse 
wheel at its high-pressure end, which is followed 
by 18 rows of reaction blading. In the turbine 
used for the original Ljungstrém locomotive, the 
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first stage had a two-row velocity compounded 
wheel, and the last row of reaction blading was 
divided into two sections, an inner and an outer. 
The steam which passed through the inner section 
was subsequently turned round through 180 deg. 
and directed back through the outer section of 
blading, which delivered it to the exhaust branch. 
This arrangement has in the present instance been 
replaced by a somewhat simpler construction. 
The designed maximum speed of the rotor is 
10,500 r.p.m., which corresponds to an engine 
speed of 75 m.p.h., and (with full steam pressure) 
to an output of 2,000 brake horse-power. The 
torque is transmitted to the leading driving axle 
through triple-reduction gearing, housed in the 
casing shown in Fig. 6, Plate LXII. The description 
of this must be deferred to our next article. 


(To be continued.) 





THE AIR-SEASONING AND CON- 
DITIONING OF TIMBER. 


For a long time past public attention has been 
directed to the waste of fossilised timber in the form of 
coal, but only of recent years does it seem to have been 
recognised that a similar waste is going on in the 
timber derived from living trees. The waste of coal is 
doubtless more spectacular on several grounds. The 
amount in question is probably larger, some part of 
it is an unhealthy nuisance as well as an economic loss, 
and the world’s resources of coal, great though they 
are, are a wasting asset, which for practical purposes 
cannot be replaced. On the other hand, the case for 
husbanding timber is by no means negligible. Though 
the amount of timber used to kéep the world going is 
doubtless less than that of coal, it may be said, how- 
ever, to be of a large order of magnitude. Timber, 
moreover, is an asset that can be replaced, and, while 
at the present time it is probable that more is being 
used than is being produced, it does not seem impossible 
that more economical methods of producing and using 
it might bring about a balance, at least for the time 
being. In the United States, the Forests Products 
Laboratory has been collecting a large amount of 
observations on the subject, and in this country the 
Department of Scientific and Industrial Research has 
set up a Forests Products Research Board, with a 
laboratory at Princes Risborough. One problem, to 
the solution of which scientific investigation has as 
yet contributed little, is the seasoning of timber, 
and, in order to prepare the ground for appreciating 
the results which it is hoped may be obtained, the 
Department has just published on behalf of the board 
a general statement by Major F. M. Oliphant, Director 
of Forests Products Research, of the fundamental 
factors governing the process of drying timber, and of 
the lines on which they can be used in practical 
seasoning.* It is not overlooked that by long expe- 
rience, and trial and error, a practice of wood seasoning 
has been built up, which as yet no scientific results 
can replace. Even the use of this practice, however, 
may be assisted by a knowledge, which as yet is 
probably not general, of the anatomical structure of 
wood and the processes on which seasoning actually 
depends. As Dr. R. 8. Pearson, the Director of Forests 
Products Research, remarks in’ a prefatory note, 
seasoned wood is both more durable and stronger than 
green, and it can therefore be made to go further ; and, 
great though is the waste which arises through careless 
conversion of trees into planks, Dr. Pearson estimates 
that the loss through improper seasoning and the 
defects it entails is probably greater. 

Moisture in Wood.—The distribution of moisture in 
wood is not very well known, but it seems clear that 
at most times of the year it varies both radially and 
longitudinally, and accordingly that planks cut from 
the same log will not have the same amount of moisture, 
nor will it be distributed uniformly. Its total amount 
may be twice the weight of the dry wood or even more. 
The largest part of the moisture is contained in the 
cavities of the cells, and its removal does not cause any 
change in the dimensions of the cells nor, therefore, any 
shrinkage inthe wood. The remainder of the moisture 
is absorbed by the cell walls, and though its amount 
varies with the species of the wood, it is usually of the 
order of 25 per cent. to 30 per cent. of the weight of 
the dry wood. The removal of this moisture causes 
shrinkage of the cell walls and therefore of the wood, 
and as the substance of the cells is hygroscopic, even 
dry wood will re-absorb moisture if it is exposed to 
a sufficiently humid atmosphere. For each hygro- 
metric condition of the air to which it is exposed wood 
fibre, like other fibres, such as cotton, has a percentage 
of moisture at which its moisture is in equilibrium 
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* Forests Products Research: Special Report No. 
The Air Seasoning and Conditioning of Timber. H. 
Stationery Office, 2s. net. 
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with that of the air, and when air seasoning has reduced 
the moisture in the wood to this point, no amount of 
further exposure to an atmosphere of the same humidity 
will make it dryer. For average outdoor conditions 
in this country wood reaches this point when it has 
about 17 per cent. of moisture, reckoned on the weight 
of the dry wood, or about 12 per cent. to 13 per cent. 
if it is kept in the drier atmosphere of a closed building 
at ordinary temperature, such for instance as a work- 
shop. When, however, it is introduced into the 
warmer atmosphere of a domestic living room, the 
moisture may fall to 9 per cent., or in“the neighbour- 
hood of a radiator perhaps to 6 per cent. So far, 
therefore, as it relates to removal of moisture, air 
seasoning means the reduction of the moisture in the 
timber to the percentage that can be attained in 
ordinary yards, which in this country means about 
17 per cent. Any further alteration in this percentage 
is called conditioning, and the extent to which it is 
carried should be determined by the temperature to 
which the timber, or the products made of it, are likely 
to be exposed in ultimate use. If such use is to be 
indoors in this country, more moisture will have to 
be extracted, and the timber left under suitable atmos- 
pheric conditions until not only the fibres have reached 
the necessary dryness, but the moisture has been dis- 
tributed evenly among them, the latter taking according 
to the thickness of the stock from a few days to several 
weeks. If, on the other hand, the timber is to be used 
for making products to be sent out into a more humid 
climate, such for example as in some regions of the 
tropics, the moisture in it would have to be increased, 
and in addition it may be desirable to coat the object 
with paint or varnish. It must be remembered, how- 
ever, that these substances do not offer complete resist- 
ance to the passage of moisture, though the extent to 
which they impede it may be enough to give protection 
against the effects of variations in seasonal humidity. 
Care must be taken, however, that the edges as well 
as the surfaces are covered, and that the coatings on 
opposite sides are equal, so as to prevent opposite 
surfaces drying at an unequal rate and so producing 
warping. While the average humidity in the fibres 
at which equilibrium sets in has been stated for this 
country, wide differences are of course found in different 
districts, and a change from a moister to a dryer 
district has been known to reduce the time required 
for seasoning from four years to two. The rate of 
drying varies with different woods, as a rule light wood 
drying faster than dense wood, soft wood than hard 
wood, and plain sawn timber (longitudinally or tan- 
gentially sawn) faster than quarter sawn. The rate of 
drying varies more or less with the thickness for an inch 
and upwards, but below one inch is more rapid as the 
thickness is reduced. Drynessis estimated by weighing 
four samples, the sample for dry weight being kept 
in a constant-temperature oven at 104 deg. C. till 
the weight is constant, which may take from 12 hours 
to 48 hours. Samples must be taken in a sufficient 
variety of positions to determine the average moisture 
and the uniformity with which it is distributed. 

Mechanism and Difficulties of Air Seasoning.—Air 
seasoning reduces the weight of timber, increases its 
durability, and prevents decay. The timber also 
becomes better. fitted to be impregnated with pre- 
servatives and to receive paints, and its mechanical 
properties are improved in every respect except 
toughness, as measured by resistance to shock. 

A few woods do not show the loss of flexibility | 
which causes reduced toughness, and in some of these 
this property either remains constant or may slightly 
increase. Different species of wood require different 
treatment, and loss of toughness may occur sometimes 
through too rapid drying, especially in a kiln process. 
A further effect of adequate seasoning is to allow 
stresses to even themselves out to some extent. The 
removal of the free water—that is, the excess above 
fibre saturation point—makes no difference to the 
mechanical properties of the timber. 

In air seasoning timber is so piled as to allow air of 
suitable dryness to circulate over its surfaces and 
remove moisture. The rate of drying depends on the 
dryness of the air, the velocity of its circulation, and 
the extent to which the timber is exposed. The chief 
difficulties in air seasoning arise from the irregular 
shape and distribution of the cells, and the unequal 
shrinkage which results. As a rule, when water is 
removed from the cell walls, the fibres shrink little 
in length and considerably in breadth. The shrinkage 
in breadth increases with the thickness of the walls, 
so that light woods often shrink less than dense, and 
spring wood than summer wood. It is to be remem- 
bered, moreover, that the cells which form radial rays, 
and thus cross the longitudinal cells at right angles, 
adhere to the longitudinal cells, and as the crosswise 
shrinkage of the longitudinal cells is in the same direc- 
tion as the longitudinal shrinkage of the radial cells, 
the relatively small shrinkage of the radial cells in 
their longitudinal direction impedes the crosswise 
shrinkage of the tangential cells, and the resultant of 








the two opposing tendencies to shrink may cause and 
leave behind considerable internal stresses in the 
timber. The difference between the longitudinal and 
radial shrinkage of both kinds of cells explains in 
considerable part the fact that the shrinkage in breadth 
of quarter-sawn (radial) timber is usually only half, 
and sometimes may be as little as a third, of the 
shrinkage across the plain-sawn or tangential surface. 
In addition to the stresses set up in this way, others 
occur through the fact that the timber dries faster, 
and therefore shrinks more, on the surface than inside, 
and that it dries faster from the cross-cut ends than 
from the sides. From these stresses arise the checking 
(small splits), case-hardening, and warping, including 
both cupping and twisting, which arise on air seasoning. 

Broadly, it may be said that all the defects caused by 
air seasoning arise from one part of the timber drying 
more quickly than other parts. The commonest, 
perhaps, of such defects, and the most difficult to 
prevent completely, is the checking of the ends and 
surfaces. End checking may be diminished by painting 
with a suitable composition, but attempts to prevent it 
mechanically by nailing wooden strips across the ends 
of unseasoned planks seem to aim at controlling forces 
too great for the strength of the timber, and may even 
increase the size of the splits. Such methods are useful 
only when applied to seasoned wood, with the object 
of controlling the effects of seasonal changes in moisture, 
and any shrinkage that may have arisen during drying. 
With quick surface-drying, such as occurs especially in 
dry hot weather, considerable stresses may be set up 
in the dry outer layers, which the wet interior of the 
plank restrains from shrinking. The surface defects 
thus occasioned are not usually sufficient to relieve 
the tension, and if the plank is re-sawn before it is 
completely dry, its halves will cup outwards. If the 
drying of the halves is then completed, the greater 
shrinkage of the wet interior may straighten out the 
cupping, or even reverse it. If, on the other hand, the 
drying of the plank has been completed before re-sawing, 
the shrinkage of the inner layers will be impeded by 
the already set outer layers, and internal checks or 
stresses will result. In this process checks on the 
outer surface may close up, but nevertheless they 
remain a source of weakness. If a completely dry 
plank, the surface of which has been dried too quickly, 
is re-sawn, the internal tension will cause the two 
halves to cup inwards. Timber so case-hardened must 
be dressed on each side equally, or it will cup towards 
the side which has received the deeper dressing. 

Similar trouble may occur from release of stresses 
when old beams are re-sawn or re-faced. Cupping 
may also occur towards the longer axis of plain- 
sawn timber on the side away from the heart, 
owing to the tangential shrinkage being greater than 
the radial and the side nearer the heart being more 
nearly radial. In woods with spiral grain the difference 
in slope of fibres and consequent direction of shrinkage 
will cause the wood to twist in drying, as will woods 
with interlocked grain, unless they are cut on the 
quarter. A special case of trouble, arising through 
timber being dried insufficiently but too rapidly, is 
found in shipments of timber which have been dried 
hurriedly in order to bring them down to what is known 
as “ shipping-dry ’’ weight, so as to reduce the cost of 
transport. Such timber, though very dry on the 
outside, may be very wet inside, and its total moisture 
may be in all 20 per cent. to 30 per cent. of the dry 
weight of the wood. Another defect, in which the 
walls of the cells collapse, occurs in drying very wet 
wood, especially in kilns. It is attributed by the 
United States Forests Products Laboratory to the 
free water being drawn off from the cells faster than 
the air can replace it. 

Correct Piling—In any system of piling the yard 
must be kept dry and clean, so as to minimise the 
chance of infection by fungi. The piles should be at 
least 2 ft. apart, or even double if possible, so as to 
allow free circulation of air round them and through 
the timber. To prevent end checking, the piles may be 
so sited that the prevailing wind blows across and 
not along the boards, unless it is more important to 
protect the piles from the direct rays of the sun, in 
which case the ends must face east and west respec- 
tively. Timbers specially liable to end checking may 
have their ends painted or suitably shaded. It is 
always desirable for timbers in a pile to be separated 
from each other by piling strips running across their 
breadth. If the ends of these strips and the length 
of the planks face the alley between piles, better air 
circulation is obtained, and any rain that may get 
into the pile can run off the boards instead of being 
held up by the piling sticks. It is important that the 
foundations of piles shall be high enough to give 
sufficient access to air currents, so that air which has 
passed through the pile and has been cooled and 
moistened shall not stagnate at the foot of the pile, 
where it will not only prevent or retard drying, but 
may also encourage decay and cause discoloration of 
the bottom layers of the stock. The piles should be 
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carried on metal rails or creosoted stringers, resting on 
brick, concrete, or creosoted-wood piers, and the 
timber of the pile should be at least 12 in. from the 
ground. Weeds or other obstacles to the free passage 
of air should be kept down. Instead of being built 
up direct on the stringers, the piles may be carried by 
cross pieces resting on them. The width of the pile 
may be as much as 12 ft. or so, but drying time may be 
shortened by decreasing the width. The height of the 
pile may be 16 ft., but it should not be so high as to 
prevent the stock from being turned over within a 
reasonable period, so as to avoid the risk of decay 
in the lower courses. When the timber is under 
cover, moreover, there should be at least as much air 
space on top of the pile as below it. 

Overhanging ends of the pile, uneven placing of the 
piling sticks and uneven or sagging foundations must 
be avoided. To use any of the timber itself for piling 
sticks, or to dispense with piling sticks altogether 
and arrange the timbers honeycomb fashion, causes 
the exposed surfaces of the timber to dry faster than 
those that are in contact with each other, and to 
develop checks. By putting in suitable piling the 
United States Laboratory was able to reduce a 22} 
per cent. loss through seasoning defects in one yard 
to only 5 per cent. Where overhanging ends are 
unavoidable, they should be suitably supported ; 
1 to 3 in. should be left between each board on a 
course, the least space being left between narrow boards 
and timbers that are apt to check on fast drying. Very 
narrow boards may be piled in twos. Piling strips 
should be sound, dry, and made either of resinous pine 
or the heart wood of some durable species. Their 
thickness should be from ? in. to 2 in., the thicker 
timbers and those most amenable to rapid seasoning 
having the thickest piling sticks. The narrower 
they are the better, and their width may run from 
3 or 4 in. downwards. The spacing is determined by 
the thickness of the stock and its liability to warp. 
For }-in. stock it may be 2 ft. or less, and for 3-in. 
stock may go up to 6 ft., provided the stock is not 
allowed to sag or twist. The piling strips should be 
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placed directly over the foundation supports, and if 
possible should project a little beyond the edges of 
the boards, so tending to reduce end checking. Some 
yards in this country give the piles a slant of an inch 
to a foot from the alley to the rear, as is usual in 
Canada and America. 

The top half of the pile usually dries more quickly 
than the bottom half, which in some American experi- 
ments took longer by 50 per cent. to reach the same 
degree of dryness as the top half. The use of thicker 
piling sticks for the lower courses, the piling of the 
stock in pairs with extra space between each pair 
instead of a narrow space between individual boards, 
and the piling of the random-width stock so as to pro- 
vide a series of narrow vertical chimneys or flues, are 
proposed as improvements, and are recommended by 
some experimental evidence. If piled in a warm shed, 
the timber should have higher foundations than in 
the open air or merely protected by a roof, as the circu- 
lation will not be so intense. The roof must be sound, 
as rain drops falling into checks in timber may carry 
with them the spores of wood-destroying fungi, which 
find favourable conditions for development when the 
checks close through swelling of the wood. Suitable 
louvres or other means should be provided for ensuring 
a sufficient access of air, and avoiding an excess. On 
any serious outbreak of decay all infected timber 
and stringers should be taken out and burnt. A dis- 
infectant may also be used on the ground and adjacent 
timber. 

The need for some of these precautions is avoided 
in the method in which timber is piled in stacks cut 
from individual logs separated by piling strips. 

The Treatment of Decay.—Of the fungi which occur 
in wood, some grow mainly on the contents of the wood 
cells and other on the substance of the cell walls. 
The former, though they stain the sap, seem to make 
little difference to the strength of the timber, though 
they indicate an unhealthy state, which may favour 
the growth of the second class. Of the wood-destroying 
fungi, some attack the living tree, though they may 
continue active in the converted timber, and others 





affect the timber only after it is felled and converted. 
The latter class are the cause of dry rot. The fungi of 
the living tree grow along its length, and are visible 
to the naked eye only at points where they have been 
in action forsometime. For safety, therefore, not only 
parts where decay is visible should be cut out, but also 
some 2 ft. beyond the last visible point. This pre- 
caution, however, is not usual in the forest and the 
mill, and where green timber is shipped in the close 
warm hold of a ship, great damage may be caused. 
Fungi will not develop in wood that has less than 
18 to 20 per cent. of moisture, based on the weight of 
dry wood, though they may do so if the timber after 
being seasoned is so stored as to take up an excess of 
moisture. Infection can be conveyed by contact 
with infected timber, or even by its neighbourhood, 
presumably through aerial convection. In a yard, 
decayed timber and débris of any kind are a common 
source of infection. Kiln drying is, of course, the 
quickest precaution to take, and in some ways the 
most effective. It is said to be also the best pre- 
caution against blue stain, though the organism by 
which this is caused grows so rapidly that control is 
difficult. Nest to kiln drying, it is recommended 
that air drying shall be performed as rapidly as is 
consistent with avoiding other seasoning defects. 
The gravity of the attack by blue stain is said to be 
reduced by passing the green timber from the saw 
through a trough of soda ash or sodium bi-carbonate 
solution. 








THE NIELSEN SHIP DAVIT. 


A NEw and interesting form of ship davit which has 
been patented by Captain I. Schroder-Nielsen, of Horten, 
Norway, is illustrated in Figs. 1 to 4 on this page. The 
general features of the arrangement will be followed from 
Fig. 2. As will be seen, the davit proper is pivoted at its 
centre on a rocking arm which, in turn, is pivoted on a 
bracket fixed on thedeck. A front view of this arm and 
its bracket is given in Fig. 1. The lowerend of the davit 
is pivoted to a crank which is secured to a shaft carried 
in a frame as shown in Fig. 2. The shaft and crank 
may be caused to rotate by means of a worm and worm- 
wheel sector arrangement, as shown, the gear being 
operated by the handle which can best be seen in Fig. 3. 
The worm gear may be a Hindley gear or an ordinary 
worm gear, while the handle can be arranged as shown 
in Fig. 3, with a pair of bevel wheels interposed 
between the handle and the worm, or the worm can 
be arranged on top of the wheel with the handle 
coupled directly to the worm shaft. The result of the 
arrangement is that operation of the handle causes 
the lower end of the davit to move in a circle as in- 
dicated by the chain-dotted line in Fig. 2. As the 
lower end of the davit moves in this way, the davit 
as a whole swings outward with the rocking arm, the 
top end of the davit moving in an approximately 
straight line. This line, as indicated in Fig. 2, makes 
an angle of about 20 deg. with the horizontal, so that the 
boat which is being swung outwards has a descending 
movement. This feature is claimed as one of the 
valuable characteristics of the davit, as it compensates 
for any list the ship is likely to have, so that, even in 
the worst case, the movement of the boat would be 
approximately horizontal. With a list to the launching 
side, the boat would, of ‘course, travel down a steep 
slope, but this would be no inconvenience as proper 
control is ensured by the worm and wheel incorporated 
in the gear. 

The main parts of the davit are made from rolled 
steel sections, as indicated in the figures, and cradles 
to carry the boat are not required as the boat rests 
on chocks carried by the rocking arm, as shown in 
Fig. 2. The davit may, of course, be arranged for 
mechanical control, in addition to the hand arrange- 
ment shown in Figs. 1 to3. By geometrical alterations 
in the proportions of the parts it can also be given 
a very considerable reach, and as a suspended boat 
will be moved more or less horizontally, can, in this 
form, launch several boats placed side by side on the 
deck, as shown in Fig. 4. 





CoaLt-BUNKERING PLANT AT VANCOUVER.—The con- 
struction, at Vancouver Harbour, of adequate facilities 
for the handling of British Columbiar and Alberta coal, 
for bunkering, domestic, or export purposes, has, we 
understand, been decided upon. The new bunkers 
will be erected at North Vancouver, at a cost of 250,000 
dols., and will be completed, it is stated, before the 
end of the present year. The plant will be furnished 
with a deep-sea berth having a maximum depth of 
35 ft., and will have a loading capacity of 200 tons an 
hour, and a storage capacity of 45,000 tons. In addition 
to the main plant, a barge having bunkering capabilities 
of 250 tons an hour, and a load limit of 1,000 tons, will 
be operated, and will permit of loading at any point 
within the harbour. The installation, as a whole, will 
occupy an area of three acres, and the Harbour Board is 
leasing this land to the Vancouver Coal Terminals, 
Limited, which will operate the bunkers as a public- 
utility undertaking. 
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LABOUR NOTES. 


SevERAL branches of the Amalgamated Engineering 
Union having asked for an explanation of their position 
under Rule 3, Clause 3—which authorises local levies 
for local purposes—the Executive Council took counsel’s 
opinion on the subject. The result of the consultation 
has now been embodied in a letter in which branches 
are instructed that no portion of their funds in hand 
is to be applied to political purposes, and that in the 
case of future local levies they must state in the 
plainest terms in noticos convening meetings to ballot 
on proposed local levies, “ that the funds are required 
for, and will be applied to, particular trade and benevo- 
lent purposes and that none of the proceeds . . . 
will be applied for any political purpose or in support 
of local representation on public bodies.” Affiliation 
fees and expenses in connection therewith cannot be 
paid, the communication goes on to say, from the 
proceeds of local levies in respect to Trades Councils, 
unless such Council confines itself strictly to trade 
union and industrial matters, and does not engage in 
political work either of a local or a national character. 
Funds so collected may be used, however, for any of 
the other purposes mentioned in the rule. It is added 
that the Executive Council and the Trustees cannot 
accept responsibility if these instructions are not 
strictly complied with, and branch secretaries are, 
therefore, requested to give effect to them. 





The text of the memorandum agreed to at the 
recent conference in London on the interpretation of 
the wages agreement of June last is given in the 
December issue of the Amalgamated Engineering 
Union’s Monthly Journal. The point upon which there 
was doubt arose out of differences of opinion as to 
who were, and who were not, entitled to the 2s. special 
bonus, and a joint committee of the Engineering and 
Allied Employers’ National Federation and the Engi- 
neering Joint Trades Wages Movement had been set 
up for the purpose of settling it. The memorandum 
agreed upon was as follows :— 

‘**].—The undernoted is proposed as a guide in 
the future to the employers individually and the 
workpeople concerned. 

“*2.—It is the intention of the Joint Committee of 
the employers and the trade unions that the applica- 
tion of the bonus should be uniform and equitable. 
They, however, recognise that there are cases where, 
on account of the dividing line inseparable from the 
restricted scope of the bonus, difficulty may arise. 

‘**3.—A number of questions have been raised by 
the unions owing to the difficulty of differentiating 
between a merit increment and an increment such 
as is referred to in (b) 2 below, particularly in cases 
where the increment is small. 

‘“*4.—-Special care should be taken to ascertain 
the precise reason for the increment, and whether, 
when the payment is made as wages, the increment 
is identified in the one direction or the other.” 





What follows in the memorandum applies to male 
adults in each case. The bonus is declared (a) to be 
payable to (1) time workers on district rate, (2) time 
workers even if their district rate is enhanced by an 
increment in respect of ability or merit. It is not to 
be payable to (6): (1) Workers on any system of 
payment by results. (2) Workers in receipt of an 
increment to their district time rates if that increment 
is granted in respect that the workers in question are 
not employed on a basis of payment by results; a 
time-keeping bonus is not a system of payment by 
results. (3) Workers whose wages fluctuate in accor- 
dance with the wages of those employed in other 
industries. (4) Staff and workers on an upstanding 
wage. 





In November, the home branch membership of the 
Amalgamated Engineering Union increased from 
191,935 to 191,968, and the colonial branch membership 
from 28,251 to 28,471. The number of members in 
receipt of sick benefit increased from 5,329 to 5,353, 
and the number in receipt :of siperannuation benefit 
from 9,708 to 9,725. The number drawing donation 
benefit decreased from 7,146 to 7,066. The total 
number of unemployed members was 14,448 as com- 
pared with 14,903 a month earlier. The percentage, 
reckoned in the usual way, was 6-94. 





In the course of a review of the organisation's activi- 
ties in the year which is drawing to a close, Mr. J. T. 
Brownlie, the president, mentions that the special 
bonus of 2s. per week to plain time workers is being 
paid to something like 165,000 workpeople employed 
by federated firms. At least 60,000 of the 165,000 
are members of the Amalgamated Engineering Union. 
As many non-federated firms have also conceded the 





advance, it is safe to conclude, Mr. Brownlie reckons, 
that between 80,000 and 90,000 members of the A.E.U., 
employed as plain time workers, have received the 
advance. ‘In view,” he adds, “ of the present state 
of industry throughout the country, and the engineering 
trade in particular—also having regard to the financial 
resources of the organisations concerned, and the diffi- 
culties in the way of enforcing a greater advance of 
wages under present conditions—there is reason for 
relative satisfaction.” 


The Ministry of Labour states that on December 5, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,149,600, of whom 793,900 were wholly un- 
employed, 290,800 temporarily stopped, and 64,900 
“persons normally in casual employment.” Of the 
total number, 923,400 were men, 31,500 boys, 166,500 
women, and 28,200 girls. On November 28, 1927, 
the number of unemployed persons was 1,145,230. Of 
these, 788,108 were wholly unemployed, 291,314 
temporarily stopped, and 65,808 “ persons normally in 
casual employment ”’; 916,845 were men, 32,050 boys, 
167,069 women, and 29,266 girls. On December 6, 
1927—when the figures were affected by the dispute 
in the coal-mining industry—the number of unemployed 
persons was 1,506,320, of whom 1,188,202 were men, 
38,064 boys, 244,324 women, and 35,730 girls. 





Writing on Sunday, the Berlin correspondent of 
The Times said that the German unemployment returns 
for the second fortnight of November show a further 
increase, which is attributed mainly to seasonal causes, 
especially the effects of the long spell of frost on outdoor 
work in country districts. Between November 15 and 
November 30, the number of unemployed in receipt of 
relief under the new insurance system rose from 
395,000 to 605,000, an increase of 210,000, or 53 per 
cent. The number of unemployed in_ receipt of 
extended benefits also increased, but only by 16} per 
cent., from 126,000 to 147,000. The total number of 
unemployed in both categories therefore rose from 
521,000 to 752,000, an increase of 231,000, just over 
44 per cent. On November 30 last year, the number 
of unemployed was 1,369,000. The returns of the 
Berlin labour exchanges show a decrease of 7,000 
during the last week. 


In the annual report of the United States Labour 
Department, Mr. Davis, the Secretary, says :—‘* No 
matter on what plea or excuse, reduction of wages 
is bad business and worse economics. The time has 
passed when any industry or employer who seeks to 
break down wage scales will be looked upon by the 
community as shrewd or clever in industry. It is the 
mutual willingness of the worker to produce and the 
employer to pay for production that accounts in large 
measure for our present prosperity. It has crowded 
the home market with millions of ready consumers and 
buyers, it has stocked that market with an infinite 
variety of goods for improving their standard of 
living.” The secret of the national prosperity is de- 
clared to be the maintenance of high production and 
high wages, and it has resulted in cessation of strike 
activity. Mr. Davis predicts that this state of matters 
will continue. ‘‘ Never before in the history of Ameri- 
can industry has the country witnessed such a degree 
of general harmony between worker and employer,” 
he says. ‘ This attitude of mutual respect, goodwill, 
and partnership is growing in the country.” 


There was a decrease of 79 last month in the number 
of unemployed members of the United Pattern Makers’ 
Association. Mr. Findlay, the General Secretary, 
regards the reduction as “* a step in the right direction,” 
and expresses a hope “‘ that it is an earnest of good 
times in front of us.” The total number of “‘ men on 
the books ” is given as 712 out of a total membership 
of 11,127. 


In the latest official report of the organisation, Mr. 
Findlay amplifies his original statement on the national 
agreement. Members were not, he says, getting all 
that they might get under the agreement, because the 
volume of work in many firms did not warrant any 
change in method by the management, and because 
members themselves refrained from pressing their 
case. He was not, however, at a loss for a reason 
why they did not press their case, when he remembered 
the abnormal unemployment and untoward circum- 
stances of the period since 1921, and he, consequently, 
attached little or no importance to the argument that 
fewer men had found employment under payment 
by results. On the question of overtime, Mr. Findlay 
goes on to say, provision has been made for a reasonable 
amount on the score of special contingencies, and, he 








thought, rightly so. How far these provisions had 
been abused by the employers, aided by members of 
the Association, he was not in a position to say. He 
had heard of cases which appeared to need justification 
before an impartial tribunal, and also of cases which the 
districts had been able to get rectified. The Generai 
Office, however, had not been asked to take up a single 
complaint with the employers at headquarters, and, 
judging by the figures given in the Monthly Report for 
May, it would appear, Mr. Findlay says, that the 
total hours, including overtime, worked by employed 
members did not average 47 per week. “‘ Placing due 
weight on all the issues at stake,” Mr. Findlay is of the 
opinion ‘“ that it will be a mistake to scrap the Agree- 
ment.” 





It is sincerely to be hoped that the Australian 
Waterside Workers’ Federation will follow up its 
acquiescence in the Industrial Arbitration Court’s 
decision by a much stricter adherence in the future to 
the terms of the awards of that body. Arbitration 
is a useless expedient unless both parties willingly 
accept the findings. According to the shipowners in 
the Europe-Australia trade, there have been many 
breaches of awards by the Federation. “Ships,” 
they say, ‘“‘ were declared ‘ black’ at the will of the 
federation; the weights of cargo handled in slings and 
trucks were limited without discussion between the 
parties; sudden decisions were made to stop work ; 
men refused to stack cargo in accordance with the 
instructions of foremen, or even to allow foremen to 
supervise the stowing of cargo in ships’ holds, and 
they also declined to work if a ship’s officer was present 
in a hold. In the case of inter-State vessels there were 
frequent refusals to tranship cargo to on-carrying ves- 
sels.”’ These and other troubles of a similar character 
were responsible for the decision of the shipowners 
that unless work on the waterfront was carried on in 
accordance with the legal decision of the Courts, it 
would be necessary to look for labour outside the 
members of the Watersiders’ Federation. 





The Industrial Bulletin, issued by the Industrial 
Commissioner of New York State, reports that the 
Appeal Court has been asked to interpret the maximum 
compensation law as amended Chapter 558 of the 
Laws of 1927, which became effective on October 1, 
amended Section 15, sub-division 6 of the Compensa- 
tion Law, relative to maximum compensation, which 
up till then had been at the rate of 20 dols. per week. 
As amended, the section reads :—‘‘ Compensation for 
permanent or temporary partial disability shall not 
exceed twenty dollars per week, nor be less than eight 
dollars per week; compensation for permanent or 
temporary total disability shall not exceed twenty-five 
dollars nor be less than eight dollars per week; pro- 
vided, however, that if the employee’s wages at the 
time of inquiry are less than eight dollars per week, 
he shall receive his full weekly wages. The Industrial 
Board’s interpretation of the section appears to be 
the ground of the appeal. 





The Board, in its instructions to referees, stated that 
in all cases of total disability, whether permanent or 
temporary total disability, awards were to be made at 
the rate ot not more than 25 dols. per week. If, in any 
case, there was a period of temporary total disability 
followed by a partial disability, which was not a 
Schedule loss of member, the referee was to determine 
in each case the number of weeks of total temporary 
disability and make an award at the rate of not more 
than 25 dols. per week for the weeks during which the 
claimant was totally disabled from working. In addi- 
tion, awards were to be made at not more than 20 dols. 
per week for the succeeding weeks of partial disability. 
If the case was one of Schedule loss, the same rule was, 
the Board said, to be followed, provided the total 
disability weeks and the partial disability weeks 
combined did not exceed the Schedule number of weeks 
for the specific permanent partial disablement. In 
cases of permanent partial disability of the Schedule 
type, where there was a protracted healing period, the 
number of weeks of total disability beyond that 
allowed in Section 15, sub-division 44, were to be 
compensated for at the rate of not more than 25 dols. 
per week, in addition to the number of weeks allowed 
in the Schedule for the particular loss or loss of use 
of the member. 





At a meeting held recently in Moscow, the Central 
Council of Russian Trade Unions adopted the following 
resolution :—‘ This plenary assembly . . . while be- 
lieving that the increase of wages is still one of the 
principal tasks of Russian Trade Unions, is of the 
opinion that this increase should go hand in hand 
with the increase in output which is indispensable in 
order to accumulate social capital.” It was decided 
to call upon the unions to give every assistance in their 
power towards increasing production. 
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ELECTRICITY SUPPLY IN VICTORIA. 


THe State of Victoria, Australia, is fortunate in 
possessing large deposits of brown coal at a short 
distance from its capital and its industrial districts. 
This makes the utilisation of this fuel by an electrical 
transmission scheme an economic possibility. The prin- 
cipal deposit is situated in the Latrobe Valley, some 
100 miles from Melbourne, while other fields of import- 
ance are to be found at Lal Lal, near Ballarat, Altona, 
near Melbourne, and in the Port Albert District. Though 
a few early sporadic attempts were made to develop 
these natural resources, it was not until 1908, when 
Mr. C. H. Merz was called in to report on the electricity 
supply of Victoria, that any great interest was taken 
inthem. Mr. Merz considered that no difficulty should 
be experienced in burning the brown coal as mined, 
and recommended the erection of a station with a 
capacity of 15,000-kw. to supplement the supply from 
a station near Melbourne, which would burn either hard 
or brown coal. 

The scheme was revived, in a different form, in 1917, 
after fuel from the Morwell field in the Latrobe Valley 
had been used as an emergency during a strike in the 
hard coalfields. A committee then reported that the 
most economical way of providing for the future power 
supply of Melbourne would be to establish an open 
cut mine and power house at Morwell under State 
control. Commissioners for this purpose were appointed 
in 1919, and recommended the erection of a station 
with an initial capacity of 50,000-kw. at a cost, including 
the transmission line to Melbourne and other works 
connected with the distribution of supplies in bulk, 
of 2,737,4001. It was considered that, with a load 
factor of 42 per cent., bulk supplies could be delivered 
in the metropolitan area at a price of 0-434d. per 
kw.-hour. 

The work on this scheme had not progressed very 
far before it was found that the demand for power 
was increasing so rapidly that the projected station 
would not be ready in time to cope with it. A station, 
which was virtually an extension of the existing trac- 
tion station, was therefore erected at Newport, near 
Melbourne, with a capacity of 28,000 kw. The question 
of briquetting the brown coal at Morwell for industrial 
use was also considered, and, after careful investigation, 
a factory was erected for this purpose, while, in addi- 
tion, a new town, known as Yallourn, was built for the 
accommodation of the employees, the necessary clay 
for the bricks being obtained on the site. Schemes for 
the distribution of power to various parts of the 
State were undertaken, the first generator at Newport 
being started in 1923 and at Yallourn in 1924. The 
supply of raw brown coal to Melbourne began about 
the same time, while the briquetting factory commenced 
operations early in 1925. 

We have from time to time called attention to the 
various features of this scheme in ENGINEERING,* and 
we have now received two accounts of its history and 
later developments which are based on articles that 
have appeared in our contemporaries Chemical Engi- 
neering and Mining Review, Commonwealth Engineer, 
Electrical Engineer of Australia and New Zealand, and 
The Australian Electrical Times. 

It appears that the brown coal deposits in the 
Latrobe Valley cover an area of about 800 sq. miles, 
the seams being, in places, as much as 808 ft. thick. 
The shallow depth at which the coal is struck is 
another remarkable feature, the average depth of 
overburden being only 33 ft. It has been estimated 
that 20,000 million tons can be won by open-cut 
working, while the existence of 150 million tons has 
been proved in the area of 1 sq. mile set apart for 
initial operations. This is sufficient to supply a 
150,000-kw. station for 100 years. The moisture 
content of the coal varies from 50 to 65 per cent., 
and its calorific value, with 60 per cent. of moisture, 
is about 4,700 B.Th.U. per lb. An analysis of the dried 
coal gives:—Carbon, 61-9 per cent.; hydrogen, 
5-6 per cent.; oxygen, 27-9 per cent.; nitrogen, 
0-8 per cent.; sulphur, 0-2 per cent.; ash, 3-6 per 
cent. 

The area in which operations have commenced, is 
below the flood level of the Latrobe river and is the 
natural outlet for much of the surface water from the 
hills. The workings have, therefore, been surrounded 
by banks, which carry the railway tracks for the trans- 
port of the material. In order to reduce the moisture 
content of the coal, an extensive drainage system has 
been cut near the bottom of the coal bed 160 ft. below 
the surface, and a pump, with a capacity of 4,000 galls. 
per hour, has been installed at the lowest point. A 
surface drainage system is also provided, the water 
from which is also removed by pumps. 

To begin with, the stripping of the overburden from 
the coal was performed by large revolving steam shovels 
of the Bucyrus type. The first operation consisted 
in digging a trench 600 ft. long through the overburden, 





* See ENGINEERING, Vol. cix, page 287 (1920); vol. cxx, 


right across the width of the projected open cut, and 
subsequently taking parallel strips 3 ft. wide from the 
east side of the trench along the full length, thus 
gradually enlarging the cut. In this operation the full 
depth of the overburden was removed in one cut. 
As the overburden was dug out, it was removed by a 
belt-conveyor system on the original ground level, with 
a capacity of 40,000 cub. yards per month, and 
dumped by a boom stacker. Between the shovels and 
the conveyors were feeders which broke up the material 
to a suitable size for belt conveyance. In this way, the 
loss of time occasioned when trucks are used for removal 
was greatly reduced. 

The coal was dug out by power shovels working along 
benches parallel to the length of the area, and, pending 
the time when it was worth while to instal conveying 
machinery, was loaded into trains of side-tipping 
trucks running on 3 ft. 6in. gauge tracks laid on the 
original surface of the coal. The trucks were hauled 
to the south-west corner of the cut, where their contents 
were tipped into a Jeffrey crusher, with an output of 
300 tons per hour, which fed on to a belt conveyor. 
This conveyor elevated the coal into a hopper over 
an automatic truck loader, whence cable-hauled trucks 
took it to the screen house. Subsequently a Ruston 
electric shovel with a capacity of 2,500 tons of coal 
per 24-hour day was installed, the coal from which 
was discharged into the trucks of an automatic cable- 
haulage system via a travelling loader. This system is 
a portion of an extensive installation for coal handling, 
which will ultimately include four separate haulages 
working on the endless rope principle and driven by 
an electrical haulage engine. All the operations of 
loading and emptying the trucks, of closing the truck 
doors and of ungripping and regripping the rope are 
performed automatically, while the truck is travelling. 

All the coal from the open cut is taken to the screen 
house, where it is graded for use in the power station, 
for the manufacture of briquettes or for marketing 
in the raw state. There are three grades: coarse, 
2} in. nuts, and fine. The second is used in the power 
station, while the first and last go to the briquetting 
factory. The screen house is a four-storied, steel-frame 
structure, into the top floor of which the trucks run. 
They pass along the length of the floor, turn at the end, 
and as they commence the return journey discharge 
into a series of receiving hoppers beneath the floor. 
The coal passes thence on to inclined shaking screens, 
which feed three collecting belt conveyors, the latter 
taking the coal up to the storage bunkers. As the 
demand for medium and fine coal far exceeds that for 
coarse, a re-crushing plant has been installed to reduce 
a proportion of the latter quality. This plant is 
placed above the screens in the screen house, and 
is fed by a special conveyor system. 

The coal is stored in 16 reinforced-concrete hopper- 
bottomed bins, with a total capacity of 2,500 tons. 
They are arranged so that they can discharge their 
contents into trucks standing on either the locomotive 
or haulage operated tracks. The power house and 
briquetting factory are both connected to the storage 
bins by a haulage ropeway, the motors for driving 
which are controlled by push buttons. The speed is 
300 ft. per minute. The capacity of the first is 250 
tons, and of the second 125 tons per hour, though 
arrangements have been made to double these figures 
by increasing the size of the motor. 

Owing to the increasing demands of both the power 
station and the briquetting plant, certain alterations 
in the method of removing the overburden have 
recently (August, 1927) been made. The conveyors 
and boom stacker have been moved, and the spoil is 
handled by a 34 cub. yard steam shovel and trans- 
ported to a dump in trucks. A deep dredger for 
removing the overburden is now on order, and will 
work in conjunction with an electric locomotive and 
large capacity trucks. ‘These will take the spoil to the 
boom stacker, which will spread it on waste ground. 
In this way it is hoped to be able to deal with an in- 
creased quantity of overburden at a lower cost. It is 
probable that, in the near future, the coal may also be 
won by this method. 

The dredger mentioned above is of the type exten- 
sively used in German brown coal mines, its principal 
feature being that the spoil is delivered to the trucks 
in a continuous stream. It is mounted on a set of 
rails and moves slowly along the working face. The 
buckets attached to two endless chains, scrape the 
overburden away and dump it into a hopper situated 
in the dredger, whence it is discharged into the train 
below. The dredger can be arranged to dig either 
above or below the level of the rails on which it runs, the 
maximum depth of cut being 30 ft. above and 26 ft. 
below rail level. The dredger track is laid on a level 
operating bench prepared by the dredger itself, at such 
a level that the whole of the earth overlying the coal 
can be removed. The advantage of this arrangement 
is that the rails are always on the level. 

The dredger has a guaranteed output of 6,500 cub. 
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yards in two eight-hour shifts when dealing with 


medium tough clay mixed with sand in which small 
isolated boulders of hard sandstone occasionally 
occur. The working weight of the dredger is 135 tons, 
and each bucket has a capacity of 15 cub. ft. A revolv- 
ing jib crane, of 3 tons capacity, is placed in the upper 
portion of the housing to facilitate the removal of 
the machinery. 

The dredger is electrically operated, direct-current 
being supplied at 1,000 volts through a collector, 
which takes its current from the same overhead con- 
ductors as the locomotives drawing the overburden 
trucks. A motor-driven air compressor furnishes the 
compressed air to operate the chute doors and friction 
clutches on the various drives. A 230-volt lighting 
set is also provided for flood lighting the working face 
and for illumination, both inside and outside, the 
dredger. The overburden is carried to the dumps in 
large side-discharge trucks handled by electric loco- 
motives. Three trains of ten trucks, each operating 
continuously, will be required to cope with the output 
of the dredger. Each truck has a capacity of 20 cub. 
yards, and its dumping mechanism is operated by 
compressed air supplied and operated from the loco- 
motive. The time taken to tip and right a train of 
ten trucks is only about 2 minutes. 

The locomotives have been specialy designed to 
travel on rough tracks, and are arranged to develop 
425 h.p. There are one main and two auxiliary- 
pantographs at each end, making six in all, two of 
which are normal in use at once. The auxiliary pan- 
tographs are employed on the movable dredger track, 
where it is necessary to carry the conductor at the side 
to allow the trucks to be filled under the dredger. On 
tracks, such as the dredger tracks, which are constantly 
moved with the progress of the work, the poles carrying 
the overhead conductors are attached to the tracks 
and are moved with them. The 1,000-volt supply for 
the dredgers and locomotives is obtained from a 
mercury rectifier sub-station containing two 600 kw. 
units. Two further 600 kw. units are being added. 

An important economic factor in dredger operation 
is the rail-shifting machine, which is specially designed 
to move the dredger tracks. The latter may consist 
of from four to seven rails, each weighing 60 lb. to 
100 lb. per yard, attached to one set of sleepers, 
and the corresponding overhead equipment. The 
rail-shifting machine is drawn to and fro by a 
locomotive over the track to be moved. It is thereby 
caused to lift the track and, at the same time, to 
move it 8 in. to 12 in. laterally. The dredger track 
is generally moved forward about 3 ft. at a time. 
A rail-shifting machine, such as this, requires about 
20 min. to move 1,000 ft. of dredger track 3 ft. to 
one side. This operation, which is necessary about 
three times a week, would take a large gang of men 
at least a day to perform. 

The present capacity of the power station at 
Yallourn is 62,500 kw. The steam-raising plant con- 
sists of 12 Thompson water-tube boilers, each of which 
has an evaporative capacity of 70,000 lb. of water 
per hour to steam at 260 lb. per sq. in., and a total 
temperature of 700 deg. F. The stop valves are 
electrically controlled from the firing floor by push 
buttons. Special driers, consisting of a portion of 
the flue built round the coal chutes, were originally 
fitted to four of the boilers, so that the hot flue gases 
could be made to travel in two stages through the mass 
of descending coal before escaping to the chimney. 
These driers were designed to deal with 24-in. coal, 
but it has been found impossible to free this from fines. 
The result is that the passages through the nut coal 
were choked, not only impairing the draught but 
checking the drying. Three of the boilers have been 
equipped with supplementary step gates for pre-drying 
the coal. These are interposed between the bunker 
chutes and the mechanical stokers, so that the flue 
gases can circulate over the coal. The results have 
been very satisfactory. 

The coal is brought into the bunker house by two 
single-track telphers, but a system of conveyors is 
now being installed in connection with the reorganisa- 
tion of the coal winning mentioned above. These 
conveyors will be controlled by push buttons from 
a switch house near the crushers, the motor equipment 
being sequence interlocked. 

The station contains five 12,500-kw. Metropolitan- 
Vickers turbo-alternators, running at 3,000 r.p.m., 
which generate three-phase current at 11,000 volts and 
a frequency of 50. The guaranteed steam consumption 
is 11-6 lb. per kilowatt-hour, with normal steam con- 
ditions, and a 28}in. vacuum. The overall efficiency 
of the plant is 15-4 per cent. Each alternator 
is ventilated by a single inlet centrifugal Howden 
fan. 

The circulating water is obtained from the Latrobe 
river, the semi-elliptic concrete conduits being 


sufficiently large to provide water for a 150,000-kw. 
station. As the flow of the river is variable, the level 
is maintained above the allowable minimum by 4 





weir some distance downstream from the station. 
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of level is 


provided by 
arranging the circulating-water outlet just above the 
weir, so that during an unusually dry summer it may 


Further compensation 


work its way upstream and be used again. In normal 
times, on the other hand, it will all flow over the weir. 
As the make-up water is obtained from the river, 
a complete installation of filtering and evaporating 
plant is provided. 

The auxiliary plant is all electrically driven, the 
motors being controlled by push buttons. Supply 
is at 400 volts on the three-phase system, and is 
obtained either from station transformers, from a 
house turbine transformer bank, or from the 600-kw. 
house turbine direct. Each alternator has its own 
exciter, and, in addition, there is a motor-driven exciter 
which is common to all sets. 

The whole of the main switching and transformer 
equipment of the station is of the outdoor type, and 
is operated from a control building adjoining the 
turbine room. The balance of the 11,000-volt energy 
is stepped up to 132,000 volts for transmission to 
Melbourne, but some is transformed to 22,000 volts 
and 6,600 volts for more local use. 

The transmission line is 110} miles long, and consists 
of two 27,780-kv-a. circuits carried on a single line 
of galvanised steel towers. The conductors are 
of steel-cored aluminium, with an equivalent section 
of 0-264 sq. in. Suspension insulators are used, 
the conductor spacing being 11 ft. vertically and 21 ft. 
horizontally, and the standard span giving a clearance 
of 25 ft. to ground under the worst conditions. The 
longest span is 2,415 ft. The towers are either 
793 ft. or 764 ft. high, with a spread at the base of 
from 18 ft. to 22 ft. 








THE DOBY STOKER. 


AN addition to the large number of appliances which 
have been introduced to facilitate the smokeless and 
efficient firing of boilers, is illustrated in Figs. 1 to 6, on 
this and the opposite pages. This is the Doby stoker, 
the invention of a Dutch engineer, M~. A. J. M. A. Ridder 
van der Does de Bye, and which is handled in this 
country by Mr. J. H. O. Bunge, of Watergate House, 15, 
York Buildings, Adelphi, London, W.C. 2. The stoker, 
as developed, is intended for application to Lancashire 
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THE DOBY RAM STOKER. 
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of cast-iron plates perforated with air holes, as shown 
in Fig. 3. The part below the ram, at the upper right- 
hand corner in Fig. 3, is not perforated, and forms a 
dead plate. At the front of the furnace there is a coal 
hopper C, with a ram or pusher D below it. The 
furnace front is furnished with clinker and ash doors, 
and a small door E, shown to the right of Fig. 1, for the 
insertion of a slice. It also carries two air connections, 
which are indicated to the right of Fig. 1. These are 
connected to a common fan fixed externally to the 
grate, and not shown in the figure. The lower connec- 
tion supplies the primary air below the grate, while the 
upper supplies supplementary air above the fire 
through the duct F. Coal is fed into the furnace from 
the hopper C, to ram D, which is reciprocated by means 
of change-speed gearing operated by the electric motor 
which drives the fan. 

Fresh coal entering the furnace at first lies on the 
dead plate. In this position, all moisture is evaporated 
and gasification starts. Three or four strokes of the 
ram bring this coal, now preheated, on to the grate A 
on which rapid combustion takes place. The charge 
of coal loses its volatile content while over the fire-bars 
A, and as fresh incoming charges of coal cause it to be 
pushed off on to the other part of the grate B, the supply 
of air to the partially-burnt charge is automatically cut 
down. As will be clear from Fig. 3, the holes in the grate 
B are spaced fairly close together around the grate A. 
| Farther out, however, they are spaced more widely 
| apart, and are smaller. The idea of the arrangement 
|is that all air entering the furnace through the grate 
| shall always meet sufficient fuel with which to combine. 
| No air is supplied at the end and left-hand side of the 
| grate, and it is claimed that by the time the clinker has 
|reached these positions, it contains no combustible 
| matter, the coke which leaves the firebars A being 
completely consumed in passing over the air holes. 
| It will be clear that the continual to-and-fro movement 
| of the ram will constantly disturb the fire, and it is 
| claimed that this action prevents the formation of any 
| craters, so that no surplus air can pass through the fuel 
| bed, with the result that surplus air is reduced to a 
| minimum, and the percentage of CO, in the flue gases 
| is exceptionally high. It is stated that the fuel which 
|is pushed from the fire bars A on to the perforated 
‘grate B, consists entirely of devolatilised coke and 


| Ss : 
| clinker, no matter what grade of coal is used, and that, 











boilers, and has been fitted to a boiler of that type at | as a consequence, the coke passing over the air holes is 
the Central Sewage Works at The Hague. Our illus-| always in the same phase of combustion. It follows 
trations, Figs. 1 to 4, show details of the stoker, while | from this that the supply of air, in other words the 
Figs. 5 and 6 illustrate the Hague installation. | size and positions of the air holes, need not be changed 

The lay-out and details of the stoker may be followed | for various grades of coal, and the correct arrangement 
from Figs. 1 to 4. An essential feature of the arrange- | is determined once and for all when the grate is con- 
ment is that the grate area is divided into two parts, | structed. For the original combustion of the volatiles, 
the smaller of which, indicated by A in Fig. 3, is fitted | extra air is required, and this is supplied above the 
with ordinary fire bars. The remainder, B, consists | fire to duct F. The air supply pipe to this duct is 
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furnished with a damper which can be regulated by 
hand. The practice is to adjust this so that the 
chimney is just smokeless. A CO, indicator may, of 
course, be used, but it is claimed that the regulation 
of the extra air until the chimney is just smokeless is 
sufficient evidence that a satisfactory CO, percentage 
is being obtained. 

The ram D works automatically and, as already stated, 
is operated through a change-speed gear. Three speeds 
are provided : slow, normal and fast, while closer 
regulation may be effected by means of motor control, 
so that the stoker may be adjusted to suit any rate of 
steaming. The plunger strikes a tappet at each end of 
its stroke, which operates the reverse. A so-called 
‘* periodical ” arrangement is also provided, giving an 
alternation of several short strokes followed by a long 
one. The short strokes serve to supply coal to the primary 
grate A, while, on the long one, the ram travels across 
the grate and removes the clinkers. The head of the 
ram heats up considerably, particularly during long 
strokes, and to allow from possible burning it is made 
loose and is easily replaceable in a few minutes when the 
fireisdamped. In normal working, the head lasts about 
a year. As already stated, the clinkers are pushed to 
the end and side of the grate by theram. They gradu- 
ally accumulate and ultimately will begin to cover the 
outermost air holes. This condition is indicated by the 
appearance of the fire. The clinkers are then lifted 
by the slice and shovelled up against the fire-bridge, 
any adhering fuel being consumed while they are in this 
position. When the space near the bridge is entirely 
taken up, the clinkers are removed through the fire door 
by a hook bar. In general, this operation is necessary 
about once an hour. As the clinkers are often formed 
in rather large masses, the stoker is usually set to one 
side of the furnace, as shown in the illustrations, in 
order to allow a large fire door to be employed. It is 
stated that, in practice, there is no undue concentration 
of the hot part of the fire above grate A. The con- 
centrated heat above the grate is spread in its passage 
through the cover of coal lying above, and a fairly 
uniform fire is produced over the grate as a whole. 
The fire bars are said not to burn more than is normal, 
and there is stated to be little or no trouble with the 
blocking of the air holes, which are tapered from below. 
The power required for the air supply fan is about 
3 h.p. per 10 sq. ft. of grate surface. When forcing the 
boiler, a pressure of about 2 in. of water is necessary 
in the ash pit. 

In an 8-hours’ test of the Doby stoker at the Central 
Sewage Works, at The Hague on January 24 last, burning 
one part of Emma Nuts IV to two parts of Wilhelmina 
Nuts IV, of a total calorific value of 13,275 B.Th.U. 
per pound, the following figures were obtained :— 
Coal burnt, 2,540 Ib. ; feed water evaporated, 23,800 Ib.; 
pounds of water per pound of coal, 9-3; temperature 




















ENGINEERING. 














Fig. 5. 


fagineering 





THE DOBY RAM STOKER. 
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of feed water, 66-6 deg. F.; steam-pressure (gauge), 
101 Ib. per square inch; efficiency (without feed 
heating), 81-5 per cent. Diagrams giving records of 


CO, on four successive days working at the Central 
Sewage Works, are given in Figs. 7 to 10. 








THE RECONSTRUCTION OF TWO 
RAILWAY SWING-BRIDGES.* 


By K. B. Turner, and R. E. WAtsn, 
Assoc.MM.Inst.C.E. 


THESE bridges are known as the Beccles and St. 
Olaves swing-bridges, and carry the main Ipswich to 
Yarmouth line of the London and North-Eastern 
Railway over the river Waveney. The old structures, 
built in 1853 and 1857, provided for a single line of 
railway only, and, moreover, were too weak to carry 
ordinary present-day traffic at normal speeds. These 
bridges were of the hand-operated type, giving two 
equal openings, turning on a ring of live rollers mounted 
upon a cast-iron cylinder situated in the centre of 
the river. They each had approach viaducts consisting 
of piled timber trestles. In order to maintain traffic, 
it was decided, in both instances, to build a new double- 
line bridge alongside the existing one; the layout was 
such that a slight improvement in alignment and level 
was thus obtained. Contracts were let-in 1923, so 
that the bridges might be reconstructed simultaneously, 
the design being on the same lines in the two cases. 

The main feature of interest as regards the founda- 
tions, is the soft nature of the subsoil, which, at the 
St. Olaves bridge, extends to a maximum depth of 
55 ft.; this necessitated the sinking of pneumatic 
caissons for the piers supporting the movable spans. 
The pivot pier of each bridge is founded on a mild- 
steel circular caisson, 30 ft. 8 in. in diameter. The 
cutting edges were sunk to depths of 63 ft. at St. Olaves 
and 36 ft. at Beccles, these depths being necessary to 
obtain a solid foundation in a bed of sand. The 
rest piers are founded on steel caissons having a 
rectangular section with semi-circular ends, the overall 
dimensions being 48 ft. 6 in. by 13 ft. All the caisson 
piers have a solid concrete core, and are carried up 
above the steel skin to the girder bearings with solid 





* Paper read before the Institution of Civil Engineers, 
on Tuesday, December 13, 1927. Abridged. 
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concrete faced with blue brick. The design’of’the'cais- 
sons and the method of sinking”are described in detail, 
and the results of observations on skin-friction and 
rates of sinking under various pressures are tabulated. 

At the Beccles bridge, the swing portion is approached 
by a single fixed span on the south and four fixed 
spans on the north side, all of these being of the half- 
through type. The abutments and piers are of brick- 
work carried on concrete piles. At the St. Olaves 
bridge the approaches consist of one short deck span 
on the south, and one half-through fixed river span fol- 
lowed by five deck spans on the north side; these 
are also carried on brick piers with pile foundations. 
The design of these spans is discussed, and particulars 
of the pile-driving are given. The pivot piers at each 
bridge are located on the south side of the waterway, 
the northern arm of the swing portion spanning the 
main navigable channel, while the southern half spans 
the river wall and drainage dykes. The two former 
navigable openings are thus replaced by a single 
channel of greater width in each case. 

The swing span consists of two main plate side girders 
carrying cross girders and longitudinal rail-bearers, 
the overall lengths of the girders being 173 ft. 8 in. at 
St. Olaves and 136 ft. at Beccles, the bridges being 
otherwise similar in design. These girders are carrjed 
in the centre upon a built-up turntable of the rim- 
bearing type. The turntable is formed of a circular 
girder, 28 ft. 6in. in diameter, carried upon twenty-nine 
rollers running between cast-steel roller-paths upon a 
foundation ring fixed on the masonry capping of the 
pier. The turntable has a system of internal beams 
which carries the main centre casting and supports the 
swinging machinery. The centre is of the plain post 
type and takes no part of the vertical load. 

The swinging-machinery consists of a 30-h.p. electric 
motor driving through a reduction worm and a system 
of gearing on to vertical shafts which carry pinions 
engaging with a toothed rack fixed to the foundation- 
ring. 

The ends of the swing spans are supported on tapered 
wedges fixed under the main girders and engaging 
with sloping bedplates situated on the rest piers. 
These wedges are forced in by screws driven through 
gearing by means of motors situated under the floor 
of the swing span at either end, and thus take out 
the deflection of the main girders when the latter 
act as cantilevers. At the same time, the wedges 
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engage tapered side flanges on the bedplates and so 
bring the bridge to its correct alignment and hold the 
ends rigidly in position. Main locking-bolts are 
fixed to the southern ends of the swing spans and 
engage with bolt-housings fixed on the rest piers, being 
operated by small motors through suitable gearing. 
Emergency hand gear is provided for each of these 
operations. 

The bridges are operated, in each case, from a signal- 
box situated near the south abutment, the movement 
of certain levers and switches energising the contactor- 
panels fixed in the centre of the bridge, which auto- 
matically operate the various motors, the latter being 
controlled by limit switches worked by the movements 
of the various parts themselves. The correct position 
of the rail-ends at either end of the swing span is 
proved by means of detecting blades driven across 
from the fixed to the moving rails. These detectors, 
together with the other safety appliances and inter- 
locking of the bridge, are described. 

The power plant is situated, in each case, in a building 
adjacent to the signal-box and consists of a 90-h.p. 
crude-oil engine direct coupled to a dynamo charging 
a battery of accumulators, which supplies power for 
the bridge-motors, electrically-operated signals, and 
other purposes. 








TuHeE Iste MALIGNE TRANSMISSION LINE, CANADA.— 
The high-power transmission line, linking up the City of 
Quebec with the hydro-electric station of Messrs. the 
Duke-Price Power Company, at Isle Maligne, on the 
Saguenay River, a tributary of the St. Lawrence, was 
completed recently, and was officially opened on Octo- 
ber 12 last. The line, which is the property of the 
Shawinigan Water and Power Company, Limited, and 
cost over 5 million dollars to construct, is 136 miles 
in length, and is capable of delivering 100,000 h.p. 
at 165,000 volts. The power is transmitted on two 
circuits, the wires being carried on steel towers, 85 ft. 
in height. By means of this line it is now possible to 
interconnect the entire Quebec system of the Shawinigan 
Company and its subsidiary concerns, so that the current 
developed on the Saguenay River can be brought, not 
only into the City of Quebec, but, if necessary, into 
Montreal. The harnessing of the falls at the outlet of 
Lac St. Jean will undoubtedly play an important part 
in the development of industrial Quebec. At present 
the chief consumers of power from this source are the 
Anglo-Canadian Pulp and Paper Mills, Limited, Limoilou, 
and the Ste. Anne Paper Company, Beaupré. 
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STEREOSCOPIC PHOTOGRAPHS OF 
CRYSTAL MODELS. 


For the difficult interpretation of the results of X- 
ray studies and for their explanation in the lecture- 
room, use is made of various models consisting, in 
particular cases, of spheres of different colours and 
sizes, corresponding to the atomic diameters, or rather 
to the distances between atomic centres, since the mean- 
ing of the term atomic diameter is indefinite. The 
spheres can be packed in various ways (cubical, hexa- 
gonal, &c.), and wire frames on which they can be 
shifted about, are used in addition to other apparatus. 
When these frames are held between the lantern and 
the screen, and turned about various axes, a clear 
idea of the unit cell and the grouping of the atoms 
in it is obtained. In ordinary photographs of such 
sphere models and cells, however, the components ap- 
pear to lie mainly in the plane of the paper. Sir William 
Bragg and his son, Professor W. L. Bragg, of Man- 
chester, have, therefore, made arrangements with 
Messrs. Adam Hilger, Limited, of 24, Rochester-place, 
N.W.1, to produce stereoscopic photographs of crystal 
models. The first series of 41 photographs has now 
been issued, together with a simple folding stereoscope 
frame, called a camerascope. The series comprises 
photographs of the chief instruments used in the Royal 
Institution and at Manchester, viz., the ionisation spec- 
trometer and several types of Dr. Alexander Miiller’s 
universal X-ray spectrograph for working by the 
methods of Laue, Bragg and Debye-Scherrer, as 


made by Messrs. Hilger. In the photographs, the}  gdition. New York: John Wiley ‘and Sons, Inc. 
crystal structures of rock-salt, diamond, pyrites, London: Chapman and Hall, Limited. [Price 25s. 
graphite, ice, quartz and its modifications, and] _net.] 


silicates (simple and complex), stand out with remark- 
able distinctness. The modes of packing are also 
explained, and brief explanatory notes, with literature 
references, are given. 








ENGINEERING TRAINING AND 
EDUCATION. 


Institution of Electrical Engineers.—The Council of 
the Institution of Electrical Engineers recently decided 
to hold the associate-membership examination during 
May and November in each year. The next examina- 
tion will take place in May, 1928, and entry forms should 
be submitted, not later than April 1 next, to the Secre- 
tary of the Institution, Savoy Place, Victoria-embank- 
ment, London, W.C.2, from whom further particulars 
may be obtained. Entry forms for the November 
examination should be returned by October 1. 





PRODUCTION OF Pic TRON AND STEEL.—According to 
the monthly report issued by the National Federation of 
Iron and Steel Manufacturers, Caxton House (East), 
Tothill-street, London, S8.W.1, the number of blast 
furnaces in operation at the end of November was 155, 
a net decrease of seven since the beginning of the month. 
The production of pig-iron, during November, amounted 
to 575,900 tons, compared with 596,300 tons during 
October, and 591,500 tons during September. The out- 
put of steel ingots and castings amounted to 698,700 tons 
in November, compared with 699,000 tons in October, and 
777,000 tons in September. 





Heavy Garratt-Type LOCOMOTIVE FOR THE SOUTH 
AFRICAN RAILwAys,—Our attention has been called to 
the fact that the locomotive describei on page 758, of 
our issue of last week, should properly have been styled 
a‘‘Union”’ type !ocu.notive. Messrs. Beyer, Peacock and 
Company, Limited, inform us that the essential feature of 
the latter type is that the front power unit has a water 
tank attached to its frame, but the rear tank and fuel 
bunker are carried, not on the rear power unit, but on the 
boiler frame. The patents for this type are held jointly 
by Messrs. Beyer, Peacock and Company, Limited, and 
Messrs. J. A. Maffei A.G. of Munich. 


MANAGEMENT GRAPHICS.—In a lecture on ‘‘ Manage- 
ment Graphics,’’ given before the Junior Institution of 
Engineers on December 9, Mr. 'T. G. Rose said that too 
often was it found that there was no proper system of 
control of general management and internal administra- 
tion. Many recorded figures were useless, information 
which was really vital was not ava‘lable, and no effort 
was made to investigate cycles or tends, or cause and 
effect, so that the loyal efforts of subordinates were 
often nullified by a vagueness of policy and ignorance 
of facts amongst those in control. All sound manage- 
ment was based on comparison of results; the mere 
noting of a result was usually of little interest. Mr. 
Rose said that the difficulty of following figures from 
column to column became so great that comparisons 
were impossible; there were, however, very 
statistics which could not be shown with advantage as 
trend charts. By superimposing two trend charts, 
each showing actual results, cumulative results, and the 
moving annual total, an immediate grasp could be 
obtained of the company’s position and progress. In 
order to show that this method did not lead to an exces- 
sive accumulation of squared paper, Mr. Rose brought 
with him a book of modest size in which he kept the 
graphic records of his own business, 


Electric Control Gear and Industrial Electrification. 


Skipton, have disposed of the goodwill of their power- 
transmission department, including patterns, drawings, 
&c., to Messrs. Williams and Womersley, Ings Foundry 
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United States Bureau of Mines. Bulletin No. 260. The 
Ferric Sulphate-Sulphuric Acid Process. Compiled by 
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C. G. Marer. [Price 30 cents.] No. 273. Drilling 
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Oxford University Press. London: Humphrey Mil- 
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James Watt and the Steam Engine. The Memorial 


Volume prepared for the Committee of the Watt Cen- 
tenary Commemoration at Birmingham, 1919. By 

. W. Dickenson and Ruys JENKINS. Oxford: 
The Clarendon Press. [Price 63s. net.] 

Commonwealth of Australia. Council for Scientific and 
Industrial Research. Bulletin No. 33. The Possi- 
bilities of Power Alcohol and Certain other Fuels in 
Australia. By Cook. Melbourne: Council 
for Scientific and Industrial Research. 

Steel and its Heat Treatment. By D. K. BututeNs. Third 
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Principles of Radio Communication. By Joun H. 
Morecrort. Assisted by A. Pryto and W. A. Curry. 
Second edition, revised. New York: John Wiley 
and Sons, Inc. London: Chapman and Hall, Limited. 
[Price 37s. 6d. net. ] 

Armaments and the Non-Combatant. By E. F. SPANNER. 

London: Williams and Norgate, Limited. [Price 

12s. 6d. net.] 

Die Viskosekunstseidefabrik, thre Maschinen und A pparate. 

By Os.-Inc. Ep. Wurtz. Leipzig: Otto Spamer. 

[Price 6 marks. ] 

History of the Great Western Railway. Vol.I. 1833-1863. 

Parts I and II. By E. T. MacDermor. London: 

Great Western Railway. [Price 2ls. Two Parts.] 

Department of Overseas Trade. Report on the Economic 

Financial and Commercial Conditions of the Republic 

of Panama and the Panama Canal Zone. By WILLIAM 

H. Oxtey; and of the Republic of Costa Rica. By 

Frank N. Cox. London: His Majesty’s Stationery 

Office. 


Transactions of the Institution of Naval Architects. Vol. 
LXIX. 1927. Edited by R. W. Dana. London: 


Offices of the Institution and Henry Sotheran and 
Company. 


Ministero della Marina. Ufficio del Capo di Stato 
Maggiore della Marina, WDirezione Generale Armi 
ed Armamenti Navali. Il Contributo Data dalla R. 
Marina allo Sviluppo della Radiotelegrafia. By 
Ernesto Srmion. Rome: Ufficio Storico della R. 
Marina. 

Applied Heat. Adapted from Die Wérmeingenieur 
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By Dept.-Ing. Julius Oelschlagen. 
Blackie and Son, 


ship of H. Moss, D.Se. London : 
Limited. [Price 30s, net.] 
Regulation of Elevation and Discharge of the Great Lakes, 
1926. Designs for Gates, Sluices, Locks, &c., in the 
Niagara River and St. Clair River. By Joun R. 
FREEMAN. Providence R.I.: John R. Freeman. 
Proceedings of the Rugby Engineering Society. Vol. XXI. 
1926-27. Rugby: Offices of the Society. [Price 
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Canada, Department of Mines. 
Investigations of Fuels and Fuel Testing, 1925. 
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Crane. London: McGraw-Hill Publishing Company, 
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Messrs. Marsden and Naylor, Limited, 


and Engineering Works, Wakefield, who will deal with 
all future inquiries and orders relative to this line of 
business at their Wakefield Works.—Messrs. Galloways, 
Limited, Knott Mill Iron Works, Manchester, have 
acquired the goodwill, patterns and drawings of Messrs. 
John Musgrave and Sons, Limited, Globe Iron Works, 
Bolton, and, in addition to these they are receiving the 
drawings of engines formerly made by Messrs. John 
and Edward Wood, Bolton. Messrs. Galloways are now 
in a position to deal with all repairs and renewals 
in connection with the engines, boilers and mill gearing | 
previously made or supplied by the two firms.—We are 
informed by the Department of Overseas Trade that the 
address of the British commercial secretaries for Germany 
is now Tiergartenstrasse 17, Berlin, W.10.—The address 
of Messrs. John Wilson (London), Limited, which for 
many years has been 39, Lime-street, London, E.C.3, is 
to be changed on the 20th instant to Bevis Marks House, 


as this year’s Fair. 
of November, was about 403,490 sq. ft., as against 285,850 
sq. ft. booked during the corresponding period of last 
year. 
300,258 sq. ft. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—In several of the principal sections, 
conditions have eased considerably during the past 
fortnight. Completion of contracts, and failure to 
secure new business of equal volume, has resulted in 
additions to the register of unemployed, following a 
consistent absorption of idle or part-time operatives. In 
heavy iron and steel, users are mainly marking time. 
Contract deliveries, as a rule, are more than sufficient 
for current needs. The surplus is going into stock 
against the suspension of supplies during the Christmas 
stoppage. The current shrinkage in bulk steel manu- 
facture is likely to become more pronounced during the 
next few weeks. The restarting of furnaces is totally 
dependent on new bookings. Consequently, the market 
for steel scrap is depressed, and movement in steel- 
making irons is only moderate. No further change in 
official quotations is notified. By comparison, special 
steel manufacture is more active. Local makers are 
getting a substantial share of the contracts in circulation, 
both on home and overseas account, and are stated to 
have fair prospects. Electric-furnace practice for melt- 
ing and heating is receiving increased attention. Another 
high-frequency induction plant is being installed for fine 
steel melting. Experts express the opinion that the new 
process, as applied to tool steels, will supplement rather 
than replace the existing system of coke-heated or gas- 
fired crucibles, especially where large ingots are required. 
While orders for heavy industrial machinery are few and 
infrequent, there is a steady run on plant for cement 
making, lime making and stone crushing. Home and 
Colonial buyers have been impressed with the improved 
types of machinery produced by Sheffield manufacturers, 
and have placed valuable orders. One of the last 
contracts for cement kilns, for erection at Tring, Herts., 
is valued at 100,0007. A small steel-making furnace, 
also electric, has recently been delivered from Sheffield 
to the Soviet Government. Heavy engineering presents 
numerous weak features. Rolling mills are dealing 
with catch orders from week to week. Business has also 
fallen off at iron foundries. Big contracts have been 
executed in cast-iron pipes, in connection with inland 
housing schemes and foreign irrigation programmes, but 
renewals are not coming forward in sufficient quantity 
to warrant a maintenance of output at the recent level. 


South Yorkshire Coal Trade.—The general struggle 
for contracts, which has been the main characteristic 
of the South Yorkshire coal trade during the past six 
months, continues in evidence. Under the influence of 
exceptionally keen competition, it has been found 
impossible to maintain recent quotations. House coal, 
which is a lean market, and is the subject of short-time 
working at the pits, has eased by amounts ranging from 
9d. per ton in the case of best hand-picked branch, to 
ls. 9d. per ton in that of screened sorts. Steam hards 
are more stable, though orders for inland delivery are 
being booked at reductions of 3d. and 6d. per ton. 
Smalls, which are weak, are seriously affected both by 
the shrinkage in the Lancashire demand and _ the 
diminished requirements of blast furnaces. Gas coke is 
a fairly active medium, but this is offset by the weakness 
of blast-furnace coke. Sales in the latter have been 
effected at half the maximum price ruling a year ago. 
Among coalowners there is hope that conditions gener- 
ally will improve if agreement is reached on the three- 
county coal regulation scheme. The details are still, 
however, under close examination, and there is little 
likelihood that an early decision will be arrived at, 
especially in face of the threatened opposition from the 
operatives’ side. Quotations :—Best branch hand- 
picked, 27s. 6d. to 29s. 6d.; Derbyshire best bright 
house, 20s. 6d. to 2ls. 6d.; best house coal, 19s. to 
20s. 6d. ; screened house coal, 16s. to 17s. 6d. ; screened 
house nuts, 15s. to 16s. ; Yorkshire hards, 14s. to 15s. 6d. ; 
Derbyshire hards, 14s. to 15s. 6d.; rough slack, 8s. 6d. to 
9s. 6d. ; nutty slacks, 6s. to 7s. ; and smalls, 3s. to 4s. 6d. 








THE Panama CANAL.—Thirty-three commercial vessels, 
having an aggregate net tonnage of 143,196, passed 
through the Panama Canal on October 1 last. The 
combined tolls collected amounted to 136,861 dols. 
In point of number of commercial transits and of tolls 
collected, these figures establish new high records for 
a day’s traftic through the canal. 





British INpustries Farr, 1928.—According to a 
statement recently made in the House of Commons by 
Mr. D. Hacking, M.P., the new head of the Department 
of Overseas Trade, the British Industries Fair, to be 
held in London and Birmingham from February 22 to 
March 2 next, will be at least one-third as large again 
The space applied for, up to the end 


The total exhibition area of the last Fair was 


THE Pusitic Works, RoApS AND TRANSPORT EXHIBI- 


TION: Errata.—We regret that certain errors have 
crept into our reference to Messrs. Baird and Tatlock’s 
| exhibits at the recent Public Works, Roads and Trans- 
port Exhibition, published on page 727 of our issue of 
December 2 last. 
Baird and Tatlock (London), Limited, 14-15, Cross- 
street, Hatton-garden, London, E.C.1, were represented 


The reference should read :—Messrs. 


by a penetrometer for testing the density of bituminous 


compounds for road use, and other scientific apparatus 
used in connection with the analysis of road-making 








Bevis Marks, E.C.3. 


materials, 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Local steelworks and 
foundries continue to absorb the bulk of the restricted 
Cleveland pig-iron output, which is insufficient fully to 
cover current needs, with the result that stocks are still 
being reduced. Hope is entertained that business with 
home customers at a distance will improve, but there 
seems little prospect of much expansion of trade with 
Scotland, notwithstanding the preferential terms offered 
to consumers across the Tweed. Export transactions also 
continue few and small. Cleveland pig is obtainable 
through makers’ central agency, delivered into Scotland 
at a shilling per ton below quotations to all other custo- 
mers at home and abroad, but Continental iron is still 
selling to firms beyond the Tweed at about 6s. per ton 
less than Cleveland pig. Producers’ fixed prices for 
Cleveland stand :—No. 1 quality, 67s. 6d.; No. 3 
g.m.b., 65s.; No. 4 foundry, 64s.; and No. 4 forge, 
63s. 6d. 

Hematite.—East-Coast hematite-iron supplies are now 
not sufficient for requirements, and stocks are having 
to be drawn upon to some extent. Makers’ hands are 
thus strengthened somewhat, but they are still keen to 
book orders, and are prepared to shade prices generally 
quoted. Mixed Nos. are put at 7ls., and 71s. 6d. is 
asked for No. 1 grade. Messrs. Pease and Partners 
intend to blow out a furnace at their Normanby Works, 
and to rekindle two furnaces at their Tees Ironworks. 


Foreign Ore.—Business in foreign ore remains very 
quiet, but merchants incline to the belief that values are 
more likely to stiffen than otherwise, and they adhere 
firmly to quotations on the basis of 21s. c.i.f. Tees for 
best rubio. 


Blast-Furnace Coke.—-The unprofitable terms which 
makers of Durham blast-furnace coke are prepared to 
accept for their output, fail to tempt local consumers to 
negotiate for anything like extensive supplies. Good 
average qualities are stated to be obtainable at 17s. 6d., 
delivered to works in this area. 


Manufactured Iron and Steel.—Producers of some de- 
scriptions of finished iron are needing orders, and demand 
for steel falls considerably short of what could be desired. 
Reductions of 10s. in iron bars and steel rivets have 
caused no surprise. Principal market quotations stand : 
Common iron bars, 101. 5s.; best bars, 101. 15s.; best 
best bars, 1ll. 5s.; packing (parallel), 8/.; packing 
(tapered), 111. ; steel billets (soft), 71. 2s. 6d. ; steel billets 
(medium), 71. 12s. 6d.; steel billets (hard) 8/. 2s. 6d. ; 
steel ship plates, 81. 2s. 6d.; steel rivets, 111. 10s.; steel 
angles, 7/. 12s. 6d.; steel joists, 71. 12s. 6d.; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 10/.: and galvanised corrugated sheets (No. 24 
gauge), 137. 7s. 6d. 





ContTRActTs.—Messrs. British Insulated Cables, Limited, 
of Prescot, Lanes, have received an order from the 
Central Electricity Board for approximately 228 route 
miles of 132 k.v. three-phase overhead transmission lines 
in Scotland. The value of the order is in the neighbour- 
hood of 400,000. 


TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Municipality of San José, Costa Rica, invites 
tenders for the repair and extension of the sewerage and 
water supply systems, the execution of street paving 
and other works in connection therewith. Tenders to 
reach San José by April 30, 1928. (Ref. No. A.X. 5622.)— 
The Ports Commission at Santiago is calling for tenders 
to be received by March 7, 1928, for the supply and 
installation of five electric travelling portal cranes 
required for the quay at the Port of Punta Arenas. 
Local representation is essential. (Ref. No. A.X. 5648. )— 
The New Zealand Government Railways are inviting 
tenders for the supply and delivery of machine tools 
and workshop equipment. Tenders to reach Wellington 
by April 21, 1928. (Ref. No. A.X. 5647.)—The Star 
Electricity Supply Works at Montevideo invite tenders 
for the supply of 153,000 m. of galvanised flexible steel 
cable to be used as a guard wire on an overhead high- 
tension line. Tenders to be received by February 1, 
1928. Local representation is essential. (Ref. No. 
A.X.5654.)—The Siamese State Railways invite tenders 
for the supply of 300 all-steel covered goods wagons. 
Tenders to reach Bangkok by February 16, 1928. (Ref. 
No. 5659.)}—The Port Works Administration at Monte- 
video invites tenders, to be received by January 30, 1928, 
for the supply and installation of two electric pumping 
sets required for the National Dry Dock. Local repre- 
sentation is essential. (Ref. No. A.X.5655.)—Two 
separate calls for tenders are reported from the Muni- 
cipalities and Local Commissions Section of the Egyptian 
Ministry of the Interior, Savoy House, Cairo; one is for 
the supply and installation, at the town of Luxor, of a 
steel reservoir of 300 cub. m. capacity on a steel frame- 
work tower, together with the necessary steel piping 
and fittings, as well as a water-level indicator. Tenders 
to be presented by January 15, 1928. Local represen- 
tation is essential. (Ref. No. A.X.5652.) The other call 
is for the supply and installation of three mechanical 
filters and accessories for the water-supply works at 
Luxor. Tenders to be presented by January 21, 1928; 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 
Scottish Steel Trade.—The past week has seen no change 
in the state of the Scottish steel trade and makers are as 
badly off for specifications as ever. The shipbuilding 
trade is consuming a fair quantity of material, but in no 
instance is there any pressure for delivery. Not only is 
the home demand poor, but export orders are far from 
plentiful, and to-day’s output is much below capacity. 
The black sheet trade is rather dull, and although the 
light gauges are doing moderately well, the heavier gauges 
are still very quiet. Priccs generally show little or no 
change and are as follows :—Boiler plates, 10/. 10s. per 
ton ; ship plates, 8/. 2s. 6d. per ton ; sections, 71. 12s. 6d. 
per ton ; and sheets, } in., 8/. 17s. 6d. per ton, all delivered 
Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there is still a distinct quietness. 
Producers are receiving a very poor demand for bar iron 
and inquiries are not of much importance. The re-rolled 
steel-bar departments are not busy, and are feeling the 
Continental competition. The price of ‘‘ Crown” bars 
is unchanged at 10/. 5s. per ton for home delivery and 
101. per ton for export. Re-rolled steel bars are quoted 
at 7l. 15s. per ton for home and 7/. per ton for export 
delivery. 

Scottish Pig Iron Trade.—The Scottish pig-iron trade 
shows no improvement, and the demand, both for hema- 
tite and for foundry iron, is of small dimensions. Makers 
are sorely tempted to shade prices to save increasing 
stocks, but already the margin is negligible. The export 
inquiry continues small. The following are the market 
quotations :—Hematite, 76s. per ton delivered at the 
steel works ; foundry iron, No. 1, 75s. per ton, and No. 3, 
70s. per ton, both on trucks at makers’ yards, 

Scottish Pig-Iron Shipments.—The shipment, of Scottish 
pig-iron from Glasgow Harbour for the week ending Sat- 
urday last, December 10, only amounted to 160 tons. 
Of that small total 135 tons went overseas and 25 tons 
coastwise. For the corresponding week of last year the 
figures were 123 tons overseas and 10 tons coastwise, 
making a total shipment of 133 tons. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Until to-day business has been on 
extremely quiet lines on account of a dearth of shipping, 
which has been delayed by stormy and foggy weather, 
and consequently upset the arrangements of market 
operators. The result was that vessels expected to 
dock did not arrive, and consequently loading activities 
were seriously curtailed so that many collieries had to 
resort to temporary stoppages, as they found it impossible 
to secure an adequate supply of empty wagons. The 
last couple of tides has brought relief, for tonnage has 
reached port more freely. Individual collieries have, 
therefore, become better placed, and, with owners 
wishing to get boats away before the holidays, loading 
pressure became somewhat pronounced. Supplies of 
coal were, however, more than adequate to meet require- 
ments, and consequently prices showed no appreciable 
change except in respect to the best classes of small, 
which advanced by 6d. to from 12s. 9d. to 13s., output 
having been curtailed by a lessened production of large. 
Business for next year has, however, become much 
more active, and several contracts have been arranged. 
A well-known coal exporting firm with bunker depots 
abroad has bought 500,000 tons of good-class second 
Admiralty large at 17s. 103d., while another similar 
firm bought 150,000 tons at 18s. for delivery over 
next year. The Brazilian Central Railways has also 
contracted for 200,000 tons of large and small coal 
for delivery over the next four months and the Paris, 
Lyons and Mediterranean Railway want offers for 
50,000 tons of large and small, while the Paris-Orleans 
Railway want prices for 20,000 tons of large and 20,000 
tons of small. In the past week exports of coal totalled 
390,070 tons, the comparatively small quantity being 
due to delayed shipping. 

Night Work at the Docks.—Coal trimmers and tippers 
met the employers yesterday with regard to their 
application for the abolition of night work in connection 
with the shipment of coal at the South Wales docks ; 
they desire to revert to the old system of continuous 
day shifts. The matter was thoroughly discussed, 
and the men were requested to put their application 
before the National Trimming Committee in London 
for consideration. It was felt by the employers that 
the present system of night work had helped to facilitate 
despatch and had enabled exporters and colliery owners 
to re-capture trade lost as a result of the seven months’ 
strike of last year. 





THE MARKING oF IMPORTED CABLES AND WIRES.—- 
The enquiry into the above question, under the Merchan- 
dise Marks Act, 1926, will be concluded on Monday, 
December 19. The meeting will be held at 10.30 a.m. 
in Room 76, First Floor, Board of Trade O -ices, Great 
George-street, London, 8.W.1. 





CARDIFF ExHIBITION: ErrAtuM.—lIn referring to the 
M.L. pneumatic-electric lamp which was _ exhibited 
by Messrs. John Davis and Son (Derby), Limited, at 
the recent Cardiff Exhibition, it was stated that both 
patterns of this lamp had been passed by the Mines 
Department. Our description, page 709 ante, should 
have distinguished between the standard lamp and 
the multi-point lighting unit, of which the former 
only has, as yet, been thus officially authorised for 


NOTICES OF MEETINGS. 





THE INstTITUTION OF MECHANICAL ENGINEERS.— 
To-night at 6 p.m., at Storey’s-gate, St. James’s 
Park. S.W.1. General Meeting. ‘‘Some Experimental 
Results from a Three-Cylinder Compound Locomotive,” 
by Mr. Lawford H. Fry. 


THE Soctétk pes INGénrEuRS CiIvimis DE FRANCE: 
British SEcTION.—To-night at 6 p.m., at the Institution 
of Civil Engineers, Great George-street, S.W.1. “The 
Port of Casablanca,” by M. Charles Laroche. 


THe Institution or ELEcTRICAL ENGINEERS: 
Lonpon SrupeEnts’ Section.—To-night at 6.15 p.m. 
at Savoy-place, Victoria-embankment, W.C.2. ‘‘ Auto- 
matic Voltage Regulators,’’ by Mr. E. B. Watton. 


THE Junior INSTITUTION oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. “ Hardening 
and Quenching throughout the Ages,” by Mr. P. J. 
Haler. 


THE IwNstTITUTION OF PRODUCTION ENGINEERS.— 
To-night at 7.30 p.m., at the Society of Motor Manu- 
facturers and Traders, Limited, 83, Pall Mall, S.W.1. 
“Chromium Plating and Modern Plating Practice,” by 
Mr. E. J. Dobbs. 


THE NortH or ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, December 17, 
at 2.30 p.m., at Neville Hall, Newcastle-upon-Tyne, 
‘* Notes on an Inrush of Water at the Montagu Colliery, 
Scotswood, Northumberland, on March 30, 1925,” by 
Mr. Foster. “Impressions of the Canadian 
Empire Mining Congress,” by Mr. W. Cochran Carr. 
‘* Further Modifications of the Correlation of the Coal- 
seams of the Northumberland and Durham Coalfield,” 
by Dr. W. Hopkins. 


Tue Royat Instirution.—Saturday, December 17, 
at 3 p.m., at Albemarle-street, W.1. ‘* Recent 
Experiments in Astrophysics (Lecture II) by Mr. F. J. M. 
Stratton. 


Tue Mintne Institute or ScoTLtanp.—Saturday, 
December 17, at 3 p.m., at the Royal Technical College, 





George-street, Glasgow. ‘‘ Miners’ Nystagmus,” by 
Dr. J. S. Haldane and Dr. T. L. Llewellyn. ‘ An 
Improved Face Conveyor,” by Mr. A. V. Reis. “‘ The 


Transport of Injured Persons Underground,” by Mr. 
D. Davidson. 


Tue InstiTUuTE OF BritisH FouUNDRYMEN: LANCA- 
SHIRE BRANCH.—JUNIOR SECTION.—Saturday, December 
17, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘‘ Selected Moulding Jobs,’ by 
Mr. E. Longden. 


Tue InstiTuTE oF TRANSPORT.—Tuesday, December 
20, at 5.45 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates’ 
and: Students’ Lecture: ‘‘ Railway Salesmanship,’’ by 
Mr. J. Blumenfeld Elliot. 


Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
In ScorLanD.—Tuesday, December 20, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘‘ Factors of Safety and 
Quality of Material,” by Mr. W. H. Riddlesworth. 


THE INSTITUTION OF CrvIL ENGINEERS : MANCHESTER 
anpD District AssocraTion.—Wednesday, December 21, 
at 6.45 p.m., at the Manchester Literary and Philo- 
sophical Society, 36, George-street, Manchester. ‘‘ Notes 
on Sewage Works Design (Activated Sludge Process),” 
by Mr. W. H. G. Mercer. 





THe Use or THE Letters A.I.E.E.—On Friday 
last, December 9, in the Chancery Division, before 
Mr. Justice Romer, Mr. E. M. Austin, of 143, Farringdon- 
road, London, E.C., consented to the granting of a 
perpetual injunction restraining him from using the 
initials A.I.E.E. or any other initials or designation 
implying or calculated to lead to the belief that he was 
a member of or otherwise connected with the Institution 
of Electrical Engineers. 





LECTURES ON ARCHITECTURE.—The secretary to the 
Board of Architectural Education informs us that a 
series of four informal illustrated lectures on architecture 
will be delivered at the R.I.B.A. headquarters 9, Conduit- 
street, Regent-street, London, W.1, on January 18, 
February 1 and 15, and March 7next, at 8 p.m. on each 
day. Admission is free, and all men employed on the 
work of building are cordially invited to attend. Buffet 
refreshments will be served before and after the lectures. 
The first lecture is entitled, ‘‘ Architecture of Provincial 
France,” and is by Mr. H. M. Fletcher; the second, 
“* House Building through the Centuries,” by Mr. C. H. B. 
Quennell ; the third, “ Bridges,” by Sir E. Owen 
Williams, K.B.E.; and the fourth, “‘ General Building 
Materials,” by Mr. J. H. Jarman. 





Boarp or TRADE MERCHANDISE Marks Act.—The 
Board of Trade have referred to the Standing Committee, 
appointed by them under the Act, applications for Orders 
in Council to require the marking of imported copper 
plates, wire, sheets and strips; sheet lead and lead 
pipes; and cast-iron enamel baths. The Committee 
will consider whether these articles should be marked 
on sale or exposure for sale, and they may at their dis- 
cretion also consider whether the articles should be 
marked on importation. The date of the Committee’s 
public enquiries into these applications will be an- 
nounced later, and any communications regarding them 
should be addressed to the secretary, Mr. E. W. Reardon, 
at the New Public Offices, Great George-street, London, 
8.W.1, as early as possible, and in any case not later 








local representation is essential. (Ref. No. A.X.5658.) 


use. We regret the mis-statement. 





than Saturday, December 31, next. 
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2,000-H.P. LIUNGSTROM TURBINE LOCOMOTIVE. 


CONSTRUCTED BY MESSRS. BEYER, PEACOCK AND COMPANY, LIMITED, ENGINEERS, MANCHESTER. 35 and 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C. vs 

We desire to call the attention of our readers 
the fact that the above is our SOLE ‘ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC } ‘“ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
_ TELEPHONE NumBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 





For the United Kingdom ..................:04 £3 5 0 
For Canada— 
Thin paper COpies ..............sce-e00 £2 18 6 
Thick paper copieS................+.:0+0 £3 3 0 
For all other places abroad— 
Thin paper copies ................0000 £3 3 0 
Thick paper COpies....................0+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
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THE INFLUENCE OF ENGINE DESIGN 
ON DETONATION. 


A LEARNED bishop, in connection with the recent 
revival of the Darwinian controversy, suggested 
that Science was suffering from indigestion, and 
would be well advised to take a few years’ holiday. 
We confess to some sympathy with the diagnosis, 
and can imagine that the suggested remedy, though 
delightfully impracticable, invoked a responsive 
echo in the minds of many busy engineers, who 
find the technicalities of their profession increasing 
at such a rate that they cannot possibly keep pace 
with them. This is particularly true in the case of 
internal-combustion engine design, and it would 
appear to be quite impossible for anyone, other 
than a genius, to read and absorb the flood of in- 
formation on this subject appearing in the proceed- 
ings of various societies, and in the technical Press. 
The fact is that the enormous stride, from the first 
practicable engine of Lenoir to the modern high- 
efficiency unit, has been made in little more than 
half a century, and, as is usual in such cases, the 
progress made has resembled that of the proverbial 
snowball. At the present time, the internal- 
combustion engine probably holds pride of piace 
in research work, and information is accumulating 
very rapidly, in particular, on detonation, heat 
transfer and the theory of fuel injection. At the 
moment, we only propose to consider the first of 
the questions. Up till the outbreak of the war, 
the phenomenon of detonation was little under- 
stood, but its influence on the performance of 
aero engines led to carefully-organised research 
being undertaken. This research suffered a happier 
fate than some others, and was continued after the 
armistice. As a result, although there is ample 
room for further investigation on the influence 
of the phenomenon on Diesel-engine performance, 
the position to-day is that detonation is no longer 
a mysterious and elusive factor in the behaviour 
of engines operating on the constant-volume 
cycle. It is needless to dwell on its effects, as it 
has long been known that any engine in which it 
occurs runs harshly, and is unduly stressed. It is 


an equally familiar fact that it can be exorcised 
by reducing the compression ratio, with, of course, 
a corresponding reduction in thermal efficiency. 
The practical problem is to design an engine with a 
high-compression ratio, in which detonation will not 
occur, and before this can be done by methods other 
than those of trial and error, the cause of the pheno- 
menon must be clearly understood. 

Every engineer is familiar with the fact that 


}| detonation can be suppressed by the employment 


of doped fuels, and the question can thus be 
approached from two avenues, that of investigation 
into the characteristics of fuels, and that of the 
behaviour of engines of different design utilising the 
same fuel. We do not intend entering into the 
first aspect referred to, as the ground was very 
fully covered in a series of investigations by Pro- 
fessor Callendar, the results of which were given 
under the title of ““Dopes and Detonation,” in 
vols. exxi and cxxiii of Enernererine. To a large 
extent, this aspect of the subject may be said to 
be the concern of the chemist and physicist rather 
than of the engineer, but the reverse is the case 
when the question of the behaviour of an engine on 
a given fuel has to be investigated. It is satis- 
factory to record that, in spite of the greater diffi- 
culties of the latter form of investigation, very 
real progress has been made, largely due to the work 
of Mr. H. R.. Ricardo, who, we trust, will forgive us 
if we classify him as an engineer rather than a 
physicist. 

In a paper read before the Institution of Petroleum 
Technologists on Tuesday last, Mr. Ricardo sums up 
the results of his work in the direction that we are 
now discussing, and suggests certain design factors 
as having a preponderant influence on detonation. 
These, in the order of their importance, he gives 
as the length of flame travel from the sparking plug 
to the farthest point in the combustion chamber ; 
the degree and nature of movement of the unburnt 
gases within the combustion chamber; the tem- 
perature and density of the gases at the time of 
ignition ; and the mean surface temperature of the 
combustion chamber, more particularly of that part 
of the surface most remote from the sparking 
plug. 

Before discussing the influence of these points 
on design, it will not be out of place to refer to 
another point discussed by the author, namely the 
most desirable compression ratio without regard 
to detonation. As the compression is raised, the 
stresses on practically all parts of the engine are 
increased, the rate of increase being greatest at 
high pressures; and a point must ultimately be 
reached at which the increased friction, due to the 
greater weight of the parts necessary to withstand 
the higher loading, outbalances the advantage in 
increased thermal efficiency. Since the latter is 


—1 
given by the expression ( 1] — “) , it follows 


that the rate of increase becomes progressively less 
as r is increased, so that with high values of 7, 
the increase in efficiency becomes negligible. Other 
factors, such as the dimensions imposed on the 
moving parts of the engine by workshop considera- 
tions, and heat losses through the cylinder walls, 
all tend in the same direction, and it is of interest 
to note that Mr. Ricardo suggests that the best 
ratio regardless of detonation, for an average 
commercial engine operating on the constant- 
volume cycle, would probably be between 8 to 1 
for a cylinder bore of 2 to 24 in., and 6-5 to 1 for 
a bore of 4 to 5}in. These figures, although much 
lower than those usually assumed, are considerably 
above ruling practice, and may be taken to repre- 
sent an ideal to be aimed at. 

One of the greatest difficulties associated with 
detonation has been that of devising means of 
measuring it quantitatively, both as regards the 
maximum pressure attained, and the point at 
which the abnormal rise in pressure first commences. 
It is also important to be able to distinguish between 
detonation and pre-ignition. The older forms of 
indicator were practically useless for such purposes, 
and in this respect, as in others, the R.A.F. indi- 
cator represented a great advance. A further 
important step was made by Mr. Ricardo in intro- 
ducing the stroboscopic-dise method of examining 





the pressure rise and its phase relationship, and it 
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may now be said that these factors can be measured | they are to remain adequate. For some reason the 


with some accuracy. We referred to the strobos- 
copic disc method of measurement at some length 
on page 310 of our last volume. 

Returning to the bearing of design on detonation, 
the trend of design for many years has been in the 
direction of a compact combustion chamber, with 
a concomitant absence of pocketing. It was early 
appreciated that such a chamber tended to reduce 
the heat-transfer losses and assisted turbulence, but 
it is highly improbable that the designers, who first 
adopted this form of chamber in preference to one 
of the T or L-headed type, had any conception 
that they were reducing the liability to detonation 
by decreasing the flame travel. At the present 
time, a combustion space of the cone type, having 
the sparking plug at, or near to, the apex of the 
cone, is frequently used for overhead-valve engines 
employing single-plug ignition, and it is doubt- 
ful whether this arrangement could be materially 
bettered. 

A fuller appreciation of the causes of detonation 
has, however, led to a pronounced modification of 
the accepted form of combustion space for side-by- 
side valve engines. This modification has been in 
the direction of transferring the combustion space 
proper to the region above the valves, as typified 
by the well-known Ricardo head, instead of to that 
above the piston. The clearance above the latter 
is made so small that, on the compression stroke, 
the gases are almost entirely transferred to the 
space above the valves, giving rise to any desired 
degree of turbulence. The resulting form of com- 
bustion chamber is roughly hemispherical, with the 
plug near the centre, so that the maximum flame 
travel is about the same as in an overhead-valve 
engine with inclined valves. In the paper to which 
we have referred, Mr. Ricardo gives a very interest- 
ing comparison of the more usual forms of combus- 
tion head, from the point of view of their tendency 
to give rise to detonation, based on experimental 
results. The highest useful compression for an 
inclined overhead-valve engine, with central plug. 
being 6 to 1, that for a similar engine with a single 
plug on the exhaust side was found to be 5-6 to 1, 
while with the plug on the inlet side, the figure 
became 5-3 to 1. With a side-by-side valve engine 
fitted with the Ricardo head, the highest useful 
compression lies between 5-4 and 6 to 1, depending 
upon the degree of turbulence provided, and upon 
the spacing of the valves ; while with a side-by-side 
valve engine of conventional type, it is only in the 
neighbourhood of 4:3 to 4-6 to 1. While it may be 
admitted that the side-by-side valve engine suffers 
from certain inherent disadvantages, it is clear from 
these results that an engine of this type, with a 
Ricardo head, can be made superior, as regards the 
permissible compression ratio, to any of the forms 
of overhead-valve engine with the exception of the 
first type quoted. When it is considered, therefore, 
that the side-by-side valve engine embodies fewer 
working parts, and that these parts can be more 
efficientiy lubricated, it is not surprising that a 
marked revival of this type of engine should have 
been in evidence in the last few years. 





THE ROYAL COMMISSION ON LAND 
DRAINAGE. 


AGRICULTURE is presumably the oldest of the 
arts. It began before science existed, and up till 
now probably no art has made less use of scientific 
assistance. In this country, this independence of 
scientific methods has been evident not only in the 
operations of the average individual farmer, but also 
in what may be called the conditions precedent to 
successful farming. It is many centuries since it 
was known that, to be successful in this country, 
farming requires drainage, and at later times at- 
tempts have been made to provide it. There must 
have been civil engineers who could have told the 
authorities that the effect of drainage operations is 
not confined to the point at which they are carried 
out, but may extend over far-distant areas, the 
limits of which are fixed not by Government regu- 
lations but by physical circumstances. From the 
same source, the authorities could likewise have 
learnt that drainage works seldom stay put, and 
require continued and systematic maintenance, if 





authorities do not seem to have referred the matter 
to civil engineers, but dealt with these drainage 
problems of different localities as they presented 
themselves, without taking account of the reaction 
of their measures on other districts. The drainage 
system that has grown up in this way in England 
and Wales, is inadequate in some areas, while in 
others it is redundant and conflicting. There are 
361 independent drainage authorities, while, further, 
a variety of drainage powers are possessed by 
county and county borough councils, and, in 
addition, large numbers of bodies in small areas 
construct and maintain minor drainage works, 
each on its own account and more or less indepen- 
dently of the others. 

At one time and another, attempts have been made 
during the last century to amend the situation 
piecemeal in regard to individual areas, but this 
year it was decided to face the question as a whole. 
A Royal Commission was appointed to inquire into 
the present law relating to land drainage and its 
administration throughout the country, and to con- 
sider in particular whether any amendment of the 
law is needed to secure an efficient system of arterial 
drainage, without placing undue burden on any 
particular section of the community, and to make 
recommendations having regard to all the interests 
concerned. The report of this Commission has now 
beenissued. It proposes, shortly, to repeal the whole 
of the Public Acts relating to drainage, and to 
embody, in a single consolidating Act, a complete 
scheme for putting the administration of drainage 
on a scientific foundation, and revising the bases on 
which the cost of drainage works is distributed over 
the community. With the exception of one small 
matter of detail, the report of the Commission is 
unanimous, a circumstance which is the more 
significant because the Commissioners included 
men from every political party and _ represen- 
tative officers of existing drainage and other public 
authorities. Their conclusions were reached after 
hearing a body of administrative and professional 
evidence which seems to have been comprehensive 
in its scope. So far, in fact, as such high matters 
can be foreseen, the scheme appears to have a good 
chance of passing into law, and so far as its effects 
can be judged, before a Bill has been drafted, it gives 
promise of leading to a valuable public reform, 
which will have much interest from the engineering 
point of view. 

The importance of the subject is perhaps not 
generally recognised. Through their size, their 
variety and the constant novelty of their products, 
the industries as a whole appeal more strikingly 
than agriculture to public imagination, and it may 
not always be remembered that even now more than 
half of the total area of the country is devoted to 
the remarkably vigorous decadence of its agricul- 
ture. Of this vast area no less than a seventh 
depends for its fertility and productive value on 
arterial drainage, and a third of this is outside any 
existing drainage district. In addition to this great 
interest, the value of which is certain to deteriorate 
if adequate measures of continued drainage are not 
taken, nearly two million acres more are in imme- 
diate need of drainage, and only a small fraction of 
these lie within existing drainage systems. The 
flooding of great areas of land, moreover, not only 
prevents or delays its productivity and decreases 
its value, but plays its part in depressing the health 
of the community. The Commissioners recognised 
that extensive schemes of land improvement by 
drainage may be impracticable so long as the present 
financial depression continues. and urge caution in 
embarking on them under existing conditions. For 
immediate action they recommend not so much the 
initiation of schemes of great magnitude, the cost of 
which might exceed the immediately consequential 
increase in the value of the land, as that measures 
should be taken to prevent the further deterioration 
of land which is at present used for agricultural 
purposes. In certain cases, indeed, they consider 
that assistance from the Exchequer would be 
justifiable, but, for the moment, the chief interest 
of the scheme lies in the mechanism it provides 
for administering the drainage work of the country. 

In principle, the two chief alterations proposed 
are in the unit areas for the paramount drainage 





authorities, and the method on which land within 
the area is to be assessed, for providing the necessary 
funds. The elementary unit proposed is the catch- 
ment area; that is to say, the whole of the land 
which directs the drainage of the area towards one 
river, from its source to the sea. The only excep- 
tion is where a tributary stream, especially when it 
discharges into the main river near the estuary, 
is sufficiently large and important to justify its 
being treated independently for drainage purposes. 
All works on and throughout the main channel up 
to, and including, the outfall are to be regarded as 
a single enterprise, to be administered by a single 
authority for the catchment area, or when an area has 
few drainage problems, for a combination of such 
areas. There are to be about 100 such areas, the 
internal drainage, including all arterial drainage 
within the area, other than work on the main channel 
and the outfall, which will be administered by internal 
drainage bodies, who for the most part will have per- 
fect freedom of action within their respective systems, 
except that their works must not interfere with one 
another or with the work of the catchment area 
authorities. The catchment area authority is to 
be composed as to two-thirds of its members of rep- 
resentatives of the county and county borough 
councils within the catchment area, and the remain- 
ing third are to be members of internal drainage 
authorities within the area, elected by them, or, 
where no such authorities exist, persons nominated 
by the Minister in the interest of the lowlanders. 

It is on the view the Commissioners take of the 
respective relations of the uplanders, the lowlanders 
and the urban councils that their principles of assess- 
ment to drainage rates are based. Up till now it 
has been held that land cannot be rated for drainage 
assessment unless it benefits by the work. While 
this principle is not discarded, it is proposed to take 
a wider view than has been admitted hitherto, of the 
nature of the benefit necessary to make the land 
rateable. At the present time this benefit must 
include either some direct advantage to the land, or 
some relief from a possible danger. It is now pro- 
posed, as seems reasonable enough, to regard the 
land as responsible for the drainage it delivers to 
the next lower level, until it is finally disposed of at 
the outfall, and in this way the area assessable to 
the drainage rate will be greatly extended. Doubt- 
less, the chief problems and work will arise in the 
lowlands, and it is proposed therefore that they 
shall bear a heavier rate. The basis of assessment 
is to be value and not area of land; but it is recog- 
nised that, although this may be a satisfactory 
measure for agricultural land, it would be unfair 
on urban authorities, whose land owes its value to 
a good deal more than its drainage. It is proposed. 
therefore, to treat urban authorities in the same way 
as uplanders and assess them at a lower rate. No 
doubt, the detail of compromises, such as this, will 
be subject to modification in committee. In their 
present form they show, perhaps, a slight disposition 
to make assessable authorities pay twice over. 
Some frontagers or authorities, for example, who at 
present are liable to carry out certain work, are to 
be relieved of that liability, and to pay the estimated 
value of the work, but it does not appear that they 
are to make any less contribution to the general rate, 
in which it is to be assumed that the cost of carry- 
ing out these commuted works would be included. 
Similarly, if the shores of the river are too valuable 
to allow the spoil from its bed or banks to be dumped 
on them, the frontager is to be asked to pay half 
the cost of carting the spoil, though it might have 
been supposed that this was part of the work in 
respect of which he had to pay his rate. 

These and similar matters are, however, details 
which should give no great difficulty, particularly 
if the fundamental merits of the scheme are appre- 
ciated, as may be expected. The proposals seem to 
look, indeed, rather more complex than they are. 
The great new bodies they set up are in effect 
merely combinations of other bodies, whose existing 
mechanism for collecting rates will be available at 
little cost. The drainage rate will be levied in effect 
by the representatives of those who will have to 
pay it, and the provision of administrative mech- 
anism for widening the basis on which it is to be 
assessed will, therefore, not lead necessarily, or 
probably to the adoption of inflated schemes. In 














DEc. 16, 1927.] 





ENGINEERING. 


785 








the meantime, the re-arrangement of the work 
should give immediate advantages, both in effi- 
ciency and in economy. It will ensure, for instance, 
the preservation of plans of underground drainage, 
which in existing conditions are apt to be lost, and 
should avoid an appreciable amount of work done by 
one authority, of which the effect may be to interfere 
with that of others. Whether and to what extent 
the works will be undertaken with the assistance of 
the Treasury will doubtless depend on circum- 
stances. But, however they may be carried out, it 
seems plain both that drainage works will be more 
effective if they are carried out co-operatively, and 
that in some circumstances it is more extravagant 
to neglect them than to carry them out. The 
advantage that may come from such co-operation 
can be illustrated by a type of drainage work which 
does not seem to be included in the programme of 
the report. In Cornwall, and doubtless elsewhere, 
there are plenty of mineral deposits in the uplands, 
which are or have been worked as separate properties, 
each forked or de-watered separately, until the mine 
went out of working, because it could no longer pay. 
An adit run just above sea-level across the line of 
these mines would not only cut in depth any lodes 
that were there, and enable shafts to be sunk with 
confidence, but would premanently de-water any 
mines which chose to sink on it. The problem of 
keeping a drainage system adequate resembles that 
of de-watering such a system of mines, in that it can 
be attacked most effectively from the outfall up- 
wards. It is difficult to see how such an attack 
can be assured unless the principle of administra- 
tion by catchment areas is adopted. 





THE MANUFACTURE AND PROPER- 
TIES OF ALLOY STEELS. 


In our issue of November 25 last, on page 688, 
we gave an account of the first two of a series of 
four Cantor lectures, dealing with “ Alloy Steels, 
their Manufacture, Properties and Uses,” delivered 
recently by Professor H. C. H. Carpenter at the 
Royal Society of Arts, John-street, Adelphi, London, 
W.C.2. We now propose to deal with the remaining 
two lectures of the series, which were given by 


20 per cent. to 25 per cent. of iron, about 5 per cent. 
of copper, and less than 1 per cent. of manganese. 
One of the main essentials was freedom from carbon, 
and, in consequence, the material was usually melted 
in the high-frequency induction furnace. The 
magnetic permeability of the alloy was in the 
neighbourhood of 7,000. A cable in which the new 
alloy had been used, was laid recently between the 
Azores and the United States. By its aid, it had 
been possible to transmit 1,800 letters per minute, 
whereas, using the older type of cable, the speed of 
transmission was of the order of 300 letters per 
minute only. 
Turning to the nickel-chromium steels, the lec- 
turer remarked that the properties of these materi- 
als had been studied exhaustively by Dr. R. H. 
Greaves and Mr. J. A. Jones, of the Research Depart- 
ment, Woolwich, by Professor J. H. Andrew and 
Drs. M. S. Fisher and J. M. Robertson, of the Royal 
Technical College, Glasgow, and by other research 
workers. The term “ temper-brittleness ” had been 
first applied, by Mr. J. H. S. Dickenson, to the con- 
dition induced in nickel-chromium steels by slow 
cooling from the tempering temperature, which 
brittleness was revealed by the low impact figure 
obtained in the notched-bar test. A peculiarity 
of the phenomenon was that, while wide differences 
in the impact figures could be produced by heat 
treatment, the tensile test results of the tough and 
brittle materials remained almost identical. Dr. 
Greaves was responsible for the assumption that a 
critical range of temperatures existed in the vicinity 
of 550 deg. C., above which the tough condition 
was the stable one, and below which the brittle 
condition obtained. The most remarkable fact 
connected with the problem was that it was impos- 
sible to differentiate between the two conditions 
by an examination of their microstructures. It 
should be remembered, however, that it had not 
been proved that these microstructures were really 
alike. The conclusion could merely be arrived at 
that the limit of what could be resolved under the 
modern microscope had been reached. 
An interesting development was that the addi- 
tion of a small percentage of molybdenum to a 
nickel-chromium steel appeared to _ eliminate 


entirely the tendency to temper-brittleness of the 
latter material. The work recently carried out on 
this subject at the Research Department, Woolwich, 
had confirmed the results obtained previously by 
Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited, which results had led to the 
introduction of their Vibrac steel. The nickel- 
chromium steels were put to a variety of uses. 
Materials containing percentages of nickel ranging 
from 1-25 to 3-5, and of chromium varying between 
0-6 and 1:5, were employed in the motor-car 
industry. Armour plate and armour-piercing pro- 
jectiles were manufactured from nickel-chromium 
steel. The material was being used to an increasing 
extent by the railway engineer, notably for locomo- 
tive connecting rods. Prof. Carpenter had recently 
seen an example of a large nickel-chromium steel 
forging ; this, a marine shaft, had been forged from 
a 35-ton ingot. The material contained 0-24 per 
cent. of carbon, 1-60 per cent. of nickel, and 0-32 
per cent. of chromium. A test piece cut from the 
heat-treated forging had given an elastic limit of 
22-7, and an ultimate-stress value of 37 tons per 
square inch, an elongation, on 2 in., of 26 per cent., 
and a reduction of area of 60 per cent. 

Professor Carpenter’s final lecture, which was 
delivered on December 5 last, dealt with silicon, 
chromium-vanadium, tungsten-chromium and tung- 
sten-chromium-vanadium steels. The chief struc- 
tural use of silicon-alloy steel, stated the lecturer, 
was in the manufacture of springs of the leaf type 
for motor cars and other vehicles. The silicon 
present was considered to make the springs some- 


Professor Carpenter on the evenings of November 28 
and December 5 last. The third lecture, 7.e., that 
delivered on November 28, was devoted to the 
consideration of nickel, nickel-chromium, and nickel- 
chromium-molybdenum steels. Professor Carpenter 
stated that the addition of nickel to a steel of a 
given carbon composition, raised the tensile strength 
and elastic limit of the material, without sensibly 
diminishing the ductility. Nickel and iron alloyed 
readily in the fluid state, their melting points 
differing by some 50 deg. C. only. The range of 
solidification of the nickel steels was narrow, and 
they showed little tendency to segregate. Ingots 
of the material should, however, be sound and free 
from blowholes, as these latter might cause the 
formation of seams appearing as dark-coloured lines 
in the metal. Nickel steels were used for a variety 
of structural and engineering purposes ; they were 
employed in the construction of bridges of large 
span, where great strength, coupled with a saving in 
weight, were of primary importance. Material con- 
taining 2 per cent. of nickel was used in the manu- 
facture of cold-drawn seamless tubes for bicycles, 
and the 3 per cent. alloy had sometimes been uti- 
lised for the steel rings in large electric generators. 
Nickel-steel rails had been the subject of a number 
of experiments ; they had been used in tunnels and 
in damp stretches of road. They were harder and 
resisted corrosion better than carbon-steel rails ; 
their cost, however, was twice as great. 

The uses to which high-nickel steels could be 
put were limited by considerations of price. Invar, 


were almost all made in the open-hearth furnace 
and, in the matter of composition, the carbon 
usually ranged from 0-25 to 0-60 per cent., the 
manganese, from 0-36 to 0-75 per cent., the chro- 
mium from 0-70 to 1 per cent., and the vanadium 
from 0-10 to 0-25 per cent. The steels were always 
used in the heat-treated condition; they were 
generally quenched from temperatures in the 
neighbourhood of 900 deg. C., and were then given 
a second heat treatment, which might be as high 
as 750 deg. C. or as low as 315 deg. C. By means 
of these treatments, a great range of properties could 
be obtained. The greater part of the chromium- 
vanadium steel made was used by motor-car manu- 
facturers. The steels were preferred by certain 
makers on account of their greater freedom from 
surface imperfections, notably seams, which nickel 
steels were prone to have if the ingots were at all 
unsound. Moreover, vanadium tended to remove 
both oxygen and nitrogen from a steel, whereas 
nickel did not. Vanadium, when present, there- 
fore, improved the quality of the steel, and the 
smaller proportion required enabled it to compete 
with nickel, even though its cost was 5 or 6 times as 
high. 

Continuing, Professor Carpenter remarked that 
high-speed tool steels were by far the most complex 
of the alloy steels from the point of view of compo- 
sition. The range of percentage composition of 
modern high-speed cutting tools might be set 
out as follows :—Carbon from 0-60 to 0-75, chro- 
mium from 3 to 5, tungsten from 14 to 19, molyb- 
denum up to 1, vanadium 0-5 to 2, cobalt from 2 to 
6, and nickel up to 0-3. Consequently, a high- 
speed tool steel might contain anything up to 
about 30 per cent. of alloying elements. By far the 
best method of heat-treating the material was by 
utilising a salt-bath furnace. The action of the 
fused salt upon the tool was inappreciable ; more- 
over, there was the further advantage that, when it 
was taken out for quenching, the tool was protected 
from oxidation by a thin film of salt, which dissolved 
as soon as it was plunged into water. The advan- 
tages which had accrued from the use of high- 
speed steels, as compared with plain carbon tool 
steels, lay in the lessened costs of the ordinary 
operations of finishing iron and steel, on account of 
a more rapid cutting speed; heavier chips cut, 
hence larger cuts and feeds; the saving of power 
per unit of metal removed ; lower cost of plant for 
a given output; and lower general overhead 
charges. 

The special characteristics of high-speed steel 
had been investigated by many workers, and it had 
been shown that the very high temperature required 
in the hardening treatment of these steels (in the 
neighbourhood of 1,200 deg. C.) was necessary 
because it was only in this way that the solution of 
the alloying elements, and particularly of tungsten, 
could be brought about, and the formation of hard 
carbides ensured. After the original quenching, 


the steels were not in the hardest condition attain- 


able, because they contained a considerable amount 


of austenite, which was not a hard constituent. 
The cause of secondary hardness, produced by the 
second heat treatment at 600 deg. C., was the 
transformation of austenite to the hard constituent, 
martensite. 
to the transformation of some of the martensite to 
troostite and sorbite, but, on balance, the resultant 
steel was much harder. 
could not be stated with any degree of certainty. 
It seemed probable that it was due to the structural 
stability conferred on the martensite by the presence 
of heavy immobile particles of complex carbides 
containing tungsten and chromium, and, in many 
cases, vanadium. 


Some softening also took place owing 


The cause of red hardness 





Russian Imports or Tractrors.—We learn from the 


an alloy containing some 36 per cent. of nickel, was 
probably the best known, and the most widely used. 
By reason of its very slight coefficient of expan- 
sion at ordinary temperatures, it was employed in 
the manufacture of such articles as clock pendulums 
and measuring instruments. Of the alloys con- 
taining very high percentages of nickel, those 
termed Permalloy and Mumetal, used in connection 


per cent. 


what tougher, so that they were less liable to 
break in service than springs of ordinary steel. 
An important use for silicon-alloy steel was in the 
cores of static transformers, and the following was 
a typical analysis of such a steel :—carbon, 0-08 per 
cent. ; silicon, 4-18 per cent. ; and manganese, 0-11 
Passing on to the chromium-vanadium 


steels, Professor Carpenter stated that these mate- 


with the manufatture of submarine cables, were 
rials were a recent development in structural alloy 


the most interesting. These materials contained 


first issue of the new journal Bank for Russian Trade 
Review that until three years ago the tractor was a 
novelty in the Soviet Union; at the present time, 
however, some 30,000 are in use, most of which are 
of American manufacture. A considerable number of 
United States firms participated in: the Internetional 
tractor tests, which were held under official supervision 
in the northern Caucasus during August and September 
last. German, Swedish, Czecho-Slovakian and Austrian 
machines were also tested. As a result of these trials, 


standard tractors and implements, such as ploughs, 
harrows and threshers, will be selected for import into 





steels and had now an extensive market. They 








from 50 per cent. to 74 per cent. of nickel, from 








the Soviet Union. 
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NOTES. 
THE ATTENUATION OF WIRELESS WAVES. 

THE attenuation of wireless waves in their passage 
round the earth’s surface is a matter of considerable 
practical importance, while its mathematical treat- 
ment possesses a good deal of attraction for 
theorists. As long ago as 1909, in fact, Sommerfeld 
obtained formule expressing signal strength in 
terms of the earth’s conductivity and dielectric 
constant, though he neglected the effect of the 
earth’s curvature, and even earlier Zenneck had 
dealt with the subject. Recently, considerable 
theoretical work,* has been carried out by Dr. R. L. 
Smith-Rose and Mr. R. H. Barfield, under the aegis 
of the Radio Research Board, and by many other 
investigators, both British and foreign, but the 
difficulty has been the lack of experimental data, 
which would enable the theoretical conclusions to 
be checked. This gap has now been partially 
filled by the measurement of the intensity of the 
signals from the London broadcasting station 
(2LO; A = 364 m.), along a number of radial lines 
in seven different directions, up to a maximum 
distance of 100 miles. The signals were actually 
measured by a carefully designed portable receiving 
set, a fixed intensity measuring apparatus being 
installed at Ditton Park, Slough, to act as a control. 
The results of these experiments are described in a 
Paper by Mr. R. H. Barfield, which was read before 
the Wireless Section of the Institution of Electrical 
Engineers on Wednesday, December 7. It appears 
that the field strength within a radius of six or seven 
miles from the transmitter is 30 milli-volts per metre 
or more, while in the greater London area, it is at 
least 10 milli-volts per metre. As the distance 
from the transmitter increases, the field strength 
falls until at such places as Bedford and Tunbridge 
Wells, it is only one milli-volt. The equi-potential 
lines are noticeably compressed in the southerly 
direction, and are stretched out to the north-east, 
and a comparison of the experimental results with 
theory shows that the absorption is greater than 
would be expected from the value of the earth’s 
resistance. Mr. Barfield suggested that this was 
due to the presence of trees, and presented figures 
to support this view. He seems, however, to have 
neglected the effect of other tuned aerials, and 
even of such factors as the presence of water pipes. 
The results may be compared with those obtained 
by Messrs. Brown, Martin and Potter, for New 
York, in a Papert which incidentally does not 
appear in Mr. Barfield’s bibliography. The vari- 
ations in that case were, probably rightly, ascribed 
in some degree to the rocky nature of the sub-soil. 


Automatic ANALYTICAL CONTROL OF WATER- 
SOFTENING PLANTS. 


Automatic recording instruments have so far 
found little application in chemical laboratories. 
Personal supervision of the reactions is generally 
consideyed essential, and chemists have chiefly 
aimed at simplifying the manipulation so that 
the work can be entrusted to boys, or to men of no 
special training. The various apparatus which 
Dr. H. S. Hatfield, of Thackeray House, Maple- 
street, W.1, described to the Society of Chemical 
Industry, on December 5, were of interesting 
novelty, though some instrument recording the 
hydrogen-ion concentration value Py are already 
in use abroad. The first apparatus A of Dr. Hat- 
field, performs the Clark hardness test with the 
aid of soap solution, of several tilting vessels and 
electromagnets, and gives continuous records. The 
water enters a pivoted vessel which tilts when a 
catch is released, and empties itself into a second 
vessel, the reaction vessel, through which air is 
passed to mix the liquids well. Into this vessel 
the soap solution drops, at a rate under adjustable 
electromagnetic control. When the hard salts 
have been precipitated, the excess of soap causes 
the liquid to foam, and the foam and the water in it 
overflow into a spoon, which is hinged to the bottom 
of the reaction vessel ; the tilting of the spoon upsets 
the reaction vessel which when empty, is ready to 





* See Journal of the Institution of Electrical Engi- 
neers, 1926, vol. Ixiv, page 766. 

+ See The Electrician, vol. xcvi, page 168, ‘*‘ Some 
Studies in Radio Broadcast,” by Messrs. R. Brown, 
D. K. Martin and R. K. Potter. 
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receive more water from the first vessel. The 
drop control is obtained with the aid of an arc- 
shaped piston entering into an arc-shaped burette, 
which is connected with a soap-solution tank. 
The tilting of the vessels is recorded on a drum, 
which indicates the hardness. In a simplified form B 
of this apparatus A, a signal is given when the hard- 
ness exceeds a certain value; the B instrument 
is especially suitable for softening on the zeolite 
system. The power working these instruments is 
taken from a water tap and from a dry cell. For 
the control of water-softening plants, A is combined 
with another apparatus C, A acting as the brain 
of C. The C instrument comprises two tilting vessels, 
each of 10 gallons capacity, which are mounted on 
an oscillating shaft and are filled and emptied 
alternately ; electric power is required. Under- 
neath these vessels is the lime-soda tank, which 
discharges through a positive valve of the Lassen- 
Hjort type, itself controlled by the mechanism of A. 
The valve is adjusted to a certain position by means 
of a sector and levers. Temporary hardness, 
Dr. Hatfield measures by means of titration with 
standard sulphuric acid using, instead of the cus- 
tomary methyl orange indicator, a quinhydrone 
electrolytic cell for the determination of the Py 
value. In this cell the two electrodes of gold-wire 
gauze are separated by a porous plate. There are 
difficulties with these cells, which are not parti- 
cularly reliable under certain conditions, and the 
apparatus exhibited are rather complicated, con- 
sidering that the usual analysis has been 
reduced to simple routine work. But many initi- 
ally cumbrous recording instruments have been 
simplified and been found sufficiently reliable. The 
method is evidently applicable for other purposes, 
and the paper was appreciatively discussed at con- 
siderable length, though the experiments have so 
far been made only, in conjunction with Dr. E. B. 
Higgins, in the works of the United Water Soft- 
eners, Limited. Actual service records are not yet 
available. 


HicH-PRESSURE GAS RESEARCH. 


The useful work on gaseous combustion at high 
pressures, which has been carried on under the 
direction of Professor W. A. Bone, F.R.S., in the 
Department of Chemical Technology of the Imperial 
College of Science and Technology, London, is well 
known. Such work necessitates, among other 
things, the collection of not a little special, and often 
of specially designed, apparatus and, frequently, the 
development, as the result of hard experience, of a 
new experimental technique. In a word, in new 
investigations of this kind, the education of the 
worker is as important as the organisation of the 
work. After seven years, then, the college is in a 
specially favourable position to offer facilities for 
training post graduate students in a branch of 
technology, which is becoming of increasing import- 
ance, in connection with new developments in the 
chemical industry. The position is being still 
further improved by the provision of two new high- 
pressure gas research laboratories, one of which 
is divided into four sections by steel partitions for 
the accommodation of high pressure explosion 
bomb installations and two pressure catalytic 
tube units. The other will be equipped with 
apparatus for preparing, storing, and compressing 
gases, for determining compressibilities and for 
testing and calibrating standard gauges. Outside 
the building there will be an experimental gas 
generator and gas holders of various capacities 
from 3,000 cub. ft. downwards. The other equip- 
ment will include two compressors, one working up 
to 200 and the other up to 1,000 atmospheres 
pressure, a wide range of bombs capable of with- 
standing pressures of 100, 1,000, 2,000 and 20,000 
atmospheres respectively, and catalytic tube units 
for pressures up to 500 atmospheres at 500 deg. C. 
It is hoped that most of this equipment will be ready 
for operation by the end of March, 1928. This 
will enable a limited number of post-graduate 
research students to undergo a two years’ course of 
systematic training, under the personal direction 
of Professor Bone and his assistants. As the number 
of vacancies is limited early application should be 
made to Professor Bone at the Imperial College of 





Science and Technology, London, 8.W.7. Research 
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under the present conditions is inseparably 
bound up with finance. Up to now the- heavy 
expenses of the researches in this laboratory 
have been defrayed out of grants made by the 
Government Grant Committee of the Royal Society 
and the Department of Scientific and Industrial 
Research. The new developments, described above, 
have made it necessary that these should be supple- 
mented. Accordingly Messrs. Imperial Chemical 
Industries, Limited, have given 3,0001. towards the 
equipment, and have promised a further annuai 
subsidy towards the running costs, while the Depart- 
ment of Scientific and Industrial Research has also 
agreed to increase the present grant. We hope 
that this generosity will be well repaid. 


Lieut AND Heat THERAPY. 


An International Conference on Light and Heat 
in Medicine, Surgery and Hygiene, combined with an 
exhibition, was opened in the Central Hall, West- 
minster, on Tuesday afternoon, December 13. 
The Conference will conclude its afternoon and 
evening sessions to-day. Dr. R. King Brown, 
chairman of the Committee of Hygiene, and editor 
of the British Journal of Actinotherapy, which has 
organised the exhibition, presided at the inaugural 
meeting, and Lieut.-Colonel F. Fremantle, M.B., 
M.P., chairman of the Medical Committee of the 
House of Commons, delivered the opening address in 
place of Sir Alfred Mond, who was unable to attend. 
Like Dr. K. Brown, who mentioned that he had 
introduced sunlight treatment into Bermondsey, 
Colonel Fremantle dwelt upon the great benefits 
that light, natural or artificial, could confer upon 
healthy and enfeebled or diseased organisms, while 
warning also against the home-use, especially of 
strong light, without due medical advice. The 
conference, he said, was the first of its kind, and 
papers on actinotherapy and on vision would be 
presented by the leaders of British science in this 
field, as well as by Drs. Nagelschmidt and Huld- 
schinsky, of Berlin, and Dufestel and Saidman, of 
Paris. Light treatment, long since appreciated by 
botanists, had recently found also industrial applica- 
tion; for instance, in the leather industry. So 
many of the exhibits, which are arranged in sixty 
stands, are of cognate nature that we hesitate to 
mention names of the firms, most of which show 
appliances due to several experts. We may mention 
the vita and other glasses which allow part of the 
ultra-violet rays to pass, shown as windows and 
roof glazings, the rest-light lamps which absorb 
the excess of orange red in the spectrum, and the 
sunlight lamps, much used in the textile industry, 
to imitate the colour of sunlight. The medical 
profession makes use of ordinary light, and particu- 
larly also of ultra-violet and infra-red radiations. 
The lamps used are ordinary arcs with electrodes 
of carbon, of tungsten and of tungsten-cored 
carbons, and further quartz-mercury lamps. In 
one type of tungsten lamp the tungsten rod is 
replaced by two tungsten discs, which are fixed to 
copper rods flanged with large copper radiators. In 
the vilite lamp two Jablochkoff candles for ultra- 
violet radiations, are combined (in’ parallel) with a 
spiral resistance for infra-red radiations, each of 
the sources of light having its own movable para- 
bolic mirror; the candle electrodes are said to be 
made of carbon, tungsten and rare earths. A new 
pantaphos lamp which eliminates shadows in 
its strong beam by the aid of parabolic and cylin- 
drical mirrors was also demonstrated. 








TriaL Trip oF THE M.S. “ Burston.”—Successful 
trials were carried out on Wednesday, November 28, 
of the motor oil-tank vessel Bueston, which has been 
built by Messrs. Barclay, Curle and Company, Limited, 
to the order of the Tonsberg Rederi Company of Norway. 
The Bueston has been built to Lloyd’s highest class on 
the longitudinal system of framing, and is designed to 
carry both light and heavy oils, the deadweight capacity 
being about 8,000 tons on a draught of 24 ft. 6 in., her 
main dimensions being: length, 400 ft.; breadth, 
52 ft. 6 in.; and depth, 29 ft. 3 in. The oil cargo is 
carried in 16 main tanks and eight summer tanks, and 
is handled by two horizontal, duplex, steam-driven pumps, 
sufficient oil fuel being carried in deep tanks forward, 
and in the double bottom under the engines to give a 
range of 60 days’ sailing at full speed. The propellin 
machinery consists of a set of Barclay, Curle—Doxfo 
opposed-piston, airless injection engines of 2,000 brake 
horse-power, built by Messrs. Barclay, Curle and Com- 
pany, Limited, at their North British Engine Works. 
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THE INSTITUTION OF CHEMICAL 
ENGINEERS. 


THEY Institution of Chemical Engineers held a 
Conference in afternoon and evening sessions on 
the Wednesday, Thursday and Friday of last week, 
December 7, 8 and 9, under the presidency of 
Sir Alexander Gibb. We dealt with the first of the 
papers read, viz. one by Mr. Swindin, on Submerged 
Flames. on page 754 of last week’s issue, and we 
refer to some of the remainder below. 


REFRIGERATION. 


In the first of three papers on refrigeration, Mr. G. 
W. Daniels, discussed the principles underlying the 
production of cold. He limited himself to refrigera- 
tion by the evaporation of a liquid, the refrigerant 
at present used probably in 99 per cent. of all 
plants, only briefly alluding to cold production by 
the expansion of a gas. In a refrigerating plant 
consisting essentially of a refrigerator or evaporator, 
a compressor and a condenser, the first and last 
connected through a throttle valve, the efficiency 
ae ee: 
~ Hh” n—7 
the heat absorbed in the refrigerator, H the heat 
removed in the condenser, w the power expended to 
drive the machine, so that H = h +- w, and, further, 
tT, being the temperature of the condenser and r, 
that of the refrigerator, both on the absolute scale. 
To obtain high efficiency, the difference ri; — rt, 
should be small, but r, high; in other words the 
condenser should be as cold as possible, but the 
refrigerator should not be cooled to a lower tempera- 
ture than was necessary for the work required ; the 
latter condition was not sufficiently appreciated. Mr. 
Daniels explained these relations with the aid of 
the entropy charts issued by the Refrigeration 
Research Committee of the Institution of Mechanical 
Engineers in October, 1914; the charts reproduced 
for elucidating the numerical examples, illustrated 
the total-heat cycle for carbon dioxide and for 
ammonia, the difference between adiabatic ex- 
pansion and expansion under constant total-heat 
of ammonia, and the multiple-effect compression 
system for carbon dioxide. Ideal conditions and 
isothermal operation could not be realised, because 
there was a little superheating of the vapour during 
evaporation, and further a much more serious 
departure from adiabatic expansion, because the 
volume of the liquid was very small compared with 
that of the vapour. Adiabatic expansion had, there- 
fore, been abandoned, and the refrigerant was 
allowed to expand through a throttle valve with a 
constant total heat. Owing to the throttling and 
the heating of the vapours in the hot passages, the 
volumetric efficiency was higher than the really 
important weight efficiency. 

The refrigerant leaving the conderser and passing 
through the throttle valve could not do useful refri- 
geration work, before it had itself become cooled to 
the refrigerator temperature ; the liquid was, there- 
fore, pre-cooled to a temperature below that of con- 
densation in the condenser. That pre-cooling was 
sometimes possible by water from artesian wells ; in 
large plants it could also be done by an auxiliary refri- 
gerating machine, but it was best attained generally 
by multiple-effect compression. One of the automatic 
pre-cooling devices described by Mr. Daniels was a 
receiver fitted with two vaives, one at the top 
spring-controlled, the other at the bottom spring and 
float-controlled ; another device consisted of a double 
coil, immersed in brine, the liquid CO, passing 
through one coil, while a small portion of it was 
vaporised in the other coil. A third cooler recently 
put on the market was thermodynamically unsound, 
because the brine used for pre-cooling was run back 
into the refrigerator, so that all the heat removed 
from the CO, was immediately returned to it. 
In multiple-effect compression the machine was 
operating two refrigerators, the one cooling the 
refrigerant, the other doing the external cooling. 
Such a double-action arrangement could be em- 
ployed economically for chemical processes. Thus, 
air could be dried by cooling it in two stages. Each 
refrigerator could be supplied directly and indepen- 
dently from the condenser, or a three-cylinder 
arrangement might be adopted, two cylinders work- 
ing on the two-pressure system (for high and for low- 
temperature vapour) and the third only on the high 


h 
was measured by 2 » were h was 





temperature refrigerator ; all the three compressors 
were driven from the same shaft. Concentric tubes 
made the most effective condensers. Mr. Daniels 
also described a new type of refrigerator or condenser, 
in which the single coil was boxed in and com- 
pressed between top and bottom plates. The 
refrigerant circulated in the tube; the fluid to be 
cooled was delivered into the space between the 
coil and the plates and could escape only at high 
velocity in a thin film between adjacent turns of 
the coil. 

Mr. Leuig Chew, in the second paper on the 
Practical Aspect of Mechanical Refrigeration as 
Applied in the Chemical Industry, gave tables of 
efficiencies, performance coefficients, heat transfer, 
&c., before describing a large variety of novel ma- 
chines. The volume of ammonia vapour being 330 
times greater than that of the liquid, efficient heat 
transfer to the vapour required very large surfaces. 
Improvement of the transfer coefficient could be ob- 
tained by devices of the type of coil described by Mr. 
Daniels, and by increasing the velocity of both the 
ammonia in the pipes and the brine outside it. Mr. T. 
Shipley had successfully shortened the runs in the 
coil, disposed them at aninclination and connected 
the ends into large horizontal headers. Mr. Chew 
himself, by experimenting with glass tubes in the first 
instance, had found evaporators of the water-tube 
boiler type to be efficient. In the shell-type cooler, 
high velocity of the liquid ammonia could not be 
obtained. The method of evaporation, in which the 
liquid was pumped up to run over the stack of brine 
pipes, and the rotating drums, in which a film of 
liquid wetting the inside surface was dragged round, 
also gave good results. In the condensers of Louis 
Block, the liquid ammonia entered at the bottom 
and was trapped by a weir-shaped return bend 
until carried up by the velocity of the ascending 
gas, thus keeping the surfaces wet and the liquid in 
a turbulent state. Concentric tubes were made of 
charcoal iron, and each pipe could be fitted with a 
plug, spirally serrated on its outside, to give the 
water a swirling motion. Traces of zinc on the inside 
of carelessly-galvanised ammonia tubes might be 
oxidised and liberate hydrogen, and also hydro- 
carbons from the lubricants when operating at very 
low temperature, which caused superheating during 
adiabatic compression. 

In order to remove the air from a plant, the erecting 
engineer was frequently instructed to close all open- 
ings and to create a vacuum, before charging with 
ammonia, with the aid of the ammonia compressor, 
which was usually a single-stage machine, quite in- 
capable of producing a perfect vacuum in the com- 
plex pipe systems. Air and inert gases could not. be 
removed from a condenser by opening purge valves 
without waste of ammonia. But the moisture of gases 
could be cooled in a separate vessel and the ammonia 
could be condensed at high pressure; the volume 
ratio of ammonia and the inert gas was then reversed, 
and ammonia could be blown off with comparatively 
little waste. Mr. Chew described several appliances 
for this purpose, and also discussed oil filters and 
the merits of reciprocating and centrifugal com- 
pressors; the turbo-compressors were certainly 
advantageous for large plants, but had, in general, 
a relatively low coefficient of performance. 

In the third paper, Mr. Raymond J. Mitchell, 
described Electrical Automatic Refrigerators for 
Domestic Use. 


WEIGHMETER FOR WASHING MACHINES. 


The weighmeter, described by Messrs. R. G. 
Parker, D. N. Jackman, and J. N. Vowler, of the 


British Launderers’ Research Association, is an | 


apparatus for indicating by means of a gauge, the 
weight of the fabric and liquid, of known density, 
in a washing machine while in motion, without 
any actual weighing operation. These machines, 
Mr. Jackman explained, consist of a horizontal 
outer drum, resting on four feet and containing 
the liquid, inside which the inner perforated drum, 
containing the fabric, was rotated about the hori- 
zontal axis at about 20 or 30 r.p.m., this rotation 
being automatically reversed at intervals of 2 or 3 
revolutions. The weighing was done by measuring 
the hydrostatic pressure, by a method previously 
used by Léffler, Bielecki, Monks, and others. The 
two feet at the one end of the drum were placed 
on knife edges, while those at the other end rested 





on two pressure cells, each consisting of a large 
cover or plunger, a rubber diaphragm, and the cell 
proper, containing glycerin. Copper tubes of } in. 
bore connected the two cells with a Bourdon gauge. 
Temperature did not affect this device, but the 
upward ‘pull of the belt had to be compensated. 
This was done with the aid of a spiral spring adjuster, 
fixed between the reciprocating drum and the floor. 
The weight of the machine in operation would vary 
between 2,400 lb. and 10,000 lb., and this was 
correctly measured within less than + 2 per cent., 
at any rate, at low speeds. The device could also 
be fitted to washing machines directly driven by 
an electric motor, and the two pressure cells could 
be replaced by one cell, the drum then having only 
one foot at the weighing end. 


PROPERTIES OF SILICA AND FIRECLAY PRODUCTS. 


Although this paper, by Mr. A. T. Green, of the 
Derbyshire Silica Firebrick Company, had been 
prepared as an introductory paper by request of the 
Council, it was of considerable length and gave 
much analytical and test detail. In agreement with 
Dr. Mellor, with whom Mr. Green had worked, the 
author would call the clay substance kaolinite when 
crystalline, and clayite when colloidal. Fireclays 
always contained, in addition to clay, quartz and 
feldspathic, micaceous, ferruginous, calcareous and 
carbonaceous matter, upon which their behaviour 
greatly depended. The mixed, ground, screened 
and moulded materials were fired. In the first 
water-smoking period (up to 250 deg. C.), water 
was expelled, including colloidal water; that 
period required most careful control. In the 
oxidation period (500 deg. to 800 deg.), iron sulphides 
were oxidised and carbonates decomposed, and black 
cores of excessive vitrification and iron centres 
might be formed. Minute crystals of mullite 
(3 Al,O;, 2 SiO.) or sillimanite (Al,0;, SiO.) began 
to form at about 1,000 deg., in the vitrification period. 
There.was always some free silica left as quartz or 
as cristobalite, and the fireclay finally consisted of 
these constituents, vitrified matrix, mullite and 
some carborundum. The quartz dissolved in the 
matrix did not behave like quartz or cristobalite, as 
regards expansion. The texture of the fireclay 
product depended upon grain size in the clay, 
the nature of the grog addition, and the extent of 
firing. Coarse-grained products were more refractory 
and less liable to crack on sudden changes of 
temperature than materials of finer grain, but they 
had always a low crushing strength and large pores, 
which made them sensitive to shock, abrasion and 
penetration by slag and flue dust. 

Silica products were made by crushing, grinding 
and grading ganister, tempering it with 2 per cent. 
of lime, moulding, and firing at 1,400 deg. C. The 
great influence of grading was very imperfectly 
understood. Fine texture was preferred in carboni- 
sing furnaces and coarse texture for the roofs of steel 
furnaces ; excessive firing was recommended for the 
former, but not for the latter. Above 100 deg. C.. 
the tridymite modification of quartz also became 
important. The specific-gravities were: quartz, 
2-65, cristobalite 2-32, and tridymite 2-28; but 
quartz was known in two modifications, « and B, 
(transformation point 575 deg.), cristobalite also in 
two (transformation point 225 deg.), and tridymite 
in three (transformations at 117 deg. and 165 deg.). 
Microscopical and density tests did not give 
reliable guidance as to the complex volume changes 
occurring in industrial use. Most of the expansion 
of silica products took place below 250 deg. C. 
Siliceous firebricks made from fireclay and certain 
pocket sands, found in isolated pits of Derbyshire 
carboniferous limestones, contained 91 per cent. of 
silica and about 10 per cent. of theoretical clay 
matter; the quartzitic particles were, to a large 
extent, unaltered, and these bricks were probably the 
best type of quartzitic refractory. 

Refractoriness was determined with the aid of 
Seger cones and by tests under load at various 
temperatures, as developed by Mellor and Dale. 
Under such tests, the pocket-sand bricks broke 
down suddenly, near or above 1,600 deg. Fire- 
clay bricks were better conductors of heat than 


silica bricks below 1,000 deg. C., but poorer 
conductors at higher temperatures. Corrosion 
erosion, slag formation, and 


or irae upon 
diffusiveness. Slag could penetrate into bricks by 





788 


| ENGINEERING. 





[Dec. 16, 1927. 








way of the pores and through the matrix, which 
became more fluid at high temperatures. The state 
of the atmosphere, reducing or oxidising, and the 
presence of steam and of salt in the coal were of 
great importance in this respect. In the silica bricks 
of the roofs of steel furnaces, thermal and chemical 
reactions advanced from the hot surface upward, 
in such a manner that four or five zones were 
distinguished. But it was not yet understood 
what made a good brick for steel ladles, the 
criteria of the quality of firebricks for specific 
purposes remained indeterminate, and correct 
compromise was the keynote for successful selec- 
tion. A thorough knowledge of the conditions 
governing the industrial use of the material was 
essential, and a minimum economic life should be 
fixed for the refractory structure, as this was the 
most important factor in the determination of the 
durability of the materials of construction. During 
the discussion of the paper, Mr. H. R. Trost, to 
whose machine for testing under load (illustrated on 
page 68 of the last volume of EncrneErRinG) Mr. 
Green referred, remarked that the load of 50 lb. per 
sq. in. demanded by gas engineers, was unnecessarily 
high; 20 1b. per sq. in. would be quite sufficient. 
The Continental practice was 1 kg. per square 
centimetre (14 lb. per sq. in.). 





PULVERISED COAL INSTALLATION 
ON S.S. ‘* MERCER.’’ 


WE give on page 791 of this issue, in abridged form, 
a paper of considerable importance, describing experi- 
ments made with pulverised coal in the furnaces of 
a marine boiler of the ordinary Scotch type. These 
experiments were carried out at the Philadelphia Navy 
Yard, and the account of them, given to the Society of 
Naval Architects and Marine Engineers in New York, 
attracted much attention. In the discussion following 
this paper, and one on a similar subject, read at the 
same meeting, which we hope to publish in an early 
issue, there appeared to be a general feeling that the 
major difficulties of firing the Scotch and similar types 
of boiler, having small furnace volumes, with pulverised 
coal, had been overcome, and that future progress lay 
in the improvement of the plant in detail. 

Criticism was, however, directed to certain points. 
It was considered that for passenger vessels, the 
problem was complicated by the emission of ash from 
the funnel. The fusing point of the ash was of great 
importance in this type of furnace as, when it was 
lower than the average furnace temperature, there was 
a tendency for the ash to fuse into a plastic condition, 
instead of passing out of the furnace in a light powder. 
It was suggested that further experiments be carried 
out at the Philadelphia plant with different grades of 
coal, as regards ash content, in order to determine the 
fusing point below which it would be undesirable to 
operate with this kind of boiler. Another view 
was that coal with a minimum ash-fusing point of 
2,400 deg. to 2,500 deg. F. should be used, which 
would somewhat limit the range. Probably a good 
coal would be more economical in the long run than a 
cheaper one. The machinery required for pulverisation 
was considered rather heavy and bulky; weight and 
space occupied would both need reduction. The power 
used by the pulveriser appeared to be too high; economy 
would result from driving it by a steam turbine and 
using the exhaust for feed-water heating, or, in a 
turbo-electric ship, from using a motor. 

A furnace heat-liberation figure of 141,600 B.Th.U. 
per cubic foot of furnace volume per hour might, it 
was mentioned, be taken, instead of the 59,984 shown 
in the paper, as it was stated that the flame did not 
extend beyond the furnace proper, while the latter 
figure took into account the volume of the combustion 
chamber also. It is necessary to remember that these 
figures applied not to the first burner fitted, but 
to that on which the land tests reported were 
actually carried out. This burner, made by the Peabody 
Engineering Corporation, is shown in position on the 
boiler used inthe tests, in Fig. 4, opposite, of this issue. 
The elimination of labour, it was thought, should not be 
confined to the abolition of hand-firing only, but the 
use of conveyors on board ship should receive greater 
attention. There were two ships on the Great Lakes in 
which no hand labour at all was necessary. It was 
considered that the employment of results from oil- 
fired tests in estimating unaccounted-for losses in the 
pulverised fuel tests was of doubtful value. Further, 


in the tests made with oil fuel on this boiler there was 
no air heater, as there was in the pulverised coal tests. 
In the latter tests, the effect of the air heater was an 
average improvement in efficiency of something like 
3 per cent., and for ro of comparison this 3 per 
cent. should be add 


to the results from the oil tests. 





Extravagant claims should not be made as to an 
efficiency in fuel consumption superior to that of the 
Diesel engine. Progress was also going on with the 
latter prime mover, and Diesel engines themselves had 
been operated on powdered coal. A great advantage 
of pulverised coal at sea was improved operating 
efficiency under such conditions as those which obtained 
in the tropics. An objection that the ball mill used for 
grinding would give trouble when manceuvring or in 
a seaway, has been met by the statement that the S.S. 
Mercer, so equipped, steamed to New York from Balti- 
more in a gale and lightly loaded, and there had been 
no difference in the grade of fuel produced during the 
voyage. When docking in New York, the engine room 
had received 32 telegraph signals, and in no case had 
the safety valves been used or was there a drop in 
pressure of more than 15 lb. per square inch. 

The above is a brief summary of the discussion on 
the papers, which had both been written before the S.S. 
Mercer, referred to in the first of them, had made a 
long voyage. This vessel has now crossed the Atlantic 
and we are able to give some account of both her 
equipment and performance. 

It will be gathered from the paper that the Mercer 
is not a new vessel built specially for this installation. 
As constructed in 1919, she was a cargo steamer on 
ordinary lines, with an overall length of 411 ft. 6 in., 
a beam of 55 ft., a depth of 31 ft. 4 in., and a dis- 
placement of 13,130 tons. The original machinery 
consisted of three oil-fired single-ended Scotch-type 
marine boilers, and a single geared turbine developing 
2,500 shaft horse-power. Naturally, having been 
arranged for burning oil, some structural altera- 
tions were necessary to provide coal bunkers, but 
beyond this no change has been made in the 
boiler arrangement, apart from the pulverising 
equipment, and the engine room remains exactly as 
it was originally constructed. It must be borne in 
mind that the layout of the pulverising plant has been 
determined to a large extent by pre-existing conditions, 
and it does not follow that a similar scheme would be 
adopted in a new vessel; indeed, one of the objects of 
the installation is to gain experience indicating in 
what directions improvement may lie, though the main 
one was to show that the conversion of the normal 
type is possible. 

A general outline of the installation is given in Figs. 1 
and 2, page 789. It will be noted at the outset that the 
pulverizing plant is in duplicate, a set being placed 
in each wing of the stokehold. Either set can handle 
the whole of the fuel required, the duplication being 
merely precautionary in case of breakdown. It is 
possible that future designs may provide for a main 
unit, and a smaller stand-by set for use during repairs 
to the former. The main coal bunker lies across the 
ship, and is partly tapered in hopper fashion to provide 
a gravity flow to the conveyors, one of which is situated 
at each side. The conveyors lift the coal to a chute 
above the pulverisers, from which it is discharged into 
the crushers. These are of an ordinary type used in 
land practice, their function being to break the large 
lumps of coal into pieces of from 1 in. to 1} in. cube. 
They are driven by vertical steam engines and belting. 
This graded coal is discharged from the pulveriser 
into a small bunker below it, which holds sufficient 
for a 24 hours’ supply. One hour’s operation of one of 
the crushers is sufficient to fill this bunker. A screw 
conveyor, driven from the crusher distributes the coal 
as it descends from the crusher into the bunker. 

The pulverisers are conspicuous in the figures, but, 
as they are generally of the same design as those used 
in the experimental tests at Philadelphia, which are 
shown in Figs. 5 and 6, page 793, it is unnecessary to 
describe them in any detail. Attention may, however, 
be called to the method of regulating the coal supply 
to the burners, which is effected at this point. The 
coal from the small bunker flows by gravity on to a 
disc, with blades sweeping its surface. The coal is 
scraped off by these in a quantity which may be regu- 
lated, and flows down a chute leading to the interior of 
the ball mill. The latter rotates at a constant speed 
to ensure uniformity of fineness in the pulverised coal, 
and its output is therefore entirely dependent on the 
amount of graded coal fed to it. It may be kept 
rotating without feed should the boilers be making 
steam too fast, as may happen for instance when 
manceuvring, and the resumption of the supply 
then automatically restarts the burners, without any 
manipulation of the ball-mill engines. There are three 
separate drives in connection with the ball mill. The 
main rotating engine is a steam engine, the fan is 
driven by a steam turbine, and the feed apparatus by 
an electric motor with a regulating resistance. It 
must be understood, however, that the control of the 
coal supply is not the only regulation required at the 
burners, the secondary air supply also having to be 
watched. This air supply is provided by a rep- 
existing fan, and passes over a tubular heater in the 
smokebox. The burner air-louvres are adjustable. 

From the ball mill the pulverised coal is carried by 





the fan at its outlet into the distributor. This is 
situated at the level of the crusher. It contains 
a rotor, having fan blades, and driven by a steam 
turbine. From it a pipe is led to a box for each boiler, 
from which again a pipe is led to each burner. It is in 
developing the distributor and accessories that experi- 
ence will probably prove useful. There are three fur- 
naces to each boiler, and as it is essential to keep the 
supply to all three equal, it follows that, as all the 
coal regulation is done before these pipes branch off the 
main, every effort must be made to equalise friction, &c., 
inthem. It is a more difficult problem with three pipes 
than with two. The burners themselves are similar to 
those finally fitted in the Philadelphia tests, which are 
shown in Figs. 3 and 4, page 791. They are fitted to 
burn oil also, again more as a precautionary measure 
than from any intrinsic need, as the Peabody pul- 
verised fuel burner will light up quite readily from a 
torch. The oil burners are not normally in place while 
coal is being fired. 

Fig. 3, opposite, shows the typical method of fitting 
the pulverised fuel burner to the boiler. There is no 
projection whatever at the front for the purpose of 
increasing the length of the furnace, and a very short 
refractory lining immediately round the issuing flame 
is all that is required. The projecting portion is due to 
the casing for the secondary air supply, and is no greater 
than would be caused by a forced draught oil-firing 
system. 

The Mercer arrived at Rotterdam on Thursday of last 
week, having made a satisfactory voyage as far as the 
working of the pulverised fuel installation is concerned. 
The total distance steamed was 3,400 miles, and the 
total time occupied was 14 days 9 hrs. Allowing for 
docking, &c., the actual speed works out at 9-83 knots. 
Heavy weather was experienced for ten days during 
which the vessel rolled about 36 degrees and pitched 
about 12 degrees. The propeller slip was estimated by 
the engine room staff to reach 25 per cent. This may 
be regarded as a severe test, and would seem to dispose 
effectually of the objection raised in the discussion, 
outlined above, that the ball mill would give trouble 
in a seaway. At this point it may be remarked that 
what difficulties occurred with the moving machinery, 
were of the nature of bearing troubles, the several 
engines and machines, some of them of quite new design, 
not having had proper time to run up to their work, 
before being employed on the two weeks’ continuous 
operation, which the voyage entailed. The ship was 
fully loaded, her mean draught in this condition being 
about 27 ft. It may be noted that the previous short 
voyage from Baltimore to New York was made in a 
light condition and bad weather, so that ordinary 
sea-going conditions have been met. 

Only the two wing boilers were used in the voyage, 
the centre one having had its supply pipes blanked off 
near the distributor, as it was anticipated it would not be 
required. When the bearing troubles developed, the 
boilers were fired with oil. This only occurred for short 
periods while adjustments were being made, and there 
was never more than one boiler thus used at a time, 
while, had it not been that the ship was under charter 
and had tokeep her scheduled time even this could have 
been avoided. The duplicate pulverising plants, of 
course, made it easier to carry out adjustments, as 
either was of sufficient capacity to handle the fuel for 
both boilers. Perhaps, however, the most important 
fact brought out by the run, from the breakdown point 
of view, was that the Peabody burners gave no trouble 
at all, and may thus be considered a working pro- 
position for the Scotch boiler. 

Another point of interest is the condition of the ship 
as regards dust. This was in evidence as she lay in 
the dock, but was really misleading. It is stated that 
there were no signs of excess of ash at sea, even allow- 
ing for the heavy wind, because the continuous opera- 
tion permitted of proper regulation, but that the dust 
seen in the dock arose from changes caused by naviga- 
tional requirements in the river. This had involved 
faulty regulation and some overloading of the burners, 
with a resultant escape of coal dust, and not normal 
ash, up the funnel. The tubes, fitted with retarders 
as in the experimental boiler, were blown through once 
every watch with Diamond soot-blowers, which were 
operated by steam of about 40 deg. superheat. The 
retarders will be drawn about once a trip, the usual 
practice with a coal-fired boiler. The furnaces and 
uptakes are only now being swept, after the ship has 
steamed some 5,000 miles. They are no dirtier than 
the same parts in oil-fired boilers would be. 

The arrival of the steamer naturally created a good 
deal of interest, and for two days the installation was 
inspected by a number of engineers and shipowners. 
Mr. Jefferson and Commander Evans, the authors of 
the paper, who came over on the ship, were present on 
these occasions. These two gentlemen were responsible 
for carrying out this experiment of the United States 
Shipping Board, and, we understand, are so satisfied 
with the results that they are returning to the United 
States to prepare plants for the conversion of a further 
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ten ships of the merchant fleet of that country to burn 
pulverised coal. TheS.S. Mercer will accordingly return 
with only her normal engine-room personnel. 

A number of opinions for and against pulverised 
fuel for marine purposes have been expressed, and it 
may be useful to consider the position as it now is 
in relation to this particular experiment. The United 
States Shipping Board has carried out an interesting 
piece of pioneer work in its endeavour to lower the 
running costs of its steamers and a great measure of 
technical success has been obtained. It is not, how- 
ever, claimed that the method tried out has assumed 
its final form. Hitherto pulverised coal has not 
been fired successfully in the small furnace of the 
Scotch type boiler, but, with the aid of the Peabody 
Engineering Corporation and other firms, the Shipping 
Board has now shown this to be practicable. What has 
hitherto been lacking was a means of converting existing 
ships from a type, costly to run under present coal 
prices and labour difficulties, into one which could 
be run more cheaply by using inferior grades of fuel 
and dispensing with stokehold crews. The actual 
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commercial success obtained in this direction can only 
be assessed from the running costs of both classes of 
ships over fairly long periods. The position of the 
Diesel-engined ship was not challenged; if it had been, 
it is to be assumed that a special ship would have been 
built. It would appear to be hardly germane to 
resolve this particular development in the coal-fired ship 
into a merely competitive step between the conflicting 
interests of oil and coal. 








SURVEY OF THE LANCASHIRE AND CHESHIRE COAL- 
FIELD.—The first local committee to be appointed by the 
Department of Scientific and Industrial Research, in 
connection with the physical and chemical survey of 
the National coal resources, was the Lancashire and 
Cheshire Coalfield Survey Committee. This committee 
has recently been enlarged in order that it should be 
representative of the whole coalfield, and its composition 
is now as follows:—Mr. R. A. Burrows (chairman), 
and Messrs. J. T. Browne, H. O. Dixon, J. H. Edmondson, 
R. Landless, J. Lomax, J. T. de Seyfried, N. Simpkin, 
F. 8. Sinnatt, T. Stone, and W. B. Wright. 
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Launen or THE §.S. “Duke or Lancaster.’’—On 
Tuesday, November 22, Messrs. Wm. Denny and Brothers, 
Limited, of Dumbarton, successfully launched the twin- 
screw steamer Duke of Lancaster, which is one of threo 
vessels of the same dimensions and capacity being built 
by Messrs. Wm. Denny and Brothers, Limited, to the 
order of the London, Midland and Scottish Railway Com- 
pany. These vessels are intended for service between Hey- 
sham and Belfast. The main dimensions of the Duke of 
Lancaster are :—Length, 360 ft., breadth 53 ft., and depth, 
19 ft. Accommodation will be provided for sleeping 
308 saloon passengers in cabins de luxe, single, double and 
four-berth rooms, a special feature of the vessel being 
the large number of single-berth rooms provided, viz., 140. 
Steerage sleeping accommodation for 104 passengers will 
also be provided on the poop, main and lower decks. 
Provision is made for the carriage of 400 tons of cargo and 
stalls are fitted for 296 head of cattle, portable horse- 
stalls being arranged, in addition to the permanent accom 
modation for these animals. The propelling machinery 
consists of twin-screw, single-reduction, geared turbines 
of the Parsons type, steam being supplied by six coal- 
fired Babcock and Wilcox water-tube boilers at a pressure 
of 225 lb. per square inch. The designed speed of the 
vessel is 21 knots. 





NOTES ON NEW BOOKS. 


Most people will have seen, though may not have 
particularly noticed, the skeleton frames of timber 
roofing on a building in course of construction—the 
ridge, the rafter and the hip—and few but those 
employed on such work will have considered the 
nature of the little problems engaging the attention 
of the roof carpenter in setting it out. In simple 
gable-ended roofs the matter is plain enough, but 
with hipped roofs, roofs intersecting, and roofs irregu- 
lar as to pitch, the matter is not so simple. A book 
entitled Simplified Roof Framing (price 7s. net.), 
making one of a series, issued by the McGraw-Hill 
Publishing Company, 6, Bouverie-street, E.C.4, sets 
out to make the necessary operations clear to the 
operative, even though quite innocent of geometrical 
knowledge or skill in draughting. The authors, 
Messrs. Wilson and Werner, as teachers of experience, 
claim that the method explained is effective. The 
explanatory text makes it conceivable that the pur- 
pose of the book may be achieved ; it is explicit, and 
the diagrams are good. The arrangement of matter 
is orderly, and suchas favours easy reference, different 
chapters of the book being divided by coloured pages, 
bearing detailed headings. Roof trusses as such are 
not dealt with. 





In response to repeated requests for information 
on commercial gas-measuring instruments, their 
construction, operation and methods of testing, 
the United States Bureau of Standards has prepared 
a pamphlet of 109 pages, well illustrated, entitled 
“* Gas-measuring Instruments’? (Circular No. 309, 
Washington: Government Printing Office; price 
40 cents). The book is not an exhaustive treatise 
on the subject; only some classes of instruments 
are described, and the authors are not named. The 
copious bibliography references are to American or 
English books and papers, not to those of any other 
country; most of the statements made are not based 
upon original investigations conducted in the Bureau, 
but are taken from articles published and from 
information supplied by the manufacturers. Yet we 
need hardly say that the book is very instructive, 
so far as it goes. The sections on gas-container 
standards and cubic-foot bottles, gas-meter provers 
and their calibration, and on ordinary gas-metering 
instruments as used in the coal-gas industry, are 
decidedly good, and better indeed in illustrations and 
other respects than some recent publications of higher 
prices on ordinary gas meters. The sections on 
velocity or impartial meters, Pitot tubes and orifice 
meters are likewise useful, but too little is said on 
rotary and float meters, and gas measurement by 
heating. The want of an alphabetical index makes 
the omissions more annoying. 


A very large number of brown coal, soft black coal 
and anthracite deposits—the latter being more especi- 
ally abundant—are to be found in the subsoil of 
Peru, according to a statement made in ‘* Carbon y 
Fierro, No.1; Decretos, Informes, Oficios, Resoluciones 
Projectos de Ley y otros Documentos Oficiales, a publica- 
tion dated 1926, recently issued by the Peruvian 
Ministerio de Fomento. It contains the Government 
Decrees establishing a committee for reporting upon 
the mineral resources of the country, and upon the 
measures to be taken for their exploitation. The 
findings of the committee are entered into in detail. 
Extensive deposits of anthracite, easily worked, exist 
notably along the course of the Chicama river and its 
tributaries, and means of transport are available for 
carriage to the points of utilisation, or to harbours 
located at short distances along the coast; other 
means of transport, where found to be necessary, could 
readily be put down. The Peruvian anthracite is not 
so good as the Welsh, but is nevertheless of excellent 
quality, and it would find a ready market. Briefly, 
Peru is reported to possess more brown coal than 
Chili; as much soft black coal as Brazil, perhaps even 
more; and more anthracite than Pennsylvania and 
Wales together. Among the iron ore deposits which 
have been prospected, the most important ones are 
those of Huacravilea, where che visible supply of 
66 per cent. to 69 per cent. hematite exceeds 60,000,000 


tons, and those of the Pampa de Marcona, where the , 


visible supply is about 80,000,000 tons of 65 per cent. 
iron ore, containing P = 0-06, S = 0-16, Sid. = 3-6 
per cent., and where, it is estimated, a total of 
800,000,000 tons could be mined under the ore-bearing 
hills of the locality. The world’s most important 
vanadium deposits so far known are in Peru, at Minasr- 
ragra. Several lodes containing 2 per cent. to 3 per 


cent. of molybdenite have been found, also notable | 
Large quantities of manganese can | 


tungsten deposits. 
be obtained from the Cerro de Pasco, whilst. silver, 
nickel and cobalt bearing strata exist in different 
districts. The mineral reserves of Peru have been 


practically unexploited hitherto, and the object the 
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Government has in view is to work them all gradually 
with Peruvian labour and, so far as this can be done, 
with Peruvian capital; foreign capital, if needed, 
would be admitted ‘‘ on a co-operative basis.” Foreign 
machinery and apparatus would be allowed to enter 
the country free of duty. The publication goes deeply 
into the scheme; this would involve the gradual 
installation of complete mining and works plant, the 
construction of railways, power generating and distri- 
bution stations, and the supply of many classes of 
implements and tools. 


When an author prefaces his book with a statement 
that he is not satisfied with it the reviewer’s easiest 
course is certainly to agree. In the case of Mr. C. G. 
Watson’s ‘‘ The Art and Craft of Cable Jointing,” 
which is published by Messrs. Sir Isaac Pitman and 
Sons, Limited, London, price 6s. net., there is some 
justification for this attitude. For the author has 
attempted, not very successfully, to do too much in 
the space granted him by the publishers, and has 
wasted much of what space there was by the introduc- 
tion of irrelevant matter, such as that which appears on 
pages 18 and 19. The best method of treating such an 
essentially practical subject as jointing is to write a 
round unvarnished tale confined to essentials. Mr. 
Watson evidently has the knowledge necessary to do 
this, but too often he allows his literary expansiveness 
to run away with him. The result is a little trying to 
the reader. On the other hand, the hints he does give 
are sound, and the reader will certainly add to his 
knowledge of an important subject. The illustrations 
are clear and informative. Some useful tables are 
given at the end. 





The Swiss Association of Steam Boiler Owners, 
Schweizerischer Verein von Dampfkessel-Besitzern, is a 
very active institution, which controls practically 
every boiler, and steam and other containers under 
pressure, in use throughout Switzerland. It numbered 
on December 31, of last year, 3,312 members, and had 
under its supervision at that date 5,669 boilers and 
982 containers belonging to its members, besides 94 
boilers and 5 containers owned by non-members. Of 
the boilers, 4,580, or 79-51 per cent., were of Swiss 
manufacture, 854, or 14-82 per cent., were built in 
Germany, and 124, or 2-16 per cent., were of British 
manufacture. The oldest boilers still in use in the 
country, two in number, were built as far back as 1858 ; 
the greatest number, 182, were built in 1920. The 
report, the fifty-eighth issued by the Association, goes 
extensively into the work of inspection of boilers, 
fittings and accessories, carried out during the year 
by members of the Association staff. It also deals 
with feed water analyses and, like former reports, 
does not view with favour, from the boiler-owner’s 
standpoint, the many patent products put on the market 
to prevent boiler incrustation. The import of coal and 
coal briquettes into Switzerland, in the year under re- 
view, amounted to a total of 1,909,652 tons, a figure which 
does not include brown coal and brown coal briquettes. 
Of this quantity, about 20 per cent. came from Germany, 
about 39 per cent. from France and the Saar mines, 
9 per cent. approximately from Poland, and about 
3 per cent. from England. The remainder came from 
Belgium and Holland. Poland had a greater share 
in the supply than England, owing to the strike in the 
British collieries. The report contains a detailed 
illustrated paper by Mr. E. Hohn, the Chief Engineer 
of the Association, on ‘‘ The Strength of Boiler Dished 
Ends and Cylindrical Boiler Shells.” 





The prospective book buyer who sees for the first 
time the title ‘Simplified Practice” ( Simplified 
Practice,’ by Cecil Chisholm, M.A.—published by 
Messrs. Chapman and Hall, 11, Henrietta-street, 
Covent-garden, London, W.C.2, price 12s. 6d. net) 
will probably wonder just what it means and, should 
he decide to examine a copy of the book, will probably 
come to the conclusion that, to a considerable degree, 
the subject-matter is the advantages of mass produc- 
tion. The term simplified practice is of American 
origin, and refers to attempts to secure economy in 
manufacture by reducing the number of styles or 
varieties made to a minimum and to standardise as 
far as possible component parts for those it is decided 
to retain. In the author’s words, it is “‘ to make use 
of war-time experience by reducing patterns and 
styles, by cutting out frills, and by reducing overhead 


To some extent the book is a descriptive history of a 
movement which has been going on generally in all 
manufacturing countries for the last few decades—the 
elimination of unnecessary patterns and the concentra- 
tion on the manufacture of the few; in this country, 
the bicycle, motor-cycle and motor-car are, perhaps, 
among the best examples. Mention is made of the 
work done by the British Engineering Standards 





Association. The author emphasises his view that 


t 


costs in order to meet the present need for lower prices.” | 





standardisation is not simplification and, strictly 
speaking, he is correct, but he refers to the standardisa- 
tion of sizes and “ reams,’’ which has recently been 
introduced in the printing trades, although not yet 
universally accepted in the paper trade, as a programme 
of simplification. There are a number of references to 
the work done individually by firms in this country, 
in one case, sales charts used by Lotus, Limited, as 
far back as 1903, being reproduced. The book is, 
perhaps, one of interest rather than of instruction and 
serves to show some of the economies which have 
followed the application of intelligent criticisms and 
aims in connection with economical production. 





The engineer requires to be fully informed about the 
properties, the treatment and ultimate behaviour of 
the materials which he uses, of less interest to him 
is knowledge about their preparation, unless he himself 
is engaged in this; but though generally less urgent, 
such information is of value. Knowledge of this kind, 
in one sphere, would seem in considerable measure to be 
supplied by a useful publication. “‘ Building Science,” 
by Mr. F. L. Brady, M.Sc., A.I.C., issued by Edward 
Arnold and Company, London, at 7s. 6d. net. The 
author’s employment on building research workplaces 
him in a position advantageous for the treatment of 
his subject, dealing, as it does, with the properties of 
many engineering materials, with respect to heat, 
strength, shrinkage, expansion and other similar matters 
chiefly relating to those materials artificially produced, 
as distinct from untreated natural products. Particu- 
larly valuable is the information given on the heat 
conductivity of building materials, and allied to this, 


‘| the heat-retaining qualities of various types of building 


construction, there are also useful comments on the 
effects of heat upon cements, with suggestions for the 
preparation of fire-resisting concretes. It may be 
noted that the author insists upon the fact, that 
Portland cement concrete, of suitable mix, may 
rendered impermeable to water, without adventitious 
aid, by the simple process of complete admixture. 
This book should be of value to those who wish to be 
correctly informed on the nature of some of the 
materials they commonly use. Sundry useful tables 
and diagrams are given, which include matter not 
previously published. 





The relation of language and engineering is a subject, 
to which philologists might do well to pay attention. 
In the case of a living language, such as our own, either 
old words are used in new senses or new words are 
coined, but in either event the process is so gradual 
as to cause no embarrassment to the writer or reader. 
Since the war, however, several non-official languages 
have received an increase in status, and in so doing have 
exhibited their weakness in technical terms. Words have 
had to be imported or grafted on to old stems and the 
result is not always happy. This state is, however, 
likely to be only temporary and we are, therefore, 
glad to see that attempts are being made with some 
success to create a technical literature in these re- 
juvenated languages. A good example of this process 
is to be found in “‘ Podrecznik Inzynierski.” This is a 
sort of Polish Molesworth, which is edited by Professor 
Dr. Inz Stefan Bryla, with the collaboration of a number 
of engineers, and is published by Nakladem Ksiegarni 
Polskiej b. Polonieckiego of Warsaw. The first volume, 
of which we have received a copy, is devoted to geologi- 
cal and civil engineering matters, including chapters 
on tunneling and road layouts. Railway work is 
dealt with in another long section, followed by aerial 
ropeways. Other sections are devoted to surveying, 
photography, hydraulics, water-power utilisation, 
especially from the civil engineering point of view, 
canals, ports and meteorology. The book is rather 
sparsely illustrated. There is a short bibliography to 
each section, but our national pride receives rather a 
shock when we see how few British books are included 
and those mainly out-of-date. 








N.E. Coast InstITUTION OF ENGINEERS AND SHIP- 
BUILDERS.—The report of the Council of the North-East 
Coast Institution of Engineers and Shipbuilders 
(Incorporated), for the session 1926-27, shows that 
the members on the roll, on July 31, 1927, numbered 
1,310. Ten papers were read at meetings held during 
the session, and the Engineering Gold Medal was 
awarded to the Hon. Sir Charles A. Parsons, and Messrs. 
R. J. Walker and 8S. S. Cook for their joint paper 
‘Progress in Economy of Turbine Machinery on Land 
and Sea.’ The form to be taken by the awards from the 
fund, established in memory of the late Mr. Thomas 
Fenwick Reed, has been definitely settled. A gold 
medal, suitably inscribed, will be awarded annually to an 
associate member or graduate member of the Institution 
who, in the opinion of the Council, most successfully 
produces and exhibits evidence of his ability to take a 
share in the control of industry. The balance sheet and 
accounts of the Institution show that the revenue for the 
1926-27 session was 4,100/. and the expenditure was 
4,0671. 
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PULVERIZED COAL APPLIED TO 
SCOTCH MARINE BOILERS.* 


By Cart E. JErFERsoN and CoMMANDER JOSEPH S. 
Evans, U.S.N. 


THE application of the Diesel engine which is be- 
coming so important in ship operation, has stimulated 
the efforts of the advocates of steam power to such an 
extent that marked progress has been accomplished 
during the last few years in producing steam economies. 
These give promise of successfully challenging the lower 





fuel costs made possible by the use of the internal 
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combustion engine. A distinct advantage in the way 
of fuel costs, characteristic of the improved steam plant, 
is that the steam plant can use solid as well as liquid 
or gaseous fuel, which makes possible the use of the 
cheaper and more abundant type of fuels, especially 
coal. However, in using coal as a fuel, the problem of 
obtaining satisfactory labour, together with the 
problem of maintaining uniform rates of evaporation, 
is introduced, and it becomes necessary to find a 
mechanical substitute for the difficult and arduous 
task of hand-firing. 

Research.—The Fuel Conservation Committee of the 
Merchant Fleet Corporation of the United States 
Shipping Board, to whom is intrusted the task of 





* Paper read before the Society of Naval Architects 
and Marine Engineers, New York, November, 1927. 
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reducing the fuel costs of the American merchant 


marine, recognised the above-mentioned problem, and 
the benefits accruing from a successful solution which 
would enable the vessels to use coal as a fuel, providing 
the labour question and the question of sustained 
efficient combustion could be solved. Therefore a 
survey was made of existing land power plants, to 
determine what they had to offer as a solution. The 
survey showed a growing tendency towards the use of 
pulverised coal, inasmuch as this method of combustion 
permitted the use of fuels which could not be handled 
in any other manner. The growing tendency towards 
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use of pulverised coal, as stated, was found to be the 
trend in shore plants. However, it was not possible 
to adopt the shore plant installation for use on ship- 
board. The boiler in the average pulverised.coal shore 
plant is fitted with a combustion chamber approximately 
eight times as large as that found in a marine boiler 
of the same horse-power, and when the Scotch marine 
boiler is considered, there is the added difficulty of a 
completely water-cooled furnace wherein the use of 
refractories to speed up combustion is prohibited, as 
the greater part of the work done in a Scotch boiler is 
effected by direct radiant heat in the furnace. 

Scotch Boiler.—The Fuel Conservation Committee 
is chiefly concerned with effecting economies in the 
existing merchant marine fleet rather than with pro- 
posed future tonnage, and must primarily consider the 
application of pulverised fuel for use in the Scotch 
boiler, inasmuch as the majority of the cargo carriers 


Moreover, the positive limitation of combustion space 
of the Scotch boiler apparently presented a greater 
difficulty in adopting pulverised fuel for marine 
purposes. This paper gives a brief report of the 
240 hour test of the system finally developed, and now 
installed in the 9,700-ton freighter S.S. Mercer, in 
order to determine, by actual operation, the real merits 
of pulverised fuel when applied to existing type of 
cargo vessels fitted with Scotch boilers. In 1920, the 
Fleet Corporation, during the Scotch boiler tests 
conducted by the United States Shipping Board in 
conjunction with the Bureau of Mines, had attempted 
to utilise the conventional streamline type of pulverised 
coal burner but with very meagre results, as the 
maximum rate of combustion that could be maintained 
was 2-5 lb. of coal per cubic foot of furnace volume, 
or a maximum heat release of 32,000 B.Th.U. per hour 
per cubic foot of furnace volume. In addition to the 
limited rate of combustion, the boiler efficiencies were 
far from satisfactory, as the combined air heater, 
superheater and boiler efficiency obtained was only 
54 per cent. 

Between 1920 and 1925, however, considerable 
development had been made in pulverised-coal installa- 
tions, such as a knowledge of the effect of flame tur- 
bulence and of superfines in the coal on speeding-up 
rate of flame propagation. These facts, coupled with 
the use of preheated air, indicated that, instead of the 
20-ft. to 25-ft. flame travel necessary when using the 
streamline burner and only ordinary fineness of coal, 
it would be possible to effect the same completeness 
of combustion within 8 ft. to 10 ft. of flame travel. 

Plan of Tests——The Fuel Conservation Committee 
decided that its plan must include a considerable 
amount of test work along the line of development, and 
adaptation, rather than pure research. It was also 
necessary that the tests be conducted by unprejudiced 
engineers, under as near sea-going conditions as 
possible. To this end, a request was made by the 
Committee to the Bureau of Engineering of the 
U.S. Navy, for co-operation with the United States 
Shipping Board in this development work. This was 
agreed to, and the facilities of the Fuel Oil Test Plant 
at the Philadelphia Navy Yard were offered for this 
purpose. 

Tests.—The initial installation made at the test 
plant consisted of a Fuller-Bonnot unit mill and Fuller- 
Lehigh well-type burners. The burner installation 
was not chosen so much from its characteristics of 
being a practicable marine type, but to determine 
the combustion conditions that could be obtained from 
a turbulent burner which was the direct antithesis of 
the stream-line burner. The series of tests did not 
produce a practical sea-going installation, but demon- 
strated the feasibility of burning pulverised coal in 
the limited size Scotch boiler furnace. A combustion 
rate as high as 6-19 lb. per cub. ft. of furnace volume 
was maintained for limited periods of from 2 to 6 hours, 
with a heat release as high as 88,330 B.Th.U., and 
a boiler efficiency of 68-7 per cent. was obtained for 
8-hour test periods. This boiler was not equipped 
with either air heater or superheaters. The principal 
reasons for the failure to obtain continuous satis- 
factory service, was the uneven distribution of fuel 
to the 12 burner nozzles, and lack of proper control 
over the air pressures. As both the manufacturers 
of the equipment and the test plant personnel were 
convinced that radical changes would be necessary to 
effect satisfactory continuous combustion, as well as 
to produce a type of installation that could be used 
on shipboard, this equipment was withdrawn from test 
for further research by the manufacturers. 

In the meantime, the Peabody Engineering Corpora- 
tion had been experimenting with a burner apparently 
having the necessary characteristics for the peak per- 
formances of the above-mentioned installation, and as 
it was also so designed as to be suitable for marine use, 
it was selected for the next series of tests. The mill 
used was a high-speed paddle type. On this series, 
with comparatively low volatile coal and at moderate 
combustion rates, fairly satisfactory performances 
were obtained. The test runs were of comparatively 
short duration, being made chiefly for the purpose of 
determining the performance of the burner, rather than 
the complete installation. The tests covered a range 
from 33,500 B.Th.U. per cub. ft. of furnace volume up 
to 52,000 B.Th.U. per cub. ft. of furnace volume. The 
boiler efficiencies obtained on 2-hour to 4-hour periods 
were approximately from 71 to 78 per cent. It was 
found in this series that, with the particular pulveriser 
installed, with a change in the quality of coal and in 
the capacity demand rate, there was a considerable 
variance in the fineness of the product, and, as the 
manufacturers desired to withdrawn their mill from 
the tests until they had completed further develop- 
ment work on it at their own plant, it was decided 
to install again a low-speed air-swept tube mill. 

The mill selected for this purpose was the Kennedy 
air-swept tube mill manufactured by the Kennedy- 
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Van Saun Engineering and Manufacturing Corporation. 
This mill has been used for the balance of the test 
work to date, including the 240-hours’ continuous 
service run. 

The third series of tests consisted of a number of 
short runs over a period of about six weeks, during 
which various operating features were. worked out, 
such as correct fan and distributor speeds, ball 
charge for mill, &c. During this period the operating 
technique of the personnel was also developed. 

The 240-Hour Continuous Service Test.—This test 
started on July 27, 1927, and terminated August 6, 
1927 ; during which tests, for 48-hour periods following 
each other without interruption, combustion rates of 
1,200, 1,400, 1,600, 1,800 and 2,000 lb. per hour were 
maintained. 

Boiler.—The boiler was a single-ended Scotch marine 
boiler, with three furnaces with separate combustion 
chambers. It had been previously on the 8.8. West 
Eagle, but was installed at the Fuel Oil Testing Plant 
in 1923, for use in connection with other tests for the 
United States Shipping Board. Characteristics of this 
boiler are given in the Table annexed. Figs. 1 and 2, 
page 791, show the dimensions of the smoke boxes, 
uptake, air heater and stack. The air heater was not 
part of the original boiler, but was built and installed 
by the Fuel Oil Testing Plant, immediately prior to the 
test of the Peabody burners, and the first mill used in 
conjunction with them. A double front was also con- 
structed on the boiler front for supplying preheated air 
to the burner air registers. The latter were integral with 
burner front plates, which were hinged to the exterior 
of the double front. The air registers thus could be 
swung outward toward the fireroom when the burners 
were not in use, to provide access to the furnaces. 
The furnaces were modified by installation of a ring of 
refractory 18 in. long. The only other modification 
was to provide three holes in the rear of the boiler 
in line with the centre of each furnace, and made by 
fitting three stay tubes through the rear head and rear 
sheets of the combustion chambers. These stay tubes 
replaced an equal number of stay bolts and served 
not only as inspection holes for examining the appear- 
ance of the flame in the furnaces, but also as entrances 
for piping for obtaining gas data. 

Burners.—The burners used were three Peabody 
combined fuel-oil and pulverised-coal burners, as manu- 
factured by the Peabody Engineering Corporation. 
They are shown in Figs. 3 and¢. This burner, as stated 
above, is a combined oil and pulverised-coal burner. 
No difficulties were experienced with the burner while 
burning oil. The atomiser can be readily withdrawn 
when changing from oil to coal, and vice versa. The 
coal burner consists of the air register and the coal 
‘register’? or coal box. The function of the air 
register is to regulate admission of such air (in addi- 
tion to that air which carries the pulverised coal) 
as may be necessary for complete combustion, and also 
to cause it to assume a rotary motion, so that, as it 
meets the stream of carrier air and its contained coal 
from the coal “ register,” the entire volume of air and 
coal is given increased turbulence, principally by 
rotation. The function of the “ coal register ’’ or coal 
distribution box is to distribute the pulverised coal 
uniformly around the burner. 

Pulveriser.—The pulveriser used was a Kennedy air- 
swept tube mill, manufactured by the Kennedy-Van 
Saun Manufacturing and Engineering Corporation. 
Figs. 5 and 6 show assembly views of this mill. The 
mill consists of two cylinders, the inner one of which 
is in sections, which are secured to the outer, a layer 
of insulating material being inserted between the two 
in order to deaden noise. The exterior of the outer 
cylinder is covered with a layer of hair felt, wired in 
place, over which is secured a covering of cork linoleum, 
#-in. thick, secured by steel straps. The sections of 
the inner cylinder are corrugated to assist the cascading 
of the ball charge. The heads of the mill are bolted 
to the outer cylinder and carry hollow journals, the 
bore being in the form of a truncated cone with three 
square screw threads. The pulverising medium is 
a charge of Herculite steel balls weighing 5,190 lb. 
This mill requires no magnetic separator for removing 
tramp metalas this candono harm. If any such metal 
does enter, it simply adds to the pulverising charge. 
The mill is driven by a steam turbine, manufactured 
by the Carling Turbine Blower Company, through a 
Poole speed-reducing unit of pinion and herring-bone 
gear wheel, the latter being bolted to and around 
the flange which connects the outer cylinder to the dis- 
charge head of the mill. The mill is equipped at the 
feed end with a feed hopper and feeder disc. The 
speed of rotation of the feeder disc, and therefore the 
rate of feed to the mill, can be varied, the disc being 
driven by a variable-speed }-h.p. motor. 

The mill is fitted at the feed end with an air box, 
which has two openings, one a connection to the pre- 
heated air pipe (Figs. 7 and 8), which furnishes air for 
sweeping the mill, and the other for inspection purposes 
or for adding to the pulverising charge. The last 





mentioned opening is closed by a metal door, which | duplex type. The fan rotor is 25 in. in diameter, 
may be held in any of several open positions in case| and carries six sets of blades, the axial length of the 
it is desired to admit more air to the mill than can! blades on the mill end of the fan being 7 in. and those 


RESULTS OBTAINED ON 240-Hour TrEst oF PULVERISED COAL. 





Type of Boiler: 


Three furnace, separate combustion chambers Scotch marine boiler. 


oe . 75 er: 
by 5 ft. air-swept Kennedy tube mill. 


ie 2 presen : 


Peabody aiiabuiiete. turbulent combined coal and oil burner. 


Heating Surface of Boiler: 
Square feet heating surface, tubes .. 
Square feet heating surface, combustion chambers 
Square feet heating surface, furnaces - 


Square feet heating surface, total 
Air Heater: 

Type—waste heat tubular. 

Square feet heating surface .. 
Combustion Space : 

Cubic feet, furnaces .. 

Cubic feet, combustion chambers 


Cubic feet, total 


Note :—The total volume of coinbustion space of bare boiler is 482- 89; 


by refractory ring at mouth of each furnace. 
Retarders : 


Twisted ribbon type 4 ft. 6 in. long—2} turns in total length. All tubes retarded. 


al : 
Bituminous, run of mine, Cambria County, Pennsylvania. 
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199-18 
270-79 


469-97 





of this, nisin: 12- 92 oie tt. were taken up 








Test division number I II IIl IV ¥ 
Duration (hours) . 48 48 48 48 48 
Hourly rate—fuel fired (Ib.) | 1,205-4 1,383 -3 1,599-4 1,800 -5 1,975 -2 
Hourly rate—fuel fired per cub. ft. combustion space (Ib.) 2-57 2- 3-4 3:8 4-20 
Hourly rate—fue! fired per cub. ft. combustion space B.Th.U. content 37,162 42,057 48,878 55,841 59,984 
Hourly rate—fuel fired per sq. ft. heating surface (Ib.) . oe 0-471 0- 0: 0-7 0-773 
Coat ANALYSIS—PROXIMATE, 
Moisture (per cent.) .. 2-1 2-9 2-6 2-4 2-8 
Fixed carbon (per cent.) 72-1 70-9 71°7 72°2 70-0 
Volatile (per cent.) .. 20-1 20-1 20-0 20-4 21-1 
Ash (per cent.) 5°7 6-1 5-7 5-0 6-1 
Heat value (B.Th.U.) x = . 14,460 14,305 14,376 14,580 14,282 
CoaL ANALYSIS—ULTIMATE. 
Hydrogen (per cent.).. 4-9 4-8 4-9 * 4:8 4-8 
Carbon (per cent.) 81-8 80-7 81-3 82-2 80-6 
Nitrogen (per cent.) .. 1-4 1-2 1-3 1:3 1:3 
Oxygen (per cent.) 5-0 5°6 5-2 5°3 5°5 
Sulphur (per cent.) 1-2 1-6 1:6 1-4 Le? 
Ash (per cent.) 5:7 6-1 5-7 5-0 6-1 





ASH AND REFUSE Data. 
The ash and refuse for the 48-hour periods could not be segregated ; 





























therefore, analysis data are based on composite sample. 











Total weight ash in fuel fired (Ib.) 7 8,298 1 4,050 1 4,376 | 4,321 1 5,783 
Fusion temperature of ash—average tor 240-hour run .. 2,370 deg. F. 
Combustible in ash and flue dust (per cent.) for 240-hour run 35 (approx.) 
Non-combustible in ash and flue dust (per cent.) ; 65 (approx.) 
Heat value of ash and flue dust (B.Th.U.) 180. 

Gas Data. 

Pressures, inches of water : 

Rear of furnace—Average — 0-176 | — 0-297] — 0-246 | — 0-209] — 0-190 
CO2 (per cent.)—Average 16-18 16-71 17-01 17-10 16-26 
Oxygen (per cent.)—Average 2-65 1-97 1-72 1-57 2-78 
CO (per cent.)—Average .. 0-005 0-037 0-079 0-013 
Nitrogen (per cent.)—Average 81-17 81-32 81-23 81-25 80-95 
Temperatures (deg. F.): 

Fas leaving boiler—Average 501 551 599 628 640 
Gas leaving air heater—Average 415 452 502 532 538 
Weight of gas per Ib. fuel fired (Ib.) a a 12-92 12-38 12-21 12-25 12-65 

AIR Data. 

Primary Air; Pressures, inches of water : 

Discharge from fan ; . 1-60 1:63 1:97 2-19 2-2 

Head of coal and air-—Average be 1:37 1°52 1-61 1:78 2-02 

Burner Tuyere—Average .. 0-95 0-93 1-11 1-26 1-33 
Temperatures (deg. F.): 

At distributor : 144 147 140 140 138 
Secondary Air; Pressures, inches of water : 

Double front : A 0-53 0-43 0-56 1-03 1-23 
Temperatures (deg. F. ): 

At burner .. 214 217 215 211 206 

Total weight of air per Ib. of fuel fired’ (ib.).. 12-44 11-90 11-736 11-79 12°15 

Excess air (per cent.) ae 14-36 10-28 8-99 7-87 15-62 

Boiler-room temperature (deg. F. ) ne as . 101 96 98 91 95 

POWER REQUIRED FOR PULVERISED COAL. 
KW. per hour c -1l 20-57 | «20-73 | 20°83 | 20-71 1 21-18 
a AND wasn DaTA. 

Boiler pressure absolute (lb. per square inch) 190-3 190-0 190-8 191-5 192-1 

Temperature water to boiler (deg. F.) 208 209 211 207 210 

Temperature steam in calorimeter (deg. F.) 307 -6 307-8 307-8 308 -2 308-7 

Moisture in steam (per cent.) 0-2 0-19 0-19 0-18 0-16 

Temperature of saturated steam (deg. F) 377-72 377-60 377-92 378-25 378-54 

Factor of evaporation 1- 1-052 1-0 1-054 1-050 

EVAPORATION DATA. 

Hourly rates, lb. : 

Equivalent vonnenetion from boiler we | 13,461 | 15,720 17,709 19,859 | 20,437 
Equivalent evaporation per square foot ‘heating surface ‘ 5-26 6-1 6-93 7:77 7-9 
ECONOMIC RESULTS. 

Actual evaporation per Ib. fuel fired (Ib.) _ 10-61 10-81 10-54 10-46 9-86 
Equivalent evaporation per Ib. fuel fired (Ib.) 11-16 11°36 11-07 11-02 | 10-34 
Equivalent evaporation per Ib. dry coal fired 11-41 11-61 11-37 11-30 10-65 

HEAT BALANCE. (BASED ON LB. OF COAL AS FIRED.) 

Heat absorbed by boiler (per cent.) 74-89 77-06 74-72 73-35 70-26 

Loss due to moisture in fuel (per cent. Ne 0-17 0-24 0-22 0-21 0-25 

Loss due to burning hydrogen (per cent.) 3-62 3-64 3-78 3-71 3-85 

Loss carried away in dry gases (per cent.) 6-95 7-53 8-43 9-10 9-84 

Loss due to carbon monoxide (per cent.) 0-02 0-18 0-26 0-04 

Loss in combustion in ash and flue dust (per cent. ) 7-45 6-43 7°22 8-57 11-16 

Loss unaccounted for, radiation, etc. (per cent.) 6-90 6-10 5-45 4-80 4-60 

be admitted through the regular air connection. At of the motor end of the fan 6 in. This fan takes suction 


the discharge end is a motor-driven fan called the| through its centre and discharges vertically upwards. 


“* primary air’ 


’ fan, which, as furnished, was of the! Preliminary tests showed that satisfactory operation 
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was not practicable when using the fan on the duplex 
system, and prior to this run the suction to the 
motor end of this fan was blocked, and the entire run 
was made with the fan operating “simplex.” This 
fan was driven by a variable speed 5-h.p. motor. 
Distributor.—Directly above the discharge from the 
primary fan and connected to such discharge by a 
short adapter duct was the distributor. This con- 
sisted of three parts, the distributor body, distributor 
head, and the distributor rotor. The rotor, which is 
motor-driven by a vertical motor placed over the 
distributor head and between the three discharge 
connections, consisted of a four-bladed fan 11 in. in 
diameter the blades of which were 15 in. in length, con- 
nected by a coupling to the shaft of the driving motor. 


fireroom, from which it was raised by a bucket con- 
veyor to a “‘ready”’ bin or hopper. A metal screen 
was fitted on the top of this bin, and such large lumps 
of coal as had not been broken before being conveyed 
to the top of the bin were broken on the screen, so 
that no pieces of greater dimension than about 3 in. 
entered this hopper. The coal was fed from this 
hopper through a regulating sliding gate to the weighing 
box, where a six minute supply was weighed and 
passed to a screw conveyor which conveyed the coal 
to the feed hopper of the mill. 

Samples of coal for analysis were taken by removing 
a 300-c.c. scoopful from the weighing box before each 
weighing. The coal thus removed was collected, the 
whole quantity for each watch was thoroughly mixed, 
and then quartered until a sample of suitable weight 





During the preliminary tests, the distributor did not work 
satisfactorily, and a new rotor or fan was designed and 





Fig.5. 
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had been obtained. The sample was then placed in an 
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connected that indications and records from it concern 
only the centre furnace, as the other sampling tubes 
were closed by valves at the meter end. Analyses by 
Orsat were taken hourly from each smoke-box. 

Temperatures.—Temperatures at several points were 
taken hourly by thermocouples with a Brown indicating 
pyrometer. A Leeds and Northrup six-point recording 
pyrometer recorded temperatures at three positions 
in the smoke-box just under and above the air heater. 
These were so located that each pair, upper and lower, 
were in the path of the gases from one furnace and were 
near the open ends of the gas-sampling tubes. 

Air and Gas Pressures.—Air pressures or draughts 
were measured in inches of water on standard U-tubes. 

Calorimeter.—A Babcock and Wilcox type throttling 
calorimeter was used on the steam line at the boiler. 
This was installed and calibrated in the standard manner. 


KENNEDY AIR SWEPT TUBE MILL. 
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built at the Fuel Oil Testing Plant. The function of the | air-tight can, marked and held for analysis at such time | _ Power Consumed by Mill and Auziliaries.—The 


distributor is to distribute the carrier air and its 
contained pulverized coal evenly and equally to the 
three burners through the three discharge connections 
on the distributor head and the coal feed lines which 
connect the distributor head to the coal “ registers ” 
of the burners. These feed lines were made as nearly 
as possible of the same length in order to avoid 
inequalities of distribution, but exact equality of 
pressure drop through the three lines was not obtained, 
and therefore the amount of coal fed to all furnaces 
was not the same. 

Secondary Air Fan.—The secondary air fan is a 
steam engine-driven blower with a rotor approximately 
48 in. in diameter, having twelve blades, the blades 
having an axial length of 18 in. This fan had central 
suction and vertical upward discharge.. The function 
of this fan was to draw air from the fireroom and 
discharge it to the air heater. 

Coal.—The major part of the coal used on the run 
was what is known as Miller “ B” seam, Nanty Glo 
basin, Pa., semi-bituminous. 

The coal was stored in an open bunker outside the 


as convenient. Analyses were made by the Bureau of 
Mines and also by the Fuel Oil Testing Plant. 

Samples of the pulverized coal for fineness tests were 
taken, once at the middle of each watch, from the duct 
connecting the discharge of the primary fan with the 
distributor. 

Water.—Raw water from the city mains was used 
throughout the run and was carefully weighed. The 
feed pump used throughout the greater part of the 
run was a duplex reciprocating pump. This pump 
delivered to the boiler through a feed heater equipped 
with thermometers on inlet and outlet. 

Gas Analysis.—Samples of gas were taken with an 
Orsat apparatus from open-ended pipes passing through 
the rear casing of the uptake, drawing gas from the 
centre of each smoke-box just below the air heater. 

Gas analyses were also made by a Ranarex indicating 
and recording meter. This meter was connected to 
three additional sampling tubes located in approxi- 
mately the same place as those described above, except 
that the sampling tubes entered the smoke-box through 





the front casing. The Ranarex equipment was so 


three motors used, coal feed, primary air fan and dis- 
tributor, had watt-hour meters wired in their circuits 
so that the power requirements for these parts of the 
apparatus could be ascertained separately. 

The mill proper being turbine driven, careful record 
of its speed (pinion) and the steam pressure was kept, 
and after completion of the run the pinion was dis- 
connected from the gear, a Prony-brake equipment was 
installed, and the power taken by the turbine was 
ascertained under identical speeds and steam pressures 
as existed during the run. 

Checking Equipment.—All meters, gauges, ther- 
mometers, and the calorimeter, were calibrated before 
the run and checked after the run, and corrections to 
the recorded data made where necessary. All lines 
leading to air-pressure gauges and all sampling tubes 
were blown out at hourly intervals, immediately prior 
to the taking of readings. 

Two Hundred and Forty-Hour Run.—The boiler, 
which had been lighted and brought to working pressure 
the day before the run, was lighted (with oil) about one 





hour before the time set for starting the run, was brought 
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to working pressure, valves were tested, and the fuel 
then changed from oil tocoal. At 10a.m., July 27, 1927, 
all conditions being settled, the run was started and 
it continued until 10 a.m., August 6, 1927, the rate 
at starting being 1,200 lb. of coal per hour, and being 
increased by a 200-lb. increment at the end of each 
48-hour period. During the run at the 2,000-lb. rate, 
trouble was experienced with the bearings of the prim- 
ary air fan, and the results of this part of the run were 
not as good as were expected. The most serious trouble 
was experienced because of moisture in the coal, 
which was stored out of doors and which became 
thoroughly wet on more than one occasion. An 
analysis of the coal on one watch showed 18 per cent. 
moisture. The mill continued to pulverise under these 
conditions, but the output was greatly diminished, 
and the coal stream to the burners was extremely lean. 
There was, however, sufficient coal to keep the burners 
lighted except for one or two very brief periods, 
during which the oil burners were lighted. It is 
doubtful if any coal as wet as this would ever be used 
on board ship. None of the difficulties encountered, 
except that with the primary air fan at the 2,000 lb. 
per hour coal rate, was due to the pulverised-coal 
installation itself. Tubes were blown by Diamond 
rear-end soot blowers at regular intervals throughout 
the run. At the end of the run, after the boiler had 
cooled, all ash or residue in the furnaces, combustion 
chambers and smoke-boxes, was collected and weighed. 
Steam made in excess of that used for steam-driven 
auxiliaries, was blown off at constant pressure to the 
atmosphere. 

Results——The results obtained on the 240-hour run, 
averaged for each of the 48-hour periods, or each of the 
five different rates of combustion maintained, are 
given in the table. The heat release values, listed under 
‘*hourly rate fuel fired per cubic foot combustion 
space, B.Th.U. content ” obtained on this test are not 
only unique in marine practice, but also in stationary 
practice. A rate of 59,984 B.Th.U. was maintained 
during the last 48-hour period, while the average value 
obtained in stationary practice is somewhat less than 
20,000 B.Th.U. The highest value recorded in the 
latest report of the Prime Movers Committee on 
pulverised fuel is 41,600 B.Th.U., which figure, more- 
over, is based on primary combustion space only, while 
the 59,984 British thermal units shown in this table 
takes into account the entire combustion space. If 
the primary combustion spaces or furnaces alone be 
taken, as they well might be, inasmuch as the flame 
did not extend beyond the end of the furnace flue, 
this value would be over 141,600 B.Th.U., or approxi- 
mately 350 per cent. greater than the maximum heat 
release per cubic foot of furnace volume recorded for 
present stationary practice. This high heat release 
has been accomplished by flame turbulence and high 
percentage of superfines in the pulverised coal. 

The data relative to ash and refuse are based on 
samples collected in furnaces and smoke boxes at the 
termination of the 240-hour run. These values cannot 
be taken ag truly representative, as the total amount 
found was approximately 2,300 lb. in the furnaces and 
3,500 Ib. in the smoke boxes, or a total of 5,800 Ib., 
only 26 per cent. of the total amount of ash fired with 
the coal. The greater part of the ash left the boiler 
by way of the stack. The deposit in the furnaces and 
smoke boxes was made up chiefly of the larger particles 
not only of ash but also of coke. The ash which went 
up the stack was accompanied by a certain amount 
of coke that had a relatively high heat content. The 
unaccounted for loss consists chiefly of radiation losses. 
This factor would be approximately the same in this 
pulverised-coal test as in tests of this boiler when using 
oil. A great number of cil-fired tests had been con- 
ducted on this boiler, which made it possible to plot 
a curve showing the percentage of unaccounted losses 
for various rates of evaporation when burning oil. 
The ‘ unaccounted for loss ” shown in the heat balance 
has been determined from this chart, while the “ loss in 
combustible in ash and flue dust ” is the value deter- 
mined by deducting from the total heat content the 
summation of the items: (a) Heat absorbed by 
boiler ; (6) loss due to moisture in fuel; (c) loss due to 
burning hydrogen ; (d) loss carried away in dry gases ; 
(e) loss due to carbon monoxide ; (f) unaccounted loss 
determined from the curve. 

To maintain maximum steaming rate and efficiency 
in a Scotch boiler, each furnace should carry an equal 
share of the load. This requires equal distribution 
of not only the total coal but also the percentage of 
superfines. Perfect distribution was not obtained 
during the run, as previously mentioned. The degree 
of variance shown, however, was not of sufficient 
magnitude to affect operating conditions seriously. 
The development of a distributor, which under all 
load conditions will maintain perfect distribution, is 
especially to be desired. When this is effected, it will 
be possible to obtain, regularly in service, the 80 to 
83 per cent. boiler efficiencies, which have been obtained 
on several of the short-period runs made at the test 





plant. A graphic log of the efficiencies obtained on 
each of the eight-hour watches of the 240-hour test 
is shown in Fig. 9. On the chart is given also the 
efficiency curve obtained from the average values of 
each of the 48-hour periods. This shows a com- 
paratively flat curve ranging between 70-26 and 77-06 
per cent., which may be compared with the 60 to 
65 per cent. generally found in the case of hand-fired 
service conditions, and is approximately the same as 
is obtained with oil-fired service conditions. Un- 
fortunately, a continuous service test, such as the 
240-hour pulverised-fuel test described herein, has 
not been made with oil fuel on this boiler, and so a 
direct comparison is impossible. However, several 
oil burners have been tested on this same boiler, the 
efficiency curve for these burners being determined from 
two-hour peak periods during the day’s run. 

It is felt, therefore, in order to make a comparison 
between the results obtained with pulverised fuel and 
the results obtained with fuel oil, that the peak periods 
of the 240-hour test should be used for determining the 
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obtained would probably have plotted between curve 
of burner No. 3 and burner No. 4, as, in fact, the 8-08 
rate does plot. 

Conclusion.—Considerable development work has 
been accomplished in adapting pulverised fuel to 
marine practices, but additional development is ‘still 
required. Further pioneer work can be accomplished 
at the test plant; but with the initial difficulties now 
solved, it is believed that it can be best accomplished 
on board operating vessels. The main purpose, there- 
fore, of this paper is to stimulate the development 
work by the ship operators themselves. The initial 
water-borne pulverised-fuel plant which has been made 
on the towboat Illinois, by the Inland Waterways 
Commission is a step in the right direction. The 
installation on the S.S. Mercer is likely to be of 
paramount importance in solving the problem. Most 
commendable research work is being carried on by 
the manufacturers of pulverised fuel equipment such 
as the Bayonne and Framingham tests. The final 





completed product, however, that can be accepted as 






































































































































Fig. 9. BOJLER EFFICIENCY 240 HOUR TEST. 2555 SQ.FT. H.S. 3FURNACES. 
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pulverised coal characteristic efficiency curve. In 
this case, however, instead of two-hour periods, eight- 
hour periods have been taken. As there is a difference 
in the heat content of coal and oil, the comparison 
between the two fuels must be based on some factor 
other than weight. The factors selected in drawing 
up Fig. 10, on which this comparison is shown, are 
boiler efficiency, plotted against equivalent evaporation 
per square foot of heating surface. Of the five com- 
mercial burners plotted on the chart only one shows 
an efficiency rate in excess of the pulverised coal for 
evaporation rates less than 7-5 lb. per square foot of 
heating surface. In reference to burner No. 4, which 
tops the pulverised-coal curve, it may be stated that 
this burner has positive control of air supply to each 
individual burner. This in a manner effects the con- 
dition which would be obtained with perfect distribu- 
tion in the case of the pulverised-fuel installation. It 
is probable that the drop in the pulverised-fuel curve, 
as indicated by the dotted section for evaporation rates 
in excess of 8 lb. per square foot of heating surface, is 
somewhat greater than it should be. These points 
were determined from values obtained after 200 hours’ 
steaming when the boiler had become scaled from the 
3,000,000 Ib. or more of water which had been 
evaporated and discharged to the atmosphere. This, 
of course, would affect the efficiency figures. More- 
over, during the particular run for which these figures 
were obtained, trouble was experienced with the 
primary fan bearings, which made it necessary to run 
with 2-2-in. discharge pressure instead of the con- 
templated 2-7-in. pressure, a condition that reduced 
the turbulence of the flame, and so affected efficiency 
of combustion. With the latter-mentioned defect 
corrected, and with clean boilers, the performances 





a standard will eventually be evolved not alone from 
these test installations made by the government and 
the manufacturers, but from a number of sea-going 
jobs which the operators of our merchant marine 
tonnage will themselves install. 





Pocket D1ary FoR ENGINEERS.—We have received 
from Messrs. William Collins Sons and Company, Limited, 
stationers, Herriot Hill Works, Glasgow, a copy of their 
engineers’ pocket diary for 1928. Described as a ready 
reference annual, 138 pages of the booklet contain 
formule, tables and miscellaneous information upon 
engineering subjects. The aim of the compilers has 
been to provide a useful pocket book for engineers in- 
all branches of the profession and to arrange the matter 
in such a way that the desired information may 
turned up in the minimum of time. The diary is strongly 
bound and well turned out; in size it is 3} in. by 5} in. 
and is available at prices ranging from 2s. to 7s. 





STANDARD SPECIFICATION FOR WIRE ROPES FOR 
Cottiery PurposEes.—A new specification, prepared by 
representatives of both the buying and manufacturing 
interests, has lately been published by the British Engi- 
neering Standards Association for round strand steel wire 
ropes for colliery winding purposes, as No. 300—1927. 
Thirty-four clauses are contained in the specification 
proper, and cover such points as quality of material, 
construction, weight, joints, &c.; and, in conclusion, 
there are six appendices describing the methods of testing, 
and the information to be furnished by the purchaser 
and the manufacturer. Eight tables also give the sizes 
and weights, and the breaking loads. Specifications for 
lift ropes and for colliery haulage ropes are also in hand, 
and will be published when they are completed. The 
new specification may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria-street, London, 
S.W.1., at the price of 2s. 2d., post free. 
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1,750-H.P. DIESEL ELECTRIC SET: 


CHARING CROSS ELECTRIC SUPPLY CO. 


CONSTRUCTED BY MESSRS. FRASER AND CHALMERS ENGINEERING WORKS, ERITH. 





A 1,750-H.P. DIESEL ELECTRIC SET. | expand separately as far as possible. A useful modi- 


; fication from the original design is that all the engine 
Tue London County Council by-laws for theatres | controls and gauges are centralised and mounted on 
and public buildings enact that every such building | the ground level at the middle of the engine, thus 
must be supplied with electricity from two independent | enabling one man to supervise the starting and running 
sources, so that failure of one will not entirely cut-off | of the plant. 
the light. This condition is often complied with, where| With fuel at 4J. a ton, and a load factor of 70 per 
possible, by taking a supply from two separate under- | cent., current can be generated by this set at under 0-5d. 
takings, but in the area served by the Charing Cross | per unit, including lubricating oil, wages and repairs. 
Electricity Supply Company, Limited, the problem | The fuel consumption guaranteed and achieved con- 
was solved by giving a supply from two separate | sistently in practice is 0-56 lb. per kw./hour, and the 
generating stations. Until 1909 these stations were | consumption of lubricating oil is 0-005 Ib. per brake 
situated at Bow and Lambeth respectively. When in| horse-power per hour. 
that year the latter station was shut down, two sources | The generator was built at the General Electric 
of supply were obtained by installing Diesel engines|Company’s Witton Works, and is a shunt-wound 
in the sub-stations at Short’s-gardens and St. Martin’s- | machine which supplies current at 180-220 volts when 
lane. The capacity of this plant was increased by the | running at 300 r.p.m. 
installation of a 750-kw. Frasers and Chalmers-—| 
General Electric Company set in 1924, and has recently | 
been further added to by the setting to work of a 1,200 | 
te : ’ oat 
a - - the oe Se ee This | scheme being carried out by the Perak River Hydro- 
set replaces one 0 e earlier -kw. sets, but it! Electric Company for the supply of electricity to the 
occupies only the same floor space and is consider- | tin mines of the Kinta Valley district a hydro-electric 
ably less in height. It is said to be the largest| power station is at present under construction at 
stationary set yet built in this country. Chenderoh, near Penang, from which a transmission line, 
A detailed illustrated description of the earlier engine | $°™me 65 miles in length, will supply current at 66,000 
of thin type, which, like tha present one, was built at } = ee ee ——— branch lines at 22,000 volts, 
is c se Rea a as rom which further sub-stations will distribute power to 
the Fraser and Chalmers Engine ering Ww orks at Erith consumers at 6,600 volts. Messrs. Metropolitan-Vickers 
of the General Electric Company, Limited, was given | Electrical Company, Limited, Trafford Park, Man- 
in ENGINEERING some three years ago,* and as all the| chester, are supplying the whole of the outdoor switch- 
rincipal features of that engine have been retained | gear, the contract for which is stated to be one of the 
p Pp g u : : : 
in the new set only one or two special points need be | —— hae this class of equipment ever placed with 
dealt with. (eee 
The new set consists of a 1,750 h.p. six-cylinder | 
engine, which is capable of giving a 10 per cent. over-| Execrriciry Suppty In SyDNEY, AUSTRALIA.—The 
load, and is direct coupled to a 1,200-kw. direct-current report of Mr. H. R. Forbes Mackay, the general manager 
generator. It is of the trunk piston type and is totally | of the Sydney Municipal Electricity Department, for 
enclosed. The diameter of the cylinders is 21-5 in. | the year 1926 discloses a satisfactory state of affairs. The 
and the stroke 22 in., while it developes its normal | area in which the Department supplies electricity direct 
pasa ae : aac measures 155 square miles and has a population of 
output at the unusually high speed of 300 J-Pp-M. | 800,580. In addition, an area of 459 square miles with a 
One of the outstanding differences of this engine, in| population of 87,750 is supplied in bulk. During the 
comparison with other types, is the employment of} year 220,110,900 kw.-h. were generated at the Pyemont 
hardened steel for the cylinder liners, and an aluminium | station and 71,316,680 kw.-h. was purchased from the 
alloy for the pistons. The use of the latter metal} N.S.W. Railways and Tramways Department. The 
not only materially reduces the piston friction, and | t©t#l represents a percentage increase of 15-026 per cent. 
the inmetin of the reciprocating parts, but also over the previous year. Just over 47 per cent. of the 


: : total electricity generated and purchased is sold for 
overcomes the danger and expense of seizure, should power. The generating costs per kw.-li. sold were 0 -587d. 


the lubricating oil supply fail. A further point,| while the price of the electricity purchased per kw.-h. 
which we particularly emphasised in our previous| sold was 0-754d. The generating station contains 
article, but may refer to again, is the design of those | 75,500 kw. of plant, consisting of eight turbo-alternators, 
parts of the cylinder and cover which have to with- | the largest of which has an output of 17,500 kw. A 
stand the strains set up by the temperature stresses | "©W Station is under construction at Bunnerong on the 
as distinct from the mechanical stresses. These high- | S20 °f Botany Bay, about 7 a oe 


the city. This will have an initial capacity of 100,000 kw. 
temperature parts are arranged so that they can} and an ultimate capacity of 300,000 kw. The trans- 


mission voltage from Bunnerong to the city will be 





Water Power IN PeEeRAK.—In connection with the 














THE POWER REQUIRED FOR 
PLOUGHING. 


THE paper on “ Electric Ploughing,” which was 
read by Mr. R. Borlase Matthews before the Institu- 
tion of Electrical Engineers on December 1, to a large 
extent covered the same ground as the communication 
he presented to the British Association in 1926,* in 
that it described the principal practical types of ploughs 
and rotary tillers and gave figures for their cost. 

In the course of the paper, however, it was stated 
that the efficiency of the present-day plough was very 
low, while little scientific knowledge was available 
and no mathematical investigation had been made, 
as to the precise mechanical effect of the implements 
of tillage or what was needed to produce the best 
results. For instance, there were in England alone 
several hundred types of plough in use, all of which 
could not be necessary, and very few of which were 
suitable for hauling at a speed greater than that of 
horses. Ransome had demonstrated many years 
ago that a true helical surface was unsatisfactory, but 
no one had carried the matter to the extent that had 
been accomplished with, say, air screws. The efficiency 
of the latter, due to intelligent mathematical research 
and wind tunnel tests, was increased from 20 to 82-5 
per cent. during the war. It was only during the past 
few years that agricultural engineers had seriously 
taken up the question of ploughing at higher speeds. 

As so many factors had to be considered when 
attempting to determine the power required for plough- 
ing, it was difficult to obtain a satisfactory formula. 
The following, however, afforded as good a basis as 
any other : 


H rwdv 
orse ower = a7 
P 375 


where r was the soil resistance in lb. per square inch, 
w the total width in inches of all furrows ploughed 
at once, d the depth of the furrows in inches, and v 
the speed of travel in inches per hour. The quantity 
rwd was the draught of the plough, and at steady speeds 
equalled the pull exerted at the drawbar of the tractor 
of the haulage rope. 

So many factors entered into the draught that an 
additional constant or constants must be placed in 
front of r to allow for them. These factors could be 
summarised as follows: (a) Type and condition 
of soil ; (6) design of plough ; (c) adjustment and angle 
of hitch of plough; (d) use of coulter; (e) employ- 
ment of subsoiler and depth of furrow; (f) width of 
individual share furrows ; (g) increase in speed of travel ; 
(h) artificial means of reducing draught ; (j) presence 
of stones in surface soil; and (&) slope of ground. 











* See ENGINEERING, vol. cxvii, page 731 (1924). 33,000 volts. 


* See ENGINEERING, vol. cxxii, page 211 (1926). 
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The soil resistance varied according to the type and 
condition of the soil and the resistance in any one field 
could not be assumed to be uniform. In fact, recent 
experiments at Rothamsted showed that in one field 
the resistance varied over 40 per cent. The general 
values of soil resistance were from 3 lb. per square inch 
in sandy soil to 25 lb. per inch in dry adobe, the figure 
for moist clay loam being from 6 to 7 lb. per square 
inch. The type of plough used also affected the resis- 
tance, as did different methods of adjustment and hitch- 
ing. The angle of hitch was very important. When 
the hitch was not correct vertically, either the share 
dug into the ground too deeply or it did not penetrate 
at all. Different methods of hitching for three- 
furrowed ploughs had shown an increase of 34 per cent. 
in draught. The sharpness of the ploughshare must 
also be considered. It had been shown by Professor 
Sanborn that a re-pointed and re-sharpened share 
showed 7 per cent. less draught than a dull one, while a 
new one reduced the draught by 36 per cent. over the 
re-sharpened one. 

A rolling coulter was almost universally used in 
mechanical tractor ploughing, as it reduced the soil 
resistance and cut a clean furrow, which could easily 
be turned out by the mouldboard. The use of a sub- 
soiler caused a large increase in draught, as the hard 
pan produced by previous ploughing was broken up. 
Keen and Haines, at Rothamsted, found that the 
draught was directly proportional to the depth within 
a range of 44 in. to 6 in. Below 6 in. the draught 
increased much more rapidly, owing to the variations 
of the soil composition. The draught depended on 
the width of the furrow. Professor Sanborn, in the 
United States, had found that with a given plough the 
draught was less when the plough was cutting the 
widest furrow. Experiments carried out at Roth- 
amsted indicated that the speed of ploughing could 
be considerably increased without proportionately 
increasing the draught. In fact, an increase of speed 
of from 1 to 24 m.p.h., or 150 per cent., increased 
the draught by 14-5 per cent. Some modification 
in the design of the plough would, however, be needed 
before any appreciable change could be made in the 
matter of speed. 

At Rothamsted it was found that the draught in 
heavy clay could be reduced some 15 per cent. by 
chalking the soil. An electrical method of reducing 
the friction at the mould board had also been used. 
This depended on the fact that the soil colloids were 
electro-negative. By inserting a negatively-changed 
plate in the soil the water was therefore made to pass 
through the colloid and become deposited on the 
plate. By keeping the coulter positively, and the 
ploughshare negatively, changed, the latter became 
coated with a film of water, and the latter being an 
almost perfect lubricant the resistance of the soil was 
considerably lowered. 








AUTOMOBILE CASE-HARDENING 
STEEL. 


Tue rapid progress made in the British motor-car 
industry, during the past few years, has placed an 
increasingly heavy tax upon the skill and resources of 
the steel maker. The quality of the materials supplied 
must reach a high standard in order to meet the 
exacting requirements of the modern internal-combus- 
tion engine, consequently specification limits have 
gradually been narrowed down and reception tests 
rendered more severe. In few cases, perhaps, is it more 
necessary to have uniformity of quality than in steel 
intended for case-hardening. The success of the case- 
carburising operation depends, to some extent, it is 
true, upon the personal siill of the workman, but it 
cannot be denied that the subsequent behaviour in 
service, of case-hardened material, is very largely 
subject to the quality of the original steel. In this 
connection, it is interesting to record that Messrs. 
British Rolling Mills, Limited, Brymill Steel Works, 
Tipton, Staffordshire, have recently placed on the 
market a case-hardening steel, designated CH10 steel, 
which, they claim, possesses outstanding properties. 
The material has, we understand, a long and fine 
fibrous structure ; furthermore, it is homogeneous, and 
as free from slag as it is possibie to make steel under 
commercial conditions. The material, which is specially 
recommended for gudgeon pins and for other motor-car 
engine parts, is made in Sheffield by the acid open- 
hearth process. The composition is controlled within 
very narrow limits, the carbon, for instance, being 
allowed to vary between 0-13 and 0-16 per cent. only. 
The discards removed from the top and bottom of the 
ingot, after solidification, amount to 33} per cent. of 
the total bulk. 

The material is delivered at the Brymill Works, 
Tipton, in the hot-rolled condition, and it is there 
subjected to stringent chemical, physical, and mechani- 
cal tests. It will, no doubt, be of interest to mention 
briefly some of the operations carried out. An Izod 


impact test is made on a bar taken from each cast ; if 


the resultant value is below 60 ft.-lb., the whole cast 
is rejected. Bending tests are next conducted on 
representative bars; should the results obtained 
prove that the material has been badly overheated 
during rolling, the batch involved is rejected. Five 
bars, out of every hundred received, are cut up 
and examined microscopically in the laboratory for 
piping and slag. Moreover, samples taken from the 
bars are carburised and subsequently examined for 
evidence of dissolved oxide; this, needless to say, 
gives rise to soft spots in the hardened case. 

It will readily be agreed that, in order to obtain a 
satisfactory case in the carburising operation, a good 
surface, free from defects, adhering scale, &c., is 
imperative. For this reason, it has become the 
practice, at the Brymill Works, to remove, by turning, 
the entire skin of bars of CH10 steel, having a circular 
section. The lathes used for the purpose are made 
to the Company’s own design, and are erected by the 
work’s machine-shop staff. The bright-turned bars, 
which, we understand, are supplied accurate to within 
three-thousandths of an inch, have a smooth and 
polished surface; they are subjected to a final close 
inspection prior to greasing and storing. The case- 
hardening treatment recommended for the steel is as 
follows: carburising temperature range, 900 deg. to 
920 deg. C.; refining temperature range, 880 deg. 
to 920 deg. C., followed by quenching in water or oil ; 
| hardening temperature range, 760 deg. to 780 deg. C., 
| followed by quenching in water. In conclusion, 
|mechanical tests on the cores of two hardened 
‘sample bars of the steel, carried out by the Indus- 
| trial Research Laboratory of the City of Birmingham 
|Gas Department, will, no doubt, be of interest. 
| The results obtained included: ultimate stress, 39-5 
'tons and 39-9 tons per square inch; yield point, 
22-9 tons and 22-3 tons per square inch; elongation 
on 2 in., 34 per cent. in both cases; and reduction of 
area, 65-8 per cent. and 67-0 per cent. 








THE VIBRO LOCK NUT. 


THE difficulty of preventing parts subjected to 
vibration from becoming loose is perhaps the most 
general of the engineer’s problems. Many attempts 
have been made to provide a remedy, short of riveting 

















over, for a nut working loose, and in the accompanying 
figure is shown a new design of lock nut, which, to 
judge from the reports of exacting tests made upon it 
appears likely to be very promising. This nut is 
being placed on the market by Messrs. Vibro Lock Nut 
Sales Company, Amberley House, Norfolk-street, 
Strand, W.C.2, and consists of a strip of spring steel 
| folded over, as shown in the figure. The total 
|depth is about 4/10 that of a standard nut. It 
|is tapped with the normal thread, and is screwed 
| above the nut to be locked with the slot shown in the 
| figure remote from the nut. It is tightened up with 
|an ordinary spanner, and comes into operation when 
| the lower surface lies flat against the face of the nut. 

Owing to the two parts of the washer being con- 
tinuous on one side only, the tightening movement of 
| the spanner has a slightly distorting effect and also 
creates a wedging one. This results ina positive locking 
action, at no less than six points, between the thread 
and the lock nut. 

This composite locking action was tested at the 
National Physical Laboratory by subjecting } in. 
bolts fitted with ordinary nuts and Vibro lock-nuts to 
a vibrating test extending over a total of 70} hours. 
After they had been subjected to vibrations arising 
from 6,589,000 revolutions of the unbalanced shaft 
of the testing machine, the lock-nuts were found 
not to have moved on them. They were all in fit 
condition for further use, and the bolt threads were still 
true to pitch as tested by a 12-thread chaser. 

A vibration test was also carried out at the Faraday 
House Testing Laboratories. The test bolts were 
subjected to about 200,000 shocks during the 50 
hours that the machine ran with them in one 














position. The bolts were then substituted for those 
which had been used for arresting the motion of the 
spring plate forming the machine, and were subjected 
to a further test of 50 hours. At the end of this 
test the washers had not moved from their original 
positions, and, with the nuts were quite fit for further 
use. The bolt threads were undamaged. 

A third test, made in a works, was that of 
endeavouring to screw off a nut with a lock-nut above 
by means of a long-handled spanner. The first attempt 
resulted in the bolt breaking from the torque, while the 
second ended with the spanner breaking. A stronger 
spanner destroyed the corners of the nuts and failed 
by its jaws opening. The lock:nut was unaffected. 








CATALOGUES. 


Circuit Breakers.—The Harland Engineering Company 
Limited, Greengate, Manchester, have sent us a sectional 
catalogue on oil circuit breakers for switchboard mount- 
ing. 

Trucks.—A list of hand and motor trucks, with lifting 
mechanism, made in a considerable range of sizes, is to 
hand from the Stuebing Cowan Company, Cincinatti, 
U.S.A. 


Turbo-Alternators and Locomotives.—The bulletin of the 
8.A.C.M. Company, Belfort, France, contains an article 
on steam turbines and a description of locomotives built 
for home and foreign service, 


Lathes.—A catalogue of turret heads and tools, with 
diagrams illustrating the applications to chuck work, 
is to hand from the Jones and Lamson Machine Company, 
Springfield, Vermont, U.S.A. 


Graphite-—The Joseph Dixon Crucible Company, 
Jersey City, N.J., U.S.A., have sent us a copy of their 
bulletin with useful articles on the lubrication of speed- 
reducing gears and wire ropes. 


Tumbler Switches.—Messrs. J. H. Tucker and Com- 
pany, King’s-road, Tyseley, Birmingham, have issued 
a new priced list of solid-link type, quick-break tumbler 
switches, and also a list of iron-clad cut-outs. 


Drills.—A second edition of their pamphlet describing 
the Barnes floating straight-shank twist drills, with 
records of performances, has been issued by Messrs. 
Edgar Allen and Company, Limited, Sheffield. 


Boiler Corrosion.—The bulletin issued by the Liverpool 
Borax Company, Limited, Maxwell House, St. Paul’s- 
square, Liverpool, contains some useful information 
about corrosion and pitting in boilers and boiler tubes 
and superheater tubes. 

Electrically-Heated Boiler.—A boiler for raising steam 
or heating water, of the usual vertical or horizontal 
form, but having submerged resistance heaters, is 
described in a journal issued by Messrs. Sulzer Brothers, 
31, Bedford-square, London, W.C.1. 


Pumps.—A catalogue containing a full description of 
their turbo-feed pumps and turbo-electric pumps, with 
specifications, and also including a section on feed-water 
heating by exhaust steam, is to hand from Messrs. G. and J. 
Weir, Limited, Cathcart, Glasgow. 

Electrical Supplies.—Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile End, Glasgow, have 
sent us copies of two catalogue sections of lighting 
fittings for mining service, and iron-clad control pillars 
specially designed for underground service. 


Electric Distribution.—A special catalogue of dis- 
connecting network boxes for circuits up to 660 volts, 
with a large number of line drawings and dimension 
tables of the various types of boxes, has been issued by 
Messrs. British Insulated Cables, Limited, Prescot, 
Lancashire. 


Ventilation.—The Sturtevant Engineering Company’ 
Limited, 147, Queen Victoria-street, London, E.C.4, 
have sent us a new catalogue describing several of 
their heating and ventilating installations and the 
principal parts embodied in them, with introductory 
matter on air heating, filtering, &c. 


Electrical and other Machinery.—We have received 
bulletins dealing with the determination of efficiency 
in turbo-generators, single-phase locomotives for the 
Swiss railways, and the arrangement of the main brake 
on winders, from Messrs. Oerlikon, Limited, 28-31, 
Essex-street, Strand, London, W.C.2. 


Machine Tools.—Messrs. John Holroyd and Co., Ltd., 
Milnrow, Lancs.,in a new catalogue, describe their single- 
purpose machine tools for making turbine blades, duplex 
horizontal milling, shell facing, and roller turning ; and 
also machines for surface grinding, sawing, cylinder boring, 
and cutting small gears. A machine for pipe turning, 
screwing, flange drilling and facing, at one setting, 1s 
also shown, and a list of new and second-hand machine 
tools in stock is given. 








TIMISKAMING AND NORTHERN ONTARIO. RAILWAY.— 
The progress made in the development of the mineral 
and timber resources of Northern Ontario, Canada, is 
indicated by the fact that this year, for the first time, the 
Timiskaming and Northern Ontario Railway has been 
able to meet its full interest charges without any help 
from the Government. The railway is the property of 
the Government of Ontario, which, this year, received 
from the undertaking an operating surplus of 260,000/. 
When the railway was first built it passed through a 
region of virgin forests. 
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THE EFFECT OF HEAT TREATMENT 
ON COLD-DRAWN STEEL TUBES. 


By Professor F. C, Lza, O.B.E., D.Sc., M.Inst.C.E. 


CoLD-DRAWN steel tubes are used to a very large 
extent in modern machines and structures, and the 
investigation of their properties and how they are 
affected by heat treatment becomes a matter of 
very considerable importance. Boiler tubes are not 
infrequently ‘“‘ overstrained”” in order to increase 
their length and to make it possible to re-use them 
after being cut from the tube plate. In cycles of 
all kinds the steel tube forms an important part of 
the structure. To braze the tubes, heating of them 
at the joints is necessary, and the condition of the 
material in this neighbourhood is modified. The 
data of this paper shows that, both from the point of 


Part I.—StatTicaL AND Nici Stress TEsts 
oN CARBON-STEEL TUBES. 


The first part of this article describes experiments 
to determine the effect of annealing at various 
temperatures on the properties of cold-worked steel 
tubes and their relationship to the fatigue range. 
A series of tubes was specially made from Swedish 
steel containing 0-35 per cent. carbon. The 
material was supplied to the makers of the tubes in 
hollow blooms 1? in. external diameter and about 
0-16 in. thick. The experimental tubes were made 
from four blooms numbered 0, 1, 2, and 3. Lengths 
of 163 in. were tagged and pickled. The history of 
the heat treatments and pinches and sinks is shown 
in Table I, on page 798. The tubes were cut into the 
lengths required for the tests to be described later. 
For the repetition tests it was found desirable to 





view of the. static and repetition stress properties, 
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and a direct reading instrument. The thermo- 
couples were calibrated in the ordinary way against 
arrest points. The temperature was kept steady 
during the heat treatment within 3 deg. C. Each 
batch of the 0-35 deg. C. tubes was heated for 
30 minutes. The tubes were cooled in air; any 
scale formed was removed and the external surface 
oiled. 

The tests carried out on these tubes after heat 
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the temperature reached during the brazing is of 
considerable importance. The behaviour under 
repeated stress of the cold-worked material indicates 
that the elastic range can be considerably modified 
by the application of repeated stresses as well as by 
heat treatment. Cold-worked steel tubes are also 
used to a very considerable extent in aeroplane 
structures, and for this purpose the heat-treatment 
results are of particular interest. The form of the 
load-strain curve, beyond the limit of proportionality, 
in relationship to the failing load of struts and the 
instability of parts in compression has not been 
completely worked out, but there seems no doubt 
that the changes brought about by suitable heat 
treatment have a very marked effect upon the failing 
loads of tubes, used as not very long struts; and for 
very long struts, in which the failure depends upon 
the modulus of elasticity, the heat treatment is 
again of value. 





Fig. 5. 


treatment. A special expanding collet was made to 
fit the tapered head-stock of the lathe in which the 
tube was gripped. A small spindle grinder driven 
by an electric motor was used to grind the interior 
of the tubes. In some cases only lapping was found 
necessary. The tubes were thus made inside 
parallel with the outside, and also to fit a standard 
internal gauge. In order to ensure fracture along a 
specified length of the tube, it was necessary to 
reduce the outside diameter for part of its length. 
Each tube was put upon a parallel mandrel and 
turned to the required dimensions. The heat treat- 
ment of the specimens was carried out in (1) an 
electrically heated furnace, and (2) a gas-fired 
furnace in which the air supply was adjusted in 
such a manner that there was little or no scaling of 
the tubes. To ensure uniform heat distribution, 
the tubes for each experiment were heated in batches, 
enclosed within a large tube. Temperatures were 
measured with a platinum-iridium thermo-couple 





Fia. 6. 


treatment at temperatures varying from 15 deg. C. 
to 1,000 deg. C. were as follows :—(1) Compression 
tests on specimens 34 in. long, and on specimens 
lin. long cut from these after the first test. (2) Tor- 
sional tests. (3) Endurance tests. (4) Determina- 
tion of density. (5) Repeated stress tests. 
Compression Tests. Tubes 34 in. long of 0-35° C. 
Steel.—These were carried out in a 50-ton hydraulic 
Buckton testing machine; a 2-in. Ewing extenso- 
meter was used to determine the load-strain curves, 
examples of which are shown in Fig. 1. It will be 
seen at once that heat treatment has a very marked 
effect upon the form of the load-strain curve. 
The ultimate stresses of the tubes after various 
heat treatments are shown in Fig. 2. All the 
3}-in. tubes, except one, failed by buckling on one 
side. The tubes heat-treated near to the abnormal 
softness temperature (i.e., 650 deg. to 750 deg. C.) 
show this effect very markedly. After the 34-in. 
length tubes had failed, short specimens 1 in. long 
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798 
were cut from them and tested in compression. 
The results are shown in Fig. 2. 

The modulus of elasticity at each temperature 
of annealing was obtained from the slope of the 
load strain diagram. The value of the modulus of 
elasticity so obtained is, in the author’s opinion, 
only accurate within, say, 2 to 4 per cent. In the 
case of steel tubes there are two or three causes of 
error which have to be avoided ; the most important 
is that due to inaccuracy in measuring the tubes. 
An error of ; 50 of an inch in measuring the 
thickness of the tube means in the case of a tube 
0-055 in. thick an error of nearly 2 per cent., so 
that from this source of error only, apart from 
difficulties of true end loading, eccentricity, and 
variations of dimensions in the direction of the 
length, the values of the modulus cannot be claimed 
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The ultimate stresses and other properties increase 
with the carbon content. 

The load strain curves show that there is no 
marked yielding of the material until the limit of 
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to be more accurate than within 2 per cent. error 
and the error may quite well be greater. It is not 
easy to interpolate values from the load strain 
curves of the unannealed cold-drawn steel, or even 
from the curves taken after heat treatment at tem- 
peratures below 300 deg. C. Tubes tested either in 
tension or compression, that have not been annealed 
or normalised, give a load strain curve steeper at 
the origin than at higher stresses. The true value 
of the modulus of elasticity is probably the slope 
of the tangent at the origin. The value of the 
modulus as obtained by bending differs slightly 
from that obtained by either tension or compression. 

The property of a cold-drawn tube that is most 
sensitive to heat treatment is the limit of proportion- 
ality. Figs. 1 and 2 show the limit of propor- 
tionality, after heat treatment from 15 deg. C. to 
1006 deg. C. The maximum is reached at a tem- 
perature of about 360 deg. C. Other tests* have 
shown (Fig. 4) that the highest limit of propor- 
tionality is reached by heat treatment at from 
450 deg. C. to 480 deg. C., but in this case, the heat 
treatment between the passes had been at a tem- 
perature below the normalising temperature. Fig. 3 
shows stress-strain curves obtained from bending 
tests on 0:3 and 0-15 C. carbon-steel tubes, which 
will be referred to again later. The tubes were very 
carefully tested, a length of 12 in. being subject 
to uniform bending and the deflection measured 
at the centre. The very marked effect of heat 
treatment at 400 deg. C. is seen by comparing 
curves A hard-drawn and A, annealed at 400 deg. C. 
(Fig. 3). The limit of- proportionality of the cold- 
drawn tube was 13-54 tons per square inch; very 
perceptible creep took place at a stress of 16 tons 
per square inch. After heat treatment at 400 deg. C. 
there were no perceptible creeps up to 35-8 tons per 
square inch. The limit of proportionality, for the 
0-35 C. steel tubes, normalised before the last pass, 
reaches its minimum apparently at an annealing 
temperature just below the normalising tempera- 
ture for these tubes. Tubes that have been nor- 
malised before the last pass give minimum values 
of the ultimate strength at higher temperatures 
than tubes annealed at, say, 650 deg. C. between the 
passes. Curves for tubes of varying carbon content 
which had been annealed at about 650 deg. C. 
between the passes are shown in Fig. 4. The 
0:35 C. tubes were normalised between the passes 
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* See tests by Lea. Materials for Aircraft, Jenkin. 
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No. 2, Fig. 4, shows, for 0-19 C. steel tubes, the 
stress at which perceptible creep was observed by 
the extensometer. After heat treatment at tem- 
peratures from 360 deg. C. to 450 deg. C., the curves 
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TABLE I.—TuHeE History oF THE DRAWING OF THE TUBES. 














} ) | 
Mean | | A Diameter | 
; | Mean | Diameter A Percentage Percentage 
ni | —— | Thickness. of Die. “ Pinch. Sink. 
| | 
Initial .. | 1:772 | 0-159 
First pass : -— - 1-480 1-230 22 16°4 
After first pass .. | 1-4905 0-124 
Second pass .. es o- | _ _ 1-285 1-08 28-7 13-8 
After second pass as o 1-3002 | 0-0884 
Third pass .. ox wy, | _ | — 1-107 0-982 18-3 14-8 
After third pass. . ve od 1-1173 } 0-0722 
Fourth pass .. as set _ | _ 1-020 0-9075 24-2 8-7 
After fourth pass cs a 1-0285 | 0 +0547 
Fifth pass os 4 aad Sink only no mandril. 1-000 _— 1-65 2-63 
After fifth pass .. és ia 1-0115 -0556 











The tubes were normalised between the passes at a temperature of from 827 deg. C. to 840 deg. C., the total time in the furnace 
being from 13 to 14 minutes, the time to reach the normalising temperature being from 8 to 11 minutes. It had usually been the 
practice to anneal at a temperature below the normalising temperature. This produces balling of the pearlite. 


proportionality is well passed. Slight creeps begin | for the 0-35 per cent. carbon-steel tubes, Fig. 1, 
to take place at comparatively low stresses in the | deviate from the straight line very gradually, and 
case of the unannealed cold-drawn tubes. Curve|no perceptible creep takes place at stresses below 
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30 tons per square inch. A series of very arbitrary 
yield or proof stresses has been obtained from the 
load strain curves by measuring the stress when 
the non-elastic strain is a specified amount. The 
results when the non-elastic stress is 5}; in. are 
plotted in curve number 3, Fig. 2. 

Torsion Tests.—These were carried out in an 
Avery machine capable of giving a torque of 
5,000 in.-lb. For the elastic properties, specimens 
7 in. long, having a gauge length of 3 in., were 
used ; two mirrors fixed to light frames, were used 
to determine the twist. All specimens as shown in 
Fig. 5 collapsed under compression stresses on 
planes at 45 deg. to the axis before cracking. Fig. 6 
shows one of the torsion specimens which had been 
heat treated at 858 deg. C., twisted beyond the 
buckling stage, but not twisted right off. The 
torque strain curves at various temperatures are 





collapse occurred. The collapsing of the tubes 
under torsion considered in relationship to the 
torque-twist curves is of interest. Under elastic 
conditions the crushing stress at 45 deg. to the 
axis of the tube is equal to the shear stress, and, 
at the actual time of collapse, cannot be very 
different from the shear stress. The angle given 
in the last column probably indicates a quality 
of the tube to resist certain conditions. 

Change of Density by Heat Treatment.—All 
specimens before weighing in air and in distilled 
water were polished by means of sand and a 
polishing composition. They were then boiled in 
caustic soda to remove grease. The author showed 
in 1914 that mild steel when cold worked diminishes 
in density, and that heat treatment raised the 
density again. The change of density is of importance 





as it gives some indication of changes taking place 
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shown in Fig. 7. The limit of proportionality and | 
the ultimate failing stress for the 0-35 carbon-steel | 
tubes, reach a maximum at about 360 deg. C., but | 
there is not much change from 200 deg. C. to 450) 
deg. C., both were calculated from the formula 


I 16T :D 
8 & (D# — d4) * 2240 | 


Where T is the torque in inch-pounds and D and d | 
the external and internal diameter respectively. | 
Table II shows the interpolated values of the | 
modulus, and the ultimate stress calculated on| 
the original area; other particulars are also given | 
in the table. The tubes collapsed, then cracked | 
and finally twisted off. The angle of twist at| 
collapse was unfortunately not accurately recorded ; | 
but, as will be seen from the curves of Fig. 7, 
the limit of proportionality was well passed before 
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TaBLeE II.—Torsional Properties. 








- Total angle 
—- Fn ol Ultimate Modulus of [from collapse 
Tent ality Stress. Rigidity. | to final com- 
| we 2 plete failure. 
deg. C. | Tons "per Tons per Tons per Deg. 
sq. in. Sq. in sq. in. 

15 16-2 28-49 4,860 181 
100 15°6 29-58 5,053 220 
201 16°6 29°5 5,462 268 
251 19°3 30-5 5,482 244 
300 19-9 30-48 5,510 212 
360 22-8 30-85 5,650 206 
422 18+1 30-45 5,520 200 
490 17°2 22-6 5,402 198 
526 16-2 18-73 5,390 185 
590 15°8 17-88 4,975 164 
720 14-4 14-70 — 210 
815 10-42 11-97 4,910 345 
858 10-06 11-36 5,060 530 
898 8-0 10-5 _ -- 

959 11°6 12-92 5,170 424 
1,006 8-59 10°73 5,060 432 

















in the material that may have some relationship 
to other properties, and should throw some light 
upon the vexed question of the phases through 





which overstrained metals pass. Experiments by 
the author and his assistants* on cold-worked 
brass tubes have shown that the density, the 
limit of proportionality, the thermoelectric constant, 
the electrical resistance, the modulus of rigidity, 
the modulus of elasticity, and the volume modulus 
all change with the annealing temperature, and 
all have a maximum after some temperature of 
annealing between 100 deg. C. and 500 deg. C. 

The percentage changes in density of the cold- 
worked 0-35 C. steel tubes produced by various 
temperatures of annealing are shown in Fig. 8. 
The average of three values at each temperature is 
plotted. The density continues to increase until a 
temperature of annealing of from 450 deg. C. to 
650 deg. C. is reached, when the density again 
diminishes. The density after cold working is 
7-81, the maximum density was 7-8276, so that 
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the changes are very small, and it may be that 
the last figure cannot be relied upon. 

Hardness Tests.—Hardnesses of the tubes were 
determined by the Brinell ball and the Shore 
scelerescope. To determine the Brinell hardness 
a load of 1,000 kg., applied for one minute, and 
a 10-mm. diameter ball, were used. To prevent 
collapse of the tube it was supported by an internal 
rod resting on vee blocks. The maximum hardness 
by the Shore test occurs at about the same tem- 
perature of annealing as the maximum elastic 
properties, while the maximum by’ the Brinell test 
occurs after a lower annealing temperature. The 
values plotted in Fig. 9 are the average of 
20 rebounds, each rebound being taken in a different 
inch of the tube. 

Effect of Repetition Stresses.—Repeated stress 
experiments were carried out in a Wohler type 
of machine designed by the author and described 
elsewhere. The machine makes 4,000 r.p.m. 
Considerable difficulty was experienced in holding 
the specimens and in fixing them in the machine 
so that they ran true; the method finally adopted 
is shown in Figs. 10 and 11. Into the end of the 
spindle of the machine was fitted a tapered 
spigot C held in place by the screwed collar A. The 
tube was contracted on to this spigot by means 
of a double-taper collet. The other end of the 
test tube T was contracted by another double-taper 
collet on to the tube F. The ball bearing through 
which the load was applied was fixed inside a 
cast-iron housing. The bearing was tightened on 
to the sleeve E by the nut D. The sleeve E was 
carefully adjusted by means of set screws and 
an Amies dial on to the tube F so that the axis 
of rotation of E was true within ,3, mm. The 
load was transmitted to the bearing by two hardened 
steel knife edges place 4% in. below the centre 
line of the specimen. Water loading was used. 
A tank was suspended from a steel frame by a 
flexible steel wire which passed over a ball-bearing 
pulley to one end of the lever system of the machine. 
The water load was directly weighed by a Salters 
spring balance. This arrangement was found 





* Journal Inst. Metals, 1923, vol. xxix, p. 217. 
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particularly useful for the gradual loading experi- 
ments to be described later. The test tubes were 
first lapped inside, and then ground on the outside 
so as to diminish the cross section at the centre, 
and so as to be as true as possible. The actual 
section at which fracture would take -place could 
not be exactly anticipated, but the position of it 
was determined after failure, and the stress calculated 
from the loading. For each temperature of annealing 
a number of tubes were tested, and in some cases 
more than thirty million repetitions were run 
before fracture. Curves showing range of stress, 
or half-range of stress, against repetitions are 
shown in Fig. 12. On Fig. 2 is shown (curve 2) 
the total range of stress for equal plus and minus 
stresses for 10 x 10® repetitions. The scales of 
Fig. 12 are moved so that all the curves can be 
drawn on one diagram. Logarithmic plottings of 
the stress and repetitions were also made, and 
are shown in Figs. 13 and 14. From the curves 
and the logarithmic plottings the safe ranges of 
stress for 10®, 100° and 1,000® repetitions, Table III, 
have been interpolated. Special reference should 
be drawn to the curve 
for the unannealed material 
plotted on both Figs. 13 and 
14.¢ The curve is continu- 
ously* falling, and it would 
appear that for 100 « 10° 
repetitions the fatigue range 
would be less than + 12-5 
tons per square inch, and if 
the curve continues to fall 


at the same rate it would oo 
appear that the fatigue +30 
range for 1,000 10° repeti- “© 
tions is much less than for 125 
the normalised material. \ 


From the logarithmic plot- 
tings it is seen that for tubes 
annealed at all temperatures 
there is a distinct change in 
slope, and it may be that e 
the point where the change 
takes place can be taken 
as a reasonable fatigue limit. 

Effect of Gradually Raising the Repeated Stress.— 
The author has previously} referred to the effect of 
gradually increasing the stress while the specimen 
is subjected to repeated stress. Table IV shows, for 
example, the number of repetitions of stress one 
specimen ran at various stress ranges. In Fig. 15 
are plotted points 1, 2, 3, &c., at the stresses and 
repetitions shown in columns 2 and 3 of Table IV. 
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TaBLE III.—Endurance Ranges as Interpolated from 
Curves for Varying Numbers of Repetitions of Stress. 











Temperature Number of Repetitions.* Critical 
of Heat Stress from 
Treatment, I Loadstrain 
deg. C. 10 x 106 | 100 x 106 pee Curves.* 
Atm. Temp. 
(15) 15:2 12°47 9-76 23-8 
15-6 14-70 14-45 24:5 
201 17°8 17-32 16-70 | 15-65 
251 19-0 18-66 18-40 | 17-4 
300 20-6 20-53 20-25 18-3 
360 21-0 29-44 20-25 19-1 
22 20°8 19-88 19-12 19-4 
490 17:8 17-2 16-75 17-2 
526 17-2 16°54 15-81 15-9 
608 14°45 14-30 14°24 13-32 
720 15-10 14-91 14-79 14°3 
815 15-00 14-7 14-70 13-9 
858 12-70 12-50 12-16 11-7 
898 10-60 10-38 10-18 9-9 
959 13-50 12-93 12-90 12-4 
1006 13°35 12-50 11-8 12-7 

















* Stresses + tons per square inch. 


Point 1’ is a stress of 12-93 tons per square inch 
and 37-46 million repetitions. Similarly, 2’, 3’, &c., 
represent points at which the specimen had run the 
given number of millions at a stress equal to or 
greater than the stress indicated. It might be 
assumed, therefore, that the curve should be that 
passing throngh 1’, 2’, 3’, &c., or above these 





* Pp, Ludwig and R. Eshen, Zeit. des Vereines deut. 
Ingenieure, December, 1918, found that for solid drawn 
steel the endurance curve was falling to 5 x 10% repetitions. 
This work is not very conclusive as many materials show 
a falling curve for 5 x 108 repetitions. 

} See ENGINEERING, 1923, vol. exv, p. 217. 
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points. The difficulty about such an interpre- 
tation is that, as the author has shown, the 
gradual raising of the stress really increases the 
“‘life’’ of the specimen for higher stresses, and 
millions of repetitions can be run at stresses higher 
than those given by the normal curve, but it may 
be doubtful if the fatigue range for an infinite, or 
a very large, number is really increased. It will 
be seen that even a curve through, or above, the 
points 1’, 2’, 3’, &c., would apparently cut the actual 
fatigue curve sooner or later. This is confirmed by 
the logarithmic plottings of Fig. 16. The points 
1’, 2’, 3’, &c., a, b, c, &c., show the original stress- 
repetitions points while 1’, 2’, 3’, or a’, 6’, c’ show 
the repetitions from column 4, Table IV, for two 
cases. Others are shown plotted but not in the 
table. The ordinary logarithmic curve for 1006 deg. 
C. and that through both 1, 2, 3 and 1’, 2’, 3’, &c., 
do not meet earlier than in the neighbourhood of 
100 x 106 repetitions and may not meet at all. 
The reason for this apparent, or real, raising of the 
fatigue limit is not easy to explain, but it is probably 
related to the possibility of slight movements on 


Fig.16. LOG S- LOG N CURVES FOR STEEL TUBES 
ANNEALED AT VARIOUS TEMPERATURES. 
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certain plane which like, those that occur when 
plastic flow takes place, bring the planes of weakness 
into a stronger configuration. If the movement 
during the repeated stress exceeds a certain amount, 
as when the stress that is first applied is above the 
natural fatigue range, then a new and stronger 

















TaBle IV. 
Point on Stress Millions of Total No 
oie. — | — Repetitions. Millions. 
| 
Tests of tube annealed at 1,006 deg. C. 
1 12-930 22-386 37-461 
2 14-775 4-575 15-015 
3 15-850 3-550 10-500 
4+ 17-300 5-650 6-950 
5 | 19-7 1-300 1-300 
Tests of tube annealed at 422 deg. C. 
1 | 19-550 18-750 52-950 
2 | 19-875 14-350 34-200 
3 | 20-350 4-200 19-850 
4 20-650 1-050 15-650 
5 | 20-950 3-600 14-600 
6 21-250 | 1-225 11-000 
7 21-500 } 7-050 9-775 
8 22-000 0-475 2-725 
9 23-300 | 2-250 2-250 
' 








The total in column 4 represents the number of repetitions 
run at a stress equal to or greater than the stress in column 2. 
Thus, at a stress range of + 12-930 tons per square inch, 22-386 
millions were run, but the specimen ran 15-015 millions at 
stresses greater and thus ran 37-461 millions at a stress equal 
to or greater than 12-93 tons per square inch. Again, at a 
stress of 14-775 tons per square inch, the specimen ran 4-575 x 
106 repetitions and a further 10-5 millions at higher stress and 
so on. 


configuration is not possible. In the paper by the 
author referred to, it was shown that the fatigue 
range of a piece of steel could be raised 25 per 
cent. by gradually raising the stress during repeti- 
tions of stress. At the increased range a specimen 
ran over 40 Xx 16® repetitions without fracture, 
whereas a specimen loaded immediately at this 
range broke in 12,850 repetitions. 


(To be continued.) 





SHIP MODEL TANKS. 


THE contents of a Royal decree recently promul- 
gated by the Italian Government are a testimony, 
if any were required, to the value of ship model 
experiments, and at the same time a sign of the 
healthy progress of the Italian mercantile marine. 
The decree, which was published in the official 
Gazette of August 17, is dated June 23, and provides 
for the establishment of a national Tank for experi- 
ments in naval architecture. Tests with models of 
vessels, with their propelling apparatus, and any 
other experiments for which such tanks are suitable, 
are to be carried out in the tank at the request of 
Government departments, shipping companies, 
shipbuilding firms, and private individuals. 

To provide the necessary funds for the construc- 
tion and equipment of the tank, the Ministry for 
National Economy is ordered to provide 1,000,000 
lire during the present and two following financial 
years, whilst the directors of the National Insurance 
Fund are authorised to advance sums up to a total 
of 4,000,000 lire. This latter sum is to be repaid 
by the Ministries of Communications and of the 
Navy, the former to the extent of 3,000,000 lire and 
the latter 1,000,000 lire. It is not clear if it is 
intended that the Ministry for National Economy 
shall provide 1,000,000 lire total, or that sum in 
each of the three financial years, but if the former, 
the estimated cost of the tank would be about 
55,000/., and if the latter, 77,000]. Judging by 
the dimensions of the tank, the larger of the two 
sums would appear the more reasonable. 

The new tank is to be built at Rome, and it is 
expected, will be ready for use in two years. Its 
running expenses will be met by annual subsidies 
of 100,000 lire and 50,000 lire from the Ministries of 
Communications and of the Navy respectively, an 
annual contribution from the Federation of Italian 
Shipbuilders, and by the fees from the experiments 
carried out in the tank. The proportions of the 
first cost and of the upkeep contributed by the 
two Ministries concerned are an indication that it is 
anticipated the new tank will be of greater use to 
the Mercantile marine than to the Italian Navy. 

At present the only model experiment tank in 
Italy is that at Spezia, which was erected in 1889, 
and if not the first, was one of the earliest estab- 
lished on the Continent. It is stated that the 
facilities of this tank have proved inadequate to 
meet the demands now made upon them, and for 
this reason the new tank has been decided upon. 

During the past few months Italian officers have 
visited various model tanks in this country and 
elsewhere, to inspect the equipments, and consult 
the experts in charge on the dimensions and other 
qualities requisite for the latest needs. As a conse- 
quence, it has been decided that the new tank is to 
be 656 ft. (200 m.) in length, 39-4 ft. (12 m.) in 
width, with a depth of water of 19-7 ft. (6 m.)— 
dimensions which will render it the second largest 
tank in the world, the first being that at Hamburg. 
The corresponding dimensions of the Spezia tank 
are 533 ft., 19} ft., and 11 ft. respectively. The 
maximum speed of the models which is to be arranged 
for is not stated, but as this varies from 16 ft. per 
second in the older tanks, such as that of the 
Admiralty at Haslar, to 36 ft. per second in the 
much later Hamburg tank, it may be concluded 
that a speed approximating to the latter will be 
adopted. 

The first model tank was that built at Chelston 
Cross, Torquay, by the Admiralty in 1870, at the 
suggestion and to the designs of William Froude, 
whose earlier researches and experiments had 
convinced Sir Edward Reed then Chief Constructor 
of the Navy, of the advantages to be obtained from 
model experiments. The Torquay tank remained in 
use until 1887, when it was disbanded, and its work 
was transferred to a new and longer establishment 
at Haslar. The gradual increase in the dimensions 
and maximum speed of truck of model tanks is 
shown in the table on page 801, which, however, only 
includes about one-third of those at present in 
use. 

The total length of the Hamburg tank is 1,135 ft., 
but, unlike others, the breadth and depth of the 
water are less over the first 535 ft. than over the 
remainder of the length. A further comparison 
between the Torquay and Hamburg tanks is afforded 
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by the weights of water in them when in use. In 
the former, this was 2,600 tons and in the latter 
the amount required is 23,000 tons. The costs of 
constructing the Paris and Hamburg tanks have 
been stated to be 25,0001. and 65,000I., respectively, 
whilst the costs of others are not available. The 
annual running costs of the Haslar Experiment Tank 
are, according to the Navy Estimates, about 4,8001., 
a very small percentage of the value of new ships laid 
down annually, or of the fuel consumed in a year 
by the Navy. The current Navy Estimates provide 
for the purchase of fuel to the value of 2,577,0001. 























‘ Max. 
Effective | Max. Depth | Speed of 
Tank. foe Length | Breadth |of Water} Model. 
*| in Feet. | in Feet.| Feet. | Feet per 
Second. 
Torquay ..| 1870 278 36 10 17 
Haslar es 886 400 20 9 16 
Washington 896 384 44°6 14°75 30 
Paris -+| 1906 528 33 14 15} 
‘Teddington 1909 500 30 124 25 
Hamburg ..| 1913 { be * at 36 
Rome «sf 1987 650 39 194 not stated 





It will be noticed from the table that the French 
Naval authorities were apparently unconvinced of 
the value of model experiments until 1906, 36 years 
after the Torquay tank had been built, and during 
this period 10 similar tanks had been erected in 
other countries. This delay on the part of France 
is remarkable, especially when it is recalled that 
French scientists had experimented with models in 
suitable stretches of enclosed water, over a century 
before Froude started on his classical experiments 
on resistance. But further than this, a scientific 
French naval constructor, Reech, had enunciated 
the now familiar law of comparison connecting 
model and ship results before William Froude, 
although he had taken no steps to verify it experi- 
mentally. The Paris tank, although larger in 
dimensions, has a maximum speed of model which 
is less than that adopted in the earlier tanks, and 
is markedly inferior to that at Washington. 
Recently, a sum of 670,000 francs has been expended 
on improving the tank’s facilities, and it is probable 
amongst these is the speed of the model: It has been 
stated officially that although this sum is sufficient 
for the present, a further three million francs will 
be required for increasing the length of the tank 
from 528 to 660 ft., and improving it in other essen- 
tial respects. 

The progressive increase in dimensions and other 
qualities of model tanks, as shown by the table, is 
a reflection of the growth of size and speed of war- 
ships during the past 50 years. In 1870, the largest 
warships were of from nine to ten thousand tons 
displacement, with maximum speeds of from 14 
knots to 15 knots. In the interval, the displace- 
ment has increased to three and four times the 
figures given, and the speed doubled. The lengths 
of models used in the experiments in tanks varies 
from 15 ft. to 25 ft., and although it is possible to 
obtain reliable results, so far as resistance is con- 
cerned, from shorter models, thus permitting of 
smaller maximum speeds, the necessity of having 
the model propellers as large as practicable remains 
the governing factor. Published reports state that 
the model propellers used at Haslar are about 
9 in. diameter, whilst those used at Washington 
arel6in. The “scale effect ” in passing from model 
to full-sized propellers is not yet fully determined, 
but it is recognised by those acquainted with the 
subject, that the larger the model screw the more 
reliable are the results obtained. With the model 
propellers of constant diameter or nearly so, the 
ship model tends to increase in size, and as the 
maximum speed of ships is slowly increased, and 
with it the model speed, the distances in the tank 
required for acceleration, deceleration, and for 
uniform speed of the model, are gradually being 
increased, and with them the dimensions and the 
sey of the equipment of the model experiment 

ank. 

Some interesting experiences with a small model 
tank were described in a paper read by Constructor 
Admiral Hiraga at the recent meetings of the 
Japanese Institution of Naval Architects. He 
stated that the Admiralty experimental tank at 





Nagaski, built in 1906, and whose dimensions 
were length 494 ft., width 20 ft., and depth of 
water 12 ft., was destroyed by the great earth- 
quake and fire in 1923. A large new tank is in 
course of construction, but is not expected to be 
completed for some time. Experimental investiga- 
tions of an urgent nature on resistance and propul- 
sion had to be undertaken, and for these it was 
decided to build a small tank. It was recognised 
that experience in Europe had shown small tanks 
were generally unsatisfactory, and had serious 
limitations. For a small model, for instance, it was 
difficult to ensure that at low speeds the water 
formation around it would be exactly similar to 
that for the ship at corresponding speeds. Accord- 
ing to the paper, for models of a length of 5 ft., such 
as were proposed to be used, experience had shown 
the least speed at which the correct water motion 
and formation would be secured was 10 ft. per 
second. 

The small tank was originally designed to be 
60 ft. long, 6 ft. wide, with 4 ft. depth of water, 
but later, to obtain an adequate length of run at 
uniform speed, the length was increased to 100 ft. 
It was built of galvanised steel plates, which 
rendered it portable, but experience had since 
suggested the usual concrete construction would 
have been preferable. The speed of model could be 
varied from 45 to 60 ft. per minute. The tank was 
completed in less than six months, and cost 3,0001., 
of which 1,100/. represented the electrical equip- 
ment. 

The paper included the results of experiments 
with thin lacquered brass plates 2 to 8 ft. in length 
and 7 in. deep, to determine the coefficients of skin 
friction. Compared with those obtained by William 
Froude and later experimenters, the results were in 
fairly close agreement. Experiments were also 
carried out with ship models, and the resistance 
results, when compared with those of larger models, 
run in the destroyed tank, were not very different, 
the maximum error being about 23 per cent. Screw 
experiments had not however been undertaken, 
their small diameter and the very high revolutions 
necessary for them—the revolutions of the model 
and full-sized propellers varying inversely as the 
square root of the ratio of the diameters—preventing 
this. The admiral stated that one advantage of the 
small tank was the ease with which the relatively 
small amount of water employed could be varied in 
temperature, thus permitting of research work in 
this direction. In concluding his paper, Admiral 
Hiraga recommended similar small tanks for the 
use of university colleges and technical schools. 
He also stated that with careful handling the results 
obtained from them would afford guidance to naval 
architects. 

There are now over twenty large tanks available 
in different maritime countries, all constantly 
engaged in determining the most efficient forms for 
ships, the dimensions and other qualities of pro- 
pellers, and many other problems in naval architec- 
ture. Much valuable information obtained from 
the Torquay, Haslar, Washington, Spezia, and 
Hamburg tanks has been published from time to 
time, and has resulted in great improvements in 
marine transportation, and it is to be hoped that 
from the tank at Rome equally valuable data will 
be forthcoming. When completed the new tank 
will be another monument to the genius and work 
of William Froude. 





SHIPBUILDING In Russ1a.—lIt is stated in a recent 
issue of the Bank for Russian Trade Review that the 
Leningrad Shipbuilding Trust has received a number 
of orders from the State Transport organisations for 
the construction of steamers for the Soviet mercantile 
marine. The orders have been distributed among the 
various yards controlled by the Leningrad Shipbuilding 
Trust. The construction of four vessels for the Black 
Sea and Baltic Line, each having a deadweight carrying 
capacity of 4,000 tons, has been begun in the northern 
yards, and four cargo steamers for the Far Eastern 
trade have been commenced in the Baltic shipbuilding 
yards. Work on the construction of three passenger 
and cargo steamers, intended for the White Sea traffic, 
will, it is stated, shortly be started at the Marti yards. 
The building of four timber-carrying steamers, at these 
same yards, is also under consideration. The ice-breaker 
Toros, the construction of which was commenced 
eleven years ago in Reval, will be completed. It is 
anticipated that the vessel will be ready for service 
towards the end of 1928. 





2,000-H.P. LJUNGSTROM TURBINE 
LOCOMOTIVE. 


(Concluded from page 774.) 


As mentioned in our last issue, the torque is 
transmitted from the turbine rotor to the driving 
axle by double reduction gearing. A section 
through the gear-box is shown in Fig. 6, Plate 
LXII ante, and a photograph of it is reproduced 
in Fig. 20, page 802. 

The turbine rotor shaft and the first pinion shaft 
are both hollow, and the drive is transmitted 
from the one to the other by a solid shaft of 
small diameter, which passes through both from 
end to end. At each of its extremities, it is con- 
nected by flexible discs, in the one case to the 
rotor shaft, and in the other to the pinion shaft. 
A view of this pinion shaft is reproduced in Fig. 21. 
page 802. To promote uniformity of distribution of 
the load over the whole length of the teeth, the 
metal between adjacent teeth is deeply grooved, 
as indicated in Fig. 21. Thus each tooth stands, 
as it were, on the top of a long thin elastic wall. 
This wall deflects a little under any inequality of 
loading, thus distributing a local excess of pressure 
over a considerable length of tooth. The device 
in question is also able to compensate for minute 
errors of pitch, thus compelling each tooth to take 
its fair share of the load. 

There are two second-motion pinions, both of 
which are shown in Fig. 22. One of these pinions 
is idle when the locomotive is running boiler first, 
but comes into use when the direction of motion is 
reversed. The pinion teeth, as in the case of the 
first motion shaft, are mounted on flexible walls. 

In Fig. 6, Plate LXII, the gears are in the position 
which they occupy when the locomotive is running 
boiler first. As there shown, the first-motion 
pinions are in gear with the wheels n on the second- 
motion pinion-shaft, and the pinions on the latter 
are in gear with the wheels on the third-motion shaft, 
a photograph of these being reproduced in Fig. 23. 
The double-helical pinion on this third shaft 
gears with a wheel coupled flexibly to the leading 
driving axle of the locomotive. Photographs of this 
wheel are reproduced in Figs. 24 and 25, page 803. 
As there shown, the rim is carried by radial spokes, 
which are built up of a number of leaves of spring 
steel, secured at their inner ends to the hollow shaft 
or quill shown in Figs. 24 and 26. A second hollow 
shaft (shown separately in Fig. 27) passes through 
that carrying the gear wheel, and this is traversed 
in its turn by the leading driving axle, to which it 
is rigidly coupled. Both the hollow shafts are pro- 
vided at each end with three arms. These arms 
are coupled together by a linkage visible in Fig. 25. 
This transmits the drive, but allows the inner 
shaft and the corresponding driving axle to oscillate 
freely on the vehicle springs. The components of 
the linkage are shown separately in Fig. 28. The 
drive is transmitted from the outer to the inner 
quill by push-rods. If these were coupled directly 
to their respective arms the connection would 
be a rigid one, but the requisite relative motion of 
the two quills is provided for by taking the thrust 
of the rods on the blocks k, Fig. 28. These blocks 
are pivoted on the forks J or m, Figs. 26 and 27. 

Referring back to Fig. 6, Plate LXII, it will be seen 
that the reversing wheel p and its pinion are com- 
pletely out of gear. Both p and n are mounted on 
eccentrics, and reversal of motion is effected by 
rotating these eccentrics by a weighbar and linkage 
operated by a screw-gear. Thus, as the eccentrics, 
on which » is mounted, are rotated, its pinions 
are raised out of engagement with the wheels o, 
but matters are so arranged that, during the whole 
of this operation, n remains in gear with the first 
motion pinion. The eccentrics on which p is 
mounted are rotated by the same motion of the 
reversing handle. - By this rotation, p is brought 
into engagement with n, whilst the pinions on the 
same shaft as p are simultaneously brought into 
engagement with o. By this introduction of the 
idler p into the gear system, the direction of motion 
of the driving axles is reversed. 

The change of gears is effected by the handle q, 
shown in Fig. 4, Plate LXII, just above the main 
regulator handle i. Interlocking gear is provided, 
which makes it impossible to move q unless the 
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Fig. 21. 


regulator is completely closed and the engine brought 
to rest. Similarly, the regulator cannot be opened 
unless the handle q is firmly locked in one of its 
two extreme positions. At times the teeth may foul 
during the operations of gear-changing. Should this 
occur the motion of the Landle q is reversed for a 
single turn. This automatically lowers a pawl 
between two of the teeth in p, and by means of this 
pawl turns p round by a fraction of a pitch. Hence, 
on resuming the original direction of the motion of q, 
the teeth fall into gear, and at the same time the 
pawl is lifted clear of p and prevented from re- 
engagement by a cam plate, which must be in either 
of one of two positions before the pawl can engage. 
In both running positions therefore this pawl stands 
quite clear of the wheel p. 

Actual experience in running trains on the Midland 
line has shown that the turbine locomotive is 
manceuvred at least as rapidly as the ordinary 
engine. This has been repeatedly demonstrated in 
connection with the Manchester to Derby run, 
in which two carriages have to be picked up from 
a siding at Cheadle Heath. For this operation 


4 min. are allowed by the Company’s regulations, 
but the Ljungstrém locomotive has never required 
so large an allowance of time. 

Almost the whole remainder of the trailing 
section of the locomotive is occupied by the con- 
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Fig. 23. Tatrp Motion WHEELS AND PINIONS. 


denser and its accessories. One of the principal | ribs make an angle with the axis of the tube, and 
components of the condenser is the horizontal | slope different ways in adjacent tubes. The two 
cylinder shown in position in Fig. 3, Plate LXI, ante, | sets of ribs, therefore, cross each other at an angle 
and separately in the photograph reproduced in| and thus, not only increase the cooling surface 
Fig. 29, page 812. This cylinder is supported from the | exposed to the air but act as spacers between the 
underframes by flexible plates, which allow of free| tubes. The fact that abutting ribs slope different 
expansion under changes of temperature. At the| ways serves also to promote turbulence in the air 
trailing end, this cylinder is closed by a cover| passing between the tubes, and thus increases its cool- 
fitted with a water-gauge as indicated in Fig. 11,| ing effect. This air is drawn in by the fans shown 
Plate LXII. At its leading end it terminates in a|in Fig. 34, page 812, and in Fig. 7, Plate LXII. 
steel casting (best seen in Fig. 33, page 812), to [A length of top header is represented in Fig. 35. 
which the turbine exhaust flange is bolted. The! The cooling tubes end in a bottom header arranged 
exhaust steam is discharged directly into the | along the top of the side frames. A section of one 
cylinder, the lower half of which serves as a water | of these headers is represented in Fig. 36, page 812, 
tank, capable of holding about 1,350 gallons of | whilst Fig. 37 is reproduced from a photograph of 
water. The space above the water level is connected | the flattened cooling tubes which connect the top 
by the branches, shown in Fig. 3, Plate LXI, and in | and bottom headers. 

Fig. 6, Plate LXII, with cast-iron headers rrunning| The steam exhausted from the turbine enters the 
along each side of the vehicle, as best seen in Fig. 6, | condenser cylinder above water level, and is met by 
Plate LXII, and Fig. 34, page 812. The latter figure | a spray of water which falls from a perforated 
shows also the four fans, provided for drawing the | tray shown at sin Fig. 6, Plate LXII. This water 
air in between the cooling tubes, by which the con-| is raised on to the tray by the simple centrifugal 
densation of the steam is effected. These tubes| pump shown at ¢, Fig. 6. This pump is driven by 
form the sides of the condenser vehicle. They are of | bevel gearing from the tail of the horizontal shaft 
copper and measure 6 in. by %-in. in cross section | which drives the four air-circulating fans. A certain 
and are 5 ft.3 in. long. In all, about 2,500 are em- | amount of steam is condensed by the water spray 
ployed to provide the cooling surface needed. | provided as stated. The remainder passes into the- 
Externally each tube is ribbed on both sides. The! upper headers and down through the flattened 
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Fic. 25. 





Driving AXLE, SHOWING Exastic Drive From Last GEAR WHEEL. 























Fic. 26. CENTRE For Last WHEEL OF GEAR. 


cooling tubes, already described, into the lower 
headers. The water condensed during the passage 
collects in the sump u, Fig. 6, Plate LXII, from which 
it is raised into the condenser tank by a steam- 
actuated jet pump, the component parts of which 
are represented in Fig. 29, page 804. Whilst the 
condensate collects in the sump w as just explained, 
the vapour and air pass on to the leading end of the 
lower headers. Here there are, on each side, 
14 of the cooling tubes, leading up to a blanked off 
section of the upper header. The vapour and 
air are drawn up these tubes by the action of a steam 
jet air pump. During the passage much of the 
residual vapour is condensed, and is discharged 
into the top of the feed tank. The air also drawn 
off by the ejector is delivered into the same tank, 
whence it escapes to the atmosphere. 

In service, a vacuum of 27} in. has at times 
been attained, but the average figure realised during 
arun is about 25in. Occasionally it may fall to 15 
in. 

The four air-circulating fans have a diameter of 
6 ft. 9in. They are driven by bevel gearing from 
a horizontal shaft coupled by reduction gearing to 
an independent steam turbine capable of generating 
300 brake horse-power. Two views of this turbine 
are reproduced in Figs. 30 and 31, page 804. It is 
shown in position at w, Fig. 6, Plate LXII. As in 
the case of the draught turbine, the exhaust is 
passed directly into the condenser. 

The feed on its way to the feed pumps is passed 
through a two-stage feed heater located at v, Fig. 6, 
Plate LXII, and in Fig. 15, Plate LXIII. The steam 
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Fie. 28. Component Parts oF Exastic DRIvE. 


for these heaters is derived in part from the gland 
leakage, in part from the vacuum brake ejectors, and 
in part from the exhaust of the feed pump turbine. 





There are two feed pumps, one of which serves as 
astand by. Both are of the two-stage centrifugal 
type, and are driven by a turbine designed 
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Fia. 29. 


WateR LIFTER FOR CONDENSER. 


TURBINE FOR DRIVING CONDENSER F Ans. 




















Fic. 30. Enp View or ConDENSER Fan TURBINE 


AND GEAR Box. 


to make 28,000 r.p.m. to 30,000 r.p.m. A view 
of this is reproduced in Fig. 32, above. The 
high-pressure impeller is mounted directly on the 
turbine shaft, but the lower pressure impeller is 
An oil pump, of the gear type is 
fitted in the bottom of the casing. All the high- 
speed bearings have forced lubrication. The oil 
discharged from the bearings is collected, strained 
and cooled by water circulated through the cooler 
by the small pump shown at z, Fig. 4, Plate LXII, and 
in Fig. 12, Plate LXIII. The drive is derived from the 
draught turbine by means of chain and spur gearing. 


geared down. 














Fia. 32. 


The six trailing wheels on the boiler vehicle have 
steam-actuated brakes, whilst vacuum brakes are 
used for the six driving wheels on the condenser 
vehicle. 








BritisH STANDARD SPECIFICATIONS FOR PAINTS, AND 
VARNISHES.—Three further additions to the series 
of standard specifications for paints, varnishes and 
paint ingredients, have just been published by the 
British Engineering Standards Association, as follows :— 
Brunswick or Chrome Green Oil Paste for Paints, No. 304, 
1927; Indian Reds (Top, Middle and Deep) for Paints, 
No. 305, 1927; and Black Oxide of Iron for Paints, 


Freep Pumre TuRBINE AND GEAR Box. 


No. 306, 1927. As is the usual custom, they have been 
prepared by representatives of both the buying and 
manufacturing interests, and contain clauses regulating 
the composition, together with standard reception tests 
for the purchase of these materials. Copies of these new 
specifications may be obtained from the B.E.S.A., 
Publications Department, 28, Victoria-street, London, 
S.W.1, price 2s. 2d. each, post free. 

CANADIAN Exports oF Putp AND PAper.—According 
to a report issued recently by the Canadian Bureau of 
Statistics, Ottawa, exports of pulp and paper from the 
Dominion, during September last, were valued at 
15,648,665 dols., as compared with 15,219,210 dols. 
during the corresponding month of 1926. 
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DUPLEX DRILLING, BORING, MILLING 
AND SCREW-CUTTING MACHINE. 


Tue photograph reproduced on this page illustrates a 
duplex heavy-duty, full-universal, horizontal, drilling, 
boring, milling and screw-cutting machine, recently 
constructed by Messrs. William Asquith (1920), 
Limited, of Halifax. The general arrangement of the 
tool will be clear from the illustration, and some idea 
of its impressive dimensions will be obtained from the 
height of the man standing on one of the operating 
platforms. The bedplate, it may be mentioned, is 
30 ft. in length, 6 ft. wide and 1 ft. 8 in. deep, and is 
accurately machined to carry the sliding bases for the 
columns on which the spindles are mounted. The 
under side of the bed is also machined, to ensure 
accurate alignment of the spindles when the machine 
is mounted on a bedplate or work plate. 

Each column is mounted on a travelling carriage, 
which can be traversed along the bed by power gear, 
controlled by a hand’ lever in front of each column. 
A quick-traverse motion is provided, and fine hand 
adjustment, and the carriages can be securely locked 
in any position. As will be clear from the illustration, 
a driving motor is mounted at the base of each of the 
columns, which are of strong section, machined for 
fitting the saddle. They are also, of course, accurately 
machined for fitting on to the carriages. One column 
is provided with a swivelling motion, so that it can be 
turned through 360 deg.-about a vertical axis. This 
motion is operated by hand-ratchet gear, and is in- 
dexed for setting, and is provided with a secure lock. 





Eight horizontal milling feeds are available for the 
column, the feeds ranging from 1,200 to 56 cuts per 
inch in single gear, from 240 to 114 cuts per inch in| 
double gear, and from 48 to 2} cuts per inch in treble | 
gear. The maximum distance between the column | 
centres is 23 ft. 6 in. 

The spindle slides, or saddles, can be raised or | 
lowered on the columns by power motion, and variable 





self-acting feeds for milling, operated by the driving 
motors, are also provided. The feeds available are 
eight in number, and range from 800 to 38 cuts per 
inch, from 160 to 7} cuts per inch, and from 32 to 14 
cuts per inch in single, double and treble gear, respec- 
tively. The saddles are balanced by counterweights, 
and can be locked in any position. One of the saddles 
can be swivelled through an angle of 70 deg. in the 
vertical plane, the swivelling motion being operated 
by hand ratchet. It is indexed for setting to the 
desired angle, and a set pin is provided for fixing it 
accurately in the horizontal position. The vertical 
traverse of the saddles on the columns is 12 ft. and the 
maximum height of the spindle axis, in the top hori- 
zontal position, is 18 ft. from the under side of the 
bed; the corresponding dimension for the lowest 
position is thus 6 ft. As shown in the illustration, an 
operator’s platform is fitted on each saddle and from 
this position the controls, both mechanical and elec- 
trical, are within easy reach. 

The spindles, which are 7 in. in diameter, are of 
high-carbon steel, accurately ground, and run in a 
substantial sleeve mounted on adjustable conical 
bearings, the end thrust being taken on ball thrust 
washers. The noses are bored to No. 6 Morse taper. 
Provision is made so that the spindles can be firmly 
gripped in the desired position when used for milling, 
and speeds ranging from 150 to 1} r.p.m. are obtain- 
able by means of the variable-speed motors and gear- 
ing. Reverse motion for tapping is provided, and 
provision is also made for screw cutting on each spindle. 
Variable self-acting feed motion is fitted, the feeds 
ranging from 1,500 to 3 cuts per inch in eight steps. 
The traverse of the spindle is 5 ft., but, by means of a 
second grip, the traverse can be extended to 10 ft. if 
required. 

Two steady standards are supplied with the machine, 
and these are arranged to receive bushes for boring 
bars up to 7 in. in diameter. The standards have an 
adjustment of 7 ft. in both the horizontal and vertical 








directions, but positions of the spindles outside this 
range can, of course, be obtained by moving the 
standard base plates or by mounting them on packing 
blocks. The machine, .which is obviously suitable for 
a very wide range of work, weighs about 61} tons with 
complete equipment. 





THE ENGINES OF THE MOTOR 
PASSENGER LINER ‘‘ BERMUDA.”’ 


A NOTABLE addition, not only to the increasing 
number of motor-driven passenger liners, but to the 
fleet of the New York and West Indies Steamship 
Company, Limited, of Hamilton, Bermuda, a firm 
associated with the Furness-Withy interests, is the 
quadruple-screw motorship Bermuda, which satis- 
factorily carried out her speed, reliability and other 
trials a few days ago and is to sail for New York directly 
after Christmas. This vessel will be used principally 
on the express passenger service between New York 
and Bermuda, but will also be employed during 
the off season for cruises. She was designed by 
Messrs. William Esplen, Son and Swainston, Limited, 
naval architects and consulting engineers, of Billiter- 
street, London, E.C. 3, and was built at the North 
Shipyard of Messrs. Workman, Clark and Company, 
Limited, of Belfast. The contract for her construction 
was placed in August, 1926, the keel being laid some 
six weeks later, so that the total building period has 
only been sixteen months, during part of which the coal 
strike was in progress. She was launched on July 28, 
of this year. 

We propose in this article to reverse the usual pro- 
cedure and to deal first with the main propelling machi- 
nery, passing on subsequently to the details of the hull 
construction, and of the very complete auxiliary 
equipment with which the vessel is fitted. It may, 
however, be stated here that the Bermuda, of which a 
photograph is reproduced in Fig. 1, on page 806, is 525 ft. 
long between perpendiculars, and 74 ft. in width. She 
has a moulded depth of 45 ft. to “C” deck, and a gross 
tonnage of about 16,000 tons, with a displacement of 
20,000 tons. These dimensions have been determined 
to some extent by the limited space available for swing- 
ing at Bermuda, while the depth of water at the same 
port limited the draught to 24 ft. As a matter of 
interest, it may be mentioned that the Alcantara, 
of the Royal Mail Steam Packet Company, is 655 ft. 
long, 78 ft. wide, and 45 ft. deep, and has a gross ton- 
nage of 22,181 tons. 

Owing to the class of traffic with which she is to deal, 
great care has been taken to render the passenger 
accommodation on the Bermuda equal in comfort 
and service to that of the most up-to-date hotels, and 
to make the internal decorations and appointments 
such as will satisfy the most fastidious patron. Accom- 
modation is provided for 616 first-class and 75 second- 
class passengers, as well as for a numerous crew. 
Large cargo spaces, both general and insulated, 
are provided, the former having a net capacity of 
about 80,000 cub. ft., while the latter, which is 
particularly intended for the carriage of foodstuffs, 
occupies nearly 64,000 cub. ft. 

The main propelling machinery consists of four Dox- 
ford opposed-piston engines, the Bermuda thus being the 
first passenger ship to be equipped with this type of 
prime mover. An illustration of one of the engines, 
which were constructed by Messrs. William Doxford 
and Sons, Limited, of Sunderland, is given in Fig. 2, on 
page 807. An elevation of the inner starboard engine is 
shown in Fig. 3, while an end elevation and three trans- 
verse sections of the engine are given in Figs. 4 and 5, on 
Plate LXIV, and in Figs. 10 and 11, on Plate LXVI, 
respectively. Each engine is of the four-cylinder type 
with two opposed working pistons, 600 mm. (23% in.) 
in diameter. The strokes of the upper and lower 
pistons are 760 mm. (30 in.) and 1040 mm. (41 in)., re- 
spectively. The engines are arranged abreast to drive 
four screws as shown in Fig. 7, Plate LXV, which also 
enables the arrangement of the auxiliary equipment to 
be followed, and operate on the Doxford airless-injec - 
tion principle with a two-stroke cycle, combustion taking 
place between the two pistons and the cylinder being 
open at both ends. The lower piston drives the crank- 
shaft through a crosshead and connecting-rod in the 
usual way, while the upper carries a transverse yoke 
of forged steel, from the ends of which side rods extend 
downwards past the cylinder, each rod terminating in 
its own crosshead as shown in Fig. 4, Plate LXIV. 
From these latter crossheads connecting-rods descend to 
two crankpins, which are set diametrically opposite 
that to which the lower piston is connected. There 
are, therefore, three cranks to each cylinder. Each 
engine normally develops 2,800 brake horse-power 
at 110 r.p.m., but this output can be increased to 
3,400 brake horse-power at 118-120 r.p.m. The 
weight of each set, complete with thrust block, flywheel 
and main fuel pump, is about 390 tons. 

A complete discussion of the principles on which 
the Doxford engine works has already been given 
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in Enareertna.* The engine described in the 
article to which reference is here made, was fitted in a 
freighter, the Eknaren, but as its output (3,000 i-h.p. 
and 2,500 s.h.p.) was about the same as that of each 
of the Bermuda’s engines, it will be interesting to deal 
with some important differences in the two designs. 
To assist in the comparison, it may be added that the 
diameter of the pistons in the Eknaren’s engines was 
580 mm. (22-75 in.), the stroke in each case being 
1,160 mm. (45-25 in.). A criticism which is often 
levelled against engines of this type, is that they need 
to be very high. This, however, is a matter which 
really depends upon the speed, which is low in the 
case of a single-screw engine, thus necessitating a long 
stroke. The speed on the Eknaren was, in fact, only 
77 r.p.m., the overall height of the engine being 30 ft. 
In fact, it was shown diagrammatically in our article 
that the height of engines of ths pattern, with the same 
output, varies inversely as the speed. As we have 
said, the speed of the Bermuda’s engines is normally 
110 r.p.m., which would thus lead to a decrease in 
height over that on the Eknaren; but a further gain 
in this respect is obtained by making the strokes of the 
two pistons unequal and reducing the ratio of total 
stroke to bore from 4:1 to 3:1. The actual height 
of the Bermuda’s engines is somewhat less than 27 ft. 

Another interesting feature of these engines is the 
balancing. The builders, in fact, claim that they have 
evolved a four-cylinder engine with cranks at right 
angles which is perfectly balanced, not only for the 
primary vertical and horizontal forces and couples, 
but also for the secondary vertical forces and couples. 
This result has also been obtained by making the stroke 
of the upper piston shorter than that of the lower, 
the lengths of the two strokes being, in fact, inversely 
proportional to the reciprocating weights. This means 
that, as the upper and lower pistons are moving in 
opposite directions, there is no primary resultant 
vertical force in any cylinder, and, therefore, no pri- 
mary vertical couple. With the strokes adopted, it was 





* See ENGINEERING, vol. cxiv, page 611 (1922). 
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found that the unbalanced revolving force due to the 
centre crankpin and the lower end of the connecting- 
rod, was slightly greater than the corresponding opposite 
revolving force of the side pins. This was corrected 
by making the centre crankpins hollow. Thus, there is 
no horizontal unbalanced force in any cylinder and, 
therefore, no couple. 

There still remain the secondary vertical forces, which, 
since the cranks are opposite one another, act in unison 
for the lower and upper pistons of each cylinder. 
By making the crank sequence 1, 2, 4, 3 (Fig. 12, 
page 808), in place of the usual 1, 3, 2, 4 arrangement, 
the unbalanced secondary forces of 1 and 4 act in unison, 
but are opposed by the unbalanced secondary forces 
of 2 and 3, which are equal in value, but in the opposite 
direction. There is, therefore, neither resultant second- 
ary force nor couple. In_ brief, the primary forces 
are eliminated by carefully designing the revolving 
and reciprocating weights of the moving parts 
of each individual cylinder, so that they are inversely 
proportional to the respective strokes. The secondary 
forces and couples are eliminated by a collective system 
of balancing. Fig. 13 is a diagram of the total un- 
balanced vertical force for one cylinder, while Fig. 14 
shows the unbalanced vertical couple for the complete 
engine. To counteract the reciprocating and revolving 
weights of the scavenge pump, the piston and connect- 
ing-rod have been made as light as possible, and 
balance weights have been added to the crank web 
to neutralise the effect of the respective revolving and 
reciprocating weights. This results in an unbalanced 
vertical secondary force of 74 tons, when the engines 
are running at 120 r.p.m., as compared with the main 
engine weight of 300 tons. Even these unbalanced 
forces, the makers claim, could be eliminated by the use 
of turbo-blowers. 

Turning to the design of the engine itself, it may first 
be mentioned that the cylinder liners are of cast iron, 
machined all over inside and out, and that all ports are 
cut from the solid. The bars between the exhaust 
ports are drilled hollow to admit of water-cooling. 
The maximum thickness of the liners is 1 in., and as 
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this thickness is insufficient to withstand the combustion 
pressure, reinforcement is obtained by the use of a 
cast-steel jacket carrying the valve housings, and of 
forged-steel shrunk rings (see Fig. 4, Plate LXIV and 
Fig. 10, Plate LXVI). Each cylinder is provided 
with two fuel valves (Fig. 3, page 807 and Fig. 10, Plate 
LXVI), a non-return starting valve, a relief valve, 
and an indicator valve, all of which are placed 
radially on the centre line of the combustion 
space. Combustion takes place between the concave 
faces of the two pistons, the latter being made 
of forged ingot-steel machined out of the solid. 
Each piston is fitted with five cast-iron piston rings, 
the grooves for these being provided with hard- 
wearing renewable surfaces on the outer side and with 
a flexible sealing lip on the inner edge. Combustion 
is assisted by maintaining the piston heads at a high 
temperature. The pistons themselves are deeply 
dished so as to form a spherical combustion space. 
Their edges are only about 2 in. apart on the inner 
dead centre, thus protecting the cylinder walls from 
the intense heat of combustion. 

The scavenging pump, as is clear from Fig. 2 and 3, 
is situated centrally between the cylinders. As shown 
in Fig. 11, Plate LXVI, it is of the double-acting 
type, and is driven directly from the crankshaft, 
its diameter being 1,580 mm. (62} in.) and _ its 
stroke 880 mm. (348 in.). The piston is of 
manganese bronze with bronze disc valves and 
aluminium valve guards. A suction trunk, which is 
also of aluminium, is bolted to the piston. The 
delivery valves are of the annular-disc multiple-ported 
pattern, similar in design to the suction valves in the 
piston. ; 

Scavenging air is drawn in through suction silencers 
lined with mascolite, an arrangement which is said to 
be very effective in deadening the noise. The air from 
the delivery valves passes into the entablature of the 
engine, which thus forms a continuous air receiver, 
communicating with the lower ring of ports on all 
four cylinders. At the end of its outward stroke, the 
upper piston uncovers the ring of exhaust ports in 
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the upper end of the liner. The products of combustion 
can therefore escape into the exhaust manifold, and the 
pressure in the cylinder is reduced to that of the atmo- 
sphere. The lower piston then uncovers the scavenging 
ports, admitting a blast of fresh air into the cylinder 
on the well-known “ uniflow ” principle. The maximum 
pressure of the scavenging air is about 2 lb. per square 
inch, the swept volume of the pump being 30 per cent. 
in excess of the volume of the working cylinders. As 
the air enters the cylinder it is given a slight rotary 
motion to promote turbulence and to ensure an 
intimate mixture of the fuel. 

As already stated, airless fuel injection is em- 
ployed, the pumps for this purpose being placed at 
the after-end of each engine (see Figs. 3 and 5). They 
are of the four-throw type, and are driven by equal 
spur gears from the thrust-shaft. The pump bodies 
are made of chrome-nickel steel, and glandless packing 
is employed for the rams. The latter are of case- 
hardened steel and run in cast-iron bushes. The power 
absorbed by the pump is some 20 B.H.P., or about 
0-7 per cent. of that of the main engines. As 
shown in Fig. 5, each connecting-rod drives a cross- 
head to which a second crosshead is flexibly attached. 
This second crosshead is, in turn, flexibly attached to 
the pump plungers. As the pump has to be capable of 
working against a pressure of from 8,000 Ib. to 10,000 Ib. 
per square inch for long periods, the object of the inter- 
mediate crosshead and flexible connections is to prevent 
any side strain on the connecting-rod affecting the 
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pump plunger. During normal operation, all four 
rams deliver into a common system, though means are 
provided so that each of them can supply its own 
cylinder alone, and can also be cut out altogether in case 
of need. An isolating valve is also provided, so that the 
pipe line can be sectionalised for test purposes. The 
fuel supply is regulated on the same system as that 
usually employed on Diesel engines—that is, by 
holding the suction valve open during a greater or less 
proportion of the delivery stroke. This is effected 
either by hand from the control platform or by an 
Aspinall governor at the forward end of the engine, 
which can also be adjusted from the control platform. 
Two duplicates of the main pumps, marked 6 on Fig. 7, 
Plate LXV, are arranged at the forward end of the 
engine-room. These are driven through spring gearing 
trom a 20-h.p. motor. Two of the rams on each of 
these pumps are normally connected to the pipe system 
of one of the four engines, but the port and starboard 
auxiliary pumps are arranged so that they can deliver 
to either of the two engines on their respective sides of 
the ship. These pumps are also employed for priming 
and testing the system before starting. 

Returning to the main engines, the crankshaft, 
which has 13 throws, is 38 ft. long and weighs 38 tons. 
The main journals are 17 in. and ihe crank-pins 18} in. 
in diameter. The shaft is made of ordinary ingot 
steel with a tensile strength of 28 tons to 32 tons per 
square inch, and is carried in six spherical bearings. 
It was manufactured in three portions, two for the 
two forward and the two after cylinders, respec- 
tively, and a third for the scavenging crank-pin 
and its webs, which form the coupling between them. 
The shaft is drilled for forced lubrication. In no case, 
however, is the oil led through a coupling face or 
shrunk joint, external steel pipes being fitted at 
these points. The bearing pressures comply with those 
usually employed in marine steam-engine practice, but 
the main bearings carry no load except the deadweight 
of the running gear, the actual bearing pressure being 
about 100 Ib. per square inch. Any of the three 
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portions of the crankshaft can be removed from the 
engines by taking out the two columns immediately 
in front of the section concerned, there being no 
necessity to disturb the rest of the main framing. 

Each engine has two camshafts (Fig. 5, Plate LXIV, 
and Fig. 10, Plate LXVI), which are driven by spur 
and bevel gearing from the thrust shaft. The front 
shaft carries two sets of cams—one for ahead and 
one for astern running—and can be moved longi- 
tudinally by a hand lever. The position of the back 
camshaft is fixed, and it is used for driving the cams 
for the back fuel valves, indicators and lubricators. 
When going astern, these back fuel valves are not 
used, ample power being available from those in 
the front. 

The engine is started and its speed controlled 
by a large hand wheel which is suitably interlocked 
with the reversing lever. Rotation of this wheel 
at first puts all four cylinders on air, while a 
further movement in the same direction cuts this 
air off and almost simultaneously causes all four 
cylinders to be supplied with fuel through the front 
valves only. Still further rotation increases the 
lift of the front valves and brings the back valves 
into action, while, in the final position, both sets of 
valves are opening equally, the timing having been 
made adjustable for full-speed running. The timing 
of the fuel valves is peculiar, being from 25 deg. 
before, to 25 deg. after the top dead centre, at full speed. 
It must be remembered, however, that the compression 





chamber is illuminated by five electric lights. The 


crank chambers are also provided with permanent 
open gratings to enable the crossheads to be over- 
hauled, there being ample space available in the 
crank chamber itself and in the bedplate for this 
purpose. Aft of the main bedplate (see Figs. 3 and 6), 
is an extension girder for carrying the thrust block 
and turning gear. The former is of the Michell type, 
with bath lubrication and a copper cooling coil in the 
base. An 18-h.p. motor is employed for turning the 
engines, driving through spur and double worm reduc- 
tion gearing. 

During tests at the makers’ works, the average 
fuel consumption of these engines was 0-385-lb. per 
horse-power-hour at 110 r.p.m. and a load of 2,800 
brake horse-power, the average consumption being 
0-395 Ib. at 118 r.p.m., with an overload of 3,400 brake 
horse-power. The mechanical efficiency, at normal 
load, was exactly 90 per cent. It is interesting to 
note, that at an indicated horse-power of 3,000, 
equivalent to approximately 2,600 s.h.p., the oil 
consumption on the Eknaren, to which reference has 
already been made, was 0-4 lb. of Diesel oil at 77 r.p.m. 

The lay-out of the main engines, of the equipment 
associated with them, and of the generating plant 
from which the large number of electrically-operated 
auxiliaries throughout the ship are supplied, is illus- 
trated in Figs. 6, 7, 8 and 9, on Plate LXV. The main 
engines are shown at | on Figs. 6, 7 and 8, the last 
figure clearly showing the run of the exhaust piping 
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is only about 285 lb. per square inch, and the maximum 
pressure 570 lb. per square inch, since on the dual- 
combustion cycle the engine is working partly at 
constant volume and partly at constant pressure. 
The fuel pressure is controlled by a small hand wheel 
at the operator’s left hand, which regulates the trip 
gear on the suction valves of the fuel pump. 

The pistons and cylinders are cooled by distilled 
water, the inlet temperature of which is maintained at 
about 140 deg. F. and the outlet at 155 deg. F. The 
pressure in the jackets is about 15 lb. to 20 Jb. per 
square inch, and in the pistons about 40 lb. The 
lower-piston cooling water is conveyed by two sets 
of swinging links with semi-rotary glands. The upper 
piston has similar gear to supply its inlet water, but 
the outlet is taken through telescopic tubes. The glands 
are self-fed by spiral springs. The cooling water is 
preheated to about 140 deg. F. before starting, thus 
ensuring quick and reliable starting whatever the 
sea or atmospheric conditions. All the cooling water 
returns to visible-flow hoppers on the middle platform, 
each cylinder and piston being fitted with a separate 
thermometer. 

As shown in Figs. 6 and 9, Plate LXV, two electric 
cranes, one for the starboard and one for the port 
engines, are provided to facilitate the removal of the 
pistons. To perform this operation, no high-pressure 
joints have to be broken, and it is stated that either 
piston can be removed within 30 minutes of stopping 
the engine. The head room required is very small, the 
distance from the top of the top guides to the underside 
of the deck beams being only 3 ft. 3 in., while the 
actual height of lift of top guide to clear the upper 
piston from the cylinder is 14 in. 

As shown in Fig. 3, the crank chamber is provided 
with eight large aluminium access doors, which are 
about 36 in. in diameter, so that the bottom ends 
or crossheads can be inspected. The upper doors 
are fitted with 8-in. glass port lights through which 
the piston skirts can be inspected while the engines 
are running. To enable this to be done, the crank 
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Associated with this plant are two 
shown at 6, 


into the funnels. 
motor-driven auxiliary fuel pumps 
Fig. 7, Plate LXV, and the compressed-air equip- 
ment, which comprises five [air reservoirs, 7, Figs. 6 
and 9, each with a total capacity of 225 cub. ft. 


at a pressure of 600 lb. per square inch. These 
reservoirs are supplied from three electrically-operated 
and one steam-driven Reavell compressors, each with 
a capacity of 240 cub. ft. of air-at a pressure of 
600 Ib. per square inch. These are shown at 8 
and 9, respectively, in Fig. 7. For transferring 
the fuel oil from the storage tanks to the service 
tanks, the position of which is indicated in Fig. 9, two 
motor-driven duplex Weir pumps have been installed, 
each with a capacity of 75 tons per hour. These 
can be seen at 18 in Fig. 7. The clean oil pumps, shown 
at 19 on the same drawing, were also manufactured 
by Messrs. G. & J. Weir, Limited, of Cathcart. These 
are also of the duplex type and have a capacity of 
20 tons per hour each. The three forced-lubrication 
pumps for the main engines, 20, in Fig. 7, are of the 
Feuerheerd type, and were supplied by Messrs. Stothert 
and Pitt, Limited, of Bath. They each have an 
output of 60 tons per hour. The oil coolers on the 
forced-lubrication system are shown at 21 on the 
same drawing and in Fig. 9, and were supplied by 
Messrs. Serck Radiators, Limited, of Birmingham. Their 
capacity is 650 sq. ft. each. The jacket and piston 
coolers, which are shown at 22 and 23, respectively, 
in Figs. 7 and 9, are of the same type, their capa- 
cities being 1,200 and 540 sq. ft. The three fresh- 
water cooling pumps, shown at 24, in Fig. 7, were manu- 
factured by Messrs. Drysdale and Company, Limited, 
of Glasgow, They are of the Centrex type and have a 
capacity of 250 tons per hour each. The sea-water 
cooling pumps, which were made by the same firm, 
are shown at 25 on the same drawing. They are of 
the upright type and have an output of 300 tons per 
hour each. 

As already stated, these auxiliaries, as well as those 





of a more general character mentioned below, and the 
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deck, ventilating and other equipment to which refer- 
ence will be made in a later article, are all electrically- 
driven, the necessary power for this purpose being 
obtained from the four auxiliary engines shown at 
2 in Figs. 6 and 7. These engines are of the two- 
cycle Fiat pattern, and are direct coupled to 300-kw. 
General Electric generators (3 in Figs. 6 and 7), which 
supply direct current at 225 volts. The switchboard, 
from which the whole of the output of these machines 
is controlled, is shown at 4 in the same two figures. 

The position of the various pumps, the object of which 
is sufficiently clear from their titles, may next be briefly 
indicated. The 8.0.8. pump 10, in Fig. 7, is of the 
Drysdale Centrex pattern, and has an output of 130 
tons per hour. Next follow a series of pumps which are 
shown at 11, 12, 13 and 14, in the same illustration. 
These are all of the duplex type with an output of 
130 tons per hour, and were manufactured by Messrs. 
Dawson & Downie, Limited, of Clydebank. The two 
at 11 are for dealing with the bilge, those at 12 and 
14 for ballast and general service, respectively, and the 
two at 14 for sanitary purposes. The fresh-water pumps, 
which were manufactured by the same firm, but have 
an output of 20 tons per hour each, are shown at 15. 
The two 4-in. circulating pumps for the refrigerating 
system, which are shown at 16, are of the centrifugal 
type and were supplied by Messrs. Worthington- 
Simpson, Limited, of London. 

The steam-raising plant, for heating and various 
other auxiliary purposes, comprises two vertical Riley 
boilers, shown at 30 in Figs. 6 and 7. These each 
have a capacity of 6,000 lb. per hour. Associated with 
them are two standard Weir feed pumps, 31, in Fig. 6, 
with an output of 1,200 galls. per hour. The boilers are 
fired by a Todd duplex oil-fuel plant, 32, in Fig. 7. 
The auxiliary atmospheric condenser, feed-water cooling 
drain tank, 36, and hot-well tank, which form part of 
this equipment, are shown in Figs. 6, 7 and 8. A 
White oil-fuel heater, which is supplied with steam 
from the boilers, is also provided. 

Other auxiliary equipment, to which brief reference 
may be made, include the two evaporators shown at 
26 in Fig. 7. These are of the Quiggins type, and 
were supplied by the Liverpool Engineering and Con- 
densing Company, Limited, of Liverpool. They have 
an output of 40 tons per 24 hours. The two sewage 
ejectors in the auxiliary engine rooms are shown at 
27 in the same figure. Two oil purifiers are provided, 
one being located in the auxiliary and the other in 
the main engine rooms. These purifiers are all of the 
enclosed fumeless type with a capacity of 1} tons per 
hour each. They were supplied by Messrs. Sharples. 
A dehydrator, with a capacity of 100 tons per hour and 
manufactured ky the H. & H. Oil Syndicate, Limited, 
is also installed, and the two 7-ton Holt and Willet 
cranes which span the main engine room are shown at 
5 in Fig. 6. Finally, the Stone-Lloyd water-tight door 
gear is indicated at 17 in Fig. 7. 

We understand that the Bermuda successfully com- 
pleted her trials this week, attaining a speed of 
19 knots on the measured mile, the aggregate indi- 
cated horse-power being 16,000. In a later issue we 
propose to deal with other features of this interesting 


ship. 








LABOUR NOTES. 


TuE General Council of the Trade Unions’ Congress 
met in London, on Tuesday, to consider the invitation 
of Sir Alfred Mond and several other prominent 
employers to a joint conference on the subject of indus- 
trial peace. When the proceedings ended, it was 
officially announced that the following resolution 
had been carried :—‘‘ That this General Council of the 
T.U.C., having considered the invitation from a group 
of employers, to a joint meeting with a view to discus- 
sing, without prejudice, the industrial problems facing 
this country, agrees to accept such invitation and to 
appoint a sub-committee to consider the most suitable 
subjects for discussion, and to make the necessary 
arrangements for a full meeting of this General 
Council with those sending the invitation.” 





At a meeting in London on Friday, last week, of 
the National Joint Industrial Council for the electricity 
supply industry, it was agreed that an increase of one 
halfpenny an hour should be granted to all employees 
who are paid according to the’ schedule rates as from 
January 1, 1928, such increase per hour to be in addition 
to any advance which may then’ become due under 
the national sliding scale agreement. It was further 
agreed that all rates of wages governed by the schedule 
and national sliding scale agreement, should be stabilised 
as from January 1 until December 31, 1928. It is 
not intended to rule out any application for the removal 
of anomalies within a district. It is recommended 


that the existing sliding scale agreements be reviewed 
in the meantime. 


The agreement arrived at is not to 








ENGINEERING. 





apply to any area which is not covered by the national 
sliding scale agreement. Originally, the workers’ 
representatives on the thirteen area councils asked for 
the restoration of the penny per hour which was taken 
off from July 1 last, as the result of the fall in the 
index figure of the cost of living. They also suggested, 
among other things, the abolition of the sliding scale. 





According to The Ministry of Labour Gazette, employ- 
ment showed a further decline on the whole in Novem- 
ber. This was largely accounted for by seasonal 
increases in unemployment in the building trade and 
public works contracting, in their ancillary industries, 
such as the manufacture of bricks, cement, and artificial 
stone, and in most of the clothing industries. There 
were also increases, however, in the numbers unem- 
ployed in the cotton industry, in textile bleaching, dye- 
ing, &c., in the pottery industry, and in iron mining 
and iron and steel manufacture. On the other hand, 
there were further improvements in the tinplate 
industry, in boot and shoe manufacture, and in some 
sections of the engineering trades, particularly marine 
engineering and the motor vehicle industry. In coal 
mining, the numbers wholly unemployed showed a 
further increase, but this was again more than counter- 
balanced by a decrease in the number temporarily 


stopped. 





Among the. work-people (numbering approximately 
12,100,000) insured against unemployment, under the 
Unemployment Insurance Acts in Great Britain 
and Northern Ireland, the percentage unemployed 
(including those temporarily stopped as well as those 
wholly unemployed) in all industries, taken together, 
was 10 on November 21, 1927, as compared with 9-5 
on October 24, 1927, and 13-5 on November 22, 1926. 
The percentage wholly unemployed was 7-6 on Novem- 
ber 21, 1927, as compared with 7-2 on October 24, 1927, 
while the percentage temporarily stopped was 2-4 
as compared with 2-3. The figures for November 29, 
1926, were, of course, affected by the dispute in the 
coal-mining industry. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
November, resulted in a reduction of about 16,600/. in 
the weekly full-time wages of 163,000 work-people 
and an increase of 7,100/. in those of 119,000 work- 
people. The largest group of work-people affected by 
reductions were boot and shoe operatives, whose wages 
were reduced under a cost-of-living sliding scale, the 
reduction amounting in the case of adult male and 
female timeworkers to 4s. and 2s. per week, respectively. 
Other groups of work-people whose wages were reduced 
included coal-miners in Warwickshire, Siemens steel- 
makers in South-West Wales (except the lower-paid 
men), and certain classes of blast-furnace workers in 
Cumberland and in North Lincolnshire. The principal 
groups whose wages were increased, included work-people 
employed in steel-smelting shops and rolling mills, 
piece-workers in the boot and shoe-repairing industry, 
and men employed by civil engineering contractors. 
Most classes employed in steel-smelting and rolling, 
except the lower-paid men, had their wages increased 
by the equivalent of about 1 per cent. on current rates. 
In the boot and shoe-repairing industry, the minimum 
piece-rates fixed under the Trade Boards Acts were 
increased by 2} or 5 per cent. Men engaged on works 
of civil engineering construction received an increase 
of 14d. per hour. There were also increases in the 
minimum rates fixed under the Trade Boards Acts for 
certain classes of work-people employed in brush and 
broom making. 





During the eleven completed months of 1927, the’ 
changes reported to the Ministry of Labour have 
resulted in net increases of nearly 30,0001. in the weekly 
full-time wages of 276,000 work-people, and in net 
reductions of 383,000/. in those of 1,857,000 work- 
people. Of the total net reduction, the mining and 
quarrying industries have accounted for 276,000/. In 
the corresponding period of 1926, there were net 
increases of over 111,000/. in the weekly full-time wages 
of 348,000 work-people, and net reductions of nearly 
89,0001. % those of 813,000 work-people. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in November, was 16. In addition, 15 disputes, which 
began before November, were still in progress at the 
beginning of the month. The number of work- 
people involved in all disputes in November (including 
workpeople thrown out of work at the establishments 
where the disputes occurred, but not themselves parties 
to the disputes) was about 10,600, and the aggregate 
duration of all disputes during November was about 
51,000 working days. These figures compare with 
totals of 10,500 work-people involved, and 40,000 


working days lost, in the previous month. In the first 
eleven months of 1927, the total number of work- 
people involved in all disputes in progress was 
approximately 109,000, and the time lost by such 
work-people was about 1,136,000 working days. 





In the course of a letter published in the official 
organ of his trade union, a member of the United 
Pattern Makers’ Association deals in an interesting 
fashion with the question of payment by results. 
Individual piecework, he says, may be economically 
sound in policy but is ethically bad in principle. The 
practical outcome of the system is, in his opinion, to 
reveal to the employer—exactly what he wants to 
know—the disparity in wages arising from the differ- 
ences in capacity, and that usually, the writer claims, 
operates with peculiar disadvantage to the less efficient, 
though not necessarily the less earnest, worker. “ As 
to the method of fixing the price,” this pattern maker 
proceeds, ‘‘ the worker is afforded no means of checking 
the too-often haphazard calculations of the ‘ infallible ’ 
rate-fixer. If the worker thinks he is not getting a fair 
deal, he conjures up grievances and resentments not 
likely to produce the best results. Nor is it likely that 
any allowance is made for ‘ physical exhaustion’ due 
to the intensive speeding-up, which the system 
undoubtedly develops. It is further defective, not 
merely in the sense that workshop relations are 
embittered, but because the system itself makes it 
extremely difficult to carry into practice the motto 
of the Pattern Makers’ Association—‘ One Heart— 
One Way.’ ‘Do others or they will do you’ is the 
new slogan. But we can, at least, be consistent, and 
if individual piecework be justified on economic grounds 
alone, then let us work the system whole-heartedly, 
and unreservedly, but not in the name of Trade 
Unionism. The one is the negation of the other.” 





“To argue,” the writer of the letter proceeds, 
“ from an entirely different standpoint, but in an ever- 
widening sphere of activity, we see private enterprise 
gradually, but inevitably, developing into large com- 
binations, thereby reducing the pitfalls of competition 
and paving the way for co-operation. Here, com- 
petition is largely in process of eliminating itself and 
without the aid of the politician, but it is increasingly 
inconsistent with individual piecework. Even the 
Socialists—and there must be many in the U.P.M.A.— 
are loud in favour of co-operative rather than com- 
petitive methods. The aim ought to be to secure a 
better understanding between :pattern makers and 
pattern making, which would mean an increase in 
material welfare and, at the same time, an increased 
output of material patterns. Why not, therefore, an 
overhead or group bonus? It would be more in 
harmony with the sentiment of the Trade Union Move- 
ment, would eliminate the weaknesses of the individual 
system, and would retain the interest and willing 
co-operation of the members generally.” ; 





The Monthly Report of the United Society of Boiler 
Makers and Iron and Steel Shipbuilders states that, 
at the end of November, 11,345 members were “ signing 
the books” as compared with 11,739 at the end of 
October. The number of members in receipt of 
superannuation benefit decreased from 4,262 to 4,150, 
and the number in receipt of sick benefit from 2,868 
to 2,809. The expenses for October were 9,9711. 3s. 4d. ; 
in November, they were 9,966. 9s. 





The members of the Boilermakers and Iron and Steel 
Shipbuilders Society are to vote at the February 
meetings of their branches on the question of retaining 
or dispensing with the six additional district delegates’ 
appointed in 1919. In the current month’s issue of the 
Society’s official organ, the Executive Council fully 
explain the situation. In 1919, they say, the member- 
ship was over 100,000, and, as the result of appeals 
from the branches for additional district delegates, 
it was decided to appoint seven. Eventually, however, 
only six were appointed, the districts selected being 
Glasgow, the East of Scotland, Barrow, Liverpool, 
Lincolnshire and South Yorkshire, and Hartlepool. 
When the General Council met in 1924, the membership 
had fallen off, and in certain districts there was some 
disorganisation. Believing that there was a redun- 
dancy of district delegates, the General Council con- 
sidered the question of reducing their number, but, as 
it was felt that there were possibilities of increasing 
membership by the retention of all the delegates, the 
following resolution was adopted :—‘‘ The General 
Council, when allocating the district delegates, had in 
view the incomplete organisation in many districts, 
together with the large amount of arrears owing, and 
expressed the opinion that special efforts should be 
put forth by the district delegates to deal with these 
matters. In several of the districts where the numerical 
strength of the membership at present hardly justifies 
the retention of the district delegate, it is decided to 








suggest no change meantime, believing that there are 
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possibilities of organisation in these districts.” The 
Executive Council were instructed to send copies of 
the resolution to all the district delegates. 





In accordance with that instruction, a letter was 
sent to each of the district delegates concerned in 
which it was pointed out that, while the strength of 
the membership hardly justified their retention, they 
were retained in the hope that the improved organisa- 
tion in their districts would warrant their continuance. 
Since that time the membership has continued to fall 
off, and now stands at 68,565. When the question of 
reducing the Society’s expenditure was considered by 
the members last year, many of the branches sent in 
resolutions asking for a reduction in the number of 
district delegates, but, as there were indications of a 
trade improvement, it was hoped that by the alterna- 
tive method of reducing administrative costs by 
15 per cent.—which was agreed to by the members—the 
best interests of the Society would be served. These 
economies, however, have not been sufficient adequately 
to meet the financial situation, and further letters have 
been received from branches asking the Executive 
Council to deal with the matter—especially the question 
of the number of district delegates. 





The award of Dr. Brauns, the German Minister of 
Labour, which has been rejected by the Rhenish 
Westphalian iron and steel industrialists, was assumed 
by the general public to be less favourable to the unions 
than it was to the employers. According to the Berlin 
correspondent of the Manchester Guardian, while 
upholding the principle of the eight-hour day in the 
steel and iron industry as laid down in the ordinance 
of last July, the Minister allowed exceptions that would 
have enabled the ironmasters to postpone the intro- 
duction of the eight-hour day for a considerable time in 
certain works. Inthe Siemens Martin steelworks and in 
the rolling mills attached to them, the two-shift system 
was to be replaced by the three-shift system on January 
1, so that in these works (which employ over 40 per cent. 
of the men who would sooner or later have been affected 
by the new ruling) the eight-hour day was on the point 
of being achieved. But in those iron and steel works 
where the transition from the two- to the three-shift 
system involved costly and difficult reorganisation of 
open-hearth, electric, and crucible steel furnaces, he 
allowed a delay. He insisted that the necessary reor- 
ganisation should be taken in hand by February 1 
at the latest, and that it must be completed before 
the hot weather set in. 





Only in very exceptional cases would he allow a 
delay until the end of the year, but that was the 
extreme limit, and in such cases a special application, 
with a full explanation, would have to be submitted to 
the Ministry of Labour, which would then decide 
whether the delay was justified or not. Dr. Brauns’ 
award did not mention wages, but in the ordinance 
passed by the Ministry of Labour last July, it was not 
only stated that the eight-hour day should come into 
force on January 1, but also that the wages per eight- 
hour man shift should be no less than the wages for the 
old nine or ten-hour shift. 








PULVERISED-COAL INSTALLATION 
ON S.S. ‘*MERCER.”’ 


As stated in the article on page 788 of our last 
week’s issue on the pulverised-coal installation on 
S.S. Mercer, two papers on the subject of burning this 
class of fuel in marine boilers were presented to the 
Society of Naval Architects and Marine Engineers in 
New York. We now reprint, on page 820, the second 
paper in abridged form. It is by Mr. T. B. Stillman, 
and gives an account of tests carried out with a Babcock 
and Wilcox marine boiler with a furnace of the normal 
size. A comparison of the results obtained with this 
type of boiler and the Scotch marine type is interesting, 
but it should be borne in mind that the two sets of 
tests were carried out by independent organisations, 
and that the pulverising plant and burners were different 
in the two cases. We should furtiier mention that the 
British agent for the Peabody burners and equipment 
used on 8.8. Mercer, to which we referred last week, Mr. 
J. W. M. Topley, Sentinel House, Southampton-row, 
W.C.1, informs us that arrangements are being made 
for the construction of these parts in Great Britain, 
while the Kennedy pulverisers will also be built over 
here. This will ensure British marine engineers and 
shipbuilders being able to follow closely the develop- 
ment of this method of firing marine boilers. 

Some additional particulars of the discussion on the 
papersare also now to hand. The cost of the installation 
as adopted on the Mercer was asked for, but no 
definite figure was given in reply, possibly because the 
cost of a purely experimental equipment is not much 
to base standard work upon. Captain Gatewood, of the 





United States Shipping Board, however, stated that he 
thought a pulverised-coal installation could be made 
on board a ship for about one-sixth the cost of a Diesel 
engine. This might be taken to mean, we presume, 
the cost of replacing the propelling machinery of an 
existing vessel by a Diesel engine. New installa- 
tions would cost only between one-half and two-thirds 
of that on the Mercer, and he thought they ought to 
have in the United States not less than 200 successful 
marine pulverised-fuel installations within eighteen 
months. Mr. Peabody, who was responsible for the 
final burner on the land tests, thought that the pre- 
liminary tests with the impact mill should not be over- 
looked, and he thought the authors had under- 
estimated the efficiency of the original arrangement 
with this mill. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—As is usual at this season 
of the year, business is very quiet. For-all home and 
foreign business, except with Scotland, ironmasters 
adhere rigidly to the fixed quotations for Cleveland pig 
iron. Consumers beyond the Tweed are able to arrange 
contracts through makers’ central selling agency at ls. 
to ls. 3d. below prices demand from all other buyers, 
and much dissatisfaction is expressed with the action 
of producers in extending preferential terms to firms in 
Scotland. Home demand is expected to increase, 
but there seems little likelihood of much expansion in 
export trade. Fixed prices stand:—No. 1 quality, 
67s. 6d.; No. 3 g.m.b., 65s.; No. 4 foundry, 64s. ; and 
No. 4 forge, 63s. 6d. 


Hematite-—East Coast hematite iron producers have 
sold a good deal of iron on both home and Continental 
account, and while business is light for the time being 
makers look for resumption of transactions next year. 
The increased output by the blowing in of an additional 
furnace promises to be absorbed. Stocks are no longer 
heavy, and further withdrawals from accumulations at 
makers’ works seem likely. Nearly all sales are now of 
iron to special analysis. Quotations are based on mixed 
numbers at 70s. 6d. 


Foreign Ore.—Sellers of foreign ore still name 21s. 


Y!c.if. Tees for best rubio, but quotations are largely 


nominal. Beyond sales of odd cargoes, business in ore 
is little heard of. 
Blastfurnace Coke.—Durham blastfurnace coke is 


offered freely at prices well below cost of production, and 
makers declare that further reduction in quotations will 
not be made, but local consumers continue to buy very 
sparingly. Good average qualities are put at 17s. 6d. 
delivered here. 


Manufactured Iron and Steel.—No new features of 
moment are noticeable in the various branches of manu- 
factured iron and steel. Semi-finished material is slow of 
sale, as is also finished steel, but producers are taking a 
rather firmer stand in view of the possibility of a lock- 
out in Germany. Common iron bars are 101. 5s.; best 
bars, 101. 15s.; double best bars, 111. 5s.; treble best 
bars, 11/. 15s. ; iron rivets, 111, 15s. ; packing (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), 
7l. 2s. 6d.; steel billets (medium), 7/. 12s. 6d.; steel 
billets (hard), 87. 2s. 6d.; steel ship plates, 81. 2s. 6d. ; 
steel rivets, 111. 10s.; steel angles, 7/. 12s. 6d.; steel 
joists, 77. 12s. 6d.; heavy steel rails, 8/. 10s.; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
sheets (No. 24 gauge), 13/7. 7s. 6d. 





SwansEA TIn-PLATE INDUstTRY.—The weekly market 
report issued by the Incorporated Swansea Exchange, 
Royal Metal Exchange, Swansea, states that the recent 
increased activity in the tin-plate market is being 
maintained and that a number of orders have been 
secured by the works. 





THE REID-AEROPLANE-ConTROL INDICATOR.—In con- 
nection with the recently attempted non-stop flight from 
this country to India, by Captain McIntosh and Mr. 
Hinkler, in a Fokker monoplane fitted with Bristol Jupiter 
engines, we are informed that the Vickers-Reid control 
indicator, with which the machine was fitted, gave 
entirely satisfactory results. The failure of the flight, 
which was finally abandoned at Mszsana, near Grodet, 
after a previous landing near Podhajce, in Eastern 
Galicia, was apparently due to exceptionally severe 
weather conditions, and not to any defect in the engines. 
It is understood that the control indicator was of great 
assistance to the pilots, particularly during 12 hours of 
night flying in very bad weather, when, without it, flying 
would have been impossible. The instrument, which is 
made by Messrs. Vickers Limited, Broadway, West- 
minster, S.W.1, was illustrated and described in detail 
on page 216 of ENGINEERING, vol. exiv. 





Proressor J. A, FLemtne.—The recent retirement of 
Professor J. A. Fleming, F.R.S., who occupied the post of 
professor of electrical engineering at University College, 
London, from 1884 to 1926, was marked by two interesting 
ceremonies. On Wednesday, November 30, his portrait, 
painted by Sir William Orpen, R.A., was presented to 
the College, while on the following evening a copy of 
this painting, which had been given to Professor Fleming 
by the subscribers to the Portrait Fund, was handed over 
to the Institution of Electrical Engineers. Mr. A. A. 
Campbell Swinton, F.R.S., was the chairman on the 
first occasion, when Professor Fleming’s services to 
science, engineering, and to University College were 
eloquently expressed by Lord Chelmsford. Professor 
Coker, who followed, said that Professor Fleming had 
contributed ideas of great importance in every branch 
of electrical engineering and his name would go down to 
posterity as one of the greatest men of his day. At the 
Institution of Electrical Engineers, Professor Fleming 
presented his portrait in a short speech, in which he 
recalled that he had been a member of that body for 
forty-five years, and had served on the Council both as 
an ordinary member and as a vice-president. He also 
had the honour to be one of the small band of honorary 
members. The President, Mr. Archibald Page, in 
accepting the gift, remarked that, in spite of Professor 
Fleming’s notable qualities as a research worker, 
probably his greatest claim to fame lay in the inspira- 
tion he had given to the young. 

















DEC. 23, 1927.] 


ENGINEERING. 


811 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Year-end quietude in bulk steel 
manufacture is indicated by the fact that several of 
the biggest steel-making concerns are to suspend 
operations for a fortnight. The number of furnaces 
to be restarted at the end of that period will depend 
on the volume of orders received in the interim. This 
does not apply to the engineering establishments, most 
of which will set down from Friday until Tuesday 
morning, with a similar stoppage the following week. 
Raw and semi-finished materials of all classes are in 
restricted demand. There is little business passing in 
basic steel, hematites, or forge and foundry iron. Prices 
show a further fall, due in most cases to inability to 
stimulate forward buying. Compared with a year ago 
steel billets show reductions of 1l. per ton, hematites 
of 7s. 6d. to 9s. per ton, and common irons of as much 
as 18s. per ton. The latest official quotations, in each 
case per ton delivered at works, are as follow: Hard 
basic steel billets, 87. 2s. 6d.; soft basic steel billets, 
61. 10s.; West Coast hematites, 32. 17s. 6d.; East 
Coast hematites, 3/7. lls.; Lincolnshire No. 3 foundry 
iron and Derbyshire forge iron, each 3/. 2s.; Lincoln 
shire forge iron, 31. 0s. 6d.; Derbyshire No. 3 foundry 
iron, 3l. 5s. 6d.; bars, 101. 10s.; sheets, 127. Some 
of the machinery-making, constructional branches, and 
tool-manufacturing departments, are finishing the year 
with a creditable show of activity. Orders in agri- 
cultural tools and renewal parts for machinery have 
fallen away, and there is a marked diminution in the 
demand for iron pipes for irrigation, and estate develop- 
ment purposes, but, on the other hand, recovery has 
been marked in files, saws, and edge tools. Despite 
the loss of Russian trade and the slump in business 
with China, tool exports for the year are practically 
up to previous averages. Difficulty has been experienced 
in developing home business on account of the increased 
imports of foreign manufactures. Further inquiries 
have been received from India for spring steel, railway 
sleepers, and general railway stores. The manufacture 
of cement-making and stone-crushing machinery con- 
tinues to be a progressive line. Further uses are being 
found for Stainless steel. The application of this material 
in the form of fittings for tramway cars has been wholly 
successful. Chromium-plated fittings for motor cars, 
hospitals, and ships are also on order. 

South Yorkshire Coal Trade.—Business in house coal 
has been somewhat stimulated by the advent of colder 
weather, coupled with the necessity of laying in stocks 
for consumption during the holiday period. Surpluses 
at collieries have consequently been reduced, and there 
are fewer spot lots on offer at special rates. Industrial 
fuel is a weaker market owing to the contraction of 
business in iron and steel manufacture. Special efforts 
are being made to improve export trade, and there 
are welcome signs of development in business with 
some of the Continental markets. Collieries are 
reserving considerable supplies of smalls for their own 
use during the Christmas: break. Foundry coke has 
eased, but there is moderate activity in gas cokes. 
Quotations: Best hand-picked branch, 27s. 6d. to 
29s. 6d.; Derbyshire best brights, 20s. 6d. to 21s. 6d. ; 
best house, 19s. to 20s. 6d.; screened house, 16s. to 
17s. 6d.; screened house nuts, 15s. to 16s.; Yorkshire 
hards, 14s. 6d. to 15s. 6d.; Derbyshire hards, 14s. to 
15s. 6d. ; rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 
6s. to 7s.; smalls, 3s. to 4s. 6d. 





Contracts.—Messrs. Hollings and Guest, Limited, 
Thimble Mill Lane, Birmingham, have secured a contract 
from the Pekin-Mukden Railway administration, for a 
large hydraulic plate-flanging press. They have also in 
hand a repeat order for a large hydraulic baling installa- 
tion for Ceylon, as well as a big pumping plant for the 
Birmingham, Tame, and Rea Drainage Board.—Messrs. 
The General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, have received an order from 
the London Underground Railways for 382 railway 
motors, each rated at 240 b.h.p., and all electric auto- 
matic-acceleration, multiple-control equipment for 63 
motor coaches and 107 trailer cars. 





THe Kirm-Tounenua Ratway, Mancuurta.—The 
steady economic development of Manchuria, as a result 
of railway-construction activities, has often been com- 
mented on in our columns, and the progress made with 
the building of the various lines projected has been 
indicated from time to time. In our issue of June 18, 
1926, on page 727, we gave an account of the steps that 
were being taken, by the South Manchuria Railway 
Company, in connection with the construction of the 
extension of the Changchun-Kirin line to Tunghua. It 
will be remembered that Changchun is on the through 
line connecting Mukden and Harbin, and is the northern 
terminus of the main line of the South Manchuria Rail- 
way. Kirin, the terminus of the Changchun-Kirin line, 
is due east of Changchun, and the railway connecting 
these two centres is some 120 miles in length. Tunghua, 
the future terminus, is again due east of Kirin and is 
about 144 miles west of Vladivostok. The extension 
from Kirin to Tunghua is 130 miles in length ; it lies in 
mountainous country much of which is covered by virgin 
forests. We learn from a recent issue of The Chinese 
Economic Bulletin that the bridge over the Sungari 
River, near Kirin, has been completed and that traffic 
has been opened to Ehomu station, a distance of 27 
miles. In addition, the piercing of the three tunnels, 
involved in the construction of the line, the total length 
of which will be 3,600 yards, is progressing. It is antici- 
pated that by October, 1928, the whole work on the 
railway will be completed. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—With the approach of the year- 
end holiday period, a disappointing year in the Scottish 
steel trade is fast drawing to a close. During the past 
week, specifications have been no better, and manage- 
ments have had the usual anxious moments as to their 
ability to keep plant running. For practically all classes 
of material the demand is poor, and although some 
engineering concerns are reported to be busier, there has 
been no reflection of this in the steel trade. Recent 
inquiries do not hold out much promise of an early 
improvement in demand, Structural-steel sections are 
quiet, but fair deliveries are being made to the shipyards. 
Black sheets are not moving as freely at the moment, 
and the heavier gauges are particularly dull. Prices on 
the whole are steady, but those not fixed are inclined to 
be somewhat easier. The following are the current market 
quotations :—Boiler plates, 101. 10s. per ton ; ship plates, 
81. 2s. 6d. per ton; sections, 7]. 12s. 6d. per ton; and 
sheets, } in., 81. 17s. 6d. per ton, all delivered Glasgow 
stations. 


Malleable-Iron Trade.—No change of any kind falls 
to be reported in connection with the malleable-iron trade 
of the West of Scotland. The demand for bar iron is 
very poor, and there is now little chance of any improve- 
ment this year. In re-rolled steel bars, the output is 
fair, but far from good, owing to very keen Continental 
competition. Prices are unchanged with ‘“‘ Crown”’ bars 
101. 5s. per ton for home delivery, and 10/. per ton for 
export; and re-rolled steel bars, 7]. 15s. per ton for 
home, and 7/. per ton for export lots, 


Scottish Pig-Iron Trade.—The pig-iron trade of Scot- 
land is wanting in life at present, and the demand is poor. 
The output from the 31 furnaces now in blast is much 
above current requirements, and stocks all round are 
increasing. The consumption of hematite at the steel 
works is not very heavy, and foundry grades are also in 
poor request. Prices are inclined to become easier, and are 
quoted as under :—Hematite, 75s. to 76s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 70s. 
per ton, and No. 3, 70s. per ton, both on trucks at 
makers’ yards, 


Shipbuilding.—It is reported that the Commissioners 
of the Port of Calcutta have placed orders with Messrs. 
Fergusson Brothers, Port-Glasgow, for three twin-screw 
hopper barges and a large double-bucket dredger. 





PrERSONAL.—The address of The Universal System 
of Machine Moulding and Machinery Company, Limited, 
has been changed from 97, Queen Victoria-street, E.C.4, 
to 13-15, Wilson-street, E.C.2.—On and after January 1, 
1928, the address of Messrs. Merz and McLellan, which 
until now has been Collingwood Buildings, Newcastle- 
upon-Tyne, will be Carliol House, Newcastle-upon-Tyne. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in 
each case :—The Egyptian Ministry of Public Works, 
Cairo, is calling for tenders, to be presented by February 
15, 1928, for the design and construction of a swing 
bridge at Abu Hommos on the Mahmoudieh Canal. Local 
representation is essential. (Ref. No. A.X. 5,653.)— 
The South African Railways and Harbours are inviting 
tenders, to reach Johannesburg by February 2, 1928, 
for one electrically-driven heavy-duty double faceplate 
wheel lathe for the Pietermaritzburg workshops. (Ref. 
No. A.X. 5,678.)—The State Electricity Supply Works 
at Montevideo invite tenders for the supply of all the 
line material for a telephone system to provide means of 
communication between various localities, 19 to 98 km. 
distant from Montevideo. Tenders to reach the offices 
of the Administracién-General de las Usinas Eléctricas 
del Estado, Calle Mercedes 993, Montevideo, by February 
2, 1928. (Ref. No. B.X. 4,082.) 





THe Royat TEcHNICAL COLLEGE, GLAScow.—The 
condition of the engineering, shipbuilding, mining, and 
metallurgical industries has always affected the number 
of regular students attending the Royal Technical 
College, Glasgow. In this connection, it is interesting 
to note that, after four seasons of decreasing numbers, 
the 1926-1927 session shows a slight increase over the 
figures for 1925-1926. During the latter period, the 
number of day and evening students was 4,149; during 
the 1926-1927 session, on the other hand, the total was 
4,169. The annual report of the College, for the 1926-1927 
session, shows that research work in the engineering 
department has made steady progress during the year 
under review. The investigations on the creep of 
metals, by the progressive stress method, are nearing com- 
pletion, and a method for the closer and more accurate 
determination of creep limits has been developed. The 
new fatigue-testing machines in the laboratory are at 
present being adapted for a full investigation of the 
important subject of the endurance limits of metals at 
high temperatures ; it is expected that this work will 
shortly be under way. The heat transmission investi- 
gations have been continued. During the past session 
the main line of work pursued has been the study of 
heat-transmission rates between air and superheated 
steam. Considerable progress has been made, and an 
interim report has been submitted which contains much 
having a direct bearing on superheater design. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Shipments of Welsh coal in November 
showed a substantial recovery over those for October, 
which was one of the quietest months of the year. Coal 
exports were raised by 158,083 tons to 2,298,401 tons, 
foreign cargo clearances being lifted by 90,762 tons to 
1,834,367 tons, foreign bunkers by 50,785 tons to 
329,354 tons, and coastwise cargo by 16,536 tons to 
134,680 tons. Shipments of patent fuel were also 
increased by 43,423 tons to 109,112 tons, and of coke by 
1,120 tons to 4,986 tons. The present position of the 
export trade is the best for some months past. The 
collieries, however, are still working intermittently, but 
salesmen have sufficient orders to keep going to the end 
of the year. The cold snap of the week-end has, how- 
ever, created difficulties and made it impossible for some 
collieries to keep working. Though there is a fair supply 
of shipping in dock, loading operations were retarded by 
the freezing up of the hydraulic machinery, with the 
result that loading and discharging work has only been 
able to proceed slowly. This has made it impossible to 
return wagons to the pits expeditiously, and idleness has 
ensued because of a shortage of empty wagons. The 
general tone of the market was, however, steady, though 
there was room for considerably more business if the pits 
are to be kept working anything like regularly. Best 
Admiralty large ruled from 19s. to 19s. 6d., with Mon- 
mouthshires from 17s. to 18s. Smalls were rather tight, 
and in some cases unobtainable except with large. Best 
bunker smalls ruled from 12s. 6d. to 13s., with lower 
grades from 10s. 6d. up. 

Welsh Miners’ Wages.—The application of the South 
Wales Coalowners for a reduction in the minimum wage 
from 28 per cent. on the 1915 standard rates to 25 per 
cent., and the counter-claim of the men for an increase to 
35 per cent., was discussed at a joint meeting this week 
No decision was reached, and the matter has been 
referred to the independent chairman of the Coal Concilia- 
tion Board. The owners also want a reduction in the 
subsistence rate of 8s. 0}d. per day to 7s. 6d., while the 
men ask for an increase to 8s, 6d. 

Night Work at the Docks.—An application by the coal 
trimmers and tippers for the abolition of night-work at 
the docks, and a reversion to two continuous day shifts, 
has been referred to the National Joint Committee, 
London. 





X-Ray ANAtysis oF Metats.—In a lecture delivered 
at the Royal Institution, on December 13, Sir Wm. 
Bragg, F.R.S., said that increasing attention was being 
given to the application of the new methods of X-ray 
analysis to the study of the materials used in industry. 
From the moment when it appeared that the X-rays 
would give a new and deep insight into the structure of 
matter, it was obvious that explanations would be 
sought, by the new means, of many very puzzling prob- 
lems. The metals and their alloys were naturally the 
first to receive attention, and more work had been done 
in this connection than in any other. It had long been 
known that the behaviour of a metal depended upon 
the nature, form, magnitude and arrangement of the 
minute crystals of which it was composed. The X-rays 
were especially fitted to examine and describe these 
qualities. When aluminium was drawn into wire, for 
example, the minute cubic crystals of which it was made, 
tended to an arrangement under which a diagonal 
of each cube was set parallel to the direction of drawing. 
When a piece of magnesium was rolled its minute flakes 
set themselves parallel to the rolling plane ; their orienta- 
tion within that plane being entirely a matter of chance. 
The properties of a metal were profoundly affected by 
the preference thus given to certain orientations. During 
the process of annealing, which was so frequently carried 
out for the purpose of removing such peculiarities of 
arrangement, or for releasing the strains due to the pre- 
ferred orientations or to other causes, the changes in 
the form and other characteristics of the crystals could 
all be followed by the X-rays method. It was extremely 
interesting to watch, for example, the alterations in 
structure of the steels during those remarkable changes 
due to heat treatment, to quenching, to strain, and so 
forth, which were so characteristic of the material and 
endowed it with such extraordinary qualities. One of 
the methods that had been in particular favour in this 
field of research had been the production of large single 
crystals of various metals. Much of this work has been 
done by Carpenter and Elam, in England, Bridgeman, in 
America, and by Hausser, at the Siemens Works, near 
Berlin. It was extraordinary to handle a copper bar 
which could be bent with ease by the pressure of a single 
finger, and yet after a very few bendings and unbendings 
would regain, through the break-up of the one large 
crystal into an aggregate of minute crystals, the usual 
stiffness of copper. The method was being applied to the 
study of many other substances; fibres of all sorts, 
rubber, which was especially considered by Dr. Hausser 
in his recent lectures before the University of London, 
iats, soaps, paints, electrolytic deposits, ceramics, gems, 
biological structures and a number of other things. 
A sign of progress in these matters was the recent estab- 
lishment of a new sub-department at the National 
Physical Laboratory for the purpose of applying the 
X-ray methods to industrial problems. It might safely 
be predicted that there would be a demand for men who 
had learnt the new technique. On the Continent and 
in America research laboratories were installing the 
special apparatus, and most of the examples of the appli- 
cation of X-ray analysis to metallurgy, which were shown 
at the lecture, came from the laboratory of Professor, G. 
L. Clark at the Massachusetts Institute of Technology, 
Cambridge, Mass, U.S.A. 
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3,000-B.H.P. OPPOSED-PISTON DIESEL ENGINE FOR THE M.S. “BERMUDA.” 
CONSTRUCTED BY MESSRS. WILLIAM DOXFORD AND SONS, LIMITED, ENGINEERS, SUNDERLAND. 


(For Description, see Page 805.) 
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TESS, WITHY QUADRUPLE-SCREW MOTOR LINER “BERMUDA.” 


> COMPANY, LIMITED, ENGINEERS AND SHIPBUILDERS, BELFAST. 
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THE EXHAUST STEAM TURBINE AS 
A MARINE ENGINE AUXILIARY. 


Wuuitst, on the one hand, builders of marine 
Diesel engines are attempting to reduce weights, 
and to increase output and overload capacity by 
such expedients as supercharging, advocates of 
steam power are striving to improve thermal 
efficiences by the adoption of high pressures and 
superheats, and by installing more efficient types 
of turbine. In papers read before the Institution 
of Naval Architects some two or three years ago, 
Sir John Biles endeavoured to fix the limiting 
length of voyage at which steam lost its economic 
advantage. This limit depends, of course, largely 
on fuel prices, and capital costs. The latter are 
likely to diminish as experience in the building of the 
Diesel engine spreads, but, on the other hand, its rival 
may benefit by the possibility that stokehold charges 
both for labour and coal may be very materially 
lessened by the use of pulverised fuel. With this 
system of firing the cheaper qualities of coal prove 
perfectly satisfactory for steam-raising purposes, 
whilst the furnaces are controlled nearly as easily as 
with oil fuel. The marine superintendent, who has to 
decide on the type of machinery to be installed in 
new ships has indeed no enviable task in apprais- 
ing these conflicting claims, and in weighing the 
comparative merits of the two types of machinery. 
How best to deal with existing steam tonnage 
constitutes another problem of nearly equal diffi- 
culty. Of the total tonnage of the world, about 94 
per cent. is equipped with steam plant, mainly 
of the old standard triple-expansion type, operated 
with steam supplied at a relatively moderate pres- 
sure and without superheat. Must most of this 
tonnage be scrapped under the stress of competi- 
tion with more modern and more efficient plant, or 
is it possible, at reasonable cost, to give these older, 
but perfectly sound, vessels a new lease of life ? 





It is this question to which one answer is pro- 





posed in a highly interesting paper by Dr. Gustav 
Bauer, read on December 6 at a meeting of the 
Institution of Engineers and Shipbuilders in Scot- 
land. In this paper, the author points out that one 
advantage of the turbine over the reciprocator lies 
in its ability to utilise the “‘ toe of the diagram.”” A 
recognition of this fact led at one time to the build- 
ing of triple-screw ships, in which the wing shafts 
were driven by reciprocators, and the central shaft 
by a turbine operated by steam exhausted from the 
engines. With the introduction of high-speed 
reduction gearing, this type of vessel ceased to be 
built, and whilst it is mechanically possible, it-would 
be economically impracticable to apply the method 
to existing steam tonnage. As a practical alterna- 
tive, Dr. Bauer proposes to let the exhaust steam 


3 | turbine drive the existing propeller shaft by means 


of gearing, a scheme which he states originated 
with Sir Charles Parsons. He discusses in his 
paper not only the gain theoretically due from such 
an arrangement, but is able to show that this 
estimate is completely confirmed by actual results 
in the case of two vessels reconditioned on this 
plan at the Vulcan yard. These boats, each of 
9,080 tons deadweight, were fitted with triple- 
expansion engines, designed to run at 75 r.p.m., 
and having cylinders 26-8 in., 43-3 in. and 70-9 in. 
in diameter by 60 in. stroke. The steam was 
supplied at a pressure of 213 Ib. per square inch 
(absolute), and at a superheat of 185 deg. F. With 


| these engines 2,605 i.h.p., were developed, and a 


speed of 14 knots was attained. The steam con- 
sumption was 11-08 Ib. per i.h.p.-hour. By adding 
an exhaust steam turbine the output was increased 
to the equivalent of 3,590 i.h.p., and the speed raised 
to 15 knots. The cut-off in the h.p. cylinder re- 
mained unchanged, so that the steam consumption 
was increased only in direct proportion to the rise 
in speed. Had this speed been kept constant, in- 
stead of the cut-off, there would have been a fuel 
saving of some 25 per cent. 

As Dr. Bauer pointed out in his paper, the 
conditions were rather unfavourable to the method. 
The boiler pressure was fairly high, and the 
ordinary reciprocator benefits more by superheat 
than does a steam turbine. Moreover, the higher 
the boiler pressure the greater is the work done 


=|before the steam is exhausted, and hence the 


proportion of total power developed by the 
addition of the turbine is diminished. With a 
smaller boiler pressure and the customary omission 
of superheat, the provision of the exhaust steam 
turbine would result in proportionately higher 
gains. 

The thermodynamic advantages of the arrange- 
ment are indisputable, and the fact that the 
method has as yet made little headway is probably 
due to the difficulty of devising a satisfactory 
coupling of the turbine to the propeller shaft. It is, of 
course, common knowledge that high-speed reduction 
gears are apt to give trouble if the teeth overrun. In 
1919 (ENGINEERING, vol. cviii, page 555), we gave 
particulars of a failure of de Laval gearing which 
was ultimately traced to cyclical variations in 
the torque to be transmitted. All reciprocators 
are characterised by a varying torque, and as 
marine engines are not fitted with flywheels there 
are appreciable variations in the speed of the 
shaft. Owing to the high kinetic energy of the 
rotor, a turbine shaft runs at a very uniform speed, 
and ‘thus unless special provision were made, 
overrunning would rapidly ruin the teeth of the 
reduction gear by which the drive is transmitted 
to the propeller shaft. 

In the case of the engines described by Dr. 
Bauer this difficulty has been overcome by using 
a Féttinger transmitter. This is mounted on a 
shaft driven from the turbine shaft by single- 
reduction gearing. The Fottinger transmitter 
drives a second pinion, gearing with a large wheel 
mounted flexibly on the propeller shafting. This 
transmitter is credited by. Dr. Bauer with an 
efficiency of 97 per cent, the corresponding figure 
for the double-reduction spur gear being 96 per 
cent., which seems low. No data are given in 
support of either estimate. 

By the arrangement described, there is, it will 
be seen, an entire absence of rigidity in the 
connection between the turbine pinion and the 
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propeller shaft. The two components of the 
Féttinger transmitter are free to vary their relative 
speeds, whilst. the turbine maintains its constant 
rate of rotation. An additional advantage of the 
device in question is that, by draining off the oil 
from the transmitter, the turbine is completely 
disconnected from the engine shaft, and the engine 
can then be manceuvred exactly as before the appli- 
cation of the turbine. It is, therefore, unnecessary 
to fit a reverse turbine. The oil-separator is 
interpolated betwee the exhaust branch of the 
low-pressure cylinder and the turbine. This involves 
a pressure-drop of about 1 lb. per square inch, which 
is a considerable fraction of the total pressure 
available. This arrangement has, however, the 
advantage of keeping clean the blading of the 
turbine and also the condenser tubing. The latter 
consideration is the more important in that most 
marine engine condensers are of very indifferent 
design. This was a matter of very little consequence 
under former conditions, since the reciprocator can- 
not utilise to advantage a high vacuum, but even a 
fraction of an inch of vacuum is of importance to an 
exhaust steam turbine. In fitting the latter it is, 
therefore, necessary to increase the capacity of the 
existing circulating pumps, so as to pass a weight 
of water equal to about 70 times the feed. The 
additional power required for this purpose and for 
other auxiliaries is estimated by Dr. Bauer at 3 
per cent. of the total power developed. 

An interesting table showing the annual average 
temperature of the sea water along the principal 
ocean routes is included in Dr. Bauer’s paper. The 
lowest average temperature (40-4 deg. F.) is that 
on the Liverpool-Montreal run, and the highest 
(73-6 deg. F.) is that ruling between Sydney and 
Vancouver. The annual average for the North 
Atlantic appears to be 56-7 deg. F. With modern 
condensers, a good vacuum could be maintained 
along any of these routes, as is very clearly demon- 
strated by Mr. Selvey’s tests of the condensers at 
the Valley Road Station, Bradford. Here, a 
vacuum of 27-98 in. was recorded, with circulating 
water supplied at a temperature of 66-24 deg. F., 
the ratio of circulating water to condensate being 
only 33-6 to 1. With an inlet temperature of 66-4 


deg. F., but with above ratio raised to 100 to 1, a | 


vacuum of 28-96 in. was recorded. It would, of 
course, be unreasonable to expect equivalent figures 
from the type of surface condenser usually fitted on 
ship board. 

The fitting of an exhaust steam turbine has 
some interesting reactions on the thermal efficiency 
of the reciprocator to which it is connected. Thus 
the output of the low-pressure cylinder is reduced, 
but its thermodynamic efficiency is increased. 
In the normal reciprocator when the exhaust port 
opens, steam, which has been expanded down to, 
say, 7 Ib. absolute, is suddenly reduced to the 
condenser pressure of, say, 14 Ib. absolute. This 
loss, which is thermodynamically equivalent to 
that resulting from an abstraction of heat at 
‘constant volume,” is eliminated by the fitting 
of the exhaust turbine. On this head some interest- 
ing figures are contributed by Dr. Bauer. Before 
conversion, the efficiency ratio of the high-pressure 
cylinder of the engines mentioned above was 
84 per cent., the corresponding figure for the 
intermediate-pressure cylinder was 78-2 per cent., 
and of the low-pressure cylinder 45-5 per cent. 
After conversion, the figure for the high-pressure 
cylinder was unaltered, but that of intermediate- 
pressure cylinder rose to 80 per cent., and of the 
low-pressure cylinder to no less than 70-5 per 
cent. The exhaust turbine is credited with an 
efficiency ratio of 71 per cent. The figure given 
for the high-pressure cylinder agrees reasonably 
well with the efficiency of 82 per cent. stated by 
the late Peter Willans to have been realised with 
his non-condensing high-speed engines, in which the 
losses were necessarily somewhat higher than 
they would be in the high-pressure cylinder of a 
triple expansion engine. Should the above method 


of modernising existing marine engines fulfil 
expectations, it will certainly be necessary to 


coin some convenient term for the process, just 
as the addition of a high-pressure cylinder to exist- 
ing low-pressure beam engines came to be known 
as McNaughting. 


INSTITUTION HOSPITALITY. 


Durie last week the country was made aware 
in a dramatic manner how the best laid plans in 
Parliament may sometimes fail their authors. We 
are sorry that likewise, at least to the onlooker, 
ill-success attended an occasion on which most of 
us would have liked one of our most cherished 
technical institutions to have achieved more than 
usual success. The circumstances made it particu- 
larly desirable that the occasion we have in mind 
should pass off better than usual, but members of 
the body in question can hardly congratulate them- 
selves that it did so. The case is difficult to 
diagnose, and the remedy is correspondingly hard 
to seek, yet for the credit of the institution it would 
be well for members to ponder over it carefully, to 
;}see if some means of bringing about improvement 
cannot be propounded. 

The facts may be briefly recited for the benefit of 
members whose absence contributed to the failure, 
for we can call it no less, on Friday last. The 
council of one of our leading institutions had invited, 
as we understand, a well-known member, resident 
in the United States, to contribute a paper, tele- 
graphic means of communication being called in to 
settle the matter. The result was a paper sub- 
mitted some time ago, and read as implied above on 
| Friday evening. The author, be it noted, took the 
| trouble to cross the Atlantic to present his thesis, 
jand it is acknowledged performed this part of the 
evening’s programme in a very acceptable and 
| interesting condensation. Many years ago, in fact 
in 1908, he had presented a previous paper which 
was very well received, and his name is well 
known on both sides of the Atlantic ; yet, on this 
| occasion, when we would have liked to have seen a 
company of prominent members closely interested 
|in the subject, or allied matters, eager to pay the 
|author some tribute for the trouble he had taken 
| for the sake of the institution, the discussion proved 
| altogether disappointing. The most noticeable and 
regrettable feature of the evening was the marked 
absence of representatives from the mechanical 
departments of our great railways, though these 
were present in goodly numbers at a purely social 
| function on the previous evening. 
| Our readers will ere this have guessed to which of 
our large institutions we feel ourselves thus urged 
'to refer. The paper of the evening happened to be 
lon locomotive practice, a subject formerly almost 
bound to take two evenings under ordinary circum- 
stances—yet, apart from the President, there was 
no single representative of our own great railways 
present, or willing, to take part in welcoming our 
visiting member (and, in many cases, old acquaint- 
ance), and to do him the courtesy of at least voicing 
their sense of obligation for the trouble he had put 
himself to at the request, or at least on the arrange- 
ment, of the council. 

It is fully realised that, since the days of 
amalgamation, the duties of our chief mechanical 
engineers have become arduous beyond descrip- 
tion, and it is not our intention to pillory particular 
individuals, but the fact remains that at the dinner 
on the Thursday evening the railway mechanical 
departments were excellently represented, and, in 
loyalty to the council, if the heads of departments 
could not actually spare two consecutive evenings, 
they might at least have arranged for responsible 
deputies to represent them, or have encouraged 
officials to attend on their own account, if for no 
other purpose than of turning a compliment to the 
author, facing all the discomforts of an English 
winter to serve their institution. In former days 
when railway companies were more numerous, 
discussions were brisker, and there was greater 
room for diversity of views, but it will be very 
regrettable for the institution concerned if contri- 
butions cannot be encouraged on the part of the 
younger men. 

The default on the part of our countrymen was, 
on Friday last, emphasised by the fact that two 
very well-known Continental engineers had taken 
the trouble to visit London for the purpose of taking 
part in the proceedings of the evening, and if it had 
not been for these, and the President, no railway- 
men would have actually participated in the 
meeting. 

How matters developed in this way we do not 








pretend to know. It has rather unkindly been 
suggested that people in this country do not care 
for test plant figures, which the paper discussed, 
but this can hardly be so, for there has been for 
many years a desire that we might have a testing 
plant here, and lately this subject has been revived 
by Mr. H. N. Gresley and Sir Henry Fowler. We 
assume, of course, that the Council took what steps 
they could to ensure some measure of success for 
the paper, but there must have been among the 
members some, who, with a little persuasion or 
encouragement, would have willingly done a little 
act of courtesy to the author, if only that he was 
the bearer of a message of goodwill from a kindred 
society abroad. We can conceive of no parallel 
being possible among our hospitable friends of the 
United States, and while our author of Friday 
last knows us too well to think the treatment he 
received intentionally slighting, we regret that he 
will not leave us with a better opinion of a London 
headquarter meeting. 

It is, we believe, the intention that the paper 
shall be read again at some of the branch centres. 
Here, however, we think there was a case for 
concentrating the whole body on a good London 
meeting of one or two nights. In fact, in view of 
the trend of the London meetings, it would be well 
worth while considering whether, with the consent 
of the branches, the latter might be allowed a still 
greater measure of autonomy than they at present 
possess on condition that certain papers were 
reserved for headquarter’s meetings only, three 
or four times in the year, or maybe less. At 
present, we were recently informed, provincial 
members now seldom come to London, except for 
Council metings, which surely is not as it should 
be. 

On the other side is the fact that the paper was 
available only two or three days before the meeting, 
and this in the case of an analysis obviously requir- 
ing deliberate consideration is insufficient, in our 
opinion, to enable busy men to make any worthy 
contribution to a discussion. A hasty glance, or 
disjointed reading of such a paper cannot as a 
rule produce any reasoned argument or criticism 
worth presentation at a meeting, or of the nature of 
a real compliment to the author; in this we, of 
course, embrace honest criticism. In the case 
we have discussed, the author further suffered in 
that after various objections to his arguments had 
been placed before the meeting, he was given no 
time in which to reply. This surely was an 
unfortunate oversight. He must now return to 
the other side of the Atlantic, and the last words 
are with the critics. This hardly savours of our 
traditional fairmindedness, and was a little bit of 
a disappointment to many, including not un- 
naturally, we believe, the author himself. 

If ever there was one, here was a case, we would 
have thought, in which a two nights’ discussion 
could well have been arranged. The railway 
mechanical departments, honoured by the members, 
by the way, by generous representation on the 
Council, should have been pressed to lend it their 
support, while steam engine experts of a more 
academic turn could surely have been prevailed 
upon to discuss some of the points of steam action 
in the cylinders. As it was, the discussion turned 
in a disappointing way mainly upon devices, and 
not upon principles. 





NOTES. 


THE DINNER OF THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE engineer of a speculative turn of min 
must often wonder what would have been the 
state of technical efficiency reached by H.M. Navy 
to-day if the British Admiralty had met _ his 
predecessors in the early days of steam with the 
same welcome that is to-day being extended by 
the War Office to his profession. That this readiness 
to recognise the place engineering now occupies 
in modern military life actually exists was evident 
from a reference made by His Royal Highness, the 
Duke of York, in his speech proposing the toast 
of the Institution of Mechanical Engineers, at its 





annual dinner on Thursday last, December 15. , His 
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Royal Highness, in referring to the new Directorate 
of Mechanisation in the Army, said he was glad to 
know that the head of that department would 
be advised by a prominent committee, of which 
the members were all corporate members of the 
Institution. Touching upon his recent tour, he 
recommended that the mechanical engineers of 
the Empire should seize every opportunity of 
foreign travel, for nothing could take the place of 
personal meetings for arriving at a true under- 
standing of each other and their work. He con- 
gratulated the Institution on its work in connection 
with its educational schemes, which afforded 
opportunities to the ordinary working apprentice 
to rise to a position of responsibility and to take 
his place alongside those who had had the 
advantage of a public school and _ university 
education. The President of the Institution, 
Sir Henry Fowler, who occupied the chair, in 
response, said that during the past session 1,700 
students from 121 schools had been examined, 
and 977 certificates had been awarded. Mr. R. W. 
Allen proposed the toast of His Majesty’s Ministers, 
in the course of his reply to which, the Right Hon. 
Neville Chamberlain, P.C., M.P., commented upon 
the important part which engineers played in 
local government administration. In 1885 the 
expenditure of local authorities on engineering 
services amounted to 12s. 8d. per head; in 1925 
it was 3J. 15s. 6d. per head. The toast of “ Our 
Guests,” proposed by Mr. W. Reavell, and replied 
to in a witty speech by the Right Hon. Lord Riddell 
terminated a very successful function. 


Hicu-FREQqUENCY SounD WAVES. 


With the aid of piezo-electric oscillators of 
quartz, Professor R. W. Wood, of Baltimore, and 
Mr. A. L. Loomis, have been able to generate, in 
oil baths or other liquids, sonic waves of high 
frequency and intensity and of extraordinary 
properties. A quartz disc, 8 cm. in diameter, and 
7 to 14 mm. in thickness, is inserted in the secondary 
of a valve circuit operated at up to 50,000 volts 
and 700,000 cycles. The quartz disc rests on a 
sheet of lead in a basin filled with oil or other 
liquid. Under the influence of the electric excita- 
tion the quartz disc begins to oscillate like a 
metal disc when touched with the bow of a violin 
in acoustic experiments with Chaldni figures, in 
which lycopodium is strewn on the metal plate 
to mark the oscillations. Like the lycopodium, 
the oil begins to surge violently at very high 
frequency. If we imagine threads extending from 
the quartz upward through the oil, each thread 
is thrown into longitudinal vibrations with loops 
and nodes; these vibrations are reflected back 
from the surface of the oil, and reflected upwardly 
again by the quartz disc when the phase relation 
between wave and oil thickness is of the correct 
order, that is to say, when the thickness equals 
a whole number of half wave-lengths. In that case 
the reflections up and down repeat, and much 
energy is stored in the oil. When a glass plate 
(about as big as the quartz disc) was placed on the 
top of the oil and held there by a handle, the plate 
did not sink, but it required a pressure (or load 
on the plate) to force it down, a strong periodical 
resistance being felt at certain intervals. The oil 
surging over the surface of the plate formed a series 
of mounds. A mercury thermometer, immersed 
in the oil, rose to 25 deg. C., but the outer end of 
the thermometer tube became so hot that it burned 
the hand. The mercury tube acted like a rod, 
the end of which was vibrating transversely. When 
a glass tube, drawn out into a point, was held in the 
oil, the sharp tip at the outer end of the tube burnt 
itself through a piece of wood pressed lightly against 
it and perforated a glass plate like a drill, the glass 
being converted into a powder and small, fused, 
globules. The glass tube itself did not break as a 
rule. Some other curious effects are illustrated in 
the Philosophical Magazine of September. With 
the aid of wax, ring patterns were obtained on the 
oscillating tubes marking the high velocity of the 
stationary waves. Emulsions were formed when mix- 
tures of oil and water were poured into the basin, 
and some very peculiar fogs were observed, which 
could be lighted by a match. Gases were expelled 
from liquids by the surgings; these effects may 





prove valuable for the study of chemical reactions 
and of crystallisation. Small animals swimming in 
water were killed in a few minutes, probably 
because the oscillations burst the membranes of 
the cells; red blood corpuscles were destroyed in 
this way. But the smaller bacteria escaped, being 
possibly too small for the oscillations, while some 
suspensions were flocculated by the surgings. 


Om PoLiuTION oF SEAS AND HARBOURS. 


The distressing features of the pollution of sea 
water by oil were last year discussed on various 
occasions in our columns. The description of the 
oil-separator of Messrs. Hele-Shaw and Beale 
(ENGINEERING, July 2, 1926, page 28) led to a 
protracted correspondence, and another separ- 
ator, manufactured by Messrs. Green and Silley 
Weir, Limited, was illustrated on page 384 of the 
same volume. Further information on the subject 
was given by Mr. C. S. Garland, F.I.C., on December 
16, at a Liverpool meeting of the Chemical Engine- 
ering group of the Society of Chemical Industry. 
Messrs. Hele-Shaw and Beale mentioned that both 
organic and inorganic materials were used in filters. 
Mr. Garland stated that glass silk filaments, 0-009 in. 
in diameter, made a good material, easily cleaned, 
when packed into annular baskets of galvanised 
iron wire, though the filters clogged more quickly 
than expected. In tests carried on for six months 
last winter with water containing from 0-001 up 
to 0-004 per cent. of oil, the period from clean to 
dirty was reduced from the original 10 hours to 
8 hours. Given efficient separators it would be 
preferable to place the separator on board ship to 
fitting them into special barges only available in 
harbours. Ina barge plant of a capacity of 200 tons 
per hour the Admiralty had, last summer, main- 
tained more than the contract rate of output for 
5 hours, when dealing with tank washings con- 
taining up to 2 per cent. of oil, and for another 
5 hours when treating Navy fuel oil mixtures con- 
taining from 5 to 15 per cent. of oil. On the S.S. 
Majestic a plant of a capacity of 150 tons per hour 
had been installed in the corner of the fan room, 
in otherwise useless space. The effluent contained 
only 0-005 per cent. of oil at the worst, hardly 
sufficient for analytical determination, and more 
than 200 tons of oil were recovered from tanks 
during the first voyage of the ship. This oil was 
directly burned under the boilers. An oil-burning 
vessel in water ballast carried from 600 to 1,500 tons 
of water containing at least one per cent. of oil, 
and that oil could be recovered without additional 
expense ; the cost of pumping was the same whether 
the oil passed through the separators, or went 
directly overboard. 








THE CANADIAN ELECTRICAL CODE. 
By A. 8S. L. Barnus, A.M.LE.E. 


THE recent publication by the Canadian Engi- 
neering Standards Association of the Canadian 
Electrical Code, Part I, which comprises “‘ Essential 
Requirements and Minimum Standards for Electrical 
Installations in, on or over Buildings, Using 
Potentials of from 0 to 5,000 Volts,” is likely to 
give electrical work in that country a more dis- 
tinctively national character than heretofore. 
It is understood that Part II of the new code will 
cover specifications, and that Part III will probably 
deal with outside work, both overhead and under- 
ground. 

In order that the present situation may be pro- 
perly understood, a brief review of the events lead- 
ing up to the publication of this code is necessary. 
Owing to the proximity of Canada to the United 
States and to the fact that generally the conditions 
in the two countries are very similar, as well as 
for the reason that many of the United States’ 
standards and methods are already so firmly 
established that to change them would be almost an 
impossibility, there is no doubt that Canadian 
practice in electrical work will, inevitably, closely 
approximate to that in the more populous country 
to the south for a long time to come, if not for ever. 
The importance of the United States as a dominant 
partner in decreeing what Canada shall, and shall 
not, do electrically, has been much greater, so far 
as ordinary installation work is concerned, than 


otherwise might have been the case, owing to the 
existence of the Underwriters’ Laboratories of 
Chicago. At this institution—which was established 
by the Fire Underwriters, and has the co-operation 
of manufacturers and other interested bodies—the 
testing of a very large variety of materials and 
equipment, to ascertain their suitability, or other- 
wise, for the prevention and minimising of fire 
hazards, is carried out. One large section of this 
laboratory deals with electrical devices, fittings 
and materials. 

Prior to the establishment of these laboratories, 
the Fire Underwriters had prepared and issued a 
set of rules and regulations which covered electri- 
cal installation work. These are known as 
the National Electrical Code. This code and the 
laboratories are complementary, the laboratories 
issuing specifications, which comply with the 
provisions of the code, and the code requiring that 
all electrical equipment shall conform to the speci- 
fications, and receive the approval of the labora- 
tories. By operating through these two agencies, 
the Underwriters undoubtedly have done, and still 
are doing, useful work such as, in the United States, 
is not performed by any other body. 

Canada being an adjacent and—from the stand- 
point of population—much smaller, country, 
allowed herself, almost unconsciously, to fall 
directly under the control of these two agencies 
so that at one time the entire Dominion was, as 
far as electrical installation work is concerned 
governed largely by the requirements of the Fire 
Underwriters of a foreign country. The first part 
of the Dominion to break away from this control 
was the Province of Ontario, where the Hydro- 
Electric Power Commission in 1912 instructed a 
few members of its staff to prepare rules and 
regulations, legal power to do so having previously 
been obtained from the Provincial Legislature. 
Later on, the Commission established an Approval 
Laboratory, where electrical equipment is inspected 
and tested, and, if found to be satisfactory, is 
approved for sale and use within the province of 
Ontario. This province has therefore for some time 
been virtually independent of the Chicago Under- 
writers’ Laboratories, although electrical equip- 
ment approved by that body has been made readily 
available in Ontario by the process of entering it on 
the Ontario Commission’s list of approved equip- 
ment. A fee is charged for this privilege. Further- 
more, a gradually increasing tendency has been 
evident for the other provinces of the Dominion 
to accept the approval of the Commission as a 
guarantee of reasonably high standard, particularly 
from the point of view of safety. 

The lack of an authoritative set of rules, properly 
backed by suitable legislation, has, however, been 
felt both in the United States and in Canada. 
The National Electrical Code of the former 
country has no legal status, except that in certain 
of the States and municipalities State enactment 
or municipal by-law have remedied this defect. 
The result is that the Code is ignored in a large 
number of instances, and many variations in its 
requirements have been made to suit local whims. 
It is, therefore, far from being a national standard. 
The same state of affairs was developing in Canada, 
until some eight or nine years ago it was realised 
not only that this was undesirable, but that unless 
some corrective was applied, matters would grow 
steadily worse. 

This difficulty has also received a great deal of 
attention in the United States, where, as already 
indicated, it is more pronounced than in Canada, but 
so far without tangible result. Moreover, a few years 
ago British electrical manufacturers approached 
the Canadian Engineering Standards Association 
and pointed out the difficulties they were experi- 
encing in obtaining such approval of their products, 
as would enable them to enter the Canadian 
market. Further, the electrical inspectors in 
various parts of the Dominion were demanding 
a uniform set of regulations for the whole country. 
The Canadian Engineering Standards Association, 
therefore, took steps to ascertain the opinion of 
interested bodies, i.e., electrical contractors, manu- 
facturers, supply authorities, and others, throughout 
the country on the question of promulgating regula- 





tions, which would be standard all over Canada. 
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The result has been the formulation of a set 
of rules, known as the Canadian Electrical Code, 
which, it is hoped and confidently expected, will 
be adopted in every Province. These rules are 
primarily based on the requirements of the 
National Electrical Code of the United States, 
but the Rules and Regulations of the Hydro- 
Electric Power Commission of Ontario, of the 
National Electrical Safety Code published by 
the Bureau of Standards, Washington, U.S.A., 
and of the local Codes in use in both countries, 
were freely drawn upon by the compilers. It is, 
therefore, believed that the Canadian Electrical 
Code is a distinct advance upon any other Code 
at present in use in North America, especially 
as it is claimed that every endeavour has been 
made to secure clarity of expression, avoidance 
of unnecessary repetition, and greater attention 
to the life hazard, as distinct from the fire hazard. 
A point of importance to the British electrical 
manufacturer is the definition of ‘approved ” 
which reads as follows :— 

“* Approved.—When used with reference to any 
particular electrical equipment, means that such 
equipment has been submitted for examination 
and test to Underwriters’ Laboratories of Chicago, 
or the Laboratory of the Hydro-Electric Power 
Commission of Ontario, or a recognised Canadian 
Government Laboratory, and that a formal written 
report thereon has been obtained to the effect 
that such equipment is suitable for sale and use. 
When used with reference to any type of wiring, 
form of construction, or method of installation, 
if means that it is acceptable to the Inspection 
Department and that written notification to that 
effect has been given.” In a footnote it is stated 
that ‘‘ For the time being, until a Canadian Govern- 
ment Laboratory is established, local governing 
authorities in the various provinces will decide 
whether the approval of one or both of the other 
two laboratories mentioned shall be accepted.” 

The reference to a Canadian Government 
Laboratory is of special significance, owing to the 
recent announcement by the Dominion Government 
that it proposes to establish research laboratories 
as an extension of the work of the National Research 
Council. These laboratories will be under the 
direction of the Department of Trade and Com- 
merce, and it is understood that arrangements 
will be made for the testing and approval of 
electrical equipment, so that the requirements of 
the Canadian Electrical Code, both explicit and 
implied, may be met. Arrangements on these lines, 
however, have not yet been completed, and this 
fact explains the wording of the definition of 
“ Approved ”’ as given above. This procedure will 
give British electrical manufacturers full oppor- 
tunity of having their products approved for 
Canada in Canada ; and provided that they comply 
with such specifications and standards as Canada 
feels to be requisite for her own needs, they will 
be given every facility for disposing of their goods 
in the Canadian market on an equal basis, so far 
as materials, design and construction are concerned, 
with the products of other countries. It will 
perhaps be of interest to conclude with a reference 
to some of the sections which the Canadian Elec- 
trical Code contains, so as to indicate its general 
plan and scope. 

It is divided into 70 sections, of which the more 
important deal with definitions and general rules, 
services, wiring methods, conductors, outlet boxes, 
protective and control equipment, earthing, installa- 
tion work, cranes, hoists, lifts, garages, moving 
picture equipment, organs, radi> apparatus, signs, 
theatres, small isolated plants, hazardous locations, 
high-potential installations, communication systems 
and maintenance and operation. In addition, there 
are a number of appendices, one of which covers 
instructions for resuscitation from electric shock. 





VANCOUVER WHEAT Exports.—It appears very probable 
that the ee of Vancouver, British Columbia, will achieve 
another high record in grain shipment during the 1927- 
1928 crop year. It has been confidently predicted that a 
total of 75 million bushels will be reached. The previous 
highest total was attained in the 1924-1925 season, when 
55 million bushels were exported. Little doubt is enter- 
— that this figure will be exceeded by some 20 million 

ushels, 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
16th inst., at Storey’s Gate, Westminster, the 
President, Sir Henry Fowler, K.B.E., in the Chair. 


THREE-CYLINDER CompounD LocoMOTIVE. 


The paper taken at the meeting was entitled 
‘“Some Experimental Results from a Three- 
Cylinder Compound Locomotive,” by Mr. Lawford 
H. Fry, of Burnham, Pa., U.S.A. It was sum- 
marised by the author. It is given in abridged 
form on page 823 of this issue. In welcoming Mr. 
Lawford Fry, the President expressed the apprecia- 
tion of the meeting that he had attended in person 
to read the paper. 

At this point, Mr. Lawford Fry desired to say 
that he brought from the American Society of 
Mechanical Engineers, greetings to the Institution 
of Mechanical Engineers. From a letter received 
from Mr. Calvin Rice he might quote the following : 
“There has been for many years interchange of 
previous courtesies between the Institution of 
Mechanical Engineers of Great Britain and the 
American Society of Mechanical Engineers, and in 
many instances these have been the nucleus of 
sincere personal friendships. I am, therefore, taking 
the opportunity of your visit in London on the 
occasion of the annual dinner and of the general 
meeting of the Institution of Mechanical Engineers, 
to ask that you present to the President, to the 
Council and to the Members of the Institution our 
greetings and felicitations.” Sir Henry Fowler, 
after moving a vote of thanks to the author, acknow- 
ledged the greetings of the American Society. 
Their cordiality, he said, was emphasised by their 
selection of a British-born engineer to convey their 
felicitations. 

The President himself opened the discussion. 
Mr. Lawford Fry had referred to certain papers by 
Professor Mellanby, Dr. Kerr and Mr. Guy, relating 
to high steam-pressure for stationary and marine 
prime-movers, which had omitted discussion of 
locomotives. There was at the time running on 
the L.M.S. Railway a locomotive with a boiler 
pressure of 300 lb. to the square inch, and similar 
work was being done elsewhere. Personally, he had 
been connected with compound locomotives for over 
twenty years, and had been a strenuous advocate of 
the principle, because of the consistently good 
results obtained on the road and in service. Un- 
fortunately he had been compelled to abandon his 
hope of a high-pressure compound locomotive in 
this country. The pressure previously worked at 
was 220 1b. Mr. Lawford Fry would agree that the 
results obtained with the “ Royal Scot ” working at 
a pressure of 250 lb. were extraordinary for a simple 
engine. He, himself, thought results might have 
proved better from the steam and coal consumption 
points of view had the engine been designed as a 
compound locomotive with, possibly, a higher 
pressure ; but certain advantages attached to the 
simple engine, such as simplicity of mechanism. 
The locomotives had been built and put on the 
road in seven months, and two months later they 
were running a train which, if not the fastest, 
accomplished the longest non-stop run in the 
world, starting out in the morning and coming 
back next day. 

Sir Henry then referred to tables of data of 
locomotive performance, reproduced on pages 818 
and 819 of this issue. The President stated that 
the figures on which he thought most reliance 
could be placed were those for drawbar horse-power 
hour. It was difficult to compare his figures with 
those which Mr. Lawford Fry had quoted, the 
conditions being very different. However, his own 
figures of 2-66 Ib. of coal and 22-3 Ib. of water, 
running with their heaviest train between Crewe 
and Euston, on a fairly level road, might bear 
comparison with the figures published for the 
Baldwin locomotive, showing a coal rate per 
drawbar horse-power hour of approximately 2} Ib. 
when working at its middle range. In the first 
table in the paper, the indicated horse-power 
figure for coal was 2-6 Ib. In all these cases, the 
class of coal used was a factor to be considered, 
and in their own tests, the average calorific value 





was about 14,050 B.Th.U. The physical state 
of the coal, however, could not at present be 
standardised; this also materially affected the 
question. The coal per drawbar horse-power hour 
for the standard Claughton type on the L.M.S. 
system, of 4-86 lb., was reduced to 4-04 Ib. in the 
modified Claughton. For the standard compound, 
the figure was 3-78 lb., and for the Royal Scot 
2-9lb. The water consumptions were, respectively, 
6:96 lb. and 7-06 lb. per Ib. of coal for the 
Claughton engines, but for the standard compound 
no figures were obtained. 

Dr. R. P. Wagner, of the German State Railways, 
referred to a series of tests on a compound locomotive 
of 850 lb. pressure per square inch, built in Germany 
to the design of the late Dr. Schmidt, of Cassel, who 
did so much in connection with locomotive super- 
heating.* He presumed that the Schmidt high- 
pressure system was well known. It comprised 
a high-pressure boiler heated by elements, which 
received radiated heat, and contained pure water 
in a sealed circuit. The resulting steam was 
condensed in coils inside the high-pressure boiler, 
parting with a portion of its heat in doing so, 
to the water in that boiler. To raise steam to 
850 lb. pressure in the high-pressure boiler heated 
by the coils, the pressure in the latter had to be 
higher, and the transmission of heat was dependent 
upon the area of the cooling coil on the one hand, 
and the drop in temperature on the other. There- 
fore there might be a very large number of coils, 
of very large area, which would allow of running 
the elements at less pressure or a small number 
with less area and higher pressure. Schmidt further 
raised part of his low-pressure steam in a separate 
boiler, from 200 Ib. to 250 Ib. pressure; this 
amounted to about 33 per cent. to 40 per cent. of 
the total. That steam was superheated somewhat 
higher than necessary and mixed with the steam 
expanded in the high-pressure cylinder. The mixture 
was then expanded in the low-pressure cylinders. 
The feed-water was first fed into the low-pressure 
boiler, which was a plain barrel with longitudinal 
tubes. The fire-box heating system contained pure 
water which was never changed. Leakages were 
very rare. From the low-pressure boiler, part of 
the water was pumped into the high-pressure boiler. 
On opening up the high-pressure boiler after about 4 
months of trial trips, only fine dust was found on 
the heating coils. There was no real scale of a 
dangerous character. 

He would just mention a few of the chief dimen- 
sions as finally arrived at. The surface of the high- 
pressure heating system was 280 sq. ft., with a heat- 
ing surface of coils inside the high-pressure drum of 
425 sq. ft. The high-pressure boiler had a length 
of 16 ft. 11 in., with an inside diameter of 36 in. 
The locomotive he had had fitted, in 1913, with a high- 
pressure arrangement on the Schmidt principle was 
a 4-6-0 three-cylinder express locomotive. It had 
proved all right in service, but was not economical. 
It had a very long fire-box, and the heating elements 
extended the whole length of the fire-box. They 
were subdivided into six sections, which exhibited 
great differences in pressure. The middle section 
of the fire-box showed about 125 atmospheres or 
more than 1,700 lb. Some of the elements, in the 
corners, never rose beyond 850 1b. That illustrated 
the importance of radiated heat. In the series of 
tests made they had no chance of fully utilising the 
locomotive because its capacity was always limited 
by the pressure of that middle section, usually 
run at what was practically the test pressure, viz., 
125 atmospheres. The whole system had now been 
made a single -one. 

The locomotive was run at speeds of 50-52 miles 
and 55-62 miles per hour. The temperature of the 
high-pressure steam drum was about 750 deg. F., 
that of the low-pressure cylinder, 700 deg. F. ; the 
high-pressure exhaust steam had a temperature 
of something like 550 deg. F. The exhaust 
temperature in the low-pressure cylinder was 250 
deg. F. With regard to coal consumption at 500 
drawbar horse-power, this amounted to 1-3 kg. 
(2-9 Ib.), and at 1,000 drawbar horse-power it 
dropped to 1-05 kg. (2-3 Ib.), or a saving of about 
20 per cent. as compared with the same type of 
locomotive with the ordinary boiler and pressure. 





* See ENGINEERING, vol. cxxii, pages 198-200. 
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The chief trouble apart from the irregular distri- 
bution of pressure in some of the heating elements, 
was with the boiler fittings. It took a long time to 
design and develop suitable water gauges, and so 
forth. 

Mr. A. E. L. Chorlton wished to ask why, with 
such a small ratio of expansion, the compound 
principle should be adopted. The ratio of 
expansion was usually between 3 and 4, which 
seemed small to compound on. What were the 
limiting factors in a locomotive that prevented 
working to 10 expansions ? The published records 
of the King George V showed the expansion to be 
frequently seven times. If that could be done, with 
a pretty obvious gain, why run with 34? The Great 
Western locomotive had a larger cylinder capacity 
relative to the boiler than the L.M.S. Railway loco- 
motive, which permitted cut-off at seven expansions. 
He thought it would be interesting if someone who 
knew more about the steam locomotive than 
himself would turn attention to the expansion 
side. He asked, further, what were the values 
of the special valve gears. For years the old 
British locomotive failed to achieve the best 
results because it was always exhaust-trapped 
by too small an area when linked up, and he 
had always understood that the old drivers 
feared to link up for that reason. Finally, he 
asked where the separately-driven gear, with the 
steam valve distinct from the exhaust valve, could 
be said to enter into the proposition? Why 
could not an engine with a separately-driven 
gear work on high pressure, going up to 10 
expansions? It would be just as economical 
as a compound engine. 
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Professor G. Lomonossoff spoke next. He 


thought that superheating had rendered com- 
pounding unnecessary, yet the interesting trials set 
out in Mr. Lawford Fry’s paper showed that 
good results could be obtained by the combination 
of compounding and superheating, especially for 
heavy freight service. The trials were unfortunately 
made at low speeds ; with high speeds the results 
would be less favourable, as had been proved by 
Russian trials made in 1911-15 and 1925-26 with 
groups of locomotives as follows:—Group A.— 
Non-compound with saturated steam; Group B.— 
Compound, with saturated steam ; Group C.—Non- 
compound with superheated steam; Group D.— 
Compound with superheated steam. 

One of the locomotives of the last group was 
tested with six combinations of cut-offs in the 
high-pressure and low-pressure cylinders. Those 
trials were made with speeds varying from 25 r.p.m. 
to 330 r.p.m. The results are shown in the diagram 
annexed, which he thought showed clearly the 
influence of speed. The value nm was plotted 
vertically on a base of revolutions per minute, and 
was obtained from the formula nm = = . ue where 
L = heat equivalent in calories of 1 kg. of steam 
at the pressure and superheat of steam issuing from 
the superheater; U =the consumption of steam 
in kilograms per hour and N; = the horse-power 
at the driving wheels. 

The advantage gained by compounding fell 
sharply with the increase of speed, due to the 
hydraulic resistance of the. steam between the 


advantage of superheating increased with speed. 
This, he claimed, was a result of the high fluidity 
of the superheated steam decreasing its hydraulic 
resistance. Finally, the decrease of heat transfer 
by compounding and superheating was practically 
the same. There existed, as demonstrated in 1897 
by Querraux, a critical speed for any two similar 
locomotives, simple and compound, respectively, 
above which compounding was not advisable. 
According to Russian trials this speed lay between 
160 r.p.m. to 200 r.p.m. Express locomotives 
ran at 300 r.p.m. to 320 r.p.m.; therefore, for 
express service, compound locomotives were not 
to be recommended. He believed that the steam 
locomotive, even three-cylinder compounds, would 
before very long have only an historical interest. 
The future belonged to electrification, and, if 
developments were made in synthetic oil production, 
to the internal-combustion engine. 

Mr. E. C. Poultney said he would like to make 
a comparison . between the performance of the 
engine which was the subject of Mr. Fry’s paper 
and a locomotive of the simple type. Later on 
he would offer, for the Proceedings of the Institution, 
certain curves which he had worked out in order 
to bring out his meaning. 

If a portion of the data of Table I of the 
paper was plotted, the curves thus obtained, 
he thought, showed something of great interest. 
There was less steam admitted per stroke, as 
the speed increased and the amount of steam re- 
quired per indicated horse-power per hour rose. That 
seemed to indicate throttling, an important point 
in any locomotive, but of special importance in 
the compound type. Similar results for a Penn- 
sylvania Atlantic simple engine of the old type 
with 22-in. cylinders showed that the consumption 
of steam per indicated horse-power per hour fell 
as the speed increased, as might be expected. 
These considerations brought in the question of the 
proportioning of steam passages. The Pennsylvania 
engine had a piston valve which gave a port area 
equal to 16 per cent. of the piston area. The 
compound engine referred to in the paper had 
64 sq. in. through the same ports for the high- 
pressure cylinder, and 62 sq. in. for the low pressure. 
He considered that there should have been more. The 
position of the piston valve with regard to the 
cylinder had an important bearing on the matter. 
The back of the valve, which lay close to the 
casing, was practically no use at all. What was 
needed was, he believed, the fitting of poppet valves. 
He had fitted poppet valves to a compound ; these 
did well, but were still capable of improvement. 
Another engine, about to be fitted, would have 
larger passages. 

Mr. W. H. Patchell asked for more figures in 
relation to the boiler. Mr. Fry had recorded results 
of heat tranference up to 79,000 B.Th.U. per 
square foot per hour, an amount which was not 


service results? Mr. Fry’s figures were derived 
from tests only, though these were very interesting, 
particularly so to people who were going up to 
850 lb. or beyond. 

Mr. E. L. Diamond said that Mr. Lawford Fry’s 
paper was notable as one of the first in which an 
exact analysis of the cylinder losses in the locomo- 
tive engine had been attempted. Mr. Fry had 
provided a number of reconstructed indicator 
diagrams, enclosed within ideal expansion lines, 
for the same quantity of cylinder feed at the 
pressure and temperature of the steam supplied 
to the engine. He believed he might himself 
claim to have published the first series of diagrams 
of this kind from the very careful tests of a three- 
cylinder compound locomotive made under the 
President’s supervision. Mr. Fry’s diagrams had 
the advantage of a direct measurement of the 
cylinder feed for every set of conditions represented, 
an experimental factor hardly possible to incorporate 
in road tests. 

Mr. Fry had, however, by using the exhaust 
pressure as the lower limit of his ideal cycle, 
eliminated the back-pressure loss from his analysis. 
In most locomotives this was the most serious 
source of loss in the engine, especially at high speeds.* 
Mr. Fry had, further, restricted his cycle of com- 
parison by eliminating the loss due to incomplete 
expansion and forming his so-called “locomotive 
cycle,” which seemed, however, to have several 
defects. It altered with every diagram taken, and 
gave relative efficiencies that varied in a manner 
exactly opposite to the time variation. 

He wished that in studying in such detail, the heat 
transference to the cylinder walls during admission, 
the author had estimated the total missing quantity 
during admission and expansion, and so perhaps 
have thrown some light on the surprising result that 
the heat transfer during admission increased with 
increase of speed. An inspection of certain of the dia- 
grams was sufficient to show that the heat loss during 
expansion decreased with increase of speed. In 
respect of this particular cylinder loss, stationary 
test plant results could not be regarded as a true 
index to conditions in the locomotive cylinder 
under actual running conditions. The steady con- 
ditions of a stationary test ensured that the mean 
cylinder temperature would closely approach the 
maximum, whereas on the road the fluctuating con- 
ditions would vary greatly the mean temperature. 
The extent of the effect of mean cylinder tempera- 
ture on the loss due to heat transfer to the cylinder 
walls during expansion was shown in a slide 
he had prepared of two pairs of indicator dia- 
grams, from a compound engine, superimposed, 
and taken under almost identical conditions of 
speed and cut-off. There was a considerable differ- 
ence in the expansion curves of the L.P. cards. The 
diagram showing the greater heat loss was taken 
soon after starting, while the other was taken after 





quite twice what was achieved at the best power 
station with which he himself was acquainted. 
The more figures of that sort that could be given 
the better, as the value of radiation would be 
better appreciated. The big boiler was getting 
smaller, because people were taking advantage 
of that feature. If he had rightly understood 
Dr. Wagner, the latter proposed to alter the 
proportions of the engine by putting more firebox 
in; that was the same thing. Referring to the 
boiler in Mr. Fry’s paper, the tubes, he supposed, 
were either steel or nickel steel. If the boilers 
were working at the temperature given in the 
paper he would be glad to hear more about the 
results, how the tubes stood it, &c. 

Colonel H. A. Stenning said that the drawbar 
horse-power coal consumption of the Schmidt 
high-pressure locomotive was considerably less 
than even the President’s Royal Scot. The 
high-pressure boiler gave 2-25 per drawbar horse- 
power pounds of coal, a remarkably low figure. 
Dr. Wagner had stated that he had no trouble 
with the tubes in the closed circuit. Would Mr. 
Fry say whether, in the case of the No. 60,000 
engine, he had experienced any difficulty with the 
tubes in the water-tube firebox? This was an 


a long period of hard work ascending a bank. These 
diagrams showed that the steam remained super- 
heated in the high-pressure cylinder, and that the 
missing quantity assumed its chief importance in 
the low-pressure cylinders. 

Mr. T. Clarkson referred to the method of firing. 
The photograph of the boiler in the paper showed 
apparently a very small fire door and two other 
doors. There seemed to be a long distance over 
which to deliver the coal to the far end of the 


grate. Perhaps some mechanical method of stoking 
was adopted—a travelling grate—or pulverised coal. 
Mr. Lawford Fry here explained that firing was done 


by a Duplex locomotive stoker. The centre door was 


for observation, or any necessary hand-firing. The 
other holes were delivery holes for the mechanical 
stoker. 
questions put by the other speakers. 


Time did not permit a verbal reply to the 


The President then announced that the Thomas 


Lowe Gray Lecture would be delivered at an extra 
general meeting, on Friday, January 6, at 6 p.m., 
when Professor C. J. Hawkes, would read a paper, 
entitled ‘“‘The Marine Oil Engine.” 
general meeting would take place on Friday, January 
20, at 6 p.m., when the fifth report of the Steam 
Nozzles Research Committee would be presented. 


The next 





important factor in considering a water-tube firebox, 
as it was well known that even very little trouble 


* Proceedings Institution of Mechanical Engineers, 








high-pressure and low-pressure cylinders. The 


led to disaster. Again, had this engine shown any 


1927 Vol. I, page 477. Fig. 14. 














‘THE LATE MR. THOMAS FENDER. |1 


A large circle of friends will note with regret the 
death, on December 14 last, at Verulam-avenue, 
Purley, Surrey, of Mr. Thomas Fender, who, until 
quite recently, was a special director and engineering 
works manager of Messrs. Vickers Limited, Barrow-in- 
Furness. Mr. Fender, who was born in 1864, served 
his apprenticeship at the Elswick Works, Newcastle- 
on-Tyne, of Messrs. Sir W. G. Armstrong-Whitworth 
and Company, Limited. Mr. Fender gained rapid 
promotion. He became foreman in No. 11 shop 
at the Elswick Works in 1890, at the early age 

of 26, and was appointed chief rate-fixer three years 
later, when only 29. Mr. Fender’s connection with 
Messrs. Vickers commenced in 1901, when he was 
appointed chief rate-fixer at the Barrow Works. 
The premium-bonus system was successfully inaugu- 
rated in 1903, under his supervision, and it is in 
connection with this that his name will principally 
be remembered. In 1910, he was appointed super- 
intendent of workshops; his duties were not, however, 
confined to Barrow, for he was appointed to act in a 
joint supervisory capacity in connection with the Erith 
Works, of Messrs. Vickers. He was also sent to Italy 
in connection with Messrs. Vickers’ Terni Works. 
Subsequently, Mr. Fender proceeded to Russia in order 
to attend to various matters relating to the organisa- 
tion of a works at Nicolaieff. 

It was during the European War, however, that his 
organising power and exceptional energy were fully re- 
vealed. His responsibilities at Barrow were naturally 
greatly increased, but, in addition, he took a prominent 
part in the work of establishing and equipping the 
National Projectile Factory, at Lancaster, and a shell- 
filling factory at White Lund, near Morecambe, 
Lancashire. For his services he was made an 
Officer of the Order of the British Empire. Following 
closely upon this award, the announcement was made, 
in December, 1919, that Mr. Fender had been appointed 
a special director of Messrs. Vickers, Limited. In June, 
1925, however, he was obliged to retire from business 
owing to ill-health, and, since his retirement, his health 
had continued to fail. Mr. Fender was greatly res- 
pected by his colleagues and by the officials and work- 
men who served under him. His death removes from 
our midst an engineer who, by his own merits, had 
risen from the lowest rung of the ladder to a position 
of prominence in the engineering industry. 








THE LATE MR. E. T. RUTHVEN 
MURRAY. 

WE regret to record the death of Mr. Ethelbert 
Thomas Ruthven Murray, which occurred at Radlett, 
on Friday, December 16, at the age of 57. Like 
Mr. Dickinson, whose death we noted only a week 
or two ago, Mr. Murray was one of the pioneers of 
electricity supply in this country, having entered this 
branch of the profession in the early ‘nineties. 

Mr. Murray, as his name implies, was of Scotch 
extraction, but was actually born at Oxford, being 
the second son of the late Sir James Murray, of Oxford 
Dictionary fame. He was educated at Mill Hill 
School and at Oxford, but deciding to take up 
engineering work, served a regular pupilage, and 
then became assistant to Mr. John Somerville, the 
constructional engineer of the South Metropolitan 
Gas Company. In 1892, however, he turned over 
to the electrical side, and joined the firm of Messrs. 
J. E. H. Gordon and Company, at a time when they 
were erecting electricity works in various parts of 
England and Ireland. In 1893, he was appointed 
resident electrical engineer in Aberdeen, and super- 
vised the erection of the power station and the laying 
out of the network in that city, to the designs of 
Professor (now Sir Alexander) Kennedy. Shortly 
afterwards he moved to Worcester, where, in the 
same capacity, he carried out extensions to both 
the steam and water power stations. 

In 1899, he became consulting and resident engineer 
to the Willesden Urban District Council, which, at 
that time, were promoting a somewhat grandiose 
combined scheme for electricity supply and tramways. 
Owing to local opposition, the latter project was 
dropped, and eventually the Willesden Council 
disposed of their generating plant to the North 
Metropolitan Electric Power Company, of which 
Mr. Ruthven Murray then became chief engineer, 
retaining his position as consulting engineer to the 
Council. This was a time when the electrical world 
was full of new and, to us now, strange ideas. One 
of these was the double-current generator, which, by 
an arrangement of tappings, generated direct and 
either two-phase or three-phase alternating current 
simultaneously, the latter being stepped up and 
utilised for the supply of outlying districts. A machine 
of this kind was, amid much criticism, actually 
designed by Mr. Murray for use at Willesden ; but, 


like most compromises, it was neither a good direct- 
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TABLE I.—DyNAMOMETER TESTS, SUMMARY OF 


LOCOMOTIVE PERFORMANCE on THE L.M.S. RAILWAY. 


REsULTs, 





Crewe-—Euston 


Crewe—Carlisle 


Crewe—Carlisle 


Crewe-Carlisle 















































Road 
and Return. and Return. and Return. and Return. 
Engine No. 5917 No. 5917 No. 5923 No. 1073 
Standard Standard Modified Standard 
Claughton. Claughton. Claughton. Compound. 
Date, 1927 January 20 and 21.) February 8 and 9. | February 1 and 2. | February 3 and 4. 
Weight behind tender... oe . tons 375-6 384-6 315-6 315-6 319-6 333 -6 280-6 314-6 
Total weight (including asmaadl . tons 486-1 495-1 426-1 426-1 430-1 444-1 370-0 412-0 
Coal per mile Ib 48°75 4°5 40-0 34-1 
Coal per D.H.P. hour... Ib. 5-18 86 4-04 3-78 
Coal per ton-miles (including sities ex- 

cluding shed duties). .. as.) CABS 0-099 0-1043 0-0915 0 -0866 
Coal per square foot of grate per hour .. Ib. 84-6 81-25 65-4 60-15 
Water. Lb. per Ib. of coal <a Bs 6-83 6-96 7-06 Water 
Water. Lb. per D.H.P. hour Ib. 35-34 33-85 28-56 \ figures not 
Water. Gallons per mile aC ae 33-23 31-0 28-21 J obtained. 
Average speed M.P.H. 55-0 53-0 51-1 48-5 51-3 48-6 50-5 49-4 
Work done in h.p.- -hours .. me .-|1,892-7 = 1,581+1 | 1,240-1831,343-304] 1,430-9 1,363-1 | 1,164-2 1,388-6 

TABLE II.—Royat Scot, ENGINE No. 6100. 

Road Euston-Crewe. Crewe—Euston. ees — 
Date, 1927 October 24. October 26. October 25. | October 27. | November 28. | November 29. 
We ight bel hind te nde Rens .. tons 496 -6 495-6 497-6 501-6 551-6 550-6 
Total weight of train ~ ne 

engine) . tons 617-2 616-2 618-2 622-2 672-2 671-2 
Coal per mile : as Ib. 46-4 47-7 43-1 44-5 45-2 58-2* 
Coal per D.H.P.-hour .. Ib. 3°31 3-09 2-72 2°85 2-66 2°77 
Coal per ton-mile (including e n- 

gine, excluding shed duties) Ib. 0-075 0-077 0-070 0-072 0-082 0-106* 
Coal per square foot of grate per 

hour... a! - sri ae 81-08 70°3 77:3 73°9 83-5 
Water. Lb. per Ib. of coal Ib. 7:2 7-57 8°53 8-4 8-02 
Lb. of water per D.H.P.-hour Ib. 23-8 23-3 24-3 22-3 22-3 
Water. Galls. per mile e 33-3 | 36-1 37-9 38-0 46-7 

Average speed. : M.P.H. 54-4 54-4 54-3 51-0 44-7 
Work done in H.P.-hours ..| 2,216-9 2443-9 2,471-6 2,697 °5 3,375 -5 


























current machine nor a good alternator. Voltage 
regulation was a difficulty, while the switchgear was 
complicated. We believe the idea was not adopted 
elsewhere, and with the extension of the power 
company’s system, three-phase generation was gradu- 
ally reverted to. Like many power companies, the 
North Metropolitan Company began with the supply 
of a number of isolated districts, but gradually 
generation was concentrated mainly at Willesden 
and Brimsdown, and the network spread out into 
outlying districts until, at the time of Mr. Murray’s 
resignation, in 1920, the connections to the mains 
were 54,500 kw., and the mileage of transmission 
lines some 226. Since leaving the North Metropolitan 
Company, Mr. Murray had been closely connected 
with the K.F.M. Company, a concern engaged in the 
development of electric lighting signs and other 
similar material. 

Mr. Murray was elected a member of the Institution 
of Eléctrical Engineers in 1898. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—The 1927 Economic Premiums competition, held under 
the auspices of the Association of Supervising Electrical 
Engineers, Chalmers House, 43, Russell- -square, London, 
W.C.1, took place recently, and the following prizes have 
been awarded. In the members’ section, the first prize 
of 107. has been gained by Mr. B. C. Garman, for his 
paper, “‘ Economics and Maintenance,’’ and the second 
prize of 5/., to Mr. W. J. Revell, for his paper, “‘ What 
is Wrong with the Industry.” Associates’ prizes of 51., 
and 2/. 103., respectively, have been awarded to Messrs. 
F. Anderson and J. Mulcaster. We gave particulars of 
the above competition on page 204 of our issue of 
August 12 last. 





LEcTURE ON “ CABLE JOINTING ” AT THE UNIVERSITY 
CoLLEGE, SouTHAmpToN.—An interesting paper on 
Cable-Jointing was read recently by Mr. R. E. Horley, 
chief of the testing department of Messrs. Pirelli-General, 
Limited, at a meeting of the University College of 
Southampton Engineering Soceity, over which Professor 
H. Stanfield presided. The lecturer said that from the 
very beginning of the history of cables, cable jointing 
had invited the attention of manufacturers, since the 
success of the cables depended on how they were jointed. 
Great difficulty was found in preventing moisture and 
air from making their way into the joints, and at last, 
after trying many devices, the principle of paper tube 
covering was introduced, which proved successful. 
This system, which was made clear by lantern slides 
and an exhibition of specimens, consists in connecting 
and covering the joints with paper tubes at a temperature 
of 260 deg. F. ; they are then soaked in the impregnating 
fluid to remove any remaining moisture, brass clamps 
being used for handling when tightening the hot insula- 
tions to eliminate any air trapped in between the folds 
of the paper; finally, liquid compounds are poured 
into the lead tubes which cover the joints. The primary 
object of the use of p — tube aaa is that the 
joints are entirely untouched by hand. 





* Coal high due to seven booked stops. 
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Steaming good. 


LOCOMOTIVE PERFORMANCE ON 
THE L.M.S. RAILWAY. 


In opening the discussion on Mr. L. H. Fry’s paper 
on “ Some Experimental Results from a Three-Cylinder 
Compound Locomotive,” read before the Institution 
of Mechanical Engineers on Friday last, Sir Henry 
Fowler gave some interesting results of dynamometer 
tests obtained from locomotives running on the West 
Coast route of the London, Midland and Scottish Rail- 
way Company. Sir Henry’s remarks will be found in 
our account of the discussion given on page 816 of 
this issue, and the results referred to are given in the 
Tables I to IV on this and the opposite page. 

The ‘Royal Scot,” to which the data in Tables 
II, III and IV refer, is locomotive No. 6100 of 
the London, Midland and Scottish Railway Company, 
and is one of 50 of the same type being built by 
the North British Locomotive Company, Limited, 
to the designs of Sir Henry Fowler, K.B.E., Chief 
Mechanical Engineer. The locomotive is of the 4-6-0 
type, with three cylinders, each 18 in. in diameter by 
26 in. stroke. The outside cylinders drive the middle 
axle, and the central inside cylinder the forward axle. 
Each cylinder has independent Walschaert valve gear. 
The coupled driving wheels are 6 ft. 9 in. in diameter, 
with a wheelbase of 15 ft. 4 in. The boiler has a total 
heating surface of 2,081 sq. ft., a superheater surface of 
445 sq. ft., and a grate area of 31-2 sq. ft. The firebox 
is 10 ft. 3 in. over the foundation ring, and the 
long grate is fitted with a drop section operated from 
the cab. The pressure is higher than the normal, 
being 250 lb. per square inch. The tractive force, at 
85 per cent. of the boiler pressure, is 33,150 lb. The 
tender is of the railway company’s normal design and 
holds 3,500 gallons of water. The total wheelbase of 
engine and tender is 52 ft. 9} in., and the total weight 
in working order is 127 tons 12 ewt. 








YEAR BOOKS AND ANNUALS. 


The Mechanical World Year Book.—The revisions in 
the 1928 edition of the Mechanical World Year Book, 
published by Messrs. Emmott and Company, Limited, 
65, King- street, Manchester, at 1s. 6d. net, are generally 
of a minor nature. A new section is introduced 
dealing with epicyclic gearing, and another new feature 
is the inclusion of the British Engineering Standards 
Association tables of limits and fits in engineering. 
The sections on steam boilers, scale and corrosion 
in boilers, boiler setting, and boiler chimneys have all 
been rewritten. The section on ball and roller bearings 
has been rewritten and extended. Other modifications 
include the revision of the section on belt conveyors, 
and the introduction of a table enabling the contents of 
horizontal tanks to be readily calculated. The book re- 
tains its characteristic features, and those who are in 
the habit of using it will have no difficulty in finding the 
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TABLE III.—Royat Scot, Enetns No. 6100. 



























































Euston Carlisle 
Road. Euston-Carlisle. Carlisle-Euston. to to 
Carlisle. Euston. 
Date, 1927. | Oct. 31. | Nov. 2. | Nov. 1. | Nov. 3. | Nov. 23. | Nov. 24. 
Weight behind tender .. .. tons 419-6 420-6 420-6 420-6 449-6 449-6 
Total weight of train (including engine) 
tons 540-2 541-2 541-2 541-2 570-2 570-2 
Coal per mile a “a « 39-2 40-4 44-7 40-9 38-9 38°8 
Coal per D.H.P. hour .. ee 3-19 2-94 3-32 2-86 2-92 2-82 
(Estimated) 
Coal per ton-mile (including engine, 
excluding shed duties) <<. 0-073 0-074 0-082 0-076 0-086 0-086 
Coal per square foot of grate per 
hour... as zs o- ao 67-2 68-7 71-9 61°5 66-0 63-8 
Water. Lb. per Ib. of coal a) ee 8-45 8-38 7:96 8-53 8-26 9-14* 
Lb. of water per D.H.P. hour Ib. 27-1 24-7 26°5 24-4 24-0 25-8 
Water, gallons per mile AC os 33-1 33-9 35-5 34-9 32-0 35-6 
Average speed m.p.h. 52-7 53-0 50-3 47-2 53-0 51:3 
(Estimated) 
Work done in H.P. hours 3676-3 4107-2 4028-0 4294-8 3990-3 4124°3 
Integrator 
bracket broke 
* Tender-feed connections leaking. Figures too high. 
TABLE IV.—Rovyat Scot, ENGINE No. 6100. 
Road Crewe to Carlisle. | Carlisle to Crewe — — Glasgow to Carlisle | Glasgow to Carlisle 
pen. ws : Carlisle Crewe and Return. and Return. 
Date. Nov. 7. | Nov. 9. | Nov. 8. | Nov. 10. | Nov. i1| Nov. 12. Nov. 15. Nov. 16. 
Weight behind tender Onn, 91. 297-6 sen. 
‘ tons | 411-6 | 432-6 | 405-6 | 432-6 | 451-6 | 455-6 { Oe Oe cies. fees 
Total weight of train (in- (6) 420-6 = (d) 297-6 | (b) 421 “6 (a) 207-6 
cluding engine) tons | 532-2 | 553-2 | 526-2 | 553-2 | 572-2 | 576-2 { o poet is poi 3 s is el 
Coal per mile ras 2S 41-8 44-0 40-2 40°7 42-85 41°8 45-1 43°7 
Coal per D.H.P. hour 
Ib. 2-92 2-9 3-09 2-95 2-88 2-98 3-33 3-29 
Coal per ton-mile (in- 
cluding engine, ex- 
cluding shed duties) 
Ib. 0-079 0-080 0-076 0-074 0-075 0-0725 0-091 0-087 
Coal per square foot of 
grate per hour Ib. 66:8 72°9 63-4 63-2 70-6 64-9 67-2 66-2 
Water. Lb. per Ib. of 
coal lb. 8-45 8-5 8-47 8-33 8-66 8-37 7°9 7°64 
Lb. of water per D.H.P. 
hour. lb. 24-6 24-7 26°2 24-6 24-93 24-9 26°7 25°6 25-7 24-7 
Gallons per mile ae 35-2 37-4 34-1 33-9 37-1 35-0 35-0 36-0 32-5 34-3 
Average speed M.P.H. 49-8 51°7 49-1 48-3 51-4 48-42 48-0 45°3 48-4 46-0 
Work donein H.P. hours |2022-3 [2144-9 |1839-5 /|1953-5 |2105-6 |1983-3 133-9 1442-1 | 1299-3 1427-5 





























(a) Glasgow-Symington. (b) Symington—Carlisle. 


pages to which they frequently refer, as the relative 
order of the tables, &c., is unaltered. We are pleased 
to note that the difficulty of finding the index, to 
which we have previously referred, has been eliminated 
by adopting our suggestion to print a black margin 
on the key page. The additions and revisions hardly 
call for particular comment, except in so far as they 
illustrate the care taken by the publishers to keep the 
book thoroughly up-to-date. We presume that the 
section on epicyclic gearing has been added in response 
to a demand, although this type of gearing is, if any- 
thing, less used in modern engineering practice than 
was formerly the case. Various methods of solving 
problems associated with these gears are given in text 
books, and of these, the tabular method, selected by 
the author of this section, is probably the least liable 
to lead to error in calculation. The book is too well 
known to need our commendation, which, however, is 
freely given, and if we venture on one or two criticisms, 
they are of a very minor nature. We have always 
considered that the logarithmic tables are too closely 
set for easy reading, and we note that an obvious error 
in recent issues has been repeated. Under “ Foreign 
Money, Weights and Measures,” we read that a French 
franc is equivalent to 93d., an Italian lira to the same 
amount, and so on. The difficulty of the compiler of 
these tables is obvious, but some indication, at least, 
might reasonably be given of current values. 





** Jane’s Fighting Ships, 1927.’”-—One of the outstand- 
ing features of the 1927 issue of Jane’s Fighting Ships 
is the adoption of a new and improved form of shaded 
recognition silhouette to cover the British, French, 
and Italian fleets. These, as our readers are no doubt 
aware, enable an observer to recognise and differentiate 
between warships at sea. Taken as a whole, the present 
volume is well up to the high standard set by previous 
issues ; no effort has been spared to secure reliable 
information regarding existing ships, and every en- 
deavour has been made to provide an illustration of all 
vessels completed since the publication of the 1926 
edition. Some 50 new plans of vessels have been 
prepared and, in a considerable number of cases, 
reproductions of photographs, which were considered 
not quite satisfactory, have been replaced by others 
which are clearer and more modern. The text of the 


(c) Carlisle-Symington. (d) Symington-Glasgow. 


work has also been thoroughly revised, and the greatest 
pains have evidently been taken to ensure that all 
data are accurate and complete. The volume, which 
is again edited by Messrs. O. Parkes and F. E. 
MeMurtrie, is published by Messrs. Sampson Low, Mar- 
ston and Company, Limited, 100, Southwark-street, 
London, 8.E.1. The price is 42s. net. 


“The * Practical Engineer’ Electrical Pocket Book and 
Diary, 1928.”—A satisfactory feature of the twenty- 
ninth edition of ‘“‘The ‘ Practical Engineer ’ Electrical 
Pocket Book and Diary, 1928,” which is published by 
Mr. Humphrey Milford, from the Oxford University 
Press, Falcon-square, London, E.C.2, at a price of 
2s. 6d. net, is the clearness of the letterpress and the 
thickness of the paper on which it is printed. If equal 
care had been given to some of the diagrams, it 
would be almost ideal in a direction in which these 
publications often fail. Quite rightly, insistence is 
placed on the subject of measurement, not only because 
accurate measurement is essential in electrical operation, 
but because it is a subject which can be informatively 
dealt with in a pocket-book. In this particular edition, 
these sections have been revised and amplified by Col. 
Kenelm Edgcumbe, which is sufficient guarantee that 
the information is both practical and accurate. When 
revision is next being considered, however, the section 
dealing with electric lamps should receive attention, 
and something ought to be added about illumination. 
We doubt also whether it is worth while to reprint 
the Institution wiring rules in a book of this kind. 





BRITISH STANDARD SPECIFICATION FOR TRAMWAY RaILs, 
—A revised edition of the standard specification and sec- 
tions for tramway rails and fishplates (No. 2-1927) has 
been published by the British Engineering Standards 
Association. In the new edition, section No. 9 (68-3 lb. 
per yard) has been omitted, as experience has shown that 
it is not required, and a new section, No. 10 (95-4 lb. per 
yard), has been included, which is intended primarily for 
carrying heavy loads on sleeper track. The basic Bes- 
semer process for the manufacture of the steel is not 
now allowed, in accordance with the recent decision of 
the Association. Copies of this revised edition may be 
obtained on application to the B.E.S.A., Publications 
Department, 28, Victoria-street, Westminster, S.W.1, 
price 5s., or post free 6s. 4d, 





819 





LETTER TO THE EDITOR. 


PULVERISED FUEL ON S.S.‘‘ MERCER.”’ 


To THE Eprror or “ ENGINEERING ’ 

Stmr,—I was pleased to see that you had added to 
the value of your article on the pulverised-fuel equip- 
ment of the S.S. Mercer by prefacing it with an 
account of the discussion on the paper describing the 
land trials by Mr. Jefferson and Commander 
Evans, which paper you also thought it worth 
while to reprint in an abridged form. Too much 
cannot be known about any radical departure from 
accepted practice such as this installation is, and in 
this belief I offer some comments, perhaps rendered 
more worthy of notice from the fact that I was present 
on the demonstration cruise of the vessel in New York 
Harbour on November 16, prior to her voyage to 
Rotterdam. 

One of the contributors to the discussion criticises 
ball mills as being both heavy and bulky for a steamer. 
I agree with this view; they are not only so, but are 
noisy as well, and their characteristic of best perform- 
ance at a constant duty only, in spite of the feed control, 
seems to me to render them less suitable for service 
afloat than a machine of the attrition type. Such a 
pulveriser has the advantages of compactness, light 
weight and noiselessness, and may have a capacity 
range of 10 to 1. Even in land practice, these machines 
are commonly used, and, being electrically driven at a 
high speed, are economical to run. 

But, apart from this, it was rather surprising to see 
such excellent fuel being pulverised at all. It was 
equal to the Welsh navigation coal used on naval trials 
on this side, as it had an average calorific value of 
some 14,400 B.Th.U. per lb., and with 19 per cent. vola- 
tiles, 3 per cent. moisture and only 6 per cent. of non- 
fusing ash it should be capable of evaporating 11 Ib. of 
water per pound of coal, actual. It is no wonder then 
that it was possible to steam the ship on two only of 
her three boilers. The consumption of coal was 
1-3 lb. per shaft horse-power per hour, a result, which 
obtained in a geared-turbine ship of 2,500 shaft horse- 
power, would seem to show that little had been gained 
by crushing and pulverising the fuel except by deposit- 
ing the ash overboard via the funnel instead of by the 
customary ash-hoists. As to the saving of labour, 
surely in a job which could run on two boilers there is no 
big stokehold staff to cut down ? 

Would it not have been more convincing to have 
used all three boilers on a cheap slack coal, with a 
calorific value of, say, 10,000 B.Th.U. per lb., a moisture 
of 12 per cent., and an ash content of 18 per cent.? 
Such a coal is ordinarily used with mechanical stokers, 
and with them would show a fuel saving of about 8 per 
cent. over hand firing. The pulverised-coal installation 
exhibited this amount of saving, as far as I was able 
to judge from the demonstration test in smooth water, 
and the question naturally arises as to the necessity 
for all this elaboration when the same end could be 
reached, as it is on similar tramp steamers, by the 
simpler expedient of fitting a retort-type stoker in 
each furnace of the Scotch boilers. As a matter of 
fact, I obtained practically similar results in combustion 
rates and thermal efficiencies to those recorded for the 
land tests described in the paper, as far back as 20 years 
ago, in the S.S. Claro of the Wilson Line. In this case 
the single-retort Erith stokers were fitted. They were 
steam operated and so were costly to work, but the 
present Riley single-retort stoker is electrically driven, 
and consumes the equivalent in power of only 1 per 
cent of the steam raised. 

The boiler room of a modern large vessel should 
approximate to that of a central electric power station. 
Mechanical handling of the raw fuel should be adopted, 
and both mechanical stoking and pulverised-fuel firing 
installed. The British made Atritor direct-firing 
unit pulverisers, and the Rileyturba burners and Riley 
stokers, as used on such power stations with the modern 
water-walled furnaces of standard water-tube boilers, 
are suitable for this purpose. 

Yours faithfully, 
CHARLES ERITH, 
A.M.I.Mech.E. 
Winchfield, Sutton, Surrey. 
December 17, 1927. 





THE DuppELL MEDAL OF THE PuysicaL Society.— 
The honorary secretary of the Physical Society informs us 
that the fifth (1927) Duddell Medal has been awarded to 
Dr. F. E. Smith, F.R.S., who has been Director of 
Scientific Research at the Admiralty since 1920. Dr. 
Smith was trained at the Royal College of Science, and 
entered the National Physical Laboratory in 1900, where 
he subsequently carried out a great deal of work in con- 
nection with the development of electrical standards. He 
was president of the Physical Society during 1923-1924, 
and is one of the honorary secretaries of the British 
Association. The Duddell Medal is awarded annually 
for work in connection with the development of scientific 
instruments, or of materials used in their manufacture, 
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PULVERISED COAL TESTS OF A 
MARINE WATER-TUBE BOILER.* 
By Tomas B. Sriuumay. 


Tue fact that coal is the;cheapest fuel, on the; basis 
of :British thermal units, for marine purposes, does not 
require emphasis. In spite of its relative cheapness, 
it is not being utilised to the proper extent because of 
the difficulties encountered in loos firing, which is the 
general practice; of these the most serious is labour. 
Attention has lately been directed towards pulverising 
the coal and blowing it into the furnaces, thus changing 
the labour to supervision instead of intense manual 
exertion. During the last few months, the Babcock 
and Wilcox Company have been conducting a series of 
experiments, at its Bayonne plant, using pulverised coal 
under a Babcock and Wilcox marine boiler. This 
paper is a description of these tests, some general 
statements of the advantages and disadvantages of this 
method of firing coal as observed during them, and 
their results. 

Description of Tests.—The boiler used was a standard 
Babcock and Wilcox marine boiler built in 1910. The 
tubes were 8 ft. long between headers, the boiler being 
16 headers wide. Each header had one 4-in. tube in the 
furnace, or bottom row, and above that nine groups of 
four 2-in. tubes. The total heating surface of the boiler 





TABLE I.—TESTS OF BABCOCK 


Pulverised coal supplied by No. 2 Fuller-Bonnot mill and No. 7 Buffalo Forge fan. 


the development of a burner which’ would satisfac- 
torily handle the necessary amount~of. coal in the 
small furnace available. In- modern central .station 
practice it has not been found desirable, with the types 
of pulverised-coal burners used, to exceed a rate of 
30,000 British thermal units per cubic foot; per hour 
under peak-load conditions. This peak rate limitation 
in the stationary field is only about half the rate that 
would be necessary in the average marine furnace for 
normal operation, and accordingly, the necessity of 
developing a new burner for marine furnaces having a 
very rapid rate of combustion, will be appreciated. 
Altogether, some seven or eight different types of 
burners were made up and tried out before the final 
satisfactory design was installed. This satisfactory 
burner is shown in Figs. 3 and 4, and its similarity to a 
standard mechanical oil burner may be noted. With the 
exception of the coal-conveying pipe coming through 
the register cover plate, all parts of the burner are the 
same as those used in the Babcock and Wilcox Lodi- 
type oil burner. Accordingly, a connection was made 
in the cast-iron elbow of the coal pipe, so that a 
Babcock and Wilcox mechanical oil atomiser could be 
inserted, and the burner used as an oil burner if it 
were desired to do so. This will be a convenience on 
some ships where it would be preferable to use oil 





instead of coal for mancuvring and port conditions. 


burner will burn either coal or oil efficiently, the location 
of the impeller plate when burning coal is quite different 
from that which should be used whensburning oil. 

Fig. 4 shows the impeller properly located for burning 
coal, but for oil this should be pulled back from the 
furnace about 6 in., to ensure a satisfactory mixture of 
the air and the atomised oil. 

As the coal came to the mill with various percentages 
of moisture, it was necessary to preheat thefair going 
to the mill, and in the absence of an air ‘heater on 
the boiler, a small steam coil was fitted, to give the 
primary air a temperature between 150 deg. ‘and 
190 deg. F. as it entered the mill, the temperature 
depending upon the rate at which the mill was 
operating. By the time this air reached the burners 
its average temperature was 105 deg. F., the drop 
being caused by evaporation of the moisture in the 
coal and radiation from the mill and conveying piping. 
With the equipment described above, a series of tests 
was run during the latter part of July and the first part 
of August, 1927, an abstracted tabulation of these boiler 
tests being given in Table I. The first two columns of 
Table II give representative proximate and ultimate 
analyses of the coals used, the first being the regular 
Bayonne power plant coal, the second being a special 
shipment of Pocahontas secured for experimental 
purposes (used in tests of August 16 and 17). Fig. 5 


AND WILCOX MARINE BOILER FITTED WITH SUPERHEATER AND TWO 


PULVERISED-COAL BURNERS. 


Boiler heating surface, 2,755 sq. ft. 


Furnace volume, 250 cub. ft. 







































































2 | Duration (hours) “ie er ae a 6 7 [ i ke 6 6 

3 Type of coal used .. Dundon gas slack—West Virginia Pocahontas 
Steam Pressures (1b. per sq! in. a 

8 Superheater outlet 202-0 187-0 187-3 185-6 187-6 183-9 204-7 180-2 180-7 184-7 
Temperatures (deg. 3 F. ida 

9 Furnace .. 2,126-1 2,237-3 2,302 -2 252-1 2,291-1 2,255-9 2,078-0 2,483 +5 2,450-6 2,535-3 

10 Gas uptake 420-8 424-2 465-4 442-7 479-6 440-2 424-2 471-3 468-1 454-4 

11 Feed water 170-6 196-0 197-9 80-9 80-4 197-6 201-7 189-5 195°5 186-4 

13 Rom... ~~ 92-5 101-3 102-0 103-0 102-8 93°5 99-2 98-3 89-5 94-6 

14 Air entering mill 166-5 169-0 183-8 185-9 188-5 183-9 187-2 147-6 166-5 — 

Draughis (in. of send é 

16 Furnace .. 0-069 0-086 0-364 0-053 0-283 0-049 0-019 0-167 0-339 0-568 

17 Uptake .. 0-269 0-324 1-321 0-538 1-299 0-213 0-076 0-543 0-875 1-206 

18 Air pressure in burner pipe 2-20 2-59 4°36 2-99 4-27 2-01 1-46 2-61 2°485 2-35 

Gas analysis Oe cent.) : 

23 as 12-57 13-22 12-40 12-35 12-39 11-25 12-68 12-00 12-16 12-57 

24 Uptake 6-48 6°17 6-52 6°53 6-68 7-65 6-30 6-94 7-30 6-67 

25 P oo 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 

26 oi bs eee = 80-95 80-61 81-08 81-12 80-93 81-10 81-02 81-06 80-54 80-76 

30 Moisture in coal entering mill (per cent.) 3-55 2-48 2-84 4-82 4-27 5-06 6-22 3-53 4-55 3-93 
431 :Moisture in coal leaving mill (per cent.) 1-07 0-94 1-08 1-22 1°35 1-27 1-47 1-23 Pe 63 0-76 

35 Factor of evaporation —.. 1-+1262 1-0973 1-1099 1-2242 1 -2326 1-0946 1: “0888 1-1119 1-1130 1-1192 

38 | 4Water per hour from and at 212 deg. F. (Ib.) 7,866 -6 9,582-7 | 15,212-5 | 10,885-8 | 14,818-7 8,677-1 5,967-5 | 11,154-5 | 11,958-3 |13,212-2 

39 Water per hour from _ -' 212 meg F. - square foot 

of heating furnace (1b 2-86 3-46 5-52 3-93 5-38 3-15 2-17 0 4-341 4-796 

42 Dry coal per hour (Ib.) 723-8 844-7 1,397-0 988-3 1,349-1 779-1 526-0 1015-3. 1,007 -0 1,128 -8 

43 Dry coal burned per cub. ft. of. furnace volume per" 

hour (d) 2-90 3-38 5-59 3-95 5-40 3-12 2-10 4-06 4-03 4-52 
44 Dry coal urned per 8q. ft. of heating surface per 
hour (1b.) : 0-263 7 0-507 0- 0-490 0- 0-369 0-410 

47 B.Th.U. per cub. ft. of furnace volume per hour $7,642-0 | 44,632-9 | 75,062-5 | 52,507-4 | 71,366-4 | 41,939- a 27,680-1 | 52,897-7 | 57,036-6 | 63,876-6 

49 Equivalent evaporation per lb. of dry coal (Ib. eS 10-87 11 10-89 10- 10-98 1l 11 10-99 11 11-70 

50 Total air supplied per hour (Ib.) . aie 9,880-6 | 11,561-4 | 20,199-2 | 13,806-6 | 18,889-6 | 11,099- 7,853-5 | 14,224-4 | 15,014-4 | 16,559-5 

53 Per cent. excess air used for combustion 34-98 82-88 38-05 34- 32-24 35 36- 37-88 35 32-84 

57 Total horse-power of mill and eee we 1, 000 Ib. 

wet coal per hour 32-6 29-29 29-83 26-1 28-91 30-4 42-79 25-75 26-45 24-09 

58 B.Th.U. per Ib. of dry coal | 12,980 13,205 13,428 18,293 13,216 13,442 13,181 13,029 14,153 14,132 

59 Efficienc wd of boiler, superheater and furnace (per cent. 3 81-27 82-97 78-70 80- 80-62 80-4 83- 81-8 81-4 80-34 

Heat Balance (per cent.) 

60 Heat absorbed by bolter 81-27 82-97 78-70 80-01 80-62 80-42 83-56 81-85 81-46 80-34 

61 Loss due to moisture in coal 0-34 0-23 0-26 0-45 0-41 0-68 0-60 0-34 0-41 0-35 

62 Loss due to water from combustion of Ho 4-11 4-01 0-01 4-01 4-09 3-99 4-03 4-15 3-27 3-24 

63 Loss due to dry chimney gases rs 9-10 8-40 9-87 9-35 10-41 10-31 8-81 10°77 10-85 10-01 

64 Radiation and aw for sogmal 5-18 4-39 7-16 6-18 4-47 4-80 3-00 2-89 4-01 6-06 

65 Total : 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 

Fineness of Coal: 

68 Per cent. through 200 mesh 83-0 78-0 75-6 72-0 66-2 _ 89-0 74°6 2-6 77-6 
was 2,755 sq. ft., and the furnace volume 250 cub. ft. TaBLE II.—Coal Analyses. is a graphical representation of the heat balances, 
Figs. 1 and 2, on the opposite page, are transverse and - showing ‘the distribution ofthe heat fired'in the coal. 
longitudinal sections of the furnace. It may be noted Ultimate Analysis of Dry Coal. The furnace; -temperatures, recorded are an average of 
that the side walls had cross boxes in them, but for r s taken at three different points in the furnace 
the pulverised coal experiments these were covered with an optical pyrometer. Two samples ‘of coal were 
with’. 44 in. of brick and } in. asbestos, so that, for all Dundon | Pocahontas | Run of Mine | taken for each test, one of the’coal being weighed before 

Gas Slack. Screened Gas Coal = . f . 

practical purposes, the furnace could be regarded as a Dundon, | Coal. West | Fleming, | going to the mill, and the other after leaving the mill. 
not having any water-cooled surface in it, except the W. Va. Virginia. V. Va The British thermal units and moisture value of the 
bottom row of boiler tubes, which were exposed for their former were used for calculating efficiencies, heat 
fulllength. The boiler was fitted with a small Babcock | (,. 4.5, 74°75 81-59 73-07 balances, &c., and the latter for fineness of the product 
and Wilcox superheater located at the top of the first | Hydrogen (: |! 4-97 4-24 5-03 |fromthe mill. Samples were also taken of the furnace 
and second passes of the boiler. No air heater was| Nitrogen .... 1-39 1-18 1:33 | ash and of the dust in the uptake gases, both of these 
used with the boiler; Diamond soot-blowers were fitted | Sulphur a Rate 16.38 | being analysed for percentage of combustible and 
to the boiler and superheater. The experience of the | Oxygen 6-32 2.20 5-69 ash. 

engineers of the Fuller Lehigh Company proved of the Proximate Analysis. It was customary to start the boiler on Sunday night 
greatest assistance in the tests. The pulverising Moisture 4-94 4-24 3°77 or Monday morning and continue it in service until 
equipment supplied by this company consisted of a | Volatile matter 34-50 16-23 7-41 | Friday night. When the day shift came on, the furnace 
No. 2 Fuller-Bonnot unit ball mill fitted with a No. 7 | Fixed carbon hi id o.34 | Was cleaned of ashes, and the boiler and superheater 
Buffalo Forge fan for exhauster. Both mill and fan | syiphur a ; 0-78 0:59 4°53 dusted with the soot blowers. Conditions would then 
were electrically driven, so that the a requirements Fusing —“ of ash i be steadied for a test at the rate desired. Only one 
could readily be determined on these two pieces of -| 720 2,706 020 | test was run each day. The night shift did no testing 
apparatus for different quantities of coal handled. but operated the boiler at a given rate (usually about 
The boiler was operated on natural draught, with an| * Defined as softening eens in A.S.T.M. Specification | 800 to 1,000 1b. of coal per hour) and recorded the weight 
open-fire room at all times ; if draughts greater than the areal of coal burned. In this way, a record was secured of the 
0-45 in. available from the 100-ft. stack were needed, | When this type of burner was first used, oil was always | total coal fired during the week. The ash removed 
a steam jet was used. employed for starting and putting the boiler on the | from the furnace every morning was weighed. Between 

The earlier experiments were devoted primarily to | line, later changing to coal after everything was heated. | 13 and 21 per cent. of the ash fired in the coal remained 

* Paper read before the Society of Naval Architects During the last few months, the oil connection was not | in the furnace, the rest of the ash passing through the 
and Marine Engineers, New York, November, 1927. used, the pulverised coal being lighted in the cold | boiler to the uptake. During the tests, the top of the 

furnace with an oil-soaked torch. Although this | stack always showed a discharge, which consisted of 
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fine ash. No smoke was made by the burners used in 
the tests until the CO, exceeded 17 per cent., when a 
distinct colour showed at the top of the stack. If the 
air was reduced still further, heavy black smoke could 
be made and the burners would show a tendency to start 
pulsating. 

The percentage of excess air used for combustion 





was maintained at approximately 35 per cent. (133 
per cent. CO,), as preliminary experiments had shown | 
that a higher amount of CO, did not appreciably affect | 
the boiler efficiency, but increased the operating | 
difficulties with furnace slag, especially at the higher | 
rates. As the furnace temperature approached the 
fusing point of the ash in the coal, the slag began to 
strike and stick to the tubes at the bottom of the first 
pass and gradually bridge across the same, shutting 
off the gas opening from the furnace. By running with 
35 per cent. excess air, the furnace temperatures were 
kept at a point where the slag gave no trouble from 
this source. In a similar manner, the excess air used 
assisted in preventing the ash in the furnace from fusing 
with, or adhering to, the furnace brickwork, a condition 
that occurred when the excess air was reduced too 
much. The removal of the ashes from the furnace 
each morning was a relatively simple operation during 
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stack. The larger the ‘“‘ unaccounted and radiation 
losses ” recorded during a test without an air heater, 
the more valuable the use of an air heater would be. 
The possible disadvantages of an air heater with 
pulverised coal are :—(1) Increase in furnace tempera- 
ture, with the chance of increasing this beyond the 
fusing point of the ash, which might not occur with 
atmospheric air. (2) In the case of tarry coals, the 
plugging up of portions of the pulverised coal equip- 
ment, due to the tarry nature of the coal when 
preheated by the air. 

Ash and Slag.—No difficulty was experienced with 


| the ash, either in the furnace or on the tubes during 


the tests. If at any time, during high ratings with 
high CO,, the ash started to build across the tubes at 
the bottom of the first pass, it was readily dislodged 
with a steam lance inserted through a peep-hole in the 
side casing without shutting the fires off. At rates 
below 80,000 B.Th.U. per cubic foot, and with 14 per 
cent. CO, or less, neither the Dundon nor Pocahontas 
coal showed any tendency to bridge across the bottom 
of the first pass, neither was any ash deposited in the 
furnace which was difficult to remove. Realising that 
the satisfactory results secured with the ash and slag 
of the Dundon and Pocahontas coals were largely due 
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these tests, an ordinary hoe and devil’s claw being used. | to the high fusing points of the ash content, some coal 


The ash which had lodged in the corners and on the floor 
was in a porous, coral-like formation, and was readily 
dislodged and removed through the three clean-out 


doors in the furnace front plate at the floor level. | 


The burners were not shut down while this was being 


done, as the ash came out best when both burners were | 
kept in operation at a reduced rate (about 300 Ib. of | 


coal per burner per hour). The removal of the ashes 
from the furnace is undoubtedly a hot, dusty operation, 
but as it would never have to be done oftener than once 
every 24 hours, and usually less often than that, it 
need not be regarded as a serious matter in the burning 
of pulverised coal. After the ashes are out on the floor, 
they may be disposed of with ash ejectors in the 
usual way. The appearance of the flame in the furnace 
during these tests was excellent, and more attractive, in 
some respects, than that secured with oil. The flame 
was short and well distributed through the furnace, 
and sufficiently clear so that, when looking through a 
blue-glass peep-hole in the rear wall, parts of the 
burner could be seen, thus forcibly illustrating the 
high speed of combustion being secured with these 
burners. 

Air Heaters.—Although an air heater was not used, in 
general, their use is undoubtedly a distinct advantage 
with pulverised coal. Aside from the direct gain in 
efficiency due to reduction in uptake gas temperature, 
they also provide a simple method of heating the 
primary air going to the mills, in place of steam heaters. 
Using preheated air should also serve to increase the 
speed of combustion in the furnace, reducing the 
possibility of unconsumed carbon escaping up the 








| at the bottom, but did not show any tendency to bridge 


| Sometimes the slag would build up a little too much on 


was secured from Fleming, W. Va., having a fusing 
point of approximately 2,000 deg. F. This coal had 
an ultimate analysis and proximate analysis, ag shown 
in the third column of Table 2, the British thermal unit 
value per pound of dry coal being 13,800. When this 
coal was fired, the ash and slag conditions in the 
furnace underwent a radical change. The ash and slag 
striking the boiler tubes would build up a small deposit 


across from tube to tube. As the deposits at the lower 
edge of the tubes gradually built up, the molten slag 
would drip off, falling to the furnace floor in long drops. 


the tube to adhere longer, and sections of the hardened, 
as well as plastic, slag would drop off, leaving the bare 
tube exposed, on which fresh slag immediately started 
to build. 

The furnace walls were quickly covered with a coating 
of the slag, which ran down the faces of the walls before 
it reached any appreciable depth, a maximum of | in. 
being about the limit to which this deposit would build. 
Later, in an attempt to remove this deposit with the 
furnace shut down, the face of the brick came with it. 
The corners where the walls and floor met were filleted 
with a partially-porous ash and slag deposit, which 
was plastic on the surface and relatively hard under- 
neath. The deposit on most of the floor was sufficiently 
plastic to seek its own level, this looking like a sheet 
of black glass when the furnace was shut down. At 


the end of the first 24 hours’ run with this coal, efforts 
were made to remove some of this slag from the furnace 





unsuccessful. The material filleted in the corners was 
too hard to be dislodged with slice bars, except at the 
surface, which was plastic, this portion sticking to the 
tools. After 48 hours’ running, the boiler was shut 
down and the ash and slag deposits removed from the 
floor and fillets with hammers, chisels and pickaxes. 
The low fusing ash had one advantage, compared to 
the high-fusing type, namely, that the boiler could be 
operated more than twice as long without the slag 
deposit on the floor interfering with the operation of 
the burners. This was because of the compact nature 
of the fused ash compared to the porous and relatively 
large volume deposit secured with the high fusing ash. 
Possibly, complete water cooling of the furnace would 
assist in the matter of handling low fusing ash coals, 
but this is doubtful, as in a water-cooled furnace the 
deposit would probably build up on the water walls until 
sufficient depth was secured, so that any further deposits 
on them would remain plastic enough to run down the 
face of the walls to the floor. The water-cooled floor 
would gradually build up. Under these conditions, 
consideration might be given to tapping or skimming 
off the plastic material once a day from the top of the 
furnace floor. It is probable, however, that this 
procedure would not be as practicable on shipboard, 
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where heavy seas may be encountered, as it is in some 
stationary plants where it has been entirely satisfactory. 
As long as coals having ash with fusing points higher 
than the furnace temperatures are used, no difficulty 
will be experienced with ash and slag deposits in the 
furnaces. If the ash content of the coal has a fusing 
point lower than the furnace temperatures, serious 
operating difficulties may be expected, whether the 
furnace is water cooled or not. 

Dust and Possible Danger from It.—If proper pre- 
cautions are taken, no more danger is involved in using 
pulverised coal on shipboard than with oil. Certain 
safety precautions have to be taken with either of 
these fuels, and, if they are followed, the danger of 
explosion or fire is practically nil. By using unit 
pulverisers, an important step in the right direction 
will be taken, as this eliminates the necessity of carrying 
any stock of pulverised fuel, the fuel being burned with 
this system as fast as it comes from the mill. As a 
pulverised-coal burner cannot be shut off as readily by 
a man holding the lighting-up torch as can an oil 
burner, the action of the torch should be positive 
otherwise a decided “‘ puff’’ will occur in the furnace 
when the coal does finally catch. For those interested 
in the safety phase of this problem, Bulletin No. 242, 
prepared by the Bureau of Mines and entitled ‘‘ Explo- 
sion Hazards from the Use of Pulverised Coal at 
Industrial Plants,”’ will be of value. 
Efficiency.—Higher boiler efficiencies may be secured 





with the burners in operation, but the results were 


with pulverised coal, properly handled under a boiler, 
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than with any other method of firing this fuel. 
efficiency curves from comparable tests using oil, 
pulverised coal and hand-fired coal on this boiler, 
are shown in Fig. 6. The upper curve shows results 
secured with three Babcock and Wilcox Cuyama type 
oil burners, the middle one the pulverised coal effti- 
ciencies, and the lowest curve those secured with hand- 
fired coal. 

In the case of oil firing, between ? per cent. 
and | per cent. of the steam generated by the boiler is 
used in getting the fuel to the furnace. The hand- 
fired coal requires none of the ship’s power to deliver 
it to the furnaces. In the case of the pulverised coal, 
if a figure of 25 h.p. is used per 1,000 Ib. of coal, and 
an average water rate of 30 lb. per horse-power is 
assumed for the auxiliary generator on the ship, then 
7-5 per cent. of the steam. made by the boiler will be 
used to pulverise and blow the coal into the furnace. 
This more than cuts in half the gross difference in 
efficiency between the hand-fired and pulverised-coal 
installations. If the water rate of the auxiliary gene- 
rators is 60 lb. per horse-power (as is the case on a 
number of ships running at the present time) instead 
of 30 lb., the net difference in efficiency between the 
hand-fired and pulverised-coal installations will be in 
favour of the hand-fired one. 

In a number of turbine electric installations, the 
auxiliary power used at sea is obtained from the 
main unit, a standby auxiliary generator being used 
when the main unit slows below a certain point. 
Consideration is being given to a similar construction 
on turbine-gear installations, a small generator being 
geared to the main unit when at sea. For a pulverised- 
coal ship, equipment of this type would be especially 
valuable, as a shaft horse-power for auxiliary purposes 
could be generated for between 8 Ib. and 10 Ib. of 
steam per hour in a moderately high pressure and super- 
heat installation. Were this done, the steam required 
for pulverising and blowing the coal into the furnaces 
would be relatively small, and would be satisfactorily 
comparable with the results being secured in modern 
central stations. 

Flexibility for Maneuvring.—For quick manceuvring, 
a unit-mill pulverised-coal installation is not as flexible 


The | 





as oil. In general, there is no appreciable difference 
in the effectiveness of the two mills used. A steam- 
flow meter was used to determine the power output 
from the boiler. Marine manceuvring conditions were 
simulated ; that is, the boiler operated from standby 
to one-half power to full power, noting the time required 


ito attain these points with both pulverised coal and 


oil fuel. In general, with careful operation, manceuv- 
ring with pulverised coal requires twice the length of 
time required for oil. This careful operation means 
balancing the primary air with the quantity of coal 
fed to the mill, or the primary air becomes too great 
for the amount of coal fed to the mill, and it will draw 
the coal from the mill to such an extent that the mixture 
becomes too lean and the flame goes out. Should 
this take place, it will be necessary to relight the burners 
with a torch to prevent the possibility of a flareback 
when the mill; is again producing at a satisfactory 
rate. 

If the installation be so designed that it will be a 
simple matter for the operator to keep the mill and 
exhauster in proper step with each other, then manceuv- 
ring will be no more of a problem than with any other 
type of installation. In manceuvring with pulverised 
coal, it is not possible to shut off one or two burners, 
as is done with oil fuel. If this is attempted with a 
damper located in the individual pipes near the dis- 
tributor head, then the coal and air which would have 
gone through the shut off burners will merely be diverted 
to the others remaining in service, and there will be no 
appreciable change in the power output. 

Mills.—The subject of mills is an extensive one, but 
one or two points that developed during the experiments 
may be of interest. The tests shownin Table 1 were run 
with a No. 2, Fuller-Bonnot unit mill, which is of the 
ball-type. As the bulk and weight of this type of mill 
are a disadvantage for marine purposes, a mill of the 
high-speed, impact type was installed, and tests con- 
ducted with it. The comparison between the mills 
was made with all other equipment, as well as coal, 
remaining the same, the only change being in the shift 
from one mill to the other. The commercial rating of 
both mills was the same, 2,000 Ib. of coal per hour. 
The Bonnot produced the finer coal at all rates, this 





Fig. 2. 


being especially true through the 200-mesh screen. 
Although the total power requirements for the high- 
speed mill are less for a given coal output than for the 
Bonnot, when the fineness of coal is used as a basis, 
there is very little difference between them. 

The most interesting comparison between the two 
mills was in the boiler efficiencies. Some of the differ- 
ence in efficiency secured was due to the higher uptake 
gas temperatures obtained with the high-speed mill, 
the CO, being the same in both cases. The causes of 
the improved efficiencies secured with the Bonnot mill 
are shown by a comparison of curves plotted, which 
indicate that although the increased heat carried 
away by the uptake gases during the high-speed mill 
tests accounted for a portion of the difference in effi- 
ciency, the principal cause of the difference was in the 
unaccounted for and radiation losses. 

This brings up the effect of the fineness of the grind. 
of the coal on boiler efficiency, as being a very im portant 
point in small pulverised-coal marine furnaces. It 
would undoubtedly be well to devote further research 
to determine the best commercial fineness for use on 
ships. This will involve a study of the increased fine- 
ness and additional power required to produce the 
same, balanced against the increased boiler efficiency 
resulting. The radiation and unaccounted for losses 
increase with the rating of the boiler, a condition which 
would not exist if the combustion were uniformly 
efficient at all rates. How much of this increased loss 
is due to the coarser coal is an important point to be 
determined. Another interesting point that developed 
between the two mills using the same coal (Dundon gas 
slack) was the fact that, at about 1,200 Ib. of coal an 
hour and 13} per cent. CO, the high-speed mill runs 
gave as much trouble from slag at the bottom row 
tubes (closing over the same) as the Bonnot mill did 
at about 1,500 lb. per hour and 15 per cent. COs. 
This would indicate that increased fineness of grind 
of the coal will not only improve the efficiency, but will 
also reduce the tendency of the ash to bridge across 
and close the gas opening at the bottom of the first 
pass of the boiler. ( 

From an operating and upkeep point of view, experi- 
ence would favour the ball type of mill for marine 
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installations in spite of its increased weight and bulk 
compared to the higher-speed mills. One charac- 
teristic of pulverised-coal unit-mill installations which 
should be kept in mind, is the minimum point of opera- 
tion of the mill, that is the capacity of the mill below 
which no coal may be secured from it. With the mills 
at Bayonne, the lowest point for burner operation was 
about 400 lb. per hour. With larger mills this point 
would move up correspondingly. If in port it is 
necessary to burn coal at lower rates than the minimum 
mill capacity, it will be necessary to shut down and 
light-up burners as required. The greater the moisture 
content of the coal, as fed toa mill, the less the capacity. 
The temperature of the air entering the mill is also 
an important factor in mill capacity when the coal is 
moist. The drier the coal and the hotter the intake 
air to the mill, the better the capacity of the mill will 
be. All coal coming to a mill should be in sizes of 
1} in., or less. If coal of this size is not assured at the 
pier, it will be necessary to install a crusher on the 
ship, located so as to crush the coal as it enters the 
bunkers, or, more preferable in the average ship, 
crush it just before it reaches the mill. In the case 
of ball mills, removal of tramp iron is not necessary ; 
in a case of impact or hammer mills, it is very desir- 
able. 

Conclusions.—If care is taken in the design of the 
burners, pulverised coal may be burned efficiently at 
high combustion rates under marine boilers when the 
furnace volume is small in relation to the heating 
surface. The fusing point of the ash in the coal 
should be above the average flame temperature, or 
the resulting ash in the furnace and on the tubes will 
be a source of shutdown. To obtain the full benefit 
in efficiency from burning pulverised coal, the auxil- 
iary power in the ship should be generated in the most 
efficient manner possible. When used with water- 
tube boilers, pulverised-coal installations do not need 
oil as an auxiliary fuel. Because of their depend- 
ability and improved quality of the coal output, ball 
mills are to be preferred to the impact or hammer 
type for marine purposes. In general, there is no 
reason why pulverised coal should not be used on 
board ships provided certain precautions are taken to 
insure safety, dependability, convenience of operation 
and reasonably high overall efficiency. 





HYDRAULIC RIVETER WITH 
UNIVERSAL HANGER. 


THE figures on the opposite page show a new type of 
hydraulic riveter which Messrs. Rice and Company 
(Leeds), Limited, of Elland-road, Leeds, have recently 
supplied to a large carriage and wagon works. As will be 
seen, the tool is of the hinged type. It has agap 19in. 
deep and 10 in. wide, and is suitable for closing $-in. 
diameter rivets. The riveter has been kept light in 
weight for its capacity by the use of special material. 
The levers were manufactured by Messrs. Samuel 
Osborn and Company, Limited, of Sheffield, from their 
Titan steel, which has a tensile strength of 50 tons per 
square inch. Test pieces from the material showed 
fine silky fractures. The use of this special steel not 
only reduced the weight, making it easier for men to 
handle the tool, but permitted the cutting away of 
the levers to allow rivets in confined positions to be 
dealt with. 

The new type of universal hanger is another special 
feature of the tool. As will be seen, this is double- 
hinged, the positions of the two arms being controlled 
by ratchet-operated worms and worm wheels. The 
hanger allows of riveting at any angle in either the 
vertical or horizontal positions, and is a great advance 
on the ordinary type of universal hanger with double 
bows which, at times, get in the way of the work. It 
should be said, in this connection, that Messrs. Rice do 
not recommend universal hangers for heavy riveters ; 
for lighter tools, however, they are a great convenience. 








British STANDARD SPECIFICATION FOR WIRE ROPES 
FOR CRANES.—A standard specification, for round- 
strand steel wire ropes for cranes, No. 302—1927, 
prepared by a committee representative of both the 
buying and manufacturing interests, has just been 
published by the British Engineering Standards Associa- 
tion. The pamphlet opens with a foreword which gives 
a number of recommendations for the guidance of both 
designers and users, and is an attempt to ensure reasonable 
endurance in service of wire ropes of the types covered 
by the specification. The specification proper contains 
31 clauses, defining the quality, construction and 
description of the wire, the permissible variations in the 
circumference, weight and length of the rope, and the 
various tests to be applied by the manufacturer and the 
purchaser. These are followed by five appendices giving 
the information to be supplied by the manufacturer, the 
copper-sulphate test for galvanised ropes, particulars of 
torsion and tensile tests, &c. The publication con- 
cludes with a series of tables of the standard sizes and 
constructions of crane ropes, and the breaking loads for 
the various types, Copies of this new specification can 
be obtained from the B.E.S.A. Publications Department, 
28, Victoria-street, S.W.1., price 2s. 2d. post free. 





SOME EXPERIMENTAL RESULTS 
FROM A THREE-CYLINDER COM- 
POUND LOCOMOTIVE.* 

By Lawrorp H. Fry, M.I.Mech.E. 


THE main purpose of this paper is to study, by 
means of experimental data, some phases of the 
cylinder action of a three-cylinder locomotive using 
a boiler pressure of 350 Ib. per square inch. This 
locomotive was built as an experiment by the Baldwin 
Locomotive Works in 1926 under serial No. 60,000. 
After a thorough series of tests on the Pennsylvania 
Railroad locomotive testing plant at Altoona, it has 
been tried in road service on a number of important 
railroads in the United States, with very satisfactory 
results. 

Tendencies in American Locomotive Design.—The 
design of locomotive No. 60,000 is novel and is of 
interest, not only intrinsically, but also as evidence 
of the attempt being made by present-day American 
designers to improve the steam locomotive. A word 
on tendencies in steam locomotive design is in order 
before dealing with details of the example that forms 
the main subject of the paper. Two paperst read 
recently before the Institution dealt fully with the 
economic advances made by the use of high steam 
pressures in stationary and marine prime-mover 
practice, but neglected the steam locomotive almost 
entirely. In fact, such mention as was made left 
the impression that locomotive design was at a stand- 
still, and that the steam locomotive was almost 
moribund. This is by no means the case. A review 
of locomotive design during the past twenty years 
will show a general and continued improvement in 
locomotive efficiency, with particular activity in this 
direction at the present time. 

Some figures in support, taken from American 
practice as most accessible to the author, are quoted 
below. During the past twenty years, growth in 
the size of the power unit has increased the operating 
efficiency of the railroads, and this has also been 
accompanied and supplemented by an increase in 
the actual locomotive efficiency. Figures illustrating 
the increase in weight, horse-power, and the improve- 
ment in coal consumption follow. These are taken 
from freight locomotives tested under similar conditions, 
and are representative of the periods to which they 
are assigned, except in the case of the 4-10-2 type, 
which is the experimental high-pressure locomotive 
described in the paper. 








Coal |I.H.P.per| Coal 
Loco. | Year Loco | Maxi- fired 1,000 Ib. | peri.h.p. 
type. | built.| weight, | mum | Ib. per | of loco per hr. 
Ib, i.h.p. hr. weight. 
2-8-0 1904 | 175,000 | 1,000 | 4,500 5+7 4-5 
2-10-0 | 1923 | 386,000 | 3,530 | 12,800 9-1 3°6 
4-10-2 | 1926 | 457,000 | 4,500 | 11,500 9-9 2°6 




















Of these three locomotives, that of the year 1904 
was of the two-cylinder single-expansion type, using 
saturated steam at 205 Ib. per square inch. The 
engine of 1923 also had two cylinders, but used 
superheated steam at 250 lb. per square inch, and 
had a limited cut-off. The third and latest is the 
three-cylinder compound with 350 Ib. per square inch 
boiler pressure, which is dealt with in the present 
paper. 

Improvement in efficiency is shown not only by 
individual tests, but also by operating statistics. 
This year the Committee on Utilisation of Locomotives 
reported to the American Railway Association average 
figures obtained in a field survey of 13 important 
American railroads. In 1922, the coal required to haul 
1,000 tons, of 2,000 Ib. each, of freight and equipment, 
exclusive of locomotive and tender, was 186-0 Ib. 
per mile. This was reduced progressively each year, 
until it was brought down to 154-8 lb. in 1926, 
a 16-8 per cent. reduction in four years. This 
reduction in coal consumption was effected in spite 
of the fact’ that the average road speed of freight 
trains was increased by 7-2 per cent. At the same 
time the average freight train weight was increased 
by 18-6 per cent., so that the ton-miles per train-hour 
were increased by 27:9 per cent. These increases in 
power and efficiency, while in part due to better 
utilisation of the locomotives, are largely the direct 
result of the introduction of heavier and more efficient 
locomotives. Superheating has become general, 
feed-water heating is widely used, the design of 
cylinders and boilers has received much attention, 
and at the present time American locomotive designers 
are giving particular attention to the problem of 
making still further advances. 





* Paper read before the Institution of Mechanical 
Engineers on Friday, December 16, 1927. 
+ Proc. I. Mech. E., 1927, vol. i., pages 53 and 99. 





High Steam Pressures.—Increased boiler pressure 
appears to offer an excellent opportunity for greater 
efficiency. Pressures of 240 and 250 Ib. per square inch 
are widely used. The New York, New Haven and 
Hartford Railroad is experimenting with locomotives 
using 265 lb. per square inch, the Delaware and Hudson 
has two locomotives with 350 Ib. and 400 lb. per square 
inch respectively, and the Baldwin Locomotive Works 
has built for experiment, locomotive No. 60,000 with 
350 lb. per square inch. Several other railways have 
under consideration, or in process of design, locomotives 
in which pressures of 450 lb. and 500 Ib. per square 
inch are contemplated. 

The success with which such pressures have been used 
in stationary practice suggests the possibility of 
considerable economy in locomotive work, but the 
special conditions of the service introduce certain 
limitations not met with in stationary practice. To 
secure the full benefit of high steam-pressure a high 
ratio of expansion is required. This is obtained in 
stationary prime-movers by the use of steam-turbines 
and condensers. Several experimental turbine loco- 
motives using condensers have been built, and appear 
to have achieved a “ succts d’estime,”’ but there is as 
yet no indication that they will offer serious competition 
to the reciprocating engine. Fuel consumption is reported 
as remarkably low, but against this must be set high 
first cost and a large amount of complicated and 
delicate mechanism, amongst which must be some form 
of transmission gear. The reciprocating engine 
exhausting to the air and directly connected to the 
driving wheels possesses, for locomotive work, many 
inherent practical advantages, of which simplicity is 
not the least. 

This type is capable of still further improvement 
to secure higher efficiency, and until such improve- 
ment has been carried to the furthest possible point 
the reciprocating engine must be considered to have a 
good lease of life. The necessity for mobility handicaps 
the locomotive designer still further in providing 
for the generation of steam. The fire-tube boiler 
with rectangular firebox established by the first 
President of the Institution, George Stephenson, has 
held its own for nearly one hundred years. For 
pressures in excess of 250 lb. per square inch the flat 
stayed surfaces of the firebox will probably give way 
to some form of water-tube firebox construction, 
but the fire-tube barrei can hardly be improved upon. 
This type of boiler barrel is not only effective as a 
steam producer but provides an important structural 
element of the locomotive. 

For the present, therefore, it appears probable that 
the high-pressure locomotive will develop with a 
boiler having a fire-tube barrel and water-tube firebox, 
and that the steam will be used in a reciprocating engine 
with exhaust to the atmosphere after a relatively long 
expansion. With this type of boiler, the steam tem- 
peratures used will, irrespective of pressure, probably 
not differ greatly from those now employed, say from 
600 deg. to 700 deg. F. 

This limit of steam temperature, and the fact that 
exhaust must be atmospheric, will determine the 
cylinder efficiency that it is possible to obtain with any 
steam pressure. The question was discussed in a 
paper presented by the author to the American Society 
of Mechanical Engineers in May, 1927, in which the 
following figures were given for the highest theoretically 
possible cylinder efficiencies at various steam pressures : 








Heat 
Admission e trans- 1, 
Pressure ee formed to a Relative 
Ib. per sq. comatonia work, er po | Efficiencies. 
in gauge. -_ ‘| B.Th.U. I ; 
per Ib. 
205 3-12 191 14-2 100 — — 
335 4-60 222 16-6 117 100 — 
435 5-85 238 17-9 126 108 100 
585 7-78 255 19-3 136 116 108 
785 10°35 270 20-7 146 125 116 

















These figures were obtained by assuming that at all 
pressures the steam has 650 deg. F. of superheat at 
admission, that the steam enters at full admission 
pressure up to the point of cut-off, that expansion 
takes place adiabatically down to a release pressure of 
35 lb. per square inch (50 lb. per square inch absolute) 
and is then released to and exhausted at a pressure of 
10 Ib. per square inch above the atmosphere. The 
relation between steam pressure, ratio of expansion and 
the theoretical cylinder efficiency obtainable under the 
above conditions is shown graphically in Fig. 1, page 
824. The thermal efficiency rises as the steam pressure 
is increased, but the ratio of expansion necessary for 
this efficiency rises even more rapidly, particularly 
as the higher pressures are reached. This necessity 
for higher expansion imposed by the higher pressures 
introduces difficulties in locomotive practice. With 
single-expansion cylinders it means special valve-gears, 
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large cylinders and considerable variation in torque, 
and while compounding eases some of these difficulties, 
it involves at the same time a larger number of cylinders 
and moving parts. Increased boiler pressures also 
entail additional difficulty in the construction and 
maintenance of the boiler. It follows that both engine 
and boiler tend to limit the steam pressure, and it 
seems probable that at least for the present the most 
economical pressure, when construction, operation and 
maintenance are considered, will be found not to exceed 
500 lb. per square inch. 

Locomotive No. 60,000.*—The locomotive is of the 
4-10-2 type. The boiler has a fire-tube barrel of 
conventional design, while the firebox is of modified 
Brotan design, with the side walls formed of bent 4-in. 
tubes, running from a hollow water-space frame at the 
bottom to two 26-in. drums at the top. The front and 
back firebox walls are of firebrick, and a shell of fire- 
brick cased with magnesia-lagged steel jacket-sheets 
encloses the water-tube side walls and drums. The 
three compound cylinders, 27 in. by 32 in., are cast in 
one piece with three valve-chests and the boiler saddle. 
The middle cylinder, which is the high-pressure cylinder, 
drives the front coupled-axle by a crank between the 
frames, set at 135 deg. to the two outside cranks on 
the second coupled-axle, which are driven by the low- 
pressure cylinders. Each of the three piston-valves 
is driven by a separate valve gear, but all gears are 
operated by a single power reverse gear, so that the 
relation between the events in the high- and the low- 
pressure cylinders is fixed in advance for each cut-off. 

Before locomotive No. 60,000 went into road 
service, it was very thoroughly tested on the locomotive 
testing plant of the Pennsylvania Railroad. Full 
particulars of the results obtained have been made 
available for publication, through the courtesy of 
Mr. J. T. Wallis, Assistant Vice-President, and Mr. 
F. W. Hankins, Chief of Motive Power. For the purpose 
of this paper, attention is directed in greater detail to 
the cylinder action, but a few notes as to the operation 
of the boiler are desirable to complete the picture. 

Boiler Efficiency.—Fig. 5 shows the overall boiler 
efficiency, the efficiency of combustion and the efficiency 
of heat absorption, in relation to the rate of firing. 

The overall boiler efficiency is the heat utilised in 
the boiler exclusive of the feed-water heater, in pro- 
ducing and superheating the steam, expressed as a 
percentage of the heating value of the coal fired. 

The efficiency of combustion is the heat produced in 
the firebox expressed as a percentage of the heating 
value of the coal fired. 

The efficiency of heat absorption is the heat taken 
up by the heating and superheating surfaces, expressed 
as a percentage of the heat produced by combustion. 
The heat absorbed includes that lost from the boiler 
by external radiation, which is taken to be 5 per cent. 
of the heat utilised by the boiler. Consequently, at any 
given rate of operation, the product of the efticiencies 
of combustion and absorption is 5 per cent. greater 
than the value for the overall efficiency. From Fig. 5, 
it is seen that the overall boiler efficiency ranges from 
about 70 per cent., when 30 Ib. of coal are fired per square 
foot of grate per hour to about 52 per cent. at the 
maximum rate of firing, which was 135 lb. per square 
foot per hour. The efficiency of heat absorption is 
not greatly influenced by the rate of operation, ranging 
only from about 85 per cent. at low rates to about 83 per 
cent. at high rates. The efficiency of combustion 
on the other hand ranges from about 87 per cent. to 
about 67 per cent., when the rate of firing is increased 
from 50 lb. to 1385 Ib. per square foot of grate area 
per hour. Combustion is evidently the major factor in 
determining the overall boiler efficiency. 

The coal used had an average heating value of about 
13,700 B.Th.U.’s per Ib., and the following proximate 
analysis :— 

Per Cent. 


Fixed carbon 57-9 
Volatile matter. 31-8 
Moisture, combined 0-7 
a : 9-6 

100-0 


The values found for the overall boiler efficiency do 
not differ materially from those to Le expected from a 
well-designed boiler of conventional design. The 
values for the efficiency of combustion are good, which 
is doubtless due to the large firebox volume, 8-3 cub. ft. 
per square foot of grate. 

Measurements made of the temperature of the gases 
at the firebox tube-plate, permit an estimate of the 
proportions in which heat is absorbed by the firebox 
surface, by the fire-tube heating surface and by the 
superheater. These proportions remain, as shown by 
the figures below, very nearly constant for all rates of 
evaporation. 





* A fully-illustrated description of this locomotive has 
been given in ENGINEERING (pages 102 and 133, &c., 
ante.). 
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Water 
evaporated 30,000 Lb. 60,000 Lb. 
Per Hour. 
Heat taken up per B.Th.U. Per  B.Th.U. Per 

hour— Cent. Cent. 
By firebox . 14,200,000 37-5 28,200,000 37-0 
By flues . 20,000,000 53-0 38,800,000 51-5 
By superheater 3,600,000 9-5 8,800,000 11-5 
Total . 87,800,000 100-0 75,800,000 100-0 


The heating surfaces through which the heat is trans- 
mitted and the rate of heat transfer per square foot of 
surface per hour are as shown below :— 
30,000 Lb. 


Water evaporated per hour 60,000 Lb. 


Surface. Heat Transfer per Square 
Foot per Hour. 
Sq. Ft. B.Th.U. B.Th.U. 
Firebox 357 39,500 79,000 
Flues 4,420 4,500 8,750 
Superheater 1,357 2,650 6,500 


These figures are based on the outside diameter of the 
boiler flues and the inside diameter of the superheater 
tubes. The area of the firebox is the approximate 


Fig.1. RELATION BETWEEN STEAM PRESSURE, 
MAXIMUM CYLINDER EFFICIENCY, 
AND RATIO OF EXPANSION. 
CONDITIONS ASSUMED: STEAM 
TEMPERATURE 650°F., _ADIABATIC 
EXPANSION, RELEASE PRESSURE 50LB.PER 
EXHAUST PRESSURE 25L8.PER 
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Fig.6. RELATION BETWEEN WATER RATE 
a AND INDICATED HORSE-POWER. 
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This was the average from two tests each of one hour’s 
duration, run at 200 r.p.m. (37-5 m.p.h.) and 80/50 
per cent. cut-off. Curves for the drawbar horse-power 
and drawbar pull measured on the locomotive test plant 
are given in Fig. 7. Measurements of the drawbar pull 
by dynamometer car on road tests give slightly higher 
figures. 

In order to obtain further details as to the steam 
action in the cylinders, and to establish, if possible, 
the reason for the unusually flat steam rate curve, 
the analysis described below was carried out. Eight 
tests were selected with cut-offs and speeds varying 
to cover the range through which the locomotive was 
tested. These tests are divisible into two groups, 
one with a constant speed of 80 r.p.m. and cut-offs of 
90/70, 80/50, 70/40, 60/30 and 50/20 per cent., the 
other group with a constant cut-off of 70/40 per cent. 
and speeds of 80, 120, 160, and 200 r.p.m. The tests 
ranged in duration from 20 minutes to 2} hours. 
During each test the speed and cut-off were kept 


Fig.5. EFFICIENCY CURVES. 
Lb.of Dry Coal Fired perlieu;per Sq Pt.cf Gratetves 
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TABLE I.—ExPerRIMENTAL DATA. 
1 | 2 | 3 | 4 | 5 6 7 | 8 | 9 | 10 
| 
a | | Steam Supplied 
| Branch Pipe. eee 
| Boiler to Engine. 
Test Pressure Indi- Steam 
Group. | Test No. Designa- Lb. per cated per I.H.P. 
tion. Sq. In. Pressure, Temp. Superheat | Lb. per Lb. per Horse per 
Abs. Lb. per Sq. eg. F. Deg. F. Hour. Stroke. Power. Hour. 
In. Abs. 
7,922 80-90/70 363 346 638 207 49,485 5:09 3,034 16-3 
7,906 80-80 /50 359 344 635 205 38,863 4-05 2,560 15-2 
1 7,911 80-70 /40 363 351 600 168 32,003 3-33 2,164 14-8 
7,910 80-60 /30 363 353 584 151 26,740 2-79 1,763 15-2 
7,912 80-50 /20 361 353 568 135 21,882 2-28 1,471 14-9 
7,911 80-70 /40 363 351 600 168 32,003 3-33 2,164 14-8 
7,913 120-70/40 364 347 634 203 41,376 2-87 2,914 14-2 
2 7,926 160-70 /40 361 341 653 224 48,323 2-52 3,304 14-6 
7,925 200-70 /40 361 335 674 246 59,931 2-50 3,804 15°8 



































projected area, of which about 60 per cent. is in the 
firebox proper and about 40 per cent. in the combustion 
chamber ahead of the firebrick arch. It also includes 
27 sq. ft. of arch tube surface. The projected area of the 
firebox is about 330 sq. ft., while the total area of the 
side-wall tubes and the area of the drums exposed to 
the fire amounts to 745 sq. ft. 

Cylinder Efficiency—The steam rate per indicated 
horse-power hour is shown in Fig. 6 in relation to the 
horse-power developed. The curve obtained is much 
flatter than is usual with locomotives. The extreme 
range of the steam rate is from a maximum of 16-6 lb. 
per i.h.p.-hour at 120 r.p.m. and 90/70 per cent. cut-off 
(90 per cent. in the high-pressure and 70 per cent. in 
the low-pressure cylinders) to 14-2 Ib. per i.h.p.-hour at 
120 r.p.m. and 70/40 per cent. cut-off. This last figure 
is the lowest obtained with any locomotive on the 
Altoona test plant. The steam rate at the maximum 
power of 4,500 ih.p. was 15-15 Ib. per i-h.p.-hour. 





perfectly uniform, while indicator cards were taken 
every five minutes. Unless otherwise stated values 
attributed to the cards are averages of all the head 
and crank-end cards taken during a test. The water 
delivered to the boiler was accurately measured by 
weighing and careful allowance was made for any 
water diverted, so that the figures given for cylinder 
feed represent accurately the weight of steam actually 
delivered to the engine. For tests of this description, 
the locomotive testing plant has a great advantage over 
road tests. It is comparatively easy on the plant to 
maintain speed and cut-off unchanged for an hour at 
a time, to take indicator cards at frequent intervals, 
and to determine accurately the water and coal used. 
A recent paper* by Mr. E. L. Diamond on an English 
compound locomotive, suffered from the fact that the 
cards analysed were obtained during road tests, and 





* Proc. I. Mech. E., 1927, vol. i., page 465. 
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consequently the steam consumption could only be 
estimated and not measured. 

In the tests of locomotive No. 60,000, consider first 
the weight and condition of steam delivered to the 
cylinders as given in Table I. The first column gives 
the test number, and the second a test designation 
made up of the speed in revolutions per minute and the 
cut-off. Thus, test 7,911, which appears in both 
groups, has the designation 80-70/40, indicating 
80 r.p.m. with cut-off at 70 per cent. in the high-pressure 


Fig.8. COMBINED INDICATOR DIAGRAMS. (BALDWIN 4-10-2 LOCOMOTIVE.) 









Rankine diagrams in Fig. 8. The effect of the com- 
pression steam has been eliminated from the indicator 
diagrams by setting all abscisse to the left, so as to 
make the compression and admission lines a single 
vertical straight line. The low- and high-pressure 
cards are combined by making the abscissa scale of 
the low-pressure twice that of the high-pressure card, 
and each combined card is enclosed in a diagram for a 
modified Rankine cycle. These diagrams are drawn 





by plotting a point to represent the volume and pressure 
of the cylinder feed under 
branch-pipe conditions. A 
horizontal through this point 





























Fe clin ina is are nay | gives the admission line and 
= “TEST N°? 7922. = oie Sa Ae ne an adiabatic the expansion 

'\ Cut-off H-P.90% .  R.P.M.80. line. The release line is 

250 H L.P 70% N obtained by drawing a ver- 
ees ae tical through the extreme 

a ee toe of the low-pressure card, 
: and a horizontal through 

: the least back pressure gives 

50 J an exhaust line to close 
the diagram. The diagram 

. * * ee. ed Cubic Feet thus obtained represents by 
Ci re TEST N° 7806 its area the theoretical 
J ir : maximum amount of work 


















which can be obtained by 
admitting steam at branch- 


TEST N° 7913. pipe conditions, expanding 











































As a standard of comparison for a locomotive cylinder, 
this modified Rankine cycle has advantages over the 
regular Rankine cycle. As a matter of convenience, 
it is referred to hereafter as the ‘‘ locomotive cycle.” 
The full Rankine cycle takes into account only the 
pressure and temperature at admission and the pressure 
at exhaust, assuming that adiabatic expansion is 
continuous from the admission to the exhaust pressure. 
This requires a ratio of expansion much higher than is 
at all practicable in locomotive work. The locomotive 
cycle, on the other hand, allows the actual amount of 
expansion to be taken into account. The difference 
between the Rankine and the locomotive cycles is illus- 
trated by the following figures taken from test No. 7,913, 
120-70/40. 
The steam conditions in this test were :— 


347 lb. per square inch 
absolute. 

203 deg. F. 

1,330 B.Th.U.’s per lb, 


Branch-pipe pressure 


Branch-pipe superheat 

Total heat in steam 
admission. 

Exhaust pressure ... 


at 


19 lb. per square inch 
absolute. 


Steam per indicated horse- 14-2 Ib. 
power per hour, mea- 
sured. 

Steam per stroke ... 2-87 lb. 


From these figures the following are derived :— 
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R.P.M.120. 7 & , Full | Theoretical! Actual 
reached by the working — Rankine Locomotive ladienten 
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and 40 per cent. in the low-pressure cylinders. Table I TABLE II.—Data ror Locomotive Cycte DraGRAMS AND CYLINDER EFrIcIENcigs. 
has been compiled to show the weight of cylinder feed ar 
supplied per hour and per stroke; the pressure in the} 1. | 2 | 3 | 1 5 | 6 | 7 | 8 | 9 10 | 11 12 | 18 
boiler; the pressure, temperature, and superheat in -- 
the branch pipe; and the indicated horse-power and Steam Volumes , . 
° ea ay “0 , At Releas Total Heat per Lb. Steam. 
weight of steam per indicated horse-power hour. In all in Cubic Feet. | Number ieee ee, — Cylinder Ratio 
eight tests the boiler pressure is close to the nominal of identi tine Efficiency. of a 
: wat . Jonve n oO 
working pressure of 364 lb. per square inch absolute| Test a —- Pres- | super- At Work. Theoretical 
(350 Ib. per square inch gauge), but the branch-pipe| No. ian, At | At Re- | Col.4 | pp nor | Beat or | samiss Efficiency 
pressure varies with the rate of steam flow owing to _—_ lease. = Sq. = Dry- |B Thu. . 4 : Per Cent. 
the wire-drawing through the superheater. Thus, eon Col. 3. | “Abs. | 20% am oo aoe _— 
in test 7,912 with 21,882 lb. of steam per hour, the drop : , 
between boiler and branch pipe is 8 lb., while in test oo 
7,925 with 59,931 lb. of steam per hour, the drop is} 7,922 80-90/70 | 10-0 20-9 2-1 ue 51 oe oo 4 = te i ry 
i inc 9 80/5 : 20-0 2-6 22 deg. 32 . 2. 87- 
increased to 26 lb. per square inch. Other tests are ven te is rt $2 76 | 0-982 | 1310! 200 172 15-3 | 13-2 86-5 
intermediate between these extremes. The superheat} 7’919 | —30-60/30 4°7 17-2 3-7 64 | 0-967] 1,300} 208 168 16-0 | 12-9 80+5 
also varies with the rate of steam flow. At the lowest | 7,912 80-50/20 3°8 15-5 4-1 60 0-955 | 1,291 208 171 16-1 13-3 82-3 
rate of flow, test 7,912, the superheat is 135 deg. F. ° 5 ¢ 3+5 
: sé niet, Pe : -70/ 5: . 3-2 7 0-982 | 1,310 200 172 15-3 | 18-2 86°5 
while at the maximum, test 7,925, it is as much as vo1s use ss i <4 bs 0-988 | 1,330 210 180 15-9 13-6 85-3 
246 deg. F. This increase in superheat is due to the] 7,926 | 160-70/40 4:9 17-1 3°5 62 0-998 | 1,341 209 175 15-6 13-1 84-0 
higher firebox temperatures at the higher rates of} 7925 | 200-70/40 4-9 17-1 3°5 64 | 10deg.| 1,351 206 161 15-3 12-0 73-5 
evaporation. The change in branch-pipe pressure and ; 
temperature affect the cylinder efficiency, though they | Where Here, with 1,330 B.Th.U.’s carried into the cylinder 
are due to boiler conditions only. Such changes in W is the work developed in B.Th.U.’s ; by each pound of steam, the heat converted into 
boiler conditions are, however, inseparable from changes H, isthe total heaton admission in B.Th.U.’s per lb.; | external work was 180 B.Th.U.’s per Ib. in the actual 
in speed and cut-off, since the rate at which steam is H, is the total heat at release in B.Th.U.’s per lb. ; | test, and would be 210 B.Th.U.’s in the locomotive 
taken from a locomotive boiler is determined by the P, is the pressure at release in lb. per sq. in.|cycle and 239 B.Th.U.’s in the full Rankine cycle. 
speed and cut-off of the engine, and the firebox tempera- absolute ; The relative efficiencies in this test were :— 
ture and the pressure drop through the superheater P, is the pressure during exhaust in lb. per sq. in. . Per Cent. 
are dependent on the boiler output. absolute ; and meee aa ] : "87 
As a first step in the study of the effect of cylinder V, is the specific volume at release in cub. ft. per Ib. es cycle = 
conditions on cylinder efficiency, the actual indicator pices anorectic af ae " 
diagrams are compared with theoretical modified | * American Society of Mechanical Engineers, May, 1927. ! The full Rankine cycle requires 11-3 expansions, while 
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the actual number was only 3-4, so that, with over 
three times the number of expansions, the Rankine 
cycle shows an efficiency of only 13 per cent. greater 
than the locomotive cycle. This 13 per cent. represents 
the area lost in the extreme toe of the Rankine diagram. 
To utilise this as effective work would require the 
cylinder volume to be more than tripled. It is evident, 
in view of the small gain and cf the much greater 
complications in valve-gear and much larger cylinders 
required, that there is little practical advantage in 
attempting to approximate in locomotive practice to 
the high-expansion ratio of the Rankine cycle. It, 
therefore, follows that the use of the Rankine cycle 
as a basis of comparison in locomotive work gives a 
misleadingly low value for efficiency obtained. In 
other words, the Rankine cycle with adiabatic expan- 
sion from admission to exhaust sets up a standard 
which is not only unattainable in practice, but which 
it would not be desirable to attempt to attain because 
of the very high ratio of expansion which would be 
required. The locomotive-cycle diagram, on the other 
hand, represents the maximum amount of work 
theoretically obtainable with the actual values for 
admission pressure and temperature, exhaust pressure 
and ratio of expansion. It is, therefore, proper to 
expect the area of the actual cards to be a fairly high 
percentage of the area of the locomotive-cycle diagram. 

As explained above, the actual indicator cards have 
been enclosed in locomotive-cycle diagrams in Fig. 8. 
Information relating to or derived from these theo- 
retical diagrams is given in Table II. For each diagram 
the amount of cylinder feed, Column 8, Table I, is 
assumed to be admitted at branch-pipe pressure and 
temperature, Cols. 4 and 5, Table I. The corre- 
sponding volume found from these data and the steam 
tahles* is taken as the volume at admission, and is 
recorded in Col. 3, Table IT. The volume at release, 
Col. 4, Table II, is taken from the corrected indicator 
cards, and is the greatest volume occupied by the 
cylinder feed exclusive of clearance steam. The volume 
at release divided by the volume at admission gives 
the number of expansions, Col. 5, Table II. As 
adiabatic expansion is assumed, and the initial pressure 
and quality are known, the pressure and quality at 
release, Cols. 6 and 7, Table II, can be found from the 
steam tables. The remaining columns of Table II 
show the total heat per pound of steam at branch- 
pipe pressure and temperature, the heat converted 
into work per pound of steam in the locomotive cycle, 
the heat shown by the indicator cards to be converted 
into work per pound of cylinder feed, the cylinder 
efficiency of the locomotive cycle, the cylinder efficiency 
of the actual indicator cards and the ratio of the actual 
to the theoretical cylinder efficiency. The information 
regarding the cylinder efficieneies both actual and theo- 
retical is plotted in Fig. 9. In the tests of Group 1 
with constant speed, the theoretical efficiency, line AA 
of the locomotive cycle, increases as the cut-off is 
shortened and the number of expansions increases. 
The actual cylinder efficiency shown by the indicator 
cards, line BB, follows generally the same course, but 
does not rise quite so rapidly. At the long cut-off the 
actual efficiency of the indicator cards is about 87 per 
cent. of the theoretical efficiency of the locomotive 
cycle. As the cut-off is shortened this percentage 
drops to about 80. In Group 2, with constant cut-off, 
the cylinder efficiencies are but slightly affected by 
the change in speed. The theoretical efficiency of 
the locomotive cycle remains between 15-3 and 15-9 
per cent., while the speed is increased from 80 to 200 
r.p.m. The actual efficiency shows a somewhat wider 
range of values with a tendency to show a progressively 
smaller ratio to the theoretical efficiency. 

In considering the variations of the efficiencies, it is 
necessary to take into account the changes in steam 
pressure and temperature which, as has been observed, 
accompany the changes in cut-off and speed. In the 
tests of Group 1 with constant speed, the shortening of 
the cut-off, by reducing the amount of steam, lowers 
the superheat at admission (see Column 6, Table I). 
This tends to reduce the cylinder efficiency of the 
locomotive cycle, and thus to a certain extent offsets 
the improvement made by the increase in the ratio of 
expansion. In the tests of Group 2 with constant 
cut-off, the increasing speed brings an increase in 
superheat on admission. This weuld increase the 
cylinder efficiency of the locomotive cycle, but it is 
offset by a decrease in the net ratio of expansion. At 
the higher speeds, the steam cannot escape so easily 
during exhaust, so that the proportion of clearance 
steam is greater and the net ratio of expansion is 
consequently less. The higher speeds also decrease 
the actual cylinder efficiency by increasing the losses 
by wiredrawing on admission. The balance between 
these factors having opposite influences accounts for 
the flat water-rate curve in Fig. 6. 


(To be continued.) 





* Marks and Davis’s Steam Tables. 





PORCELAIN AS A TECHNICAL 
MATERIAL. 


RECENT researches on the properties of porcelain 
have given some rather unexpected results. The 
glazing, applied originally for decorative purposes and 
for preventing the absorption of dirt and moisture, has 
been found to influence the strength of the porcelain 
in a marked way. The brittleness, and the electric 
and other physical properties of the product, can, 
to a certain extent, be modified by varying the 
composition, but the connection of these changes 
with the resulting structure of the material is still 
very imperfectly understood. 

Porcelain is made by baking moulded pastes of 
mixtures of kaolin quartz and feldspar at about 
1,400 deg. C. In the process of baking, the volume 
of the mass shrinks very considerably (about 15 per 
cent.), so much depending upon the chemical and 
physical properties of the components that a tolerance 
of 5 per cent. is usual in the dimensions of the finished 
product. The hard product cannot be machined, 
but it resists acids and chemicals generally (except 
hydrofluoric acid, certain metallic oxides, and strong 
alkalis) better than metals do, and it is hardly subject 
to fatigue and ageing, and to internal strains. Large 
size insulators of porcelain may be dipped into molten 
lead, and their petticoats may be exposed to the 
heat of the electric arc without risk of cracking. On 
the other hand, porcelain is inferior to steatite (or 
talcum, the metabisilicate of magnesium) inasmuch as 
steatite is very soft and easily shaped in the crude 
state, but turns hard, without shrinking much, when 
baked. Porcelain nozzles, discs of an area of 2 sq. cm. 
provided with 1,000 fine perforations, are now made 
for artificial silk manufacture, and porcelain rolls 
are used in chocolate works. Under the microscope 
a porcelain of high dielectric strength shows an almost 
uniform vitreous structure, apart from the pores, 
whilst in a material of high mechanical strength 
crystallites may be very distinct. Microscopic study, 
fluorescence tests and the X-ray examination of 
O. Krause admit of drawing certain conclusions, but 
such tests are not a safe guide as to the suitability of a 
particular porcelain. Too much depends upon the 
glazing among other features, as we pointed out 
above. This has been proved by experiments con- 
ducted in the porcelain works at Hermsdorf, in 
Thiringen, in the Swedish Department for material 
testing, and elsewhere. Summaries of the results of 
recent tests will be found in an article by H. Handrek, 
of Hermsdorf, published in the Zeitschrift des 
Vereines deutscher Ingenieure of October 29 last, 
on pages 1553 to 1560. 

Properly glazed porcelain resists atmospheric 
corrosion much better than glass does, and this glazing, 
though itself of inferior strength, may raise the 
mechanical strength of the unglazed porcelain by 40 per 
cent.; but an unsuitable glaze may also diminish the 
strength. Thus it comes about that long insulators, 
differently glazed in their upper and lower portions, 
may vary greatly in strength in those portions; in one 
case the tensile strength of an insulator was actually 
doubled by removing the glazing. Under tensile, 
bending and thermal stress the glazing gives way first, 
because the stress is concentrated at the surface. 
The glazing, moreover, is affected by internal strains, 
from which the porcelain mass is almost free, and these 
properties change greatly with the method of baking 
the porcelain and with the composition of the flue 
gases. These considerations, F. Singer has shown, 
also hold for earthenware. All the strengths go down 
with increasing cross section under tension, compression, 
bending and torsion. This decrease of strength is 
most marked in the bending test, which is generally 
the most important test for long insulators ; tubular 
insulators are relatively weaker in their thicker 
portions. The dynamic strength is determined by 
impact and by fall tests; balls of good porcelain, of 
30 mm. diameter, may be dropped through 100 cm. 
or more, before showing any surface lesion, and through 
4 m. and even 8 m. before breaking. 

The electric resistance of the porcelain surface is 
essentially a question of surface condition and of 
atmospheric moisture. The internal resistance is 
electrolytic in nature ; it decreases rapidly with rising 
temperature, as also does the resistance to per- 
foration under electric stress. The plates for these 
tests are made thinner in the central portion than near 
the edges and the central portion is electroplated with 
copper; the thickness ratio of those parts should not 
exceed 1:5, lest sparks jump round the edges, and 
uniformly-plane discs should not be used for these 
tests for the same reason. The glazing is mostly too 
thin to influence the tests. The dielectric constant 
and the dielectric loss are determined in similar 
apparatus. There is no sudden rise in the percentage 
of energy of loss in the porcelain preceding the break- 
down, so that this breakdown, when taking place at 
ordinary temperature, cannot be regarded as a thermal 


phenomenon. Systematic research has enabled porce- 
lain manufacturers to satisfy many of the severe 
demands, particularly of electrical engineering, for 
porcelains of special properties ; but the same material 
cannot excel in all respects. 





PROPERTIES OF THE SYSTEM 
RUBBER-SULPHUR 


Reports on recent successes in the preparation of 
artificial caoutchouc are, in some quarters, dismissed 
almost with derision, in view of the condition of the 
rubber market and the restricted production of planta- 
tion rubber, as if the advent of synthetic rubber were 
merely a commercial problem. Rubber chemistry, 
however, remains in an unsatisfactory state, as long 
as the constitution of caoutchouc, the chief constituent 
of rubber, is uncertain, and the synthesis of caoutchouc 
would greatly help to solve many baffling problems. 
Vulcanisation has been successfully practised since 
1839. In their broad features, the vulcanisation 
processes are understood, but their real nature remains 
obscure. It may be for such considerations that a 
recent report on the density and electrical properties of 
vulcanised rubber, issued by the United States Bureau 
of Standards,* speaks guardedly of the system rubber- 
sulphur. 

Most of the experiments in question were made with 
pure commercial rubber. The density of five lots of 
smoked sheet rubber varied between 0-9100 and 
0-9126; one lot of hard Para rubber gave a density of 
0-916. The monoclinic sulphur used for vulcanisation 
had the density 2-05. On vulcanisation, the rubber 
contracted by about 1 per cent., when it contained 
3 per cent. of combined sulphur, and by a relative 
maximum of 6 per cent. when containing 19 per cent. 
of sulphur. Near this percentage there was a marked 
change in the slope of the curve ; the continued experi- 
ments, with up to 32 per cent. of sulphur, showed little 
further change in the density. Heated rubber will hardly 
take up more than 32 per cent. of sulphur, partly in the 
dissolved and partly in the free state. The free sulphur 
was determined by extracting the product with 
acetone, which may, however, also react with the 
resins and proteins in the rubber, each of which may 
amount to 3 per cent. in plantation rubber. The 
average free sulphur contents observed was about 
0-1 per cent., but the figure rose to 1 per cent. in some 
cases. Rubber containing more than 25 per cent. of 
combined sulphur is considered hard. 

In the electrical tests, the dielectric constant rose 
steeply from 2-6 to a broad maximum near 3-75 as the 
combined sulphur increased from 1-5 per cent. to 10-5 
per cent. There followed a sharp fall to 2-80 as the 
sulphur percentage was increased to 19 per cent., 
and then again a slight, but slow, rise in the dielectric 
constant. The power-factor curves marked a more 
rapid rise and fall, from 1-65 per cent. for 8 per cent. 
of combined sulphur to a better defined maximum of 
7-5 per cent. for 13 per cent. of sulphur, followed by 
a sharp fall to 0-5p er cent., or less, for 19-5 per cent. 
of sulphur (as also for 4 per cent. of sulphur); the 
subsequent rise in the power factor was again very 
slight and slow. 

The resistivity curve was less regular, and the 
rise, with increasing sulphur percentage, was slow. 
The maximum resistance of 32 x 10% ohms _ per 
centimetre (seven times the value for crude rubber) 
was reached at 26 per cent. of sulphur, and was 
followed again by a rapid fall. These measurement 
results were not particularly concordant, but the 
influence of the true sulphur was distinctly small. 

The figures are interesting because rubber tests are 
usually made with commercial products containing 
zinc oxide and other ingredients. On the whole, the 
changes observed seemed to be connected with the 
formation of definite rubber-sulphur compounds of 
the general formula (C;H,), Sy. Both x and y are 
probably large. All the physical properties studied 
pointed to the existence of a compound (C,H,), 8 (or 
some multiple of that) which would correspond to 
19 per cent. of combined sulphur. There is less 
evidence for compounds (C;H,),8, with 10-5 per 
cent. of sulphur, and (C;H,),8, with 13-5 per cent. 
of sulphur (possibly a mixture). But all these formule 
are very uncertain. 





MacHINE Toot AND ENGINEERING EXHIBITION.— 
The fourth Machine Tool and Engineering Exhibition 
will be held at Olympia from September 5 to 22, 1928. 
We have been informed that the whole of the main hall, 
and neariy the whole of the annexe, have been booked 
by exhibitors ; a considerable portion of the gallery has 
also been let, so that the exhibition promises well. 





Density ani Electrical Properties of the System Rubber - 
Sulphur. By H. L. Curtis, A. T. McPherson and A. H. 
Scott. Bureau of Standards Paper No. 560. Govern- 





ment Printing Office, Washington, D.C. [Price15 cents. ] 
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THE FATIGUE OF CAST IRON. 
By Professor C. H. Bunter and A. R. ALMOND. 
At the Oxford Meeting of the British Association, | 
‘held in August, 1926, one of the authors read a paper | 
giving data on the fatigue of a certain cast iron. The 
paper was published in full in ENGINEERING, vol. cxxii, 
page 429, and in it the fatigue-testing machine and the 
method of carrying out the tests were fully described. 
It was pointed out that, in such a variable material as 
cast iron, conclusions must be drawn with great caution, | 
and that a number of irons must be tested before any | 
general results could be stated. The object of the | 

present paper is to give data for two other irons. 
The first was an iron suitable for light castings. 

analysis was :— 

Combined carbon 


Its 


0-30 per cent. 


Silicon .... 2-30 7 
Sulphur 0:054 =, 
Phosphorus 0-641 Sy, 
Manganese 0-76 me 


and the test pieces were cast in bars 8-in. dia., to imitate | 
the conditions under which it would be cast in practice. 
The metal had a tensile strength of 11-9 tons per 
square inch and a transverse strength, calculated from 
a slowly loaded cantilever, similar to the test pieces 
used, of 22-8 tons per square inch. It was found 
that a revolving cantilever rapidly loaded broke 
at 18-7 tons, and the fatigue limit was found to be 
+ 6:4 tons. The revolutions/stress curve is given in 
Fig. 1, and microphotographs are reproduced in 
Figs. 2 and.3. 
The second iron was a typical cylinder iron. 
analysis was :— 
Combined carbon 


Its 


0-70 per cent. 


Silicon .... 1-74 i 
Sulphur 0:07 =, 
Phosphorus 0-65 <s 
Manganese 0-75 a 


and it was cast in a slab 1 in. thick to imitate actual | 
conditions of casting in use. This slab was subsequently | 
sawn up and turned into specimens. The tensile | 
strength was 9-8 tons per square inch and the trans- | 
verse strength 19-9 tons. Rapidly loaded, it failed | 
at 11-4 tons, and the fatigue limit was only + 3-2 tons. | 
The revolutions/stress curve is given in Fig. 4, and | 
microphotographs in Figs. 5 and 6. 

From the results of these two irons and those obtained 
previously, it appears that the ratio of fatigue stress to | 
transverse stress varies greatly in different irons, and 
may be very low. The low value for the cylinder iron | 
may be accounted for by the large graphite plates seen | 
in the microphotographs. 








CONTINENTAL Pic Iron.—The secretary of the London 
Iron and Steel Exchange, Limited, 123, Cannon-street, | 
E.C.4, informs us that the competition in this country | 
from Continental iron has almost ceased, except in a few | 
districts to which cheap water transport is available. 


| House, Finsbury-square, London, E.C.2., 
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CATALOGUES. 


Electric Motors.—We have received a circular illustrating 
alternating-current motors made by Messrs. Hopkinson’s 


| Induction Motors, Willesden-lane, North Acton, London, 


W.3. 
Heat 
Furnaces, 


and Electric 
London, 


Treatment.—Messrs. Automatic 
Limited, North-road, Holloway, 


| N.7, have sent us a circular illustrating their vertical and 


horizontal electric furnaces, with examples of the tools and 
machine parts treated in them. 


Hydraulic Oil.—Messrs. Sterns, Limited, Royal London 
have issued a 
circular explaining a special oil for self-contained hydrau- 
lic systems. It is an emulsion specially prepared to 
overcome the injurious effects of some oils on glands and 
packing. 

Electrical Machinery.—The Sunderland Forge and 
Engineering Company, Limited, Sunderland, have issued 
an interesting pamphlet describing the development of 
the company during the forty years of its existence, 
and illustrating the firm’s chief products, which include 
land and marine electric-lighting plant, motors, winches, 
hoists, search lights, &c. 

Insulating Materials.—Messrs. Newalls Insulation 
Company, Limited, 4, Mosley-street, Newcastle-on-Tyne, 
have issued three new catalogues of insulating materials, 
including magnesia coverings, cork, and _ insulating 
bricks. Particulars are given of the forms in which 
these products are supplied, and useful notes on the 
selection and application of insulating materials are 
included. 


Hopper Feed.—The Ross feeder and feeder screen is 
composed of a number of endless chains revolved by 
a shaft, and having a length of slack riding on the 
stones, coal, &c., as they emerge from a hopper and 
chute on the way to a jaw crusher, washer, or other 
It is illustrated and described in a circular 
issued by Messrs. Ross Patents, Limited, Abbey House, 
Victoria-street, London, S.W.1. 


Machine Tools—We have received catalogues of a 
honing machine for the bores of engine cylinders, 
a continuous rotary duplex vertical milling machine, 
and a series of multiple drilling machines from Messrs. 


| James Archdale and Company, Limited, Ledsam-street, 








Fig. 3. Ligut-Castine Iron; Ercouep. 
x 25. 
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Birmingham. These tools are all suitable for rapid 
and accurate repetition work, such as is required for 
the manufacture of motor-car parts. 


Air Compressors.—We have received new sectional 
catalogues from Messrs. Reavell and Company, Limited, 
Ipswich, dealing with two air compressors. One of 
these, for charging the starting-air bottles of oil engines, 
is capable of creating a pressure up to 350 Ib. in a receiver 
of 2} cub. ft. capacity in ten minutes. The other is 
a high-speed quadruplex single-stage compressor which 
is now fitted with roller bearings and may be run at 
nearly double the speed of the former machines of this 
type. 


Electric Appliances.—A constant-potential battery- 
charging motor generator, motor air compressor, 
paint-spraying machine, hydraulic car washer, test 
bench for starting motors, magnetos and batteries, 
and a tool equipment for a battery-repair workshop, 
are illustrated in a catalogue issued by the Hobart 
Brothers Company, of Ohio, U.S.A., a copy of which 
has reached us from their agents, Messrs. Fredk. J. 
Gordon and Company, Limited, 92, 
London, W.1. 


Electrical Supplies.—The General Electrical Company; 
Limited, Magnet House, Kingsway, London, W.C.2, 
have issued a selection of their sectional catalogues in a 
bound volume, with additional matter comprising a 
glossary, wiring specifications, conversion tables, wiring 
tables and data. This volume is complete for all general 
purposes, though there are special lines on which 
further information can be supplied. A contents table 
and alphabetical and numerical indexes are also added, 
making a volume of about 1000 pages. 


Charlotte-street, 


Gear Cutting.—A treatise on the cutting of spur, 
spiral and bevel gears, following the two earlier ones 
on worm and double-helical gears, is now to hand 
from Messrs. David Brown and Sons (Hudd.), Limited, 
Park Works, Lockwood, Huddersfield. The three types 
of gear are treated in separate sections, with sub-sections 
on design, stresses, testing, efficiency, &c., and in each 
case there is a suggested standard list of algebraic signs 
for tooth formule. Numerous tables of diameters, pro- 
portions and angles are given, as well as illustrations of 
gears cut and units made by the firm, selected to illus. 
trate the varieties of work. 
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‘* ENGINEERING’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated, 
Where inventions are communicated from abroad, the Names, §c., 
of the communicators are given in italics, 
C of Specifications may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 
The date of the advertisement of the ac 
Sa is, in each case, given after t 
tent has been sealed, when the word “‘ Sealed "’ is appended, 
Any person may, at any time within two months from the date of 
e¢ advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office 0) sition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


tance of a Complete 
abstract, unless the 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


273,365. W, C, Pitter, West Dulwich, London. 
Clutches. (5 Figs.) March 1, 1926.—The invention 
relates to rotary clutches of the general type having one 
or more locking shoes or pawls pivoted on a driving 
member and adapted to communicate motion in one 
direction only to a driven member. A driving member 3 
carries a pawl carrier 2, and is mounted so that it can ro- 
tate in a drum 4 forming the driven member, On the 
carrier 2 are pivoted two oppositely disposed pairs of shoes 
6a, 6b and 6c, 6d. The rear ends of the shoes 6a, 6b are 
connected together by a spring 22; the shoes 6c, 6d are 
similarly connected by a spring 22c. The parts mentioned 
are mounted in a recess 4a in the drum 4, and at the 
base of this recess is a groove 4b, the inner and outer cir- 
cumferential portions of which are arranged to be engaged 
by two opposite portions of the large end of a locking 
shoe when the shoe is tilted through the medium of the 
carrier 2 and its connecting link, This mechanism is so 
arranged that the movement of the carrier 2 will, when 
the shoes are free, and when rotating in a direction to 
move the thick end of the shoes forward, tilt such end 
so that it will grip the opposite sides of the groove 4) 
and so drive the drum 4, The mechanism for holding 
either of the pairs of shoes 6a, 6b or 6c, 6d out of opera- 
tion and leaving the other free to be operated by the 
driver, consists of a lever 94 mounted on the carrier 2. 





The lever 9a has a spring-controlled lever 10 pivoted 
thereon. 3a and 36 are notches formed in the carrier 
2. The shoes are provided with actuating pins 12a, 128, 
12c and 12d adapted to be engaged by extensions on the 
lever 9a: one of these extensions 9b is adapted to engage 
either of the pins 12a and 126 of the shoes 6a and 6b, 
while the other 9c is formed on the sides of the lever at 
such a position as to engage either of the pins 12c and 12d 
of the shoes 6c and 6d. When the lever 9a is moved to 
position A, and the lever engages in the notch, the 
projection 9b engages the actuating pin 126 and holds 
the shoe 6b out of engagement with the sides 4c and 4d 
of the groove 40, so that it is in the inoperative position 
and leaves the shoe 6a to operate as a one-way drive 
clutch; that is, if the driver 3 is rotated anti-clockwise it 
causes the shoe 6a to engage and rotate the drum 4. The 
rotation of the drum 4 is further assisted by the portion 
9c of the lever 9a engaging the actuating pin 12d, thereby 
throwing out of operation the shoe 6d and leaving the 
shoe 6c to operate conjointly with the shoe 6a. In a 
similar manner, when the lever 9a is moved to position B, 
and the stop 10 engages the notch 3a, the shoes 6a and 6c 
become inoperative while 65 and 6d are available as one- 
way clutches for driving the drum 4 when the driver 3 is 
rotated clockwise. When the lever 9a is moved to 
position C and the stop 10 engages the notch 3b, the 
portions 9b, 9c of the lever 9a are held out of engagement 
with any of the actuating pins 12a, 12b, 12c and 12d 
and so the shoes 6a, 6b, on 6c, 6d operate as two-way 
clutches and enable the driver 3 to drive the drum 4 in 
either direction. (Accepted July 13, 1927.) 


MOTOR ROAD /EHICLES. 
273,960. The Gear Grinding Company, 


Limited, Handsworth, Birmingham. H. F. L. 
Orcutt, Handsworth, Birmingham, and G. H. 
Lanchester, Moseley, Birmingham. Variable- 
Speed Gears. (3 Figs.) December 3, 1926.—The in- 


vention relates to motor vehicle variable-speed gears 
of the kind in which the coaxial driving and driven 
shafts are arranged in combination with a lay or coun- 
tershaft, the various shafts being connected by groups 
of toothed gear wheels. The invention consists in inde- 
pendently supporting the adjacent ends of the driving 
and driven shafts, and making suitable provision for 
interlocking the ends when it is required to obtain a 
direct connection between them. A ball bearing a, bh is 

rovided at each of the adjacent ends of the driving and 
ren shafts c, d, respectively. These shafts, together 





with the lay shaft 7, are provided with any desired 
arrangement of wheels. To enable the driving shaft ¢ 
to be clutched to the driven shaft d, both of them are 
made hollow, and within the shaft d is a clutch element 
e, which is connected by a cotter f passing through a 
slot g in the shaft with a slidable gear wheel h, and is 
adapted to engage a complementary clutch element 7 





(273,960) 





at the adjacent end of the shaft c,so that, by sliding the 
gear wheel h, the shafts can be connected or disconnected 
as required. The clutch element e is formed around its 
outer surface with a plurality of longitudinal grooves 
adapted to engage with corresponding splines formed 
in the interior of the shaft d, the end of the element e 
being notched to engage the adjacent notched end of the 
complementary clutch portion 7. .(Accepted July 20, 
1927.) 


STEAM ENGINES, BOILERS, EVAPO- 
RAT 


RS, &c. 

273,889. D. Cc. L. Green, Wakefield, Fuel 
Economisers. (9 Figs.) June 22, 1926.—The inven- 
tion has relation to a fuel economiser ar feed- 
water heater for steam boilers of the kind in 


which straight tubes, having integral flanges at their 
ends for connection of bends, are arranged hori- 
zontally. According to the invention, the usual tube 1, 
with the ordinary flanges 2 at each end, is provided, at 
some little distance from each end, with a flange 5, such 
flange 5 being preferably of a greater diameter than the 
ordinary flange 2 and of a shape corresponding to the 
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shape of the holes 6 made in the two opposite frames or 
walls 7 carrying the tubes 1. The holes 6 are illustrated 
as of square shape and the flanges 5 are of square shape 
and of a size to fit peripherally within the holes 6. When 
each pipe | is in position within the holes 6, the outside 
portion of the holes 6 is filled with a fire-proof cement or 
plastic material, which makes a good non-leaking joint 
so that the gases passing between the tubes will not 
leak past the flange 5. After the pipes 1 are in situ, 
the bends 4 are bolted to the ordinary flanges 2, whereby 
the water from the bottom header has full circulation 
through all the pipes 1 to the top header 11 and away 
by the outlet 12 to the boiler. (Accepted July 20, 1927.) 


273,950. H. E. Yarrow, Scotstoun, Glasgow. 
Water-Tube Boilers. (4 Figs.) November 18, 1926. 
—To protect the casing of the combustion chambers 
of water-tube boilers from excessive heat, it has been 
wg ap entirely to close the four sides of the chamber 

y the generating tubes, and for this —— auxiliary 
drums have been provided parallel and adjacent to the 
lower side walls, from which drums tubes extend to an 
upper steam and water drum. According to the inven- 
tion, one or more sets of these auxiliary tubes forms, at 
each side wall, a single bank of tubes at the auxiliary 
drums and a bank of tubes of two or more rows in depth 
at their upper ends where they enter the steam and 
water drum. A is the steam and water drum and 
B!, B2 the water drums of a Yarrow type of water-tube 
boiler. Cl, C? are additional drums extending at right 
angles to the drums B!, B2 and forming the base of the 
triangular disposition of the combustion chamber as 
viewed from either side. Straight tubes D, extending 
from the drums C!, C2 to the upper drum A, are uni- 
formly spaced along the length of the drums C!, C? 
and spread in a fan-like disposition outwards from the 
upper drum where they are located in the lower portion 








of the upper drum in line with the main generating 
tubes of the boiler. The lower ends of the tubes D 
are arranged in sections relatively displaced with refer- 
ence to the longitudinal axes of the drums C}, C?. As 
shown in Fig. 1, the outer section E! of tubes on the 
left-hand side is displaced to one side of the axis, the 
next section E2 is on the axis, the middle section E* 
is on the opposite side of the axis and the sections E+ 
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and E5 are disposed, respectively, in the same manner 
as E? and El. This arrangement has the advantage 
that at the base of the triangle, where the furnace is 
cooler, the tubes are disposed, perferably, in a single 
row, but they concentrate at the upper portion of the 
furnace, where the heat is more intense, to enter the 
upper drum in parallel longitudinal rows forming a bank 
of tubes, two, three or more rows in depth. (Accepted 
July 20, 1927.) 


273,933. Erith’s Engineering Co., Ltd., London, 
and W. J. H. Diplock, London. Underfeed 
Mechanical Stokers. (2 Figs.) September 18, 1926. 
The invention relates to underfeed mechanical stokers 
of the kind in which the fuel is moved from the front to 
the rear end of the furnace by a ram, pusher or other 
reciprocating device. If the ram, pusher or like 
device meets with an obstruction which it is unable to 
Overcome or remove, its movement is arrested and the 
driving mechanism or the stoker may be damaged ; 
for example, the wheels of the reduction gearing which 
control the crank or the like by which a reciprocating 
movement is imparted to the ram, pusher or like device, 
are liable to be stripped or the gearing or other parts of 
the stoker damaged, and the object of the invention 
is to provide an improved and simplified method of 














avoiding damage to the driving gear or the stoker under 
the aforesaid circumstances. According to the invention, 
the forward movement of the connecting rod A2, 
through which the ram, pusher or the like is actuated, is 
communicated to the ram, pusher or like device through 
the intermediary of a shearable pin c located in the path 
of movement of the connecting-rod A2 and against which 
the extreme end or front face of the connecting-rod is 
adapted to bear during its forward movement, the 
pin being sheared if the ram, pusher or the like meets an 
obstruction which offers a greater resistance than that 
for which the strength of the pin has been calculated, and 
the arrangement being such that, on the pin being sheared, 
the connecting rod runs idly and cannot impart any 
movement of translation to the ram, pusher or the like 
until the obstruction is removed and a new shearable 
pin located in position. (Accepted July 20, 1927.) 
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THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 

By Brysson CunnincHaM, D.Sc., M.Inst.C.E. 
IV.—TuHE Port oF BALTIMORE. 
(Concluded from page 703.) 

Coal Handling.—The great traffic in coal for 
export has led to a high development of the means 
for handling the material from wagon to ship. Two 
arrangements are common ; the cradle system, in 
which the coal is dumped direct from the wagon into 
the hold, and the belt system, with a wagon dumper 
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delivering the coal through a hopper on to a travel- 
ling belt, which conveys it to a tower on the pier, 
whence it is transferred to the ship by a transverse 
belt and shuttle. Both these systems are commonly 
practised in America as in this country, but, in 
Baltimore, the belt type has attained a more than 
usually notable degree of development. 

The Curtis Bay coaling pier of the Baltimore and 
Ohio Railway, illustrated by drawings and two 
views in Figs. 23 and 26, Plate LX VII, is an excel- 
lent example of the belt system, and is representative 
of modern practice in America. The pier struc- 
ture is of reinforced concrete piling and decking, 
700 ft. long by 117 ft. wide. The deck level is 8 ft. 
above ordinary mean tide level, and there is a 
minimum depth of 35 ft. alongside. Recessed some 
short distance back from the shore end of the pier 
are two car dumpers. Each of these feeds three 
belts, which are 60 in. wide, and run at a maximum 
speed of 500 ft. per minute with a maximum capa- 


city of about 2,000 tons per hour. These are shown 


in Fig. 28, page 844. 

Two railway tracks serving the pier lead to 
the dumping machines, where the car is raised 
and tipped, the coal falling into a high-level hopper 
of 120 tons capacity. The two machines can 
handle a maximum of 80 cars per hour with a coal 
capacity of 100 tons each. 

Two belts in each car dumper group run out 
along the pier to a loading tower. These belts 
take the direct discharge from the hoppers, thus 














keeping up a regular stream of coal and obviating 
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Fig. 27. 
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the heavy wear of intermittent falls. The third 
belt in each group leads ‘to a storage hopper. 

For each car dumper there are two movable coal- 
loading towers ; these are each equipped with a cage 
supporting a shuttle ram as shown in Fig. 29, page 844. 
The cage is raised or lowered to suit the height of 
the vessel being loaded, and has a vertical range of 
27 ft., the minimum height above the water being 
15 ft. The shuttle ram can be extended on each side 
of the pier a maximum distance of 45 ft. In this 
way complete adjustment can be attained, and 
the ship’s holds loaded uniformly, since the towers 
travel longitudinally and the shuttle transversely 
and vertically. All the motions are interlocked 
and are operated electrically. The shuttle is con- 
trolled from a cabin at the end, which commands 
a view of the work. A detailed drawing of the 
arrangement of the loading tower and shuttle ram 
is given in Fig. 27, above. 

Mechanical trimmers of the Lane-Galloway type, 





seen in Fig. 30, page 844, form an important feature 
at the foot of the shuttle. These consist of an end- 
less belt, to which the coal is delivered through the 
vertical shoot and is distributed by the high-speed 
rotation of the belt. The belt is 48 in. wide, and 
travels with a velocity of over 2,000 ft. per minute, 
being designed to receive the coal at approximately 
the same speed as that with which it reaches the 
bottom of the shoot, and at the same time to give 
the maximum amount of throw forward into the 
hold. 

Two of the towers have loaded a vessel having 
| five hatches and four ’tween decks with 9,000 tons 
|of coal in 94 hours. There is also on record the 
case of a vessel being loaded with 3,684 tons in a 
single hour. 
| The contractors for this interesting installation, 
| 
| 
| 
| 








which represents an outlay of about three million 
dollars, were the McMyler Interstate Company, of 
Bedford, Ohio. 

Mention should also be made of the coal-loading 
| pier of the Western Maryland Railroad Company 
|at Port Covington. It is a slightly different type 
|of installation, the coal being partly discharged 
into hold, or bunkers, by means of a car dumper 
|and trimmers operating from a high-level pier. 
The Wellman-Seaver-Morgan car dumper 
here has a working capacity of 1,500 tons 
to 3,000 tons per hour. The coal supply is 
maintained from cars in the coal storage 
yard, which can accommodate 232 cars 
(11,600 tons). 

Ore Handling.—Bulk ores, sulphur and 
analogous commodities are also handled at 
Baltimore, chiefly at the pier operated by 
the Cottman Company. This pier is served 
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by four tracks of the Canton Railroad, providing 
direct communication with all the overhead bridge 
cranes fitted with grab buckets, working through 
16 ft., and two box-car loaders for depositing bulk 
freight into box cars. A single crane has discharged 
as much as 3,878 tons of ore at night in seven 
hours, including weighing it into cars, and one of 
the box-car loaders has placed 406 tons in cars in a 
single hour. The capacity of the installation has 
recently been doubled. 

Waterway Connections.—In addition to the 
natural approach via Chesapeake Bay and the 
Patapsco River, another important navigable 
route to the port of Baltimore is via the Chesapeake 
and Delaware Canal. This canal was constructed 
about a hundred years ago at a cost of 2,250,000 
dols., defrayed by the United States, by the States 
of Pennsylvania, Maryland and Delaware, and by 
private contributors. It was constructed with a 





minimum serviceable depth at mean low water of 
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10 ft., and with locks having dimensions of 220 ft. 
by 24 ft. The total length, including the canalised 
section and the tidal approaches, was about 18 miles. 
At first it prospered and was the route of much 
commercial traffic, but in course of time its restricted 
dimensions imposed difficulties and traffic corre- 
spondingly declined. Yet it could not be resigned 
entirely to decay. The great potential importance 
of a waterway serving as a short connection for 
barge traffic between the two great ports and 
industrial centres of Baltimore and Philadelphia 
was recognised by United States Congress, which, 
by an Act of March 2, 1919, provided for its 
purchase at a cost of 2,514,2901. and its enlargement 
and conversion into a sea-level canal, 12 ft. deep 
at mean low water, and 90 ft. wide, with suitable 
approaches. The canal was duly acquired and the 
work put in hand. It is now completed, the total 
cost being in the neighbourhood of ten million 
dollars. The work has been carried out by the 
Corps of Engineers, U.S. Army, without interference 
with the existing use of the canal. The present traffic 
ranges from 400,000 tons to 700,000. tons annually, 
and it is expected that it will be considerably 
augmented now that the enlarged waterway is 
available. 

In concluding this notice of the port, the writer 
desires to express his indebtedness to the harbour 
engineer, Mr. F. W. McKinney, who placed full 
information and material at his disposal, and 
enabled him to visit all parts of the port with 
ease and expedition. The representatives of the 
railroad companies were no less courteous in 
affording facilities for their respective terminals 
and installations to be inspected. 





THE HISTORY OF THE FOUNDRY 
CUPOLA. 
By J. E. Hurst. 

THE cupola furnace is practically universal in 
its application to the melting of cast iron for 
foundry purposes. It may be defined as a shaft 
furnace, utilising solid fuel, in which the heat is 
generated by the injection of an air blast into the 
incandescent fuel contained in the shaft. The heat 
thus generated is absorbed by the material to be 
melted, which is contained along with the fuel in 
the shaft. The molten material is collected in a 
hearth, formed at the bottom of the shaft, whence it 
may be withdrawn as desired. 

To any historical student acquainted with 
metallurgical processes, it is quite evident that 
this furnace is identical, in type and character, with 
the earliest form of furnace known, dating back 
to the dawn of metallurgical history. The shaft 
furnace was not even confined to iron smelting ; it 
was, in fact, by the aid of a furnace of this type 
that man was first able to reduce metals from their 
ores; even to-day, the shaft furnaces used in 
copper smelting are referred to as cupolas. Further- 
more, apart from the size and magnitude of the 
auxiliary plant, there is no real difference between 
the cupola and the modern blast-furnace. Any 
study of the history of the iron-foundry cupola is 
therefore not concerned with the origin of the type 
of furnace, but rather with the origin of its applica- 
tion as the foundry melting unit. In other words, 
the modern iron-foundry cupola is differentiated 
from other shaft furnaces by the fact that it is 
solely confined to the remelting of iron for foundry 
purposes. The modern iron blast furnace, on the 
other hand, is confined to the smelting of iron from 
its ores. 

The name cupola (as applied to furnaces), apart 
from its use in the copper) industry appears 
to be confined to-day to the iron-foundry melting 
unit. It is interesting to note, in passing, that in 
the modern European languages, as in our own, 
the cupola is differentiated from the blast furnace 
by the use of a separate name; moreover, the 
French and German words, namely, Cubilot and Kup- 
pelofen, resemble our appellation. The term cupola 
appears to be dervied from the Latin root Cupula, 
which means a small cask or vault. (Cupa — a tub). 
‘The word cupola, however, has also come to possess 
a definite architectural meaning ; it is used to define 
a spherical or spheroidal roof or covering to a 
building. It is now difficult to perceive any con- 
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nection between the two applications of the root 
word. 

According to Moldenke, the name cupola, as 
applied to a metallurgical unit, appears to have 
originated in Germany. In a writing, dated 1454, 
the extended shaft or chimney of blast furnaces is 
referred to as a Kuppel. Moldenke is of the 
opinion that this is the first mention, in the history 
of the shaft furnace of the word cupola. As it is 
not till some 250 years later that iron castings were 
made from remelted metal, this is evidence that the 
term cupola, as applied to shaft furnaces, was in 
existence long before its meaning was narrowed 
down to present-day limits. The earliest refer- 
ence to the cupola furnace in the British Patent 
Journals, is dated 1635. In that year, a patent 
was granted to one Thornese Francke for “alter- 
ing the formes of melting furnaces and bringing 
the wynd into the said furnaces, which shall 
make the fyers burn with as much violence as 
any blast whatsoever.” There are no drawings 
or illustrations extant with this patent, and 
it is impossible to conjecture what form the 
subject of the invention took. From the date of 
this patent, however, there can be no doubt that 
its application was confined to smelting ores. This 
constitutes additional evidence, and it is almost 
certain that the restriction of the word cupola to 
furnaces for remelting iron for foundry purposes is 
of a much later date than its application to shaft 
furnaces in general. 

The application of the cupola to iron-founding 
purposes, as distinct from iron smelting, is usually 
attributed to John Wilkinson the early English 
pioneer of ironfounding. This great ironmaster 
was born in 1728 and died in 1800. In the year 
1794 he was granted a patent (No. 1993, dated 
June 2), for an invention described as “A New 
Method of Making Cast Metal or Pig Iron from the 
Ore, for the Purposes of Manufacturing it into Bar 
or any Sort of Malleable Iron.” A reprint of this 
patent, dated 1856, is still available; in this, the 
invention is briefly described with the aid of draw- 
ings. The description is quoted below and the 
drawings are reproduced in Figs. 1 to 4, on page 831. 
‘‘ Instead of melting the ore with additions in furnaces 
30 ft. to 70 ft. high, as in the present method, my 
improvement or invention consists in using a low 
erection, not exceeding 10 ft. high, of a form either 
circular, oblong, or square, in which any kind of 
ore or fuel may be smelted, and in which a strong 
blast is introduced at two or more places called 
twires, which are varied in number as the nature of 
the ore and fuel may require. Any workman in 
the present method may, from this description, 
alter his furnace to suit the quality of his materials. 
A drawing of two or three twires is given as a speci- 
men, which may be altered in height and dimensions 
with addition of twires as to the workman may 
appear needful.” 

The drawings included in the specification, and 
shown in Figs. 1 to 4, were accompanied by the 
following references :—A. Cast-iron plates forming 
outside of the furnace. B. The luteing or inside 
walls made of sand stone, firebrick or any other 
material suitable for the purpose. 
fuel and the ore to be smelted. 
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as having been found in the Parish of Battle, 


Sussex.* Moldenke refers to a bridge in Japan 
embodying cast-iron chains and dating back to 
about 70 a.p., and another writerf states that 
iron castings have been made in China for at least a 
thousand years. It is of some importance to note 
that a certain amount of uncertainty exists with 
regard to many of the early specimens recorded as 
being of cast iron, and it is frequently doubtful 
whether sufficient care has been taken to differen- 
tiate between the material cast iron and what we 
now understand to be wrought iron. 

From these early times little is found regarding 
cast iron, until we hear of cannon balls, cast of 
white iron, obtained from the blast furnace by 
suitable regulation of the blast, at Menningen in 
the year 1388. It is commonly understood, 
however, that the first authentic record of iron 
castings is in connection with the manufacture of 
cannon, at Buxted, in Sussex, by Ralph Hogge or 
Hoge, in the year 1543. Hogge was assisted in 
his work by Peter Baude, a Frenchman, whom he 
brought over from France, a fact which indicates 
that iron founding was practised in that country 
sometime, at least, prior to this date. Baude 
subsequently started business on his own account, 
for it is recorded that his ‘“‘ covenanted servant,” 
John Johnson, excelled his master “in his art of 
casting ordnance, making them cleaner and to 
better perfection.””’ Thomas Johnson, son of the 
above, in and before the year 1595, cast#2 “‘ great 
pieces of ordnance,” each weighing 6,000 pounds, for 
the Earl of Cumberland. The British export trade in 
heavy ordnance must have attained considerable 
proportions by 1572, for in that year, the merchants 
of London petitioned Queen Elizabeth to revoke 
the export licence which had been granted by the 
Lord High Admiral to Sir Thomas Leighton. This 
was done by proclamation, but, in spite of this, 
Sussex cannon were surreptitiously exported, and 
it was maintained that Spain armed her fleet with 
cannon exported from this country. For practically 
a century and a half the use of cast iron was con- 
fined to the production of ordnance and in all cases 
the metal was obtained direct from the ore by 
smelting in the blast furnace, using charcoal as 
fuel. 

In the year 1709, Abraham Darby, a native of 
Birmingham, was in charge of a brass foundry in 
Bristol, and, with the assistance of a Welsh youth, 
John Thomas, discovered a method of making cast- 
iron cooking pots. The secret of their process was 
supposed to have been maintained by them for 
many years, and, even now, the nature of that 
secret still remains uncertain. Dr. Percy infers 
that the success of their method lay in the method 
of moulding, the nature of the sand used, and the 
method of venting adopted. Itis probable, however. 
that the iron used by them was pig-iron, remelted 
in crucibles. It is from this time that the rapid 
extension of the ironfounding industry dates. The 
use of coal as a substitute for charcoal had been 
demonstrated some fifty years previously by Dud 
Dudley, who died in 1689, twenty-five years before 
the advent of Darby. The quieter state of the 


C. Cavity for | country, after the Civil wars and the disturbances 
D. Twire hole | following the Restoration, gave an added impetus 


through which blast is brought to the furnace. | to the industry. 


E. The blowing pipe by which the blast is brought 
to the furnace. F. The tap hole or vent for the 
metal. The design and construction of this furnace 
are identical with those of the cupolas used in the 
early iron foundries, a few of which still remain. 
Whilst it is more than probable that John Wilkinson 
or his successors (it will be noted that the patent 
was granted only six years before his death) used 
this type of furnace for remelting iron, it is described 
as a furnace for smelting ore, in other words, it 
was intended to be a miniature blast furnace. 
Further light on the origin of the cupola as an 
instrument for remelting iron is gained from a 
consideration of the development of the iron- 
founding industry. There are very few traces of 
the existence of iron castings prior to the fourteenth 
and fifteenth centuries. It is recorded that the 
Romans were familiar with cast-iron statuary, 
which is stated to have been introduced about the 
year 170 a.p. by the Samian Theodorus. <A small 





Roman statuette, said to be of cast iron, is recorded 





The life activities of John Wilkinson are, in fact, 
illustrative of the rapid development of the iron- 
founding industry during this period. Born in 1728, 
he worked with his father at an iron furnace at 
Backbarrow, near Ulverston, Lancashire, and was 
afterwards in partnership with his brother and 
father. It is related in connection with this estab- 
lishment that John’s father carried his iron, in the 
molten state, a ladleful at a time, across a road to 
the small foundry, and cast smoothing irons from it. 
John erected an iron furnace at Wilson House, 
Cartmel, for the purpose of smelting the local ore 
of the Furness district, and, from this starting point, 
the two brothers erected iron forges at Bersham 
(near Chester), Bradley (Staffs), Willey (near Rugby) 
Brymbo (Denbigh), Merthyr Tydvil, and other 
places. At Bilston, in Staffordshire, John con- 
structed the first blast-furnace in this area utilising 





* Sussex. Archaeol, Collections xxix, 173. 
+ Foster. American Foundry. 1926, March 15, page 
220. 
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the coal of the district. in place of charcoal. Here | 
he made the first iron boat to carry fuel along his | 
canal to the furnaces. Ina letter, dated October 20, | 
1787, from his Bradley Iron works, he wrote, | 
“There have been two iron boats launched in| 
my service since September. My clerk, Broseley, | 
advises me that she swims remarkably light, and 
exceeds even my own expectations.” His activities | 
extended to assisting Boulton and Watt in the | 
application of the steam engine for blowing purposes. 
He also spent some time abroad, at Le Creusot, 
France, where he carried out operations for the | 
casting and boring of cannon. He erected the first | 
iron bridge at Coalbrookdale, Shropshire, and his | 
many interests included the coking of coal, coal | 
and tar distillation, gas-making, and hot blast for | 
furnaces. So thoroughly was Wilkinson imbued | 
with the merits and utility of cast-iron that he made | 
a cast-iron pulpit and cast-iron coffins. This truly | 
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remarkable man has been described as the father 
of the British iron trade. 

It seems evident from Wilkinson’s general methods 
that the foundries adjoined the blast furnaces, and 
the molten metal was produced direct from ore 
smelted in these furnaces. From  Wilkinson’s 
patent we may infer that he felt the need for a 
smaller unit, which would be of greater flexibility | 
in meeting the varying needs of his foundry. Whilst 
this patent distinctly states that his furnace was 
intended for the direct smelting of ore, one can 
hardly imagine that so versatile a genius as 
Wilkinson did not use his furnace to remelt scrap 
castings, some of which must inevitably have been 
produced, even in his foundries. 

The rapid extension in the use of iron castings 
for domestic purposes, in the early stages of the 
development of the cast-iron industry placed a | 
lucrative business in the hands of travelling tinkers. | 
These itinerants travelled, in districts remote from 
blast-furnaces, equipped with portable cupolas 
and moulding apparatus. Their business was to 
remelt and recast, or repair broken utensils, on 
the spot. It may be, therefore, that the cupola 
as a furnace for remelting cast-iron originated with 
these people. John Bunyan, the tinker, it may | 
be noted in passing, probably belonged to this 


|and was operated by hand bellows. 
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| Aldwych, London, W.C.2, is about to appoint a qualified 
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class of artisan. In Germany, Professor Osann 
credits the introduction of the cupola, for remelting 
cast-iron, to Réaumur, and places the date as being 
prior to 1750.. Réaumur’s furnace, however, was 
purely of an experimental character; it was from 
6 in. to 9in. in diameter, some 24 in. in height, 
Again, the 
cupola is stated to have been in use in China for at 
least a thousand years.* A complete description 


‘of the form of these cupolas has been published, 


but there is some uncertainty as to whether the 
type of furnace described was indeed utilised 
from the very beginning for remelting cast-iron. 
The outstanding features which emerge from these 
considerations are that the introduction of the 
cupola furnace, for the remelting of iron for foundry 
purposes, was of a more or less gradual nature, and 
probably originated in this country with the above- 
mentioned travelling tinkers. Strictly-speaking, to 
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describe John Wilkinson as the inventor of the iron- 


| foundry cupola is incorrect. Broadly speaking, how- 


ever, Wilkinson was no doubt the first individual 
to perceive the necessity for a smaller and more 
manageable unit than the blast furnace in meeting 


ithe demands of organised foundry production. 


That his cupola, as described in his patent specifica- 
tion, does not comply with our modern restricted 
definition of the foundry cupola, and the fact that 
he was probably preceded by itinerant moulders, 
may not, on the other hand, be regarded as suffi- 


‘cient reason for withdrawing from him the title of 
' 


inventor of the foundry cupola. 
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mining engineer to act as technical investigator. 


| first work will be in connection with the use of steel 
| supports, in place of timber pit-props, in underground 


workings. Under suitable conditions, the employment 
of steel, in lieu of timber, may conduce to better results. 
If, therefore, the use of steel can be adopted on a con- 
siderable scale, the utilisation of materials, produced 
in this country, in place of imported timber, will not 
only be of very material benefit to the metallurgical 
industry, but will help the coal industry also, by increas- 
ing the demand for coal for iron and steel production. 





* American Foundry. 1926, March 15, page 221. 





THE EFFECT OF HEAT TREATMENT 
ON COLD-DRAWN STEEL TUBES. 
By Professor F. C Lua, 0.B.E., D.Sc., M.Inst.C.E. 
(Concluded from page 800.) 

Load Strain Curves under Repeated Stress.—At 
the end of the tube E, Fig. 10 (page 798 ante), is 
fixed a mirror frame with a stainless steel mirror made 
by Adam Hilger. The optical arrangement of 
Fig. 17, page 832, was used to measure the angular 
movement of the mirror. To obtain a long optical 
base two fixed mirrors were used ; the sliding lamp 
was connected to a micrometer adjustment. In 
Fig. 18 typical load strain curves are shown. The 
rising curve of No. 1 for an unannealed tube 
(annealed at normal atmospheric temperature) 
was taken while the machine ran 30,886 repetitions. 
There was no indication of a fatigue limit as a 
deviation from a straight line until 23-6 tons per 
square inch, which is much higher than the inter- 
polated fatigue range for long runs. On the other 
hand, the tube heated at 858 deg. C. showed a 
deviation from the straight line at a stress much 
below its interpolated fatigue range. By continuing 
the repetitions at gradually increasing stresses it 
was possible to obtain load strain diagrams in 
which load was proportional to strain to a much 
higher stress than in the first loading*. The agree- 
ment from the load strain curves and the interpolated 
curves for 30 x 108 repetitions, except in the case 
of the tubes not heat treated, and heat treated at 
100 deg. C., is fairly good. The range of stress as 
obtained from the load strain diagrams is from 1 ton 
to 2 tons per square inch less than from the interpo- 
lated curves. 

Types of Failure—Fig. 20 shows a tube that 
failed in compression. The tubes of Fig. 19 show 
in a marked way the effect of discontinuity where 
the tube is held, the stresses at these cracks being 
very much less, as shown in Table V, than in the 
reduced section where fracture did not occur. 
Fig. 20 is remarkable as showing for the first 
time,t as far as the author is aware, a failure by 
compression under repeated stress. The tube had 
been annealed at 858 deg. C. and ran 129,960 
reversals at a stress of + 13 tons per square inch 
before it collapsed and the machine stopped. The 
speed was so rapid that the collapse is practically 
uniform all round the tube. It would appear that 
the material of the tube must somehow have become 
weakened by the repetitions. From Fig. 12, page 
799 ante, it seems that the actual fatigue range for 
tubes annealed at 858 deg. C. is less than 4: 13 tons 
per square inch, and it is probable, therefore, that 
partial failure had taken place, which reduced the 
effective thickness, not sufficiently to fail by tension, 
but to collapse under the compressive stresses. 
Similar failures have been produced in brass tubes. 


TaBLe V. 
a er cspeaant 
| 
| Stress at | Apparent | ——- 
= r lg efore 
- | Test | Stress at crack 
Section. | Crack. | Occurred. 
} | 
mE | a peat 
No. 2a No heat treatment | 14-19 | 6°42 | 3,276,792 
No. 2a Annealed at 100 deg. | | 
ee = * ..| 16°52 9-33 | 1,884,096 
No. la Annealed at 251 deg. | 
| ee e Sa --| 19-02 8-27 =| 3,212,621 
No. 3a Annealed at 251 deg.| | 
Cpe ea aa a 18-1 7-62 2,911,020 


The results of this table show remarkably that 
failure can take place where there is a sudden 
discontinuity at a very much less stress than at a 
normal section ; this, combined with repeated small 
blows, probably explains many practical failures. 

Micro-photographs.—Fig. 21 shows a_ crack 
through a tube heated to 100 deg. C. and stressed 
at + 15-63 tons per square inch for 14,622,100 
repetitions. The crack appears to pass through 
the pearlite. The dark pit is due to a small amount 
of badly damaged material which came away during 
the polishing... Other micro-sections indicated that 
the crack passed partly through the pearlite. 
Fig. 22 shows a crack which occurred at 21-18 tons 
per square inch after 3,572 reversals. The figure 
suggests that in the neighbourhood of the crack the 





* See ENGINEERING, vol. cxv., p. 217 (1923). 
+ Similar results have been obtained in brass tubes. 
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ferrite crystals have been strained. This and other 
photographs showed that the cracks progressed 
through ferrite and pearlite. The magnification for 
both micrographs is 360 diameters. 


“ proof stress,” 
specified amount. 
Table VIII, 
| obtained from the extensometer plottings. 
Part II.—Tue Errect oF Prncu anp SINK Figt7 
ON THE PROPERTIES OF STEEL TUBES. aati 





5 
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A series of tests were carried out to determine the | 
effect of varying degrees of pinch and sink on the 
properties of steel tubes in the bright drawn condi- | 
tion, and after being heat treated at various | 
temperatures. Table VI shows the degree of pinch | 
or sink in the last pass for tubes containing 0-3 per | 
cent. C. and 0-15 per cent. C. Tests were carried | 
out (a) on tubes after normalising at 880 deg. C. | 
before the final pass; (b) after cold drawing to | 
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when the elastic strain is some 
Results of tests are shown in 
the limit of proportionality being 


Adjustable Mirror 





TABLE VII,.—(1). Tests on tubes annealed at 880 deg. C. 
for 10 mins. before final pass. 





Tube CC 0-15 per cent. C. 
0-004 in. thick. 
1-180 in. 


Tube B 0-3 per cent. C. 
Scale 0-002 in. thick ss ‘ 
Outside diameter 1-184 in. Sa 
Thickness 9-046—0-047 = 0-0465 
in. ihe ae ee ..-| 0:0395—0-0405 = 0-040 in. 
Area, 0-16617 sq. in. 0-14324 sq. in. 
Mean of 2 tests— 
Yield by Dividers, 22 tons sq. in. 
Maximum load, 27-25 tons sq. in.| 
| 


16-3 tons sq. in. 
19-2 tons sq. in. 





These figures may be compared with the results given in 
Table X 


From the slopes of the load-strain diagrams the 
modulus of elasticity after various pinches and heat- 
treatment could be determined. The plottings 
were good but the interpretation from the diagrams 





1} in. outside diameter ; (c) on cold-worked tubes | 
after heat treatment at 400 deg. C.; (d) after heat 
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TaBLe VI.- 
‘* drawings 


Schedule of Tubes. 
” upon the dimensions. 


treatment at 550 deg. It was felt unnecessary 
to carry out tests on nee heat treated at other 
temperatures, as the previous work referred to in 
this paper had shown that after heat treatment at 
a temperature somewhere between 350 deg. C. and 


Thickness Reduced 
from. to 


Difference. Reduction | 






550 deg. C. the important changes took place. 9.3 per cent. carton tubes. 
rests on tubes normalised at 880 deg. C. for 10 min. "125 = 5 per cent. 
before the final pass are as shown in Table VII. in. in, in. per cent. | per cent. 
neat, Miia ite a an A... 0-052 | 0-0359 0-0161 31 ‘7 
ompression Tests.—During compression tests on | j; 0-0465! 0-0354 0-0111 24 37.4 
the cold-worked and heat-treated tubes, load strain|*€ .. 0-042 | 00423 —0-003 —0:7 5:0 
é rea were take ith the Ewing extens te D .. 0-038 0-0355 0-0025 6-6 11°27 
curves were taken with the Ewing extensometer, | |; 0-034 | 0-0349 |—0-0009 | —2-65 2-84 
and an attempt was also made to obtain the Yield | 5.,; per cent. carbon tubes. O.D. reduced from 1-184 sto 
Point, when the beam of the machine dropped, and | -125 = 5 per cent. 
by the dividers. Typical load strain curves from} 4, .. 0-050 0-0357 0-0143 28-6 31-7 
these tests are shown in Fig. 23, in which it will be} BB .. 0°0445 | 0-0353 0-0092 20°6 24-3 
: ; 1CG .. 0-0400 | 0-03 0-0048 12-0 16-4 
seen, as previously pointed out, that no very|pp |. 0-0360 | 0-03545 | 0-00055 15 6-7 
decided yield took place in the sense in which yield | EE .. 0°0320 | 0:0334 (—0-0006 | —1°8 1°5 
occurs for normalised iron or mild steel. It would | ——— - - To . 
* In the case of “ C”’ the ‘pine aeake in drawing nd some ~~ | 


be possible from the load strain diagrams to deter- 


mine, as previously done, an arbitrary yield, OF : results to be expected from properly drawn tubes. 


. — 


Area. 


OD. reduced from 1-184 “to | for tubes | heat-treated at 550 


the results obtained were consequently inconsistent with aad | 


Showing effect of various | are somewhat erratic in the case of the 0-3 per cent. 


|C steel. It can be said, however :—(1) that the 
| value of E for tubes in the bright drawn condition 
as below that for tubes treated at 400 deg. C. to 
550 deg. C. (2) the value of E is slightly highe: 
deg. C. than at 
| 400 deg. C., for those tubes that have been heavily 
| | cold drawn n; (3) the value of E is greater the higher 
the degree of pinch, and lowest for tubes thickened 
| by sinking. Much more complete series of tests. 
| however, on this matter were previously carried out 
which show that for tubes containing 0-19 per cent. 





C and 0-5 per cent. C respectively (see Fig. 4, 
page 797 ante), the values of E change very 
little as the heat-treatment varies from 300 deg. ( 

to 550 deg. C. and was a minimum after heat 
treatment at 700 deg. C.* 





* See Report on Materials of Construction used in 


Aircraft and Aircraft Engines by C. F. Jenkin. 1920. 
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The limit of ee for 0:3 per cent. C 
tubes in the bright drawn condition is low, ranging 
from 12-4 to 8-4 tons per square inch, and, as will 
be seen from Table VIII it apparently has no definite | 
relationship to the degree of pinch, except that it 
reaches a minimum for the sunk tube. For 0-15 
per cent. C tubes in the bright drawn condition, 
the limit of proportionality is higher than for the 
0-3 per cent. C tubes, and also is higher than for 
0-5 C tubes. As will be seen later, the results from 
the bending tests on these tubes confirm these 
results. It will be seen that for the 0-3 per cent. 
C tubes, after heat-treatment at 550 deg. C., the 
limit of proportionality is raised to nearly four times 
the value of the limit of proportionality in the bright 
drawn condition. In the case of tubes of 0-5 steel 
the limit of proportionality was raised from below 
10 tons per square inch in the bright drawn condition 





.43. COMPRESSION TESTS OF STEEL TUBES. 


°3% CARBON. TESTED BRIGHT, AND AFTER HEATING FOR 


20 MINUTES AT 400°C OR 





Load av Tons 


Strain 


(67.x,) 
‘to over 40 tons per square inch after heat-treatment | 
at}480 deg. C. The maximum limit of proportion- 
ality and ultimate stress are given by tubes which 
had 33 per cent. reduction in area during the drawing 
process. 

Bending Tests.—Tubes are very frequently used 
under conditions where they are subjected to 
bending ; as struts in aeroplanes, and as elements 
of the various types of cycles, bending stresses have 
to be resisted as well as direct-tension and thrust 
stresses. Particularly in the case of aeroplane 
struts it would appear that the behaviour of the 
tubes under bending is of real importance to the 
designer. The value of the modulus of elasticity, 
under these conditions, is perhaps also that which 
should be used in determining the behaviour of the 
struts. For strut elements also, the stress at which 
the load curves deviate from proportionality is of 
considerable importance. Bending tests were, 
therefore, carried out, using the apparatus as shown | 
in Fig. 3a (page 797 ante). Typical load diagram | 
curves are shown in Fig. 3. A very large number of 
tests were made but only a few curves have been 
selected. For given tubes, tests were made with 
any given diameter in various angular positions 
from the horizontal. Such tests, which were carried 
out with very great care, and the measurements 
taken with considerable accuracy, show that the 
slopes of the load deflection diagrams varied slightly, 
for different positions of a given diameter of the 
tube, thus giving variable values of the Modulus of 
Elasticity as determined from these diagrams. 








TABLE VIII.—Tasies sHOWING THE PINCH AND SINK 


OBTAINED FROM COMPRESSION TESTS. 





These discrepancies are probably due to irregularities 
in the shape and thickness of the tube, which cause 
variations in the effective moment of inertia about 
different axes. The results of the bending tests 
are shown in Table IX, the limit of proportionality 
and the modulus of elasticity being shown together 
with the variation of the reduction in thickness and 
area. 

The values of the limit of proportionality given 
in the table are taken as the stress at which there 
was even a slight deviation from the straight line. 
Beyond this limit of proportionality the curve was 
very straight and it was not easy to definitely fix 
the value. The curves of Fig. 3 show very definitely 
the effect of the heat treatments. The cold drawn 
tube A indicates a very large hysteresis loop for a 
stress of 28 tons per square inch and a perceptible 
hysteresis loop for a range of stress of 16 tons per 
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Fig.25. FLATTENING TESTS. 
CURVES SHOWING LOADS AT YIELD POINTS OF STEEL TUBES 
THINNED TO VARIOUS DEGREES BY DRAWING, OR 
THICKENED BY SINKING. TESTED “BRIGHT "& AFTER 
HEAT TREATMENT AT VARIOUS TEMPERATURES. 
a A ThicknessReduced 317% ac'AA. Thickness Reduced 29% 


BB. 72| BBB. » 245% 
YD. 78% | Y'CC. 125% 
SE. » -29%| 6° DD 29% 
a C. » -42%| wEE -1-6% 


Full Lines = 0:3% 
Dotted » = 015% 
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or Steet Tuses GIVEN IN THE LAst Pass AND Data 
(0:3 Per Cent. CARBON TUBES). 
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Reduction in Reductionin | Limit of | . - Dividers 
Thickness. | Area. Treatment. | Proportionality. | Beam Yield. Yield. | Stress. 
Fe Per cent. | Per cent. | | Tons per Sq. In. | Tons per Sq. In. | Tons per Sq. In. | Tons per Sq. In. 
a 33-7 | Bright* | 9°87 26-4 30-5 | 45-2 
| | Bright 9-87 26-4 38-2 42-90 
| | 400 deg.* 33°9 43-62 48-47 48-47 
| | 400 deg. } } 45-8 49-5 
| | 550 deg.* 33-6 43-5 | 45-2 45-2 
D6-6 11-27 Bright* 12-4 } 23-95 27°25 33-1 
Bright 26-5 34:1 
400 deg.* 23-9 32-2 38-0 
400 deg. 32-3 35-8 
550 deg.* 24-1 30-75 30-75 
E 2-65 2-82 Bright* 8-4 | 23 27-73 | 31-93 
Bright | 28-2 | 31-8 
400 deg.* 18-4 29-2 30-7 34-0 
400 deg. 30-8 35°9 
550 deg.* 23°5 | 28-1 | 31-6 











* Extensometer tests. 








square inch, whereas A heat-treated at 400 deg. C. 
shows an almost straight line to a stress of 36 tons 
per square inch and a very small hysteresis loop 
for a stress greater than 40 tons per square inch. 

Flattening Tests on Tubes.—In order to test the 
effect of heat-treatment on the transverse properties, 
specimens, 1 in. in length, were subjected to flat- 
tening tests. A steel cylinder 2-4 cms. diameter 
was loaded transversely across the centre of the 
test piece and laid directly through a stirrup. 
Deflections were taken by a Brown and Sharpe dial 
indicator until the range of the instrument was 
exceeded, when deflections were taken by caliper 
measurements from the internal diameter of. the 
tube. Typical load deflection diagrams are plotted 
in Fig. 24. It will be seen that the character of the 
curves vary considerably after different heat- 
treatments. Bright drawn tubes were tested, as 


Fig.24. LOAD-DEFLECTION DIAGRAMS FROM FLATTENING TESTS OF 
STEEL TUBES, 0.D.1:i2” 

0:15% CARBON, THINNED TO VARIOUS DEGREES BY DRAWING OR THICKENED 
BY SINKING. TESTED BOTH ‘BRIGHT "AND plone HEATING FOR 

20 MINUTES AT VARIOUS TEMPE. 
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Detlection in Thousandths of an Inch 


TABLE IX.—Bending Tests of Steel Tubes. 











‘ Modulus 
Reduction in | Reduction _" 
Thickness. in Area, | 2teatment/ of z= iP. 
} 
0-3 per cent. carbon tubes. 
per cent. per cent. tons per tons per 
sq. in. sq. in. 
A 31 33-0 Bright. 13-183 13-4 to 
15°55 
400 deg. 13-612 35-8 
550 deg. 13-667 40:3 
B 24 |} 27-4 Bright. 13-090 _ 
400 deg 13-700 _ 
550 deg 13-650 34-2 
E —2-65 2-8 Bright 12-667 15-9 
400 deg. 13-052 15-9 
| 550 deg. | 13-140 21-2 
0-15 per cent. carbon tubes. 
BB .. 20°6 { 24:35 Bright. 13-157 10°8 
400 deg. 13-530 29-0 
550 deg. 13-380 26-1 
CC 12-0 16-4 Bright. —_ _ 
400 deg. 13-220 26-4 
550 deg. 13-300 24°3 
DP .. 1-53 6°7 Bright. _ _— 
400 deg. 13-035 19-2 
| 550 deg. 13-400 16-5 
EE .. —1-87 1-5 Bright. — — 
400deg. | 12-750 13-9 
550 deg. 12-780 11-6 











well as tubes heat-treated at temperatures varying 
from 400 deg. C. to 850 deg. C. The load at which 
the curve deviated markedly from the straight line 
has been called the yield point Clearly this is not 
very well defined. These points have been plotted 
in the curves in Fig. 25 for various temperatures of 
heat-treatment and for varying degrees of pinch and 
sink. Apparently, heat-treatments up to 400 deg. C. 
do not affect the transverse properties very seriously. 
Heat-treatment in the ‘“annealing’’ range of 
between 600 deg. C. and 700 deg. C. produce the 
softest condition of the tube transversely, as it also 
does longitudinally. The yield points as given by 
this rather irregular and very arbitrary method of 
testing are clearly proportional to the degree of 
pinch. The comparison of these yield points with 
those obtained from the compression tests show that 
there is general agreement in what might be called 
the stiffness of the tubes, longitudinally and 
transversely. 

Torsion Tests.—Torsion tests were also carried 
out to determine the effect of heat treatment on the 
transverse properties. The results of these can 
be summarised as follows :—(1) Tubes, 0-3 per cent. 
carbon: Heat treatment at 400 deg. C. or 500 deg. C. 
raises the modulus of rigidity and the limit of 
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proportionality of the cold drawn tubes, the highest 
value being reached after heat treatment at 
400 deg. C. The raising of the limit of proportion- 
ality is practically proportional to the percentage 
reduction of the thickness of the tube. The modulus 
of rigidity appears to reach a maximum after heat 
treatment at over 400 deg. C. or 500 deg. C. when the 
thickness is reduced about 25 per cent. (2) Tubes, 
0-15 per cent. carbon. The modulus of rigidity 
after heat treatment at 400 deg. C. is higher than for 
the bright drawn tube or after heat treatment 
at 550 deg. C. The limit of proportionality is highe: 
after heat treatment at 400 deg. C. than at 550 deg. C 
The maximum limit of proportionality appears to be 
reached when the reduction of thickness is 20 per 
cent. 

Summary of Conclusions.—Cold drawn tubes afte) 
the final pass have a low limit of proportionality, 
but the strength is much higher than that of nor- 
malised material. Up to a percentage reduction of 
from 25 per cent. to 30 per cent., the statical pro- 
perties of the tubes are increased. Annealing the 
tubes at various temperatures changes the strength, 
the maximum strength in tension and in compression 
being obtained after heat treatment at about 
350 deg. C. to 400 deg. C. The limit of proportion- 
ality of cold drawn steel tubes in compression may 
be increased more than 300 per cent. and that of 
tubes in tension 50 per cent. (reckoned on the lower 
value) by heat treatment at temperatures between 
360 deg. C. and 480 deg. C. After 480 deg. C. the 
effect of heat treatment is to cause a very rapid 
lowering of the limit of proportionality, the ultimate 
strength and the fatigue range. The limit of 
proportionality, the yield stress, the ultimate tensile, 
and compressive stresses, all pass through a 
minimum after annealing at a temperature between 
650 deg. C. and 750 deg. C., depending upon the 
carbon content of the tubes. At an annealing 
temperature above the normalising temperature all 


TABLE X, 





Annealing temperature deg. 
_ C. at which the maximum 
value occurs, 





Modulus of Rigidity .. 200 to 450 
Modulus of Elasticity 250 to 480 
Ultimate Shear Stress 300 to 420 
Limit of Proportionality 360 to 480 
Crushing Stress ; is am 300 to 360 
Hardness re ee PS oe 350 

Endurance Range a se ae 300 to 420 
Density ow ne es 400 to 600 





the properties of the tubes increase, the increase 
being more marked in those tubes that were annealed 
below the normalising temperature before the last 
pass than in those heat treated above the normalising 
temperature before the last pass. 

The modulus of elasticity of cold-drawn steei 
tubes in compression is raised by heat treatment. 
The change is not more than from 5 to 10 per cent., 
and the experimental points do not lie closely to the 
mean curve, but for all sets of tubes there seems no 
doubt that the modulus of elasticity in the cold- 
worked state is lower than after heat treatment at 
from 350 deg. C. to 480 deg. %., and its value passes 
through a minimum at an annealing temperature 
of from 650 deg. C. to 750 deg. C., depending on the 
carbon content. The modulus of elasticity obtained 
from bending tests is more uniform ; the same is true 
of brass tubes.* The modulus of rigidity, as obtained 
from torsion tests, is also affected by heat treatment 
and approximately reaches its maximum value 
after annealing at 400 deg. C. 

The density of the cold worked niaterial is less than 
the material after heat treatment. The cold worked 
steel behaves peculiarly under repetition stresses 
in that, although a very large number of repetitions 
of stress, at a high range of stress, can be run, the 
stress-repetitionst curve is continuously falling up 
to 35,480,000 repetitions, and the falling apparently 
continues. Interpolating from the data of the paper 
it would appear that a 0-35 per cent. C cold-worked 
tube may run 1,000 million repetitions at a range 
of stress of + 10 tons per square inch and 10 million 
repetitions at a range of stress of + 15-3 tons per 





* Paper by Lea, Collins and Reeve, Inst. of Metals, 1923. 
+ For cold drawn brass tubes the curve is continuously 
falling for more than 70 x 10® repetitions of stress. 





square inch. Tubes heat treated after cold draw- 
ing at temperatures from 300 deg. C. to 420 deg. C. 
give much higher values. The effect of heat treat- 
ment on cold-worked tubes, normalised before the 
last pass, is to raise nearly all the properties, as 
compared with the cold worked tubes, as the tem- 
perature of annealing is increased from 100 deg. C. 
to 500 deg. C. Table X summarises the results. 

The author wishes to express his indebtedness to 
the firms who supplied material to Mr. F. Raw, 
B.Sc., and Dr. H. P. Budgen, and to others who have 
assisted in the tests. 
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Brassey's Naval and Shipping Annual, 1927. Edited by 
Sir ALEXANDER RICHARDSON and ARCHIBALD HurpD. 
London: William Clowes and Sons, Limited. [Price 
25s. net. ] 

THOSE interested in matters of naval policy or 

those associated with the mercantile marine find 

in each issue of Brassey’s Annual a useful reflec- 
tion of the main developments which are taking 
place. The editors each year secure the services of 
specialists, usually of considerable professional stand- 
ing, to contribute articles on particular subjects. In 
the past, these writers have generally been named, 
but that practice has been departed from in one case 
in the last edition, for the article on engineering 
progress, which has been contributed by Mr. James 

Richardson for a number of years, has now been 

taken up by one who writes under the nom-de-plume 

of ‘‘ M.I.N.A.” 

The chapter by the editors on ‘* Comparative 
Naval Strength” shows that since the Great War 
Britain is the only nation showing any inclination 
to build capital ships. Now that the Nelson and 
Rodney are completed, we are not allowed, under 
the terms of the Washington Agreement, to build 
any more vessels of over 10,000 tons until 1931. 
The United States of America is in the same 
position, but both the United States and Japan 
have concentrated on converting some of their 
existing battleships, which were still in good 
condition, into aircraft carriers. Two outstanding 
conversions for the former Power are the electrically- 
propelled ships Saratoga and Lexington, each of 
180,000 h.p. and 34} knots speed, and each is 
equipped for the carrying of 78 aeroplanes. 

The contribution by Captain E. Altham, R.N., is 
equally interesting, and shows the present trend of 
developments. He indicates a possible change in 
future cruisers of the. United States. It appears 
that the ten 8-in. guns of the existing vessels 
have been found too great a sacrifice in weight, 
and it is thought that an eight-gun installation, 
such as has been adopted by Great Britain and 
other nations, will be found more satisfactory. 
It appears that the new cruisers of France and 
Italy will have a much greater speed than the 
British vessels, but it is made clear that the 
increase has been obtained by sacrificing protection 
and by a reduced radius of action. It is interest- 
ing to note the variation in the sizes of destroyers 
decided upon by different nations—those on hand 
for the Italian and Japanese navies are of about 
1,800 tons displacement, whereas the German 
vessels are of less than 800 tons. No doubt such 
differences are due to geographical conditions, and 
it appears that there is an element in Germany, 
which is willing to sacrifice speed for greater pro- 
tection. 

Captain Alfred Dewar’s discourse on the Geneva 
Conference is of interest. He contends that the 
failure was due to the United States attempting to 
decide the question on a tonnage basis, whereas the 
real factor in naval strength is gun power. Com- 
mander Charles N. Robinson, R.N., again deals in a 
lucid way with the present position of the ‘‘ Naval 
Forces of the British Empire”; he comments 
upon the decision to transfer a number of reserve 
destroyers from Portsmouth, Chatham and Devon- 
port to Rosyth, and states that the decision gave 
rise to absurd statements regarding the restoration 
of Rosyth to a naval footing. While such informa- 
tion will be news to many of the readers, they may 
find consolation in the Commander’s statement that 
the scheme results in an annual saving of 170,000. 





It is stated that the vessels so dealt with were fast. 
approaching obsolescence and that no money could 
be economically spent on them. pe 

Captain Paul Chack, of the French Navy, outlines 
French Naval policy, and the position of the 
fleet since 1910, which at that time was second in 
the world. He reminds us that no warships were 
built by France during the war, because all her 
dockyard establishments were fully employed with 
the production of military equipment, and, as the 
result of wear and the losses in action, the fleet 
was so much reduced in 1925 that it was described 
as a collection of antiques. France, he says, must 
have cruisers to protect her trade routes and African 
possessions, and by concentrating on small units, 
cannot be blamed for having Imperialistic views. 
Lieut.-Commander Clifford Albion Tinker, of the 
United States Navy, in his review of the naval 
situation in the Pacific, expresses some interesting 
views. His opinion is that if at the Washington 
Conference Great Britain and the United States 
had in mind a policy to enable Japan to check or 
forestall Russian ambitions in Manchuria, or if 
they believed that Japan needed the relatively 
enormous naval establishment which she now 
possesses merely for her national security and trade 
protection, they have made a great diplomatic and 
naval mistake ; in his view, Japan may soon suffer 
from a form of naval indigestion, but in any case her 
present fleet is thought to be too large, considering 
that Great Britain and the United States are her 
virtual allies. Commander Tinker gives his views 
without reserve, and his contribution is in extreme 
contrast with the article on the same subject by 
Commander Ichiro Sato, of the Japanese Navy, 
and which appeared in the 1926 edition of Brassey’s. 

The present position of flying boats for Empire 
defence is dealt with by Major P. L. Holmes, D.Sc.. 
in an interesting survey. It would appear that 
there are many factors to encourage the building 
of ‘all metal” boats, and not the least of these is 
the large saving of weight, which means, of course, 
that the radius of action can be considerably 
increased. A metal hull for the Southampton class 
of boat (14,700 lb. weight) would be 500 Ib. lighter 
than a wooden hull; but, in addition, a further: 
saving of 400 lb. would be effected because of its. 
water-excluding qualities. 

The editorials on mercantile tonnage show 
clearly the present position and the changes which 
are taking place. The world’s total is now 
59 million tons, exclusive of sailing vessels, which 
is an increase of 17 million tons over the 1914 
figure ; sailing vessels now total less than 24 million 
tons. Of the total, 283 per cent. is composed of 
vessels of between 4,000 and 6,000 tons gross, and 
ships above 15,000 tons amount to less than 4 per 
cent. There are now only 4 million tons of idle 
shipping, 72 per cent. of which is owned by the 
United States, and many of these vessels have never 
earned a penny. The figures for Germany show 
that she has already recovered three-fourths of the 
44 million tons she lost after the war; the output 
from her shipyards is very low for the year, how- 
ever, as it is only 181,000 tons as against the 418,000 
tons of the previous year. Italy is still making 
considerable progress, which is, of course, almost 
solely due to the subsidies granted by the Govern- 
ment, and she now has fourth place in the amount 
of tonnage owned. Progress in Japan is proceeding 
slowly, but she still retains third place. 

So far as machinery is concerned, there has been 
a decrease of 267,000 tons of ships propelled by 
reciprocating engines for the year, and there are 
now 1,374 vessels fitted with turbines and 2,552 
with oil engines, but the latter include a large number 
of small and auxiliary ships. The editors call 
attention to the fact that, although the world’s 
tonnage has increased so much, the world’s trade 
has actually decreased since 1914, and they conclude 
from these returns that “tonnage is not now so 
well employed ; or, in other words, that the world’s 
shipping is not now so efficient.”. It may be 
suggested that these statements are not analogous ; 
shipping was never so efficient as it is to-day, and 
the losses shown can be put down to trade union 
restrictions and the retention of vessels which are 
past their sphere of usefulness. Mr. Cuthbert 
Maughan again reviews freight developments, and 
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indicates that for ordinary cargo vessels, the 
experience during the greater part of the year 
should not have been unsatisfactory, and at the 
end of the summer there was a real sign of an 
autumn revival. 

The writer on engineering progress prefaces his 
remarks by stating categorically that, for ships of 
moderate power and on long voyages, the Diesel 
engine has no rivals, and refers to the handicap to 
British designers involved by the use of foreign 
patents. Methods of supercharging are greatly 
increasing the power output of Diesel engines, and 
it appears that an increase of from 30 per cent. 
to 40 per cent. may be obtained in this way. The 
position of the electric drive is also discussed, and 
while this system will give higher efficiency at 
reduced speeds, the writer concludes, from the trial 
results of H.M.S. Nelson, that the advantage is 
still in favour of the geared turbine. He is greatly 
in favour of electrically-operated auxiliaries, 
however, and attributes the low oil consumption 
of 0°69 lb., under service conditions, for the 
Empress of Australia, to be due principally to their 
use. Another system commented upon is the 
Bauer-Mach combination of reciprocating engines 
with a turbine on the same shaft, and it is stated 
that, in Germany, a great number of vessels are 
being converted, and a good number are being 
built, to this design. <A gain in economy of about 
20 per cent. is attributed solely to the more efficient 
use of the exhaust steam in the turbine, and this 
is computed to give an increase of speed of about a 
knot. 

Sir William H. Raeburn traces the history of 
the port of Glasgow and the developments of 
the river Clyde since 1812, and his notes will be 
of interest to all, including those who are not 
directly connected with the shipping industry. 
Mr. Alfred Regnauld, discusses the progress made 
with electrical propelling machinery and points 
out that although the United States have adopted 
the system for both naval and mercantile work, 
the British Government have not adopted it for 
surface ships, and, up till now, British shipowners 
have refused to give it a trial experimentally. The 
Government have now decided to try an installation 
in H.M.S. Adventure, and the P. and O. Line have 
placed an order for an 18,000 h.p. installation for 
one of their mail vessels. The results of these will 
be looked forward to with interest. The author 
reminds his readers that the first electrically pro- 
pelled vessel, the Electric Arc, was designed and 
built in this country. 

In the article on progress in wireless communica- 
tion, Commander J. A. Slee, R.N. (Retd.), gives 
a number of reasons why, under present circum- 
stances, spark apparatus is unlikely to be displaced 
by valve receivers. “Simplex” telephony is now 
being developed for use between ships, and it is 
interesting to learn that fairly long distance calls 
are now possible with }-kw. sets, and these are 
in use in some trawler fleets. 

The concluding article is by Mr. W. H. Chapman, 
who again gives short descriptions of the notable 
mercantile vessels of the year, including the Ile de 
France, which is the largest post-war vessel to be 
completed, the Saturnia, the largest motor ship 
in the world, &c., and his notes include important 
engineering developments. It appears that, prior 
to the completion of the experimental vessel King 
George V, the Societa Servize Marittammi, of Italy, 
had decided upon an 18,000-h.p. installation with 
boilers working at 400 lb. pressure. 





Properties and Testing of Magnetic Materials. By 
THomas SPooneR. London: McGraw-Hill Publishing 
Company, Limited. [Price 25s. net.] 

In some branches of scientific activity, the task 

of collation is as important as the more interesting 

work of discovery. For, when numerous investi- 
gators in an almost equal number of countries are 
attacking a subject from different points of view, it 
stands to reason, not only that the results of their 
work will be scattered amongst publications written 
in several languages, but that the conclusions they 
arrive at may be both overlapping and contradictory. 

A good illustration of the confusion that then arises 

is provided by the subject with which Mr. Spooner’s 

book deals. It has been tackled by both the 
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electrical engineer and the metallurgist. The former 
class has produced such fundamental treatises 
as the lecture given by 8S. P. Thompson before the 
Institution of Electrical Engineers in 1913, and 
the papers read before the same body in 1920 and 
1925 by Mr. Sydney Evershed. The latter class are 
represented by Mr. R. L. Dowdell’s paper on the 
Investigation of the Treatment of Steel for Perma- 
nent Magnets, which was read before the American 
Society for Steel Treating in 1924, and by Sir Robert 
Hadfield, Messrs. S. R. Williams and I. S. Bowen’s 
paper, which was presented to the Royal Society in 
1921. In addition, numerous papers have been 
published in Eneryerertne and other technical 
journals under the signatures of such workers as 
Dr. H. A. Dickie, Professor K. Honda, Professor 
E. Gumlich, and Mr. J. F.-Kayser. There is 
therefore, no lack of matter. What has been 
wanting has been the presentation of the information 
collected in a form, which, though not perhaps 
exhaustive enough for the specialist, will give the 
general seeker after knowledge a good idea of what 
has been done on an important subject. That 
want is largely met by Mr. Spooner’s book. 

As he tells us in his preface, its chief purpose is 
two-fold. To give a résumé of our present know- 
ledge of the magnetic properties of commercial 
ferro-magnetic materials and to describe the test 
methods, which are suitable for the commercial 
inspection of such materials. Theory is, to a great 
extent, omitted, and the problem of the design of 
the magnetic circuits of electrical apparatus is not 
dealt with specifically, though a great deal of the 
information given can be usefully applied for that 
purpose. There is a short summary of the problem 
of the iron losses in rotating machinery and a brief 
introduction to the subject of magnetic analysis. 
Both electrical engineers and metallurgists may 
be recommended to study Chapter V. This, under 
the heading of “‘ Permanent Magnet Steels,” links up 
the two lines of approach, which, as we have said, are 
usual in studying this subject, and contains a useful 
statement on magnet steel criteria, and another 
on heat treatment, the latter being also dealt with 
at considerably greater length in a subsequent 
chapter. The next chapter deals with hysteresis 
under special conditions, including inhomogenous 
material, and lack of symmetry in the loops owing to 
the unequal positive and negative values of the mag- 
netising force. This condition occurs to a large 
extent in practice, and as Mr. Spooner remarks is well 
worth the exhaustive consideration, which he gives 
it. The effects of frequency on apparent perme- 
ability and iron losses are next considered, while the 
following chapter deals with the influence of grain 
direc.ion and mechanical stress on magnetic proper- 
ties. This again helps to connect up the work 
of the electrical engineer and the metallurgist. The 
second part of the book, which covers magnetic 
testing proper, describes the various permeameters 
and other apparatus, which are now available for 
this work, and discusses the methods of testing, that 
have been employed, in a critical vein. The third, 
and concluding part, deals with core losses in trans- 
formers and rotating machines, and with magnetic 
analysis. With regard to the latter, Mr. Spooner 
wisely begins by explaining that magnetic analysis 
means the establishment of a relationship between 
the magnetic and physical properties of a material. 
The advantage of this is that magnetic measure- 
ments can be made simply, quickly and without 
injuring the material, so that in this way a valuable 
commercial tool may be obtained. For instance, 


flaws can be discovered and the effect of stress | 


studied. But the difficulty is that though the 
measurements are easy to make they are hard 
to interpret and the results themselves may, 
moreover, be affected by factors which it is hard 
to discover. 

The book is clearly written and well printed and 
ilustrated. The author usefully summarises his 
conclusions at frequent intervals. Some of the 
units employed, e.g., gilberts and oersted-cm, will 
be slightly unfamiliar to English readers, but the 
results will, doubtless, become clear with a little 
mental exertion. There is a bibliography at the end 
of each chapter, in which the absence of references 
to German and other Continental literature is 
rather marked. 








The Geology of the Southern Part of the South Staffordshire 
Coalfield (South of the Bentley Faults), By Tatsor G, 
H. WurrexeaD, M.Sc., A.R.C.Sc., and T. Eastwoop, 
A.R.C.Se. London: H.M. Stationery Office, Adastral 
House, Kingsway, W.C.2. [Price 6s. 6d. net.] 

THis memoir of the Geological Survey deals with 

the region of the South Staffordshire and North 

Worcestershire coal field south of the Great 

Bentley Fault. The area includes the well-known 

Thick or Ten-yard Coal of South Staffordshire. 

This seam has been worked for several hundred 

years and is still productive. History, tradition 

and place names point alike to the fact that the 
greater part of the area was once forest land. This 
condition continued into late medieval times, and 
it may be assumed that the district owed the original 
establishment of its iron industry to the abundance 
of timber, which, up till the 18th century, was used 
in the form of charcoal for smelting the locally 
available iron ores. Coal had, however, been used 
long previously for other purposes, as is shown by old 
records. The Manor Rolls of Halesowen relating 
to the year 1281, for example, refer to “ five cart- 
loads of sea coal,’ and other references to coal in 
the reign of Edward I are made in post mortem 
inquisitions into the extent of manors. Surface 
workings where coal has been dug are said to have 
existed since 1300, along the outcrop produced by 
the Netherton Anticline, near Brierley Hill and 

Dudley. The bell pit was another early method 

used for obtaining ironstone before the value of coal 

was appreciated. This was merely a pit sunk for 

15 to 20 ft., to the seam and then enlarged at the 

bottom as far as could be done without the sides 

collapsing. Traces of such pits may be seen at 

Saltwells Wood, sunk through the Thick Coal, 

apparently to obtain the Gubbin ironstone below. 

By the 17th century, South Staffordshire had 
become famous for the abundance of its coal and 
iron mines. Charcoal, however, continued to be 
employed for the production of iron. But the 
consumption of timber by the ironworks was so 
great that, as early as Elizabeth’s reign, laws were 
made to restrict its use for this purpose. The 
scarcity of timber thus led to a decline in the 
industry. Notwithstanding many attempts to 
employ coal, it was not until about 1730-5 that 
Abraham Darby successfully made iron in Coal- 
brookdale by means of pit coal which had been 
previously coked. The adoption of this practice 
soon led to a revival and formed the basis of the 
modern industry. The fireclay and glass-making 
industries of South Staffordshire appear to have 
originated about the middle of the 16th century. 
As a result of these industrial activities, the Tame 
Basin is now almost a continuous string of towns 
along the main lines of communication from West 
Bromwich and Smethwick to Tipton and Wolver- 
hampton and thence to Wednesbury and Walsall. 

The seams of coal, ironstone and fireclay, to which 
this great industrial development are due, are con- 
tained in the grey Middle Coal Measures, which rest 
unconformably upon older rocks ranging in age 
from Cambrian to the highest Silurian beds, transit- 
ional to the Devonian or Old Red Sandstone. The 
Ordovician system is, however, not represented. 
The Middle Coal Measures are overlain by a thick 
series of Upper Coal Measures, which, however, 
contain no workable coal seams. Above these, 
but resting with marked unconformity are the 
Triassic rocks, their outcrop’ surrounding the coal- 
field and occupying most of the area between it 
and the coalfields of Shropshire and Warwickshire. 
Superficial deposits of sand, gravel and clay of very 
variable thickness, the greater part of which is the 
product of ice sheets and flood-waters of the Glacial 
Period, cover a considerable part of the coalfield 
and its borders. 

Apart from dealing thoroughly with the Carboni- 
ferous Rocks, the memoir describes the general 
geological structure of the district. A brief account 
of the Triassic Rocks and superficial deposits is 
also given. The text is illustrated by a number of 
photographs and diagrams and vertical sections 
through the coal measures. 





Coat-Mine AccIDENTs In AMERICA,—According to 
the United States Bureau of Mines, fatalities caused by 
coal-mine accidents are decreasing. During the first ten 
months of 1927, accidents claimed 1,825 victims. The 
fatalities for the same period of last year numbered 2,037. 
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BLAST-DRYING PLANT AT WISHAW. 


CONSTRUCTED BY MESSRS. SILICA GEL, LIMITED, ENGINEERS, LONDON. 
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THE SILICA GEL BLAST-DRYING 
PLANT AT WISHAW. 


WE reproduce, on page 853 of the present issue, a 
paper entitled “The Use of Silica Gel as a Medium 
for Drying Blast,” read by Mr. E. H. Lewis at the 
Glasgow meeting of the Iron and Steel Institute on 
September 21 last. Many details, of a practical 
nature, regarding the process and the installation, 
are not included in the paper, and we now propose to 
give a brief illustrated description of the silica gel 
blast-drying plant as installed at the Wishaw Works 
of The Glasgow Iron and Steel Company, Limited. It 
will perhaps be advisable to outline, first of all, the 
method of manufacture and the properties of silica gel. 
The material is made by adding, in a carefully-regulated 
manner, fixed proportions of sulphuric acid to a sodium 
silicate solution. The mixture is allowed to stand for 
several hours until it sets into a jelly-like, homogeneous 
mass. This substance is divided up into pieces, about 
] in. across, and the particles are washed thoroughly 
in order to dissolve-out all traces of sodium sulphate 
and free acid. The material is then dried to constant 
volume, which is about one-tenth of its original volume, 


and is finally heated carefully, at a standard tempera- | 


ture, to bring it into the fully active condition. Silica 
gel consists of yellowish-brown, translucent granules, 
which have a hard, glassy, or quartz-like appearance. 
The material is a powerful dehydrating agent and 
can adsorb upwards of 20 per cent. of its weight of 
water; moreover, it does not become * wet’? during 
the process, and, at the end of the operation, it is 
little changed in outward appearance. Silica gel is 
stated to be highly porous, and to contain an enormous 
number of ultra-microscopic voids or pores. When 
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ness for a further cycle of operations. 
In addition to its use in dehydration 
processes, the gel may be employéd 
for the removal and recovery of ether, 
acetone, alcohol, benzene, and other 
hydrocarbons, from gas or air mixtures. 

As stated by Mr. Lewis, in his paper, 
the plant at Wishaw consists of a 
battery of six adsorber elements, 
placed side by side, and arranged in 
such a manner that the gel in any one 
unit can be activated while that in the 
other five is adsorbing moisture from 
the atmosphere. Each adsorbing unit 
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consists essentially of a large sheet- + 
steel chamber containing mesh- (seo e) 
bottomed racks or trays, on which the 

gel rests ; these racks are inclined at a suitable angle in 
order to expose the gel to the flow of atmospheric air 
| during the adsorption process, and to the hot gases 
during the activation operation. A general view of 
the installation, under construction, is shown in Fig. 1, 
above; a plan of the plant is depicted in Fig. 3. 
| Horizontally along the front or inlet side of the installa- 
tion runs the main pipe, made of light steel plate, which 
conveys the hot activating gases. This is connected 
to each adsorber by means of vertical branches. 
Simple, manually-operated, two-way dampers are 
|arranged in these branches, and, when the plant is 
| working, five of the adsorber elements are closed 
|to the activating medium and are open to the 
| atmosphere, while the sixth damper closes the remaining 
} adsorber and opens it to the entry of the activating 
| gases. On the outlet side of the battery are two hori- 
| zontal ducts, also made of light steel plate, the lower of 





the material is placed in a moist atmosphere, capillary | which is for the dried air to the turbo-blower of the blast 
action is called into play and particles of water are | furnaces, and the upper for the wet air from the adsorber 
drawn into the pores. As emphasised by Professor | unit which is being activated. These two ducts are 
Desch, during the discussion on the subject, at Glasgow, | clearly seen in Fig. 1. Two-way dampers, similar to, and 
the outstanding advantage of the material is its perfect | mechanically coupled with, those on the inlet side of the 
reversibility. The water adsorbed by the gel may be | battery, provide the means for connecting, in rotation, 
driven off, subsequently, by the application of heat, | the one adsorber, under activation, to the wet-air duct, 
leaving the material quite unchanged and in readi- | and the five adsorbing elements to the dried air duct. 
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An induction fan, driven by a 20-h.p. motor, the 
position of which is shown in Fig. 3, is employed for 
drawing the activating gases, through the saturated 
silica gel and discharging the moisture, thus extracted, 
through an uptake to the atmosphere. An adsorber 
element is shown, in side elevation, in Fig. 2, above, 
and, in section, in Figs. 4 and 5. Fig. 4 depicts 
the position of the dampers during the adsorption 
process, and Fig. 5, the position of the valves during 
the activation operation. The heat for the activation 
of the gel is generated by the combustion of blast 
furnace gas in the furnace shown inthe plan, Fig. 3. 
Excess air is admitted in order to bring the tempera- 
ture down to the required level, namely, 640 deg. F. 
(338 deg. C.). The ammonia and tar contained in 
the gas, and produced as a result of using raw 
coal in the blast furnaces at Wishaw, are removed 
prior to the combustion. The Alexander separator, 
shown in Fig. 3, is added as an additional safe- 
guard; it is a simple static type of extractor, in 
which any residual tar is removed from the gas by 
baffles. The time taken for the regeneration of the gel, 
contained in each adsorber element, is about 1} hours. 
As stated by Mr. Lewis, the gas supply is turned off, 
towards the end of the operation, and air alone is passed 
through the adsorber in order to cool the gel. The 
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MECHANICAL PROPERTIES 
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cooling air chamber is seen in Fig. 3. Visco air filters 
are fitted, both at the main atmospheric inlets, and at 
the combustion furnace inlet. This, it need hardly be 
added, is a very necessary precaution in a blast-furnace 
installation. 

The entire blast-drying plant at Wishaw was designed 
and constructed by Messrs. Silica Gel Limited, chemical 
— 23, Abbey House, Victoria-street, London, 
8.W.1. 





THE MECHANICAL PROPERTIES OF 
STEEL AT HIGH TEMPERATURES. 


FURTHER progress is reported in the work on the 
mechanical properties of materials at high temperatures 
now being carried out at the National Physical Labora- 
tory for a committee appointed by the Engineering 
Research Board of the Department of Scientific and 
Industrial Research. We have already given an 
account of the earlier part of this work,* and now add 
particulars of the continuation of it that has just been 
published.+ The present work was done on 0-51 per 
cent. carbon steel in rolled bars of 1 in. diameter, said 
to have been normalised before delivery, and 0-53 per 
cent. carbon cast steel, said to be to British Engineering 
Standards Association Specification No. 30 for Cast 
Steels, Grade A, and supplied in bars 1 in. square and 
15 in. long, all from one cast. The tests on the latter 
material were intended to be only preliminary, and were 
limited to tensile, creep, and fatigue tests. The 
rolled steel was also subjected to torsion, impact, and 
hardness tests. In all instances, the procedure adopted 
was the same as in the earlier experiments, a description 
of which was included in our previous notice. Except 
in silicon, of which the cast steel had 0-20 per cent. 
more, and in manganese, of which it had 0-1 per cent. 





* See ENGINEERING, page 181, ante. 

+ Engineering Research: Special Report, No. 2. Pro- 
perties of Materials at High Temperatures—II. By H. J. 
Fane and W. J. Clenshaw. His Majesty’s Stationery 
Office. [9d. net.] 
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more than the rolled material, the composition of the 
two differed only in the second place of decimals for 
each constituent. The Brinell hardness numbers, 
determined on a number of samples of each, varied, 
respectively, from 180 to 183 for the rolled material, 
and from 178 to 180 for the cast. 

The tensile tests, made by step-by-step loading during 
about 20 minutes up to the limit of proportionality, and 
3 to 5 minutes more from that point to the maximum 
load, gave results shown in Figs. 1 and 2, those of the 
rolled steel showing variations similar to what had been 
found in the Armco iron and mild steels previously 
tested. 

The limiting creep stresses, which the material is 
supposed to stand at the temperature in question for 
an indefinite time, were determined as before by obser- 
vations rarely extending over more than 70 days. 
The results of all the materials examined are shown in 
Fig. 3, and it will be seen that, at the higher tempera- 
tures, all the rolled materials gave very similar figures. 

In the torsion tests, which were applied only to the 
rolled material, the angle of twist per inch was in all 
cases lower, and between 500 and 700 deg. F. was very 
greatly lower than with 0-24 per cent. and 0-17 per 
cent. carbon steels. In respect of yield stress, limit 
of proportionality, and moduli of rigidity and rupture, 
all three steels gave very similar results. 

The notched-bar impact tests were also applied to the 
rolled steel under the conditions described in the 
earlier report, and the results for all the rolled metals 
are shown in Fig. 4. It will be observed that, up to 
600 deg. F., the energy taken by the 0-51 percent. carbon 
steel in breaking was less than that taken by any of the 
others, but that between 600 and 700 deg. C. it. rose 
abruptly and rapidly, and, at 700 deg. C., it was some- 
what higher than that of any of the others, although 
the specimen was not completely broken in the test. 

The results of both impact and Brinell hardness tests 
are shown in Fig. 5 for all the rolled materials. It will 
be seen that at the higher temperatures the two methods 
exhibit some notable differences. 

Fatigue tests, made as in the earlier experiments 
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on the basis of 107 reversals in a Haigh machine, showed, 
as before, much higher results between! 300 and 400 
deg. C. than at other temperatures, and at 600 deg. C. 
gave much the same results for all the steels. Fig. 6 
shows the results for all the rolled materials. 








Progress In Evecrric LicuTinc.—In a report on 
progress in electric lighting which was presented at the 
last meeting of the Illuminating Engineering Society, 
the following comparison of the average wattage of 
lamps sold in Great Britain and other European countries, 
was given: Great Britain, 61-2; Germany, 47-55; 
Hungary, 47-14; Switzerland, 44-97; Norway, 40-55; 
Austria, 40-3; Italy, 39-06; Sweden, 35-97. It was 
remarked that the high figure for Great Britain was, no 
doubt, due to the fact that the percentage of domestic 
consumers was low compared with other countries, and 
that the average might fall if the rate of domestic 
connections took a sharp upward rise. The continued 
advocacy of more light for commercial and indus- 
trial interiors would act as a counterbalance, so that in 
the long run this comparatively high figure should he 
maintained, if not exceeded. 





Launcu oF THE M.S. “ Vicro.ite.”-—-On Monday, Nov- 
ember 28, Messrs. Alexander Stephen and Sons, Limited, 
Linthouse, Glasgow, successfully launched the twin-screw 
motor oil-tank vessel Victolite, which they have in hand 
to the order of Messrs. Imperial Oil Limited of Canada. 
The ship is the first of two which the builders are supply- 
ing to the same owners, and her main dimensions are : 
length, 510 ft., breadth 68 ft., and depth 38 ft. She has 
@ gross tonnage of 12,000 tons, and a deadweight capacity 
of 16,000 tons on a draught of 28 ft. The construction 
is on the Isherwood longitudinal bracketless system 
throughout, and the oil cargo is carried in 20 main and 
10 summer tanks. The propelling machinery consists 
of two sets of four-cylinder, single-acting, two-cycle 
Krupp engines, built by Messrs. Fried. Krupp. The 
machinery for the second vessel will be of the Stephen- 
Sulzer type, constructed by the shipbuilders. 
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LETTERS TO THE EDITOR. 


TEMPERATURE-E.M.F. CURVE FOR A 
COPPER-CONSTANTAN JUNCTION 
AT HIGH TEMPERATURES. 

To THE Eprror oF ENGINEERING. 


Srr,—In connection with an investigation on the 
generation of electricity direct from heat, I have had 
occasion to measure the thermo-electric e.m.f. developed 
by a copper-constantan junction for temperatures 
higher than the melting-point of copper, and, so far 
as I am aware, no results of such measurements have 
yet been published. The method by which these 
measurements were obtained was as follows :—Two 
steel tubes, each about 18 in. long, were provided to 
form sheaths for the copper and constantan wires, 
respectively. At one end of each of these steel sheathe, 
the corresponding element projected by about ;j in. 
and was made a tight fit in the tube for a length of 
about 1 in. Into this tight-fitting length of each 
element was screwed a thinner rod of the element, 
this extension being carefully insulated from the steel 
tube. The extension was then led away to the high- 
resistance voltmeter by which the developed e.m.f. 
was measured. On to that end oi each steel tube from 


Fig. /. 
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which the elements projected by a small amount was 
cast a block of nichrome. The end of each element 
thus became embedded in the block of nichrome, and 
thus the thermo-electric junction was formed. This 
junction was placed in a short length of fireclay tube, 
and in the same tube was laid a standard platinum— 
platinum-rhodium junction, the fireclay tube being 
then heated in a gas furnace. In this way it was 
possible to measure the developed thermo-electric 
e.m.f. at temperatures above that of the melting-point 
of copper, the molten copper being held in the cavity 
in the cast nichrome block. 

The e.m.f.-temperature curve so obtained is shown 
in Fig. 1. This curve shows the readings taken during 
the heating of the couple, the heat of the furnace being 
so adjusted that the rate of rise of temperature was 
small. In order to provide a check on these results, 
a second set of readings was subsequently taken with 
an entirely new copper-constantan junction constructed 
in the same way, and readings were taken both for a 
slow rate of keating and for a slow rate of cooling. It 
was found that there was practically no difference 
between the heating and cooling results for the range 
of temperatures so examined. A comparison of the 
lower range of the curve of Fig. 1 with the individual 
values obtained for a copper-constantan junction at 
temperatures corresponding to the melting points of 
tin, zinc, aluminium, common salt, and silver, respec- 
tively, showed close agreement. Reference to Fig. 1 
shows a remarkable change in the shape of the curve 
at the point marked A, which corresponds very closely 
to the melting point of copper. This seems to show 
that, when the copper has become molten, a marked 





and sudden change takes place in its thermo-electric 


properties. 

The sudden change of thermo-electric characteristic 
which takes place when the copper becomes molten 
is accompanied by a sudden increase of the specific 
resistance. This is seen by reference to Fig. 2, in 
which the specific resistance of copper has been plotted 
as a function of the temperature. It is seen from this 
curve that, at the temperature at which copper melts, 
the specific resistance of copper, when molten, is about 
twice as great as when the copper is solid. This sudden 
change of resistance at the melting-point of a metal 
is a well-known phenomenon. 

Yours, &c., 
T. F. WALL. 

Department of Electrical Engineering, 

University of Sheffield, 
St. Georges’-square,’ Sheffield. 
December 5, 1927. 





A NOTE ON THE COEFFICIENTS OF 
DISCHARGE OF NOZZLES. 


To THE EpiTor oF ENGINEERING. 

Srr,—Messrs. 8S. J. Davies and C. M. White, under 
the above heading, published in your issue of July 1, 
on page 5, an inquiry, the general result of which is to 
throw doubt on the constancy of the coefficient of the 
German standard nozzles. 

When reporting on my experiments, which were 
carried out in co-operation with 8. Erk,* I did not feel 
justified in maintaining a real variability of the coeffi- 
cient of discharge, owing to the fact that this variability, 
lies within the limits of precision of our experiments, 
which had covered only values of the Reynolds function 


oe between 70,000 and 300,000. Of course, it would 


have been possible to plot a curve connecting the 
points found by experiments and passing through 


a minimum near ees = 100,000. By correcting a 


little mistake, which will be referred to elsewhere, it 
will be more clearly recognised that the coefficient of 


discharge increases between i 100,000 and 


“ 
300,000, and later experiments, made in 1925 and 1926 
in co-operation with Fr. Kretzschmer, which have not 
yet been published, will show even more distinctly 
that the curve of the coefficient rises with the Reynolds 
values beyond 300,000. So to-day I agree with Davies 
and White that the coefficient of discharge is not 
constant. Nevertheless, I cannot find that the modi- 
fication applied to our calculation by these authors 
decides the question whether the mentioned minimum 
is real or not.f This modification is apparently not 
justified, as will be explained. 

Davies and White start from the equation 


Q=0.A. JTgh = 9.9.A.a/ 292—P (1) 
1 


where Q is the volume flowing through the nozzle in 
unit time. They do not say explicitly to which area 
of the. nozzle this volume refers, but from the fact 


that they suppose 
; yt) 24) 
. a ae (- -RY ) . Ry 
I—R ‘y-1 Saal he? 


n2 — Ry 
n2— 1 
it can easily be derived that Q must signify the volume 
of gas inflowing into the nozzle (the pressure being 
p,). As Aindicates the area of throat, it is preferable, 
following Kretzschmer,} to use the equation 


h=2.9'.A a/ 7 (2) 


where Q’ is the volume of the gas in the vena contracta 
(the pressure being p,) and 


1 oe 
Bae i ES -r > 
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(la) 


Q =a’. A. 2 





Should Davies and White have erroneously supposed 
Q to be the volume passing the throat area A, or in the 
vena contracta, the values found by their own experi- 
ments would be 0-2 per cent. to 0-3 per cent. too 
high. 


* M. Jakob and S. Erk, Forschungsarbeiten, edited by 
the Verein deutscher Ingenieure, pamphlet 267 (1924). 

t+ Rateau, Leroux, and Bourgeat (Comptes Rendus, 
vol. clxxxiii (1926), page 259) have also observed a 
minimum of the coefficient of discharge in experimenting 
with nozzles, but not of the German standard type. 

t Fr. Kretzschmer, Zeitschr. d. Ver. deutsch. Ing., 
vol. xx (1926), page 980. 








Jakob and Erk, instead of equation (1) or (2), use 
the simple equation 


Q” =0".A.J/2gh=a".A. [29.3 m7 P (3) 
N“ 


pi + po 
2 


Herein, Q” is the volume passing the vena contracta 


(area A), and h indicates, not as usually, ral 


but #1—”?_ Through introducing a” =2.9” at 


Pi + Da 
== 


15°8 cm. of water, the greatest pressure drop used by 
Jakob and Erk on standard nozzles, it would result 
that ¢” = 0-9998. ‘Therefore, the separation of a” into 
the factors Q and ¢” would be justified theoretically, 
but practically quite fruitless. Even at p, — ps 
100 cm. of water, (at p, = 1,000 cm.) ¢” would still be 
equal to 09984, whereas ¢ is considerably below 1, 
e.g. -— 

Pi — Po = 15-8 cm. water ¢ = 0-991 

P,; — Po = 100 cm. water @ = 0.945 


Now, Davies and White supposed, erroneously, that 
the coefficients of discharge stated in the Forschungs- 
heft Nr. 267 by Jakob and Erk, had been computed 
from equation (1) and (la) and not from equation (3), 
and so derived values of 2 from (1) and (la), whereas 
the values a” found by Jakob and Erk represent, at 
the same time, the values2, the values ¢” being almost 
exactly equal to 1. 

Davies and White, reproducing graphically our 
experiments, have omitted our points Nrs. 1 to 3; 
there is no objection to it, as these values are calculated 
from our first experiments and show the greatest 
discrepancy. Cutting out these points, the values of 


Jakob and Erk increase with ddd of course within the 


limits of accuracy of experiments. Davies and White 
have disregarded, moreover, the points Nrs. 4, 5, 6 
and 9; but there seems to exist no reason for doing so, 
the more so as these values differ by only 4 per cent. 
to 1 per cent. from Jakob and Erk’s mean value. 
Concluding, although I cannot agree to the modifica- 
tion of our calculation by Davies and White with 
regard to the other grounds, as above, I believe that 
the coefficient of discharge of the German standard 
nozzles is not constant, but increases with the Reynolds 
function, possibly after passing through a minimum. 
Yours faithfully, 
Max JAKos. 
Berlin—Charlottenburg, September 6, 1927. 
Note.——-A copy of Professor Jakob’s letter was for- 
warded to Messrs. Davies and White, whose reply is 
printed below.—Ep.E, 


To THE EpITorR OF ENGINEERING. 

Sir,—Professor Jakob’s letter has directed the 
attention of the writers to the variety of forms in which 
the equation for nozzle flow may be expressed. 
Ambiguity on this point will lead to error, and it is 
desirable that a standard form should be adopted. The 
effect upon the value of the coefficient is indicated below 
for a typical case. 

Taking the volume flow = Q, the pressure = p, and 
the density = p, and using the suffix 1 to indicate 
values in the pipe before the nozzle and the suffix 2 
to refer to the gas as it leaves the throat of the nozzle, 


then the general equation Q=aA 9.4 _—2 


may be written in the following forms, with, “tor 
1, — Po = 10 em. water, the values given :— 


(a) Q, =Q Ay 9/29. -¢a; ba = 09-9946; 
Pi 


aq = 2(1 — 0-0054) 


ie ie Po. op; 


an — 0.009) 


(b) Qy = gp = 0.9910; 


(c) Qo =Q Ay rs Pi—~ Po ge; ge = 11-0017 
- 
ae = 2(1 + 0.0017) 


(a) Qy = 94g 4/29. —P g. PL 28 . ga: 
ad dati 0.0019). 


¢a = 0-9981; 


We erroneously used equation (a), but notice that in 
Heft 267 in equation (1) on page 4, the density taken 
Yp (i.e., our ps) is the density in the throat, which may 
be either equation (6) or (d). In his letter, Professor 
Jakob stated that the density taken was a” & 
i.e., a mean of equations (c) and (d), a point which before 
was not clear to us. 

Thus, the modification as applied to the value of 
Jakob and Erk is incorrect. Fortunately, the error so 
introduced is small. The writers would state definitely 
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that the modification was introduced not to demonstrate 
that the coefficient varies, but to explain certain differ- 
ences between nozzles of different sizes, as shown by 
plotting the test results of Jakob and Erk. It appears 
that the cause of these variations must be sought 
elsewhere. 

With regard to the omission of certain points on 
pages 23 and 24 of Heft 267, it was seen, on Table 11, 
that tests Nrs. 4, 5 and 6, giving high values, followed 
the unreliable tests Nrs. 1, 2, 3, which gave values 
still higher ; they were, therefore, omitted. Test 9 on 
Table 10 appears similarly to be unaccountably high. 

We note that Professor Jakob supports our main 
conclusions, and await with interest the publication of 
the later tests to which he refers. 

Yours faithfully, 
8. J. Davies. 
C. M. WHITE. 
University of London, King’s College. 
November 18, 1927. 





THE AMERICAN IRON AND STEEL 
INSTITUTE. 


A MEETING of the American Iron and Steel Institute 
was held at New York, on October 28 ; we give, in the 
following, an outline of the five papers' which were read 
and discussed on that occasion. 


TECHNOLOGICAL PROBLEMS OF THE STEEL INDUSTRY. 


A paper, having the above title, by Mr. William A. 
Forbes, of the United States Steel Corporation, 
pointed to the influence which technological studies 
had upon every branch of the steel industry; it 
reviewed the progress made of late in processes of 
manufacture and gave statistical data on production. 
From these we find that, in 1926, the Lake Superior 
District produced approximately 85 per cent. of 
the iron ore mined in the United States ; the crude 
ore of the Missabi range contained 44-50 per cent. 
of iron and 32 per cent. of silica, percentages which 
became, respectively, 56-25 and 14 after washing the 
ore. Large magnetic iron ore deposits were also 
available, many being located at comparatively short 
distances from blast furnace plants; the average 
iron content of this ore, as mined, was 27 to 35 per cent., 
which could be increased to 60 and 70 per cent. by 
treatment. In regard to coke manufacture, the author 
stated that a modern by-product coke oven could 
produce about twice as much coke per 24 hours as an 
oven, modern at that time, could produce in 1909. 
The production of by-product coke was 44,376,586 net 
tons in 1926, or about nine times the production 
of 1907. The country’s production of aromatic hydro- 
carbons in 1926 totalled 132,843,665 gallons, practically 
all recovered from the metallurgical coking units. 
Approximately 85 per cent. of all by-product coke made 
in the United States to-day was for metallurgical 
purposes. Laboratory work, involving the utilisation 
of waste materials from mining operations, had de- 
veloped a system for producing a commercial and 
saleable building material from the slate contained 
in refuse dumps in certain districts. This material, 
consisting chiefly of calcined fire-clay, yielded roofing 
granules or coating materials; spent pickling liquor 
from steel mills was used in the process to a consider- 
able extent. The low-temperature carbonisation of 
coal, according to the author, was not a commercial 
proposition, as far as America was concerned. In the 
matter of blast furnace practice, it was interesting to 
note that the number of tons produced per furnace per 
day at most plants in 1927 was practically twice as 
great as in 1902. Most of this increased capacity 
was ascribed to the greater diameter hearths now in 
vogue, up to 22 ft. 3 in., as against 13 ft. to 16 ft. in 
earlier years, and to improvements in the blast furnace 
lines in general. 

Investigations had been made concerning a dry pro- 
cess, to replace the wet process, for granulating the 
slag; this eliminated the water factor and rendered 
the slag more suitable for cement manufacture. Among 
the outstanding features in open-hearth furnace prac- 
tice, the author referred to the Venturi, or modified 
Venturi, furnace, the sloping back wall, the use of sus- 
pended roofs, and the installation of notably large-sized 
stationary basic open-hearth furnaces at some plants. 
The desire for a much higher velocity of incoming 
air in the port was the essential reason for adopting 
the Venturi principle. In regard to furnace working, 
one of the more important changes had been the general 
increase in the use of tar and coke-oven gas, replacing 
producer gas and natural gas. Whilst nothing had 
yet been done in America on a par with the European 
practice for the utilisation of a mixture of coke-oven 
gas and blast-furnace gas as an open-hearth fuel, there 
were expectations that possibilities in this field would 
be exploited. The author mentioned the wider use 


ing, or mechanical welding. When the rimmed, or 
effervescent, steel was poured into the moulds there 
was an evolution of gases which, in their upward 
progress, cleansed the metal of impurities; opinions 
were, however, divided as to what actually took 
place in the mould. An outstanding development 
in the Duplex process—a combination of the acid 
Bessemer with the basic open-hearth—had been the 
use of high scrap charges in tilting furnaces, particu- 
larly when maximum tonnage was not desired. The 
author then dealt with the manufacture of steel tubes ; 
about half of those now made in the United States 
were consumed by the oil industry. The country’s 
production of seamless tubes in 1925 was 568,194 gross 
tons, of which 86 per cent. were hot finished, as against 
108,567 gross tons and 38 per cent.-in 1913. The 
paper further dealt with the annealing of thin sheets, 
their pickling and the manufacture of tin plate, as well 
as with the manufacture of wrought-steel wheels by a 
method whereby the rim-was made sorbitic. The 
manufacture of silicon steel boiler plates for locomo- 
tives was also alluded to, as also was that of various 
classes of wire, notably stainless-iron wire for mining 
and other ropes, 


Wipe-Strie Roiiimne MILs. 


A paper by Mr. Stephen Badlam, entitled ‘“‘ The 
Evolution of the Wide Strip Mill,” reviewed a 
number of existing rolling mill installations, and 
pointed out that strip rolling had developed from 
a maximum width of 7 in. in 1890, to a maximum 
width of 24 in. in 1925, and from a length of 100 ft. 
in the former year to a length of 500 to 1,000 ft. in 
1925. The author also dealt with the development 
of the sheet mill during the same period. The early 
plants consisted of from two to four mills, directly 
driven at about 24 to 30 r.p.m., each mill having two 
stands of two-high rolls from 18 to 20 in. in diameter 
by 24 to 28 in. in length. Up to 1876, the only material 
used for the manufacture of sheets was iron; the first 
Bessemer steel sheet bars were introduced in that same 
year. The paper then gave typical illustrations of the 
progress made in sheet rolling in all its phases, by 
describing a number of actual installations of mills of 
later designs. 


A Street Miu BorLer PLant. 


Mr. D. L. Mekeel read a paper having the above 
title, in which he stated that, owing to its cheap 
and convenient coal supply and to its production 
of highly-finished materials in the same plants as used 
for the primary operations, his company was one of 
the steel makers who would doubtless find it profitable 
to obtain a percentage of their power from coal-fired 
steam boilers fora longtime. At one of the company’s 
works, steam for mill engines, &c., had heretofore been 
supplied from stoker-fired boilers burning coke breeze 
and some coal, operating at a pressure of 150 lb., and 
developing about 5,000 boilerh.p. Steam for the turbo- 
generators had been supplied from boilers utilising 
waste heat from rectangular coke ovens, and operating 
at a pressure of 200 Ib. ; these developed about 10,000 
boiler horse-power. The waste-heat boiler plant had 
given satisfactory service for a number of years, but 
the replacement of the original coke ovens by others of 
the by-product type had thrown out the waste-heat 
boiler installation. A modern boiler plant had been 
put down to replace the latter installation, the existing 
stoker-fired boilers being maintained to burn such coke 
breeze as might be available. In the new steam-raising 
plant, there were, in a single row, five boilers of 1,900 
nominal horse-power, to operate normally at 200 per 
cent. of rating, space being available for two more 
boilers. Pulverised-fuel firing was selected as embody- 
ing the best modern practice, lending itself to future 
development and producing an economic operating 
result. Each boiler was provided with two alternating 
current motor-driven unit-type pulverisers, and two 
burners, having a combined capacity of 20,000 1b. of 
coal per hour. The author further described the 
installation and the tests of the plant, and added that 
the main considerations held in view in designing it 
were simplicity, ease of operation, and an efficiency 
commensurate with the low fuel cost. 


Buiast-FURNACE COKE. 


A paper by Mr. T. L. Joseph, of the United States 
Bureau of Mines, entitled ‘‘ Behaviour of Coke in the 
Blast Furnace,” confirms the uncertainty which still 
exists as to what actually takes place at the various 
zones of the blast furnace. His opening statement 
was to the effect that furnace operators often found it 
difficult to relate the physical and chemical properties 
of coke to its behaviour in the blast furnace; as a 
result, no satisfactory standards of coke quality had 
been developed. He gave a recapitulation of the views 
of a number of scientists and metallurgists as to the 
bearing of the term “‘ combustibility,” and referred to 
experiments made by the Bureau of Mines in regard to 


the dimensions of the combustion zone. He also 
announced that further experiments were in progress. 


CENTRIFUGALLY-Cast Pires. 


Mr. James T. Mackenzie, of the American Cast-Iron 
Pipe Company, Birmingham, Ala., contributed a 
paper on “ Cast-Iron Pipes Centrifugally made in Sand 
Moulds.” The use, with the centrifugal process, of a 
sand mould instead of a permanent one, had for its 
object to preserve the quality which had made cast- 
iron pipes the standard pipes for wat r and gas mains. 
The metal was poured into a slowly rotating green 
sand mould, held at an angle to the horizontal; the 
mould, slowly rotating during the pouring, was slowly 
lowered to the horizontal, and, shortly before reaching 
this position, was suddenly accelerated to the speed 
required for the particular thickness and diameter 
involved. Rotating was continued until the metal 
solidified. The moulds were rammed in a device which 
accurately centred the pattern with respect to the 
spinning members of the flask. Special bead rings, 
lined with sand, were put in place, and oil sand bell 
cores were inserted just before casting. A complete 
sand mould was thus produced, and the iron was 
protected from metallic contact at all points. The 
process gave a homogeneous, sound, close-grained iron, 
which was tough, strong, resilient, and easily machined. 
It showed about 40 per cent. greater strength than an 
ordinary sand cast pipe, in both bursting and transverse 
tests. 


THE GASKIN LIFEBOAT. 


AN interesting exhibit shown at the recent Shipping, 

Engineering and Machinery Exhibition, at Olympia, 
was the Gaskin ship’s lifeboat, constructed by Messrs. 
Gaskin Lifeboats, Limited, 334, Commercial-road, 
London, E.1. This craft, which is reversible, self- 
emptying, and is claimed to be unsinkable, is somewhat 
similar, in outward appearance, to an ordinary ship’s 
lifeboat. The cross-section of the boat exhibited, 
however, resembles a shallow letter ‘‘ H ” in form, and 
the upper and lower portions of the vessel are identical 
in construction. The craft is thus reversible, i.e., it is 
still a boat when overturned. Furthermore, the boat 
is rendered self-emptying by a system of non-return 
valves, which operate whichever side is uppermost. 
Buoyancy is secured by the provision of 24 sealed air 
tanks, located along the sides and between the decks of 
the boat. These tanks ensure that the level of the 
deck on the upper side of the lifeboat is always above 
the water line. It is stated that when the craft is 
loaded to capacity, this deck is still 44 in. above the 
level of the surrounding water; hence, any water 
shipped must drain away through the non-return valves. 
Moreover, the suction caused by the air cushion, the 
presence of which is due to the hollow beneath the 
boat, not only steadies her in a.rough sea, but, we 
understand, tends to make it impossible for the craft 
to capsize. 
A series of tests, which we had the opportunity of 
witnessing, was carried out on a Gaskin lifeboat 
in the Shadwell New Basin of the London Docks, on 
November 23 last. The boat shown had a length of 
28 ft., a beam of 9 ft., and weighed a little over 2 tons ; 
it had been passed as capable of holding 60 persons 
by the Board of Trade. Sandbags to the number of 
180, each of which weighed 4 cwt., were first placed on 
board, this load representing the weight of 60 adult 
persons. The non-return valves were then stopped up 
by placing over them a board, held down by a prop 
wedged under the thwarts, and some 3 tons of water 
were pumped into the boat. The boat showed no signs 
of settling, and the gunwale remained well above the 
level of the surrounding water. The valves were 
subsequently released and the vessel was emptied in 
little over a minute. The sandbags were then trans- 
ferred across the boat one by one, until one side was 
light and the other was fully loaded, this representing 
the weight of 60 persons on one side of the boat only. 
The gunwale was still well above the water, and boat- 
men walking along the thwarts caused little disturbance. 
An ordinary ship’s lifeboat, certified to hold 48 persons, 
was then loaded up evenly with }-cwt. sandbags, and 
these were afterwards transferred, one by one, from 
one side of the boat to the other. It was found, after 
only seven of the bags had been taken across, that 
there was but 6 in. of freeboard on the overladen side. 
The transfer of further bags was therefore considered 
dangerous, and the operation was discontinued. In 
spite of the fact that the tests were carried out in 
perfectly smooth water, the claims put forward in 
favour of the Gaskin lifeboat appear from the 
demonstration to be wel] substantiated. 








GERMAN Ratts tn Curna.—We learn from a recent issue 
of The Chinese Economic Bulletin that quantities of rails, 
sufficient to construct some 80 miles of permanent way, 
have been ordered from Germany by the authorities of 








now made of “ rimmed ” steels for plates, sheets and 
strips which have to undergo deep flanging and stamp- 


the size and other characteristics of coke, relatively to | 


the Kirin-Hailung Railway Company, Manchuria. 
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14-16 H.P. FOUR-CYLINDER MARINE MOTOR WITH REVERSE GEAR. 


CONSTRUCTED BY MESSRS. GLENIFFER MOTORS, LIMITED, ENGINEERS, GLASGOW. 


























Fig. 1. 


FOUR-CYLINDER MARINE MOTOR. 

THE marine motor, which we illustrate in Figs. 1 to 7 
on this and the opposite pages, forms one of a series 
built by Messrs. Gleniffer Motors, Limited, Temple 


Works, Anniesland, Glasgow. The engines can be | 
supplied to run on either petrol or paraffin, and the | 


range includes two, four, or six-cylinder models, rated 
respectively at 7/8, 14/16 and 21/24 brake horse-power. 
The bore and stroke, 3 in. by 44 in., are the same in all 


cases, and each model includes a reverse gear, built in | 


one unit with the engine, as shown in Fig. 2. For 
slow-moving vessels, such as barges or tugs, a reduction 


gear can also be supplied, the engine with this auxiliary 


being shown in Fig. 3. 


The cylinder block and upper half of the crank-case | 


are in one piece, as shown in Figs. 4 and 5, while the 
cylinder heads and sump are detacliable, as will be 
clear from the same figures. By utilising one casting 
for the cylindeys and upper half of the crank-case, 


rigidity is secured, while at the same time, a very clean | 
appearance results for the engine as a whole. As shown | 


in Fig. 5, the valves are of the side-by-side type. They 
are mounted in renewable guides and are operated in 
the usual way by tappets actuated by a camshaft in 
the crank-case. As will also be clear from Fig. 5, the 
exhaust manifold is formed within the main cylinder 


casting, an arrangement which ensures a clean exterior | 


for the engine. The inlet manifold is a separate casting, 
as shown in Fig. 2. 

The detachable cylinder head is secured to the cylinders 
by closely-spaced studs, and the combustion chamber, 
shown in section in Fig. 5, is of hemisphericai form, and 
entirely free from pockets. The sparking -plug is 


placed approximately at the centre of the hemisphere, | 


giving an equal flame travel in the direction of the 
piston or valves. While employing a high compression 
ratio, the engine is claimed to be free from knocking, 
even when running on low-grade paraffin. The joint 
for the detachable head consists of a copper-asbestos 
gasket, in which are fitted cork washers, somewhat 
thicker than the gasket itself. When the holding- 
down bolts are tightened up, the cork is compressed, 


thus ensuring a tight joint. In addition, however, the | gudgeon pins are of case-hardened steel, and are held in 


water passing through the centre of the washers is 
prevented from coming into contact with the copper of 
the gasket, thus ensuring an absence of galvanic 
action when sea water is used for the jacket. As shown 
in Figs. 2 and 3, large inspection doors are fitted on 
each side of the crank-case, these doors being held in 





| 


| 
| 














Fic. 3. 


| to carrying the bearing, is extended to form the casing | gravity to the forward timing-gear case. A second 
| over the fly wheel, while the forward end cover forms | pocket at the base of this case again collects the oil, 
| the inner portion of the timing-gear case. The pistons | and the timing-gear wheel dipping into this distributes 
|and connecting rods are removable by disconnecting | the oil over the wheel teeth, and also throws it into a 
the big-end bearings and withdrawing the piston up-| side pocket feeding the forward main bearing. From 
wards through the cylinders. The crankshaft is 14 in. | this pocket, the overflow is directed into the connecting- 
in diameter, and is a heat-treated steel forging. The|rod troughs. A separate pocket in the fly-wheel 
big-end bearings are of the same size as the main} chamber is connected to the after main bearing. It 
bearings, and are in fact interchangeable with them. | will be seen that there is nothing to get out of order in 
The connecting rods are the usual H-section drop/| this lubricating system, and that it will not be affected 
forgings, and are of steel. They are fitted with! by a list on the vessel, or by rolling and pitching. 

phosphor-bronze bushes in the small ends. The! The circulating-water pump is of the double-acting 
plunger type, and is entirely of gun-metal. It is 
position by a spring ring over the piston. The camshaft | operated by means of an eccentric on the camshaft, 
is forged from the solid, and is case-hardened. The | and is arranged so that there is no possibility of a leak 
timing wheel is mounted on the forward end of the| from the pump to the crank-case. It is claimed to be 
shaft, and the governor is mounted on this wheel, as | quiet in action up to crankshaft speeds of 1,600 r.p.m. 
shown in Fig. 7. The teeth of the wheel are formed in a | The magneto is of the type in which advance and retard 
composition ring, and engage with a steel wheel on the | is effected by rotating the whole magneto, so that a 





access to the valves is also secured by a quickly- 
detachable cover. 

The crank-case is built with detachable end covers, 
the forward cover being visible in Fig. 4. The outer | 
main bearings are carried in these covers, the crank- 
shaft having an additional centre bearing, as shown in 
the same figure. The bearings are split, and are of 
die-cast white metal. The after end cover, in addition | 


place by a single hand-nut. As will be clear from Fig. 2, | 








crankshaft, and a cast-iron wheel on the magneto shaft, | maximum spark is assured in all positions. On the 
thus ensuring silent running. The wheel teeth are} petrol engines, a Zenith carburettor is fitted; while 
1 in. wide, and are of helical form, and as they also run | on those designed to’run on paraffin, the vaporiser is 
in oil, silence should be maintained almost indefinitely | of the usual exhaust-heated type. It is arranged so 
in practice. that all vaporisation takes place under a partial vacuum 

The flywheel acts as a lubricating pump, in that it | with a view to maximum flexibility. The reversing and 
picks up the oil from the sump well and throws it against | reducing gears are of the same type as those fitted to 
the casing, from which it drains into a large pocket on | the firm’s larger engines, of which a description was 
the port side. From this pocket, the oil flows by | given on page 292 of vol. cxvi of ENGINEERING. 
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14-16 H.P. 


CONSTRUCTED BY 


FOUR-CYLINDER MARINE MOTOR 


MESSRS. GLENIFFER MOTORS, LIMITED, 


(For Description see Opposite Page.) 





Fig.4. 
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THE OPTICAL SOCIETY. | 
At the monthly meeting of the Optical Society, held | 
on December 8, at the Imperial College of Science, | 





in wire of a model of the axial ray in its passage | 


through the prism system. The next stage was to 
construct a wooden model of the full beam of light, 
using for the purpose either a cylindrical or a slightly 


a paper on “The Design of Reflecting Prisms” was | conical rod to represent the full beam when passing 


read by Instructor Captain T. Y. Baker, R.N. The | through the lens system without. the prisms. 


This 


author pointed out that in the majority of cases| wooden rod could be cut in a manner that was 
where reflecting prisms were used in optical systems | prescribed by the spherical diagram and glued 


there were nearly always great points of similarity | 


of design. 


successive reflections being either the same or at | 
right angles to one another. The reason seemed to | 
be that the designer-draughtsman had limited himself | 
to these simple angles because they were easy to | 
portray in plan and elevation on a drawing board, 
and that he had found himself debarred from 
using other systems through want of a practicable | 
technique. 

Captain Baker showed that any angles of incidence | 
and any alterations in the plane of reflection could | 
be dealt with by the construction of a spherical | 
diagram, which could be drawn with ordinary accuracy | 
on the surface of a sphere and then utilised to measure 
the various angles of incidence, &c., or, if constructed 
more roughly, could serve as a diagram from which | 
the various angles could be computed by spherical | 
trigonometry. From this diagram data could be | 
derived which permitted of the easy construction | 


together again in an altered form. It then gave an 


Reflections most frequently took place | exact representation of the passage of the full beam 
at angles of 45 deg. with the surface, the planes of | 


of light through the prism system. A further 
utilisation of the spherical diagram of a wooden 
model could be made of a prism which would give 
the necessary reflections to the full beam. 

Among the prism systems examined was that used 
in the prism binocular. Captain Baker showed that 
the spherical diagram in this case was necessarily 
based upon the choice of two points, one on each of 
two great circles on the sphere mutually at right 
angles. The distances of those points from the point 
of intersection of the two great circles was absolutely 
at the designer’s choice. With the customary prism 
system both those distances were 90 deg. With the 
Abbe and Sprenger prisms one was 90 deg. and the 
other 60 deg. Apparently a systematic examination 
of the prisms that would result from the choice of 
other angles had never been made, and the author 
suggested that if it were done possibly one might 
find a skew prism of compact form and without 








WITH REVERSE GEAR. 


ENGINEERS, GLASGOW. 














bo 


on 
SS WN oy 4 = " 
> dS 
lg \ 


SY 
N 


EN 
Ty 


4 


a 
zz 















NS ERO NS m® 0 
AY a HY . G ia 2 
, “ee A | Ry, Al TS a8 
iad 4 ! 
Y 








sont 


Ss 














44 

ee 

SS 4 tun 
Cer) 4 ZS 
S RAS AN SS N 
N 

Ny 





SSS S55 AAALALA AL 


Ba 





SS 





Ws 





© 
DV, 
RX \\TI 
gp Yass 














(310.8) 
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re-entrant angles that could be made in a single block 
of glass. 

There followed a demonstration of the high-frequency 
interruption of light (168,800 cycles per second) by a 
piezo-electric quartz crystal, by Mr. 8. J.. Underhill, 
of Messrs. Adam Hilger, Limited. A beam of light 
was made to fluctuate in intensity at radio frequency 
in synchronism with the piezo-electric oscillations 
of a quartz crystal. The piezo-electric crystal was 
mounted between crossed Nicol’s prisms, so that 
when stressed it enabled a pencil of light to pass 
through the system from a carbon arc. It was 
maintained in vibration by a valve, and the trans- 
mitted light pencil, narrowed by a slit after leaving 
the crystal, fell upon a mirror which rotated about 
a horizontal axis of 132 revolutions per second. The 
streak of light thus produced, ona cylindrical translucent 
screen surrounding the drum, was found to be divided 
into bands 1-5 mm. apart, and from these data the 
frequency of the light beam was calculated as 168,800 
cycles per second., or approximately double the fre- 
quency (84,500 cycles per second) of the crystal as 
measured by an absorption frequency meter. 
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‘The ‘ Practical Engineer’ Mechanical Pocket Book 
and Diary.’’—Pocket books are devised primarily for the 
busy man, and to take full advantages of the facilities 
which they afford, it is necessary to be familiar, both with 
the order of the contents, and the form in which they 
are given. For this reason, it is probably advisable to 
use the same book year after year, and we imagine that 
this course is followed by the majority of engineers. 
Occasionally, however, it will be found that information 
is wanting on some particular point in the usual work 
of reference, and the enquirer turns to another book. 
When this is done, a good index is the first essential, 
and although this is by no means always provided, the 
index in the ‘“ Practical Engineer ’’ Mechanical Pocket 
Book leaves little to be desired. The headings have 
been carefully chosen, and there are sufficient cross 
references to meet essential requirements without 
making the index unduly cumbersome. The book 
itself is deservedly popular, and is, in fact, so well 
known that any extended reference to its contents is 
unnecessary. Following the editor’s usual practice, 
the contents have been brought fully up to date in the 
1928 edition, new notes having been introduced, and 
many existing parts rewritten. The most extensive 
alteration is in the section devoted to chain drives, 
which has been almost entirely rewritten to bring the 
matter into conformity with the specification of the 
British Engineering Standards Association. The new 
notes cover a variety of subjects, among which turbo- 
pulverisers, boilers, valves, and fuel oils, may be men- 
tioned. In our opinion, the book would be improved 
by the introduction of Antilogarithmic Tables, and we 
would also repeat a suggestion which we made in reference 
to the 1927 edition, that a further improvement would 
be the inclusion of German and Italian vocabularies in 
addition to those already given in French, Spanish, and 
Russian. The pocket book is published by Mr. Hum- 
phrey Milford, Oxford University Press (Technical 
Department), Falcon-square, E.C.4, at 2s. 6d. net. 





«The South American Handbook, 1928.’’—The fifth, 
annual issue of the South American Handbook has just 
been published, and is, in every way, as good as its 
predecessors have been. The volume continues to 
combine the characters of a guide book and of a year 
book, and to present, in convenient form, a mass of 
useful information relating to all countries lying 
between the southern boundary of the United States 
and Cape Horn. The new edition has been revised 
thoroughly, and special attention has been given to all 
matters relating to the trade and commerce of the 
Latin-American states. The arrangement of the work 
is attractive; each state or colony is dealt with in 
alphabetical order and, in addition to giving a full 
account of all the principal cities and towns and their 
industrial and business activities, such subjects as the 
physical features, the history, the government, the 
agricultural and mineral resources, and the industrial 
development of each country are discussed at some 
length. Sections entitled, Information for Passengers 
and Guidance for Commercial Travellers, will be found 
particularly useful. Distributed throughout the work 
are a number of small sketch maps showing railways, 
&c., and a large coloured map of the countries covered 
by the volume is also included. The book, which is 
priced at 2s. 6d. net, or 3s. post free, is edited by Mr. 
J, A. Hunter, and published by Messrs. South American 
Publications, Limited, Atlantic House, Moorgate, 
London, E.C.2. 


Diaries and Pocket Books.—A handsome leather- 
bound pocket diary has reeched us from Messrs. Alfred 
Herbert, Limited, Coventry. It contains a brief 
illustrated review of the principal machine tools and 
accessories made by the firm, together with useful 
tables and engineering data.—Messrs. Braithwaite 
and Company (Engineers), Limited, have sent us a 
neat little pocket diary, which contains some 90 pages 
of miscellaneous information regarding structural and 
pressed steelwork. All tables and data have been 
brought into line with the latest British Standard 
Specifications.—We have recei7ed from Messrs. the 
Staveley Coal and Iron Company, Limited, near 
Chesterfield, a useful leather pocket wallet and diary. 
A considerable amount of information, chiefly relating 
to cast-iron pipes, is included in the diary.—A service- 
able polished-metal ash-tray has reached us from 
Messrs. The Birmingham Small Arms Company, 
Limited, Birmingham.—Messrs. The Stanton Iron- 
works Company, Limited, Stanton-by-Dale, near 
Nottingham, have forwarded to us a neat leather- 
bound diary which contains particulars of some of 
the firm’s specialities. These include cast-iron and 
Stanton-Delavaud spun-iron pipes, concrete-lined iron 
pipes and Stanton-Hume concrete pipes. 


Almanacs and Calendars.—We have received 
monthly tear-off calendars from Messrs. The D. P, 








Battery Company, Limited, Bakewell, Derbyshire ;] 
Messrs. Industrial Brownhoist Corporation, Cleveland, 
Ohio, U.S.A.; Messrs. Croft’s (Engineers), Limited, 
Bradford ; Messrs. C. A. Parsons and Company, 
Limited, Heaton Works, Newcastle-upon-Tyne ; Messrs. 
Rd. Johnson, Clapham and Morris, Limited, Jacem 
House, Trafford Park, Manchester; Messrs. The Ironite 
Company, Limited, 11, Old Queen-street, Westminster, 
London, S.W.1; Messrs. Greenwood and Batley, 
Limited, Albion Works, Leeds; and Messrs. J. W. 
Brooke and Company, Limited, Lowestoft. Daily 
tear-off calendars have reached us from Messrs. 
Vernon Proctor and Company, Foster’s Buildings 
22, High-street, Sheffield ; Messrs. Newton, Chambers 
and Company, Limited, Thorncliffe Iron Works, near 
Sheffield; Messrs. T. Robinson and Son, Limited, Rail- 
way Works, Rochdale; Messrs. Ashwell and Nesbit, 
Limited, Barkby Lane, Leicester; and Messrs. Henry 
Simon, Limited, 20, Mount-street, Manchester. Messrs. 
British Insulated Cables, Limited, Prescot, Lanca- 
shire, have sent us a monthly card calendar enclosed 
in a sheet-metal case; a fortnightly tear-off desk 
calendar has reached us from Messrs. A. Borsig, 
G.m.b.H., 19-37, Berliner-Strasse, Berlin-Tegel, Ger- 
many. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The market re-opened to- 
day after the holidays, but only very few members 
attended ’Change, and business was little discussed. 
Values of Cleveland pig were steady, and as output 
was still inadequate to needs, the opinion prevailed 
that a firmer feeling was likely to be experienced. Sales 
to Scotland were understood to continue at a level of 
about ls. 3d. per ton below quotations for other business. 
With this exception, makers adhered rigidly to the 
following fixed prices :—No. 1 quality, 673. 6d.; No. 3 
g.m.b., 65s.; No. 4 foundry, 64s.; and No. 4 forge, 
63s. 6d. 


Hematite.—East-Coast hematite quotations continue 
irregular. In this branch also the market falls slightly 
short of what is necessary to meet requirements, and 
consequently hope is inspired that prices will stiffen 
somewhat. Current rates are unremunerative, but 
producers are still keen sellers, and are cutting prices 
to secure orders. Nos. 1, 2 and 3 are 70s. to 70s. 6d. 


Foreign Ore.—With the exception of sales of odd 
cargoes, business in foreign ore has been at a standstill 
for some time past, and there seems little likelihood of 
consumers making an early movement to negotiate for 
renewal of forward contracts, as they are generally well 
bought over the next six months. Nominally, best 
rubio remains »t 21s, c.i.f. Tees, 


Blast-Furnace Coke.—-Local consumers of Durham 
blast-furnace coke are not attracted by the low and 
unprofitable prices makers are prepared to accept. 
Good medium kinds are offered at 17s. 6d. delivered here. 


Manufactured Iron and Steel.—Finished iron and steel 
producers take a hopeful view of the outlook. As yet 
this district does not appear to have derived any material 
benefit from labour troubles on the Continent, but the 
adoption of eight-hour shifts at German steelworks 
should assist firms here in their endeavour to complete 
successfully for orders in markets abroad. Common 
iron bars are 101. 5s.; best bars, 107. 15s8.; double 
best bars, 111, 5s.; treble hest bars, 11/1. 15s.; packing 
(parallel), 8/.; packing (tapered), 11/.; steel billets 
(soft), 71. 28, 6d.; steel billets (medium), 7/7. 12s. 6d. ; 
steel billets (hard), 87. 2s. 6d. ; steel ship plates, 81. 2s. 6d. ; 
steel rivets, 111. 10s.; steel angles, 7/. 12s. 6d.; steel 
joists, 7/. 12s, 6d. ; heavy sections of steel rails, 81. 10s. ; 
black sheets (No. 24 gauge), 10/.; and galvanised corru- 
gated sheets (No. 24 gauge), 131. 7s. 6d. 





NOTES FROM THE SOUTH-WEST. 


CarpiFrF, Wednesday. 


The Coal Trade.—Shipments of coa! in the past week 
totalled 348,480 tons, which was 44,000 tons less than in 
the preceding week; this was expected in view of the 
intervention of the holidays and consequent cessation 
of work on Monday and Tuesday. The total was, how- 
ever, the highest for any Christmas week during the 
past five years and compared with 227,310 tons twelve 
months ago. Compared with the preceding week exports 
at Newport were actually raised from 48,510 tons to 
49,020 tons, at Port Talbot from 19,740 tons to 31,560 
tons, and at Llanelly from 3,150 tons to 5,200 tons, 
but at Cardiff reduced from 282,130 tons to 232,170 tons, 
and at Swansea from 39,500 tons to 30,530 tons. The 
securing of the Brazilian Central Railways contract 
for 200,000 tons of Welsh coal by a Cardiff firm for 
delivery over the first four months of next year is reflected 
in last week’s exports, for shipments to Brazil, prin- 
cipally Rio de Janeiro, were raised from 24,300 tons to 
50,420 tons. The Egyptian State Railways contract 
for 125,000 tons is also reflected in the clearances which, 
to Egypt, were increased from 29,100 tons to 31,200 tons. 
Exports to Argentina were, however, reduced from 58,230 
tons to 41,300 tons, to France from 91,700 tons to 79,530 
tons, and to Italy from 59,200 tons to 22,200 tons. 
Official intimation has been received of the lifting of the 
import restrictions in France from January | in respect 
of foreign coal. 

Ship Repairing Conditions.—Keen interest is being 
displayed in regard to the position which has been created 
in the ship repairing industry as a result of the engineers 
refusing to accept the conditions of the provisional 
agreement reached by their representatives with the 
employers for a revision of working conditions. It is 
believed that in the New Year the employers will inti- 
mate that work will only be available on the terms of the 
provisional agreement, and unless the men accept such 
conditions a partial cessation of operations is inevitable. 
Most of the yards will, however, be able to carry on on 
a limited scale with the aid of apprentices, as has been 
the case during the period of similar disputes. There 
are, however, still hopes that some means will be found 
to avoid any stoppage. 








InstrTUuTE oF Puysics.—At a special general meeting 
of the Institute of Physics held on December 16 last, 
and on the recommendation of the Board, the Royal 
Meteorological Society was admitted a Participating 
Society of the Institute. The Royal Meteorological 
Society is the sixth society to co-operate in the scheme of 
participation, and an important step is thus taken towards 
the realisation of one of the principal objects of the 
Institute, as expressed at its foundation, namely, to 
co-ordinate the work of all existing societies concerned 
with the science of Physics and its applications. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Except in the case of bulk steel 
manufacture, where orders are few and furnaces have 
set down for a fortnight, the year is finishing fairly 
favourably. Makers of locomotives and various types 
of railway steel are not unduly depressed by South Africa’s 
action in placing contracts with German producers. This 
is regarded as an exception, The more general tendency 
among foreign railways is to revert to steel of British 
manufacture, which has been shown by experience to be 
more durable and reliable in quality. Orders for more 
locomotives are to be placed by South Africa early in the 
New Year. Competition will again be exceptionally 
keen, but British builders may be more successful than 
on the previous occasion. The Crown Agents for the 
Colonies have ordered railway springs, steel tyres, and 
wheels from three Sheffield firms. The Rhodesian rail- 
ways have ordered two private saloons from a Sheffield 
carriage building company. The Admiralty is in the 
Sheftield market for shell steel, steel horse shoes, and 
tensile steel. Their specification of steel horsehoes is 
of particular interest when taken in conjunction with the 
permanent closing of the South Yorkshire Ironworks 
after a period of 60 years’ manufacture. In former years 
a heavy tonnage of iron went into horse-shoe manu- 
facture. Not only has that trade declined, but, as for 
other purposes, steel is replacing iron, being both cheaper 
and more suitable. There is considerable activity in 
omnibus construction for British Corporations. An 
order for seven saloon-’bus bodies has been placed by 
Chesterfield Corporation with a local firm, Sheffield 
Corporation have also ordered petrol vans. The use of 
Stainless steel for tramear fittings is increasing in 
popularity. Makers of steel strip are regaining connec- 
tions lost to foreign rivals, but competiton for new 
business is still exceptionally keen. 


South Yorkshire Coal Trade.—Owing to the depressed 
condition of the local coal trade, having regard to the 
shortage of work at house-coal pits, and the difficulty 
of stimulating exports, the proposed Three-County Coal 
Control Scheme is arousing considerable interest in South 
Yorkshire. Though no official figures are available, it is 
expected there will be at least a 90 per cent. majority 
in favour of thescheme. After a slight improvement, 
business in house coal has again fallen away. Industrial 
sorts are in moderate request on inland account. Smalls 
are a shade firmer owing to the absorption of surpluses at 
collieries. Blast furnace coke is very weak. Quotations : 
Best hand-picked branch, 27s. 6d. to 29s. 6d.; Derby- 
shire best brights, 20s. 6d. to 21s. 6d.; Derbyshire best 
house, 19s. to 20s. 6§d.; screened house coal, 16s. to 
17s. 6d.: screened house nuts, 15s. to 16s,; Yorkshire 
hards, 14s. 6d. to 15s. 6d.; Derbyshire hards, 14s, to 
15s. 6d.; rough slacks, 8s, 6d. to 9s. 6d. ; nutty slacks, 
Gs. to 7s.; smalls, 3s. to 4s. 6d. t 





‘THe Cuinese Eastern Rattpway.—tThe general 
prosperity of the Chinese Eastern Railway is indicated 
by the fact that a profit of 10,100,000 gold roubles has 
heen realised during the twelve months ending October 31 
last. The total receipts for the year ‘amounted to 
63,000,000 gold roubles, 


TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Ministry of the Interior, Cairo, is calling for 
tenders, to be presented by February 1, for the supply of 
410 tons of alum. (Ref. No. B.X. 4092.)—Specifications 
have been received from Bogota with regard to a call for 
tenders from the Colombian Ministry of Public Works 
for supplies for the railway and road services under its 
charge. The materials required include the following :— 
Three portable hoists worked by gasoline motors. Closing 
date, January 2. Three concrete mixers, 18 wheelbarrows 
for carrying concrete, and 10 moulds for making cement 
concrete pipes. Closing date, January 6. 1,000 metric tons 
of rails and 26 metric tons of fishplates. Closing date, 
January 11. Twenty complete sets of switches. Closing 
date, January 11. Seventeen passenger coaches, 2 restau- 
rant coaches, 2 luggage vans, and a considerable number 
of trucks. Closing date, January 18. 9,000 metres of 
Decauville track, 100 switches, 200 tip-trucks and 2 
weighbridges. Closing date, January 22. Ten cattle 
trucks. Closing date, January 28. 1,000 quintals of 
galvanised barbed wire with wire staples. Closing date, 
January 31. Two gasoline locomotives. Closing date, 
February 13. Twelve locomotives. Closing date, Febru- 
ary 16. A metal bridge with a clearance of 42 metres, 
Closing date, February 21. A road roller with gasoline 
motor. Closing date, February 24. Nineteen metallic 
bridges. Closing date, February 28. Two equipments 
for producing ballast and distributing it. Closing date, 
March 3. 1,500 metres of Manila cable and 200 metres 
of steel cable, also 3 platelayers’ trollies. Closing date, 
March 13. (Ref. No. C.X. 2579.)—The Indian Stores 
Department invite tenders for a locomotive travelling 
crane for the Eastern Bengal Railway, Calcutta, Tenders 
to be received at New Delhi by January 16. (Ref. 
No, A.X. 5698.).—The Egyptian Ministry of the Interior 
is inviting tenders for the supply and installation of 
filtering plant and accessories for the waterworks at 
Keneh, near Luxor. Tenders wil! be received at Cairo 
until noon on January 21, 1928. Local representation 
1s essential. (Ref. No. A.X. 5711.) 








NOTES FROM THE NORTH. 


GuasGcow, Wednesday. 


Scottish Steel T'rrade.—-In the Scottish steel trade the 
demand during the last week of the year has fallen far 
short of former times, when there used to be quite a 
rush for deliveries before the stoppage. In one or two 
instances only have consumers been despatching orders 
for delivery this week certain, to make up stocks sufficient 
to ensure a start after the holidays. Plant on the whole 
has not been well employed this week—not at all approach- 
ing capacity—and inquiries so far do not hold out much 
hope for the early days of the new year. By the time 
the works re-open, perhaps, specifications may have 
accumulated in sufficient number to ensure a good start. 
Shipbuilders have been getting through rather more 
material of late, and although a fair amount has come 
from beyond this district, the local steel works have 
supplied quite a goodly portion of the total. In the 
black sheet trade the conditions have varied very little 
and the heavier gauges are still quiet. On the other hand, 
the output of light sheets has been very good and order 
books still show a respectable tonnage. The forward 
demand, however, is not quite as good as it was. Prices 
are unchanged and are quoted as under :—Boiler plates, 
107. 10s, per ton ; ship plates, 8/. 2s. 6d. per ton ; sections, 
71. 12s, 6d. per ton; and sheets, }-in., 8/. 17s. 6d. per 
ton, all delivered Glasgow stations. Galvanised corru- 
gated sheets, No, 24 gauge, are quoted at 137. 12s. 6d. 
per ton, f.o.b. Glasgow. 


Malleable Iron Trade.—The state of affairs in the 
West of Scotland malleable iron trade has not changed 
over the week, and makers have not been picking up 
much fresh business. 'The demand has been disappoint- 
ing, and the break for the year-end holidays will be 
welcomed by the staff, upon whom has fallen the burden 
of keeping the works running’ during the recent quiet 
times. The current inquiry is not of a satisfactory nature, 
In the steel re-rolling branches, quietness is general and 
output has been poor during the past week. The current 
price of “Crown” bars is 10/. 5s. per ton, delivered 
Glasgow stations, 


Scottish Pig-Iron Trade.—-A dull tone continues to 
prevail in the Scottish pig-iron trade, Makers are unable 
to dispose of the output from their furnaces now in blast, 
and stocks are still increasing. Deliveries of hematite 
to the steel works have not improved, and the demand for 
foundry grades of iron, both for export and local consump- 
tion, has only been fair since the last report. Prices have 


changed little, but the trend is downwards. The follow- | 


ing are the present market quotations :—Hematite, 74s. 
per ton, delivered at the steel works ; foundry iron, No 1, 
75s. per ton; and No. 3, 70s. per ton, both on trucks at 
makers’ yards. 

Scottish Pig-Iron Shipments.—The shipments of Scot- 
tish pig-iron from Glasgow Harbour continue on a small 
scale. For the past two weeks the figures are as under:— 

For Week Ending 
December 17 December 24 


Coastwise 167 tons 30 tons 
Overseas 168 tons 544 tons 
Totals ... wae ... 335 tons 574 tons 





PHYSICAL AND OptTicaL Socreties’ ExHiBirton,—We 
have been informed that invitations to the eighteenth 
annual exhibition of the Physical and Optical Societies, 
which function is being held at the Imperial College 
of Science and Technology, South Kensington, S.W.7, 
from January 10 to 12 next, have been sent to the 
Institution of Mechanical Engineers, the Institution of 
Electrical Engineers, the Royal Aeronautical Society, 
the Royal Meteorological Society, the Faraday Society, 
and a number of other societies and institutions. As 
was the case in previous years, members of these societies 
should apply to their secretaries for tickets. Others 
interested may obtain tickets on application to the 
Secretary, The Physical and Optical Societies, 1, Lowther- 
gardens, Exhibition-road, London, 8.W.7. Tickets will 
be required on January 10 and 11 next only; admission 
on the third day, January 12, will be without ticket. 


British STANDARD RULES FOR METHODS OF DECLAR- 
ING EFFICIENCY OF ELECTRICAL MAcHINERY.—A pam- 
phlet with the above title has been published by the 
British Engineering Standards Association. Its object 
is to provide a method of predicting and declaring the 
efficiency of a machine, so that the results determined by 
this means shall correspond closely with the time effi- 
ciency which might be determined eventually on the 
completed machine. The use of nominal efficiencies, 
which omit allowances for stray load losses and other 
losses, is considered misleading, and is not recognised 
in these rules, which, it should be mentioned, do not 
apply to traction motors. The publication opens with 
three sections, covering the scope of the rules, definitions, 
and general rules; the second of these should prove 
of great value to students and also to practical 
engineers generally. These are followed by seven 
schedules, each of which is devoted to one of the funda- 
mental types of electrical machinery. A specification 
for the methods of verifying efficiency is under considera- 
tion, and it is of interest to note that these present rules 
have been accepted by the International Electrotechnical 
Commission as the basis for an international volume of 
rules on the same subject. Copies of the above 
publication, No. 269-1927, may be obtained from the 
Publications Department, B.E.S.A., 28, Victoria-street, 
London, 8.W.1. Price 2s, 2d., post free, 





NOTICES OF MEETINGS. 





5.30 p.m.. Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘*The Use and Maintenance of 
Pneumatic Tyres as Applied to Commercial Vehicles,” 
by Mr. L, G. Wyndham Shire. 


INSTITUTION OF AUTOMOBILE ENGINEERS: BRISTOL 
CrntrE —Monday, January 2, 6.45 p.m., Merchants 
Venturers’ Technical College, Bristol. ‘‘ The Electrical 
Characteristics of Spark Gap and Sparking Plugs,’’ by 
Mr. E. A. Watson. Tuesday, January 3, 7.45 p.m., 
Royal Society of Arts, John-street, Adelphi, W.C.2. 
‘“Some Notes on Reorganising a Works to Increase 
Production,’’ by Mr. C. R. F, Engelbach, 


INSTITUTION OF THE RuBBER INDUSTRY.-—Monday, 
January 2, 8 p.in., Engineers’ Club, Coventry-street, W.1. 
** Synthetic Resins,” by Mr. A, A. Drummond, 


INSTITUTION OF ELECTRICAL ENGINEERS.—Wednesday, 
January 4, 6 p.m., Victoriasembankment, W.C.2. Wire- 
less Section. ‘‘ Rotating Loop Radio Transmitters and 
Their Application to Direction-Finding and Navigation,” 
by Mr. T. H. Gill and Mr. N. F. S. Hecht. ‘* Some 
Experiments on the Application of the Rotating Beacon 
Transmitter to Marine Navigation,” by Dr. R. L. Smith- 
Rose and Mr. R. 8S. Chapman, ‘“ A Theoretical Discussion 
of Various Possible Aerial Arrangements for Rotating 
Beacon Transmitters, by Dr. R. L.Smith-Rose. Thurs- 
day, January 5,6p.m. ‘ Storage Batteries in Relation to 
Modern Supply of Electric Lighting and Power,” by Mr. 
E, C. McKinnon, 

LIVERPOOL ENGINEERING SocreTy.—Wednesday, Janu- 
ary 4, 6 p.m., 9, The Temple, Dale-street, Liverpool. 
** Some Metallurgical Cases,’’ by Mr. F. G. Martin. 


INsTITUTION oF CrviLt ENGIneERS.—Manchester and 
District Association: Wednesday, January 4, 6.45 
p.m., Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. ‘‘ Fatigue and Wear Testing 
of Materials,’ by Mr. J. S. Glen Primrose. Yorkshire 
| Association: Thursday, January 5, 7.30 p.m., Hotel 
| Metropole, Leeds. ‘‘ Pumping Machinery,” by Mr. F. 
Wood, 
| Instrrution or HeatTinc AND VENTILATING EN- 
| GINEERS.—Wednesday, January 4, 7 p.m., Caxton Hall, 
| Westminster, S.W.1. Lecture: ‘‘ Oil Fuel Burning for 
| Central Heating and Domestic Boilers,” by Mr. G. U. 
| Morgan, 

InstituTION OF MEcHANICAL ENGINEERS,—North- 
Western Branch: ‘Thursday, January 5, 7.15 p.m., 
Engineer’s Club, Albert-square, Manchester. Joint 
Meeting with ~Manchester Association of Engineers. 
“Cutting Temperatures: Their Effect on Tools and on 
Materials Subjected to Work,’’ by Mr. E, G, Herbert. 
London: Friday, January 6, 6 p.m., Storey’s-gate, S.W.1. 
Thomas Lowe Gray Lecture: ‘‘ The Marine Oil-Engine,” 
by Professor C. J. Hawkes. 

Junior InstiruTion or ENGINEERS.—Friday, Janu- 
ary 6, 6 p.m., 39, Victoria-street, 8.W.1. Exhibition 
of Instruments and Scientific Appliances, 

InstituTE OF BririsH FOUNDRYMEN: LANCASHIRE 
BraANncH.-—Saturday, January 7, 4 p.m., College of 
Technology, Manchester. Lecture: ‘* Electric Melting of 
Non-Ferrous Metals,’’ by Mr. H. 8. Primrose, 


| INstiruTeE OF TRANSPORT.—Monday, January 2, 








Market ror Moror Lorries IN NORTHERN CHILI 
Based on information furnished by His Majesty’s Consul 
at Antofagasta, the Department of Overseas Trade has 
prepared a confidential memorandum on the market for 
motor lorries in Northern Chile, which has been issued to 
firms whose names are entered.on the Department’s 
special register. United Kingdom firms desirous of 
receiving a copy of this report should communicate with 
the Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. 

Lyons INTERNATIONAL Farr.—The next meeting of the 
Foire de Lyon is to take place from March 5 to 18, 1928. 
We have been informed that the exhibitors will number 
4,000, and that 20 countries will be represented. The 
exhibits, which are housed in the Palais de la Foire, are 
divided into 52 groups, including ironmongery, tools and 
implements ; metallurgy, mechanics and machinery ; 
heating and lighting apparatus ; agricultural machinery 
and supplies; motor-cars, motor-cycles, bicycles and 
arms ; and colonial goods. The official delegate of the 
Fair in this country is M. Jean Victor, 774, Queen 
Victoria-street, London, E.C.4. 





NETHERLANDS INDUSTRIAL EXHIBITION, 1928.—A 
prospectus of the British section of the Netherlands 
Industrial Exhibition, which will be held from June i 
to September 15, 1928, has just reached us. The exhibi- 
tion, which by abbreviation is called ‘‘ Nenyto ’28,’’ 
embraces all manufactured products divided into 19 
sections. These include shipbuilding and other metal 
industries, engineering, transport and road making, 
textiles, building, and the motor-car and cycle, aviation, 
and electrical industries. The Dutch committee is very 
anxious that British manufacturers should participate, 
A Hall measuring 72,000 sq. ft. has been set apart for 
other than Dutch exhibitors. In it a large space in the 
middle, some 30,000 sq. ft. in area, has been reserved 
for Great Britain and the British Dominions, while an 
option is granted for another 10,000 sq. ft., if desired. 
Firms and. individuals desirous of exhibiting should send 
in their applications as soon as possible to the secretary of 
the British Section of the ‘‘ Nenyto ’28,’’.Oakley House, 
14, 16 and 18, Bloomsbury-strect, London, W.C.1. 
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GOODWILL. 


For most classes in this country, to-day sees. the 
end of an unregretted year. Without bringing 
great calamities of its own, it has never thrown off 
those it inherited. Such signs of present improve- 
ment as may be seen in some parts of industry, 
leave a far larger part of it in unrelieved gloom, 
and no one can say when or how the darkness will 
be lifted. It is not surprising, therefore, that a 
growing volume of the best informed opinion has 
come to the conclusion that something more than 
patience is necessary for dealing prudently with the 
situation. The most remarkable evidence of the 
strength and energy with which this opinion is held 
by those who are in the best position to know the 
facts and recognise their meaning, is the invitation, 
which has been accepted by the General Council of the 
Trades Union Congress, to enter into conference on 
the subject, with a powerful and sufficiently represen- 
tative industrial group, By what is probably less a 
coincidence than another aspect of the samesituation, 
the Engineering and Allied Employers’ National 
Federation published, at practically the same 
moment, a retrospect of what conciliation has done 
for their industry during the last thirty years, and, 
incidentally, of what it has failed to do. The two 
documents have in common the fact that each 





represents an industrial opinion of unusual 
experience in its own branch or branches of work. 
They differ sharply, however, in the point of view 
from which the situation is exhibited. The Fede- 
ration lays stress on the large measure of internal 
peace the engineering industries have enjoyed, and 
appears to believe that their existing organisation 














would find a solution for their problems, if the inter- 





ference of politicians and other industrial amateurs 
or theorists could be avoided. The Conference 
group, on the other hand, appears to seek a more 
comprehensive and definite set of measures, than 
could be hoped from the mere evolution of existing 
organisations on their present lines. These aspects 
may be only the two sides of the same shield, but 


_|each is presented with such authority that a com- 


parison of them offers an unusually good oppor- 
tunity of estimating the present situation. 

Having regard to the lines, so far as they can 
be conjectured, on which the Conference group 
proposes to move, it is important to remark that the 
movement is in no sense political. Only two of its 
twenty-four members are in the House of Commons, 
and, in addition to possessing this negative qualifi- 
cation for dealing with industrial matters, each of 
them is engaged actively in industry, and holds a 
high and representative position in one or more 
of its branches. Between them, too, they include 
most or all of the important industries outside 
agriculture, and their present step is taken, not in 
fulfilment of any previous obligation, but because 
they could find no existing organisation for the 
purpose. The object of the proposed conference 
is said to be to obtain a candid and complete enquiry, 
into the measures by which British manufacturers 
may increase their competitive power in the world’s 
markets, with all that power implies to the well- 
being of their workers, in order to formulate 
definite and concrete proposals, which the various 
industries may apply to their several purposes in 
such detail as they may determine. Each side 
is preparing agenda for discussion, and the full 
scope of the enquiry cannot, of course, be known 
precisely until these lists have been completed 


+ |and compared. From the constitution of the invit- 


ing group, it is clear that its members can have no 
proposals in view, which are merely academic or 
visionary. It is understood that the intention of the 
movement goes much further than merely devising 
some new means of delaying or avoiding strikes, and, 
in particular, the hope has been expressed from the 
trade-union side, that the movement will not be 
described as an attempt after industrial peace, but 
as a means of co-operation throughout all industry, 
by which prosperity will be regained and fairly 
divided. It must be admitted that proposals such as 
these have not been uncommon, and may excite 
least confidence in those who have had most experi- 
ence of them. In other forms they occur, for 
instance, in the unscrupulous ravings of the Soviet 
revolutionaries and their allies and associates in 
this country, but if effect is meant to be given to 
any measures with such objects, they can be 
assured in advance of whole-hearted opposition from 
the left wing of the Labour Party, whose bois- 
terous spokesmen are reported to have protested 
already against any co-operation with the object 
of making capitalist industry prosperous. There 
are, in fact, sound prima facie reasons for not 
basing any sanguine expectations on such proposals ; 
but, fortunately, these reasons are not conclusive, 
and, in the present instance, may not hold good 
in the face of exceptional circumstances. At no 
time within the relatively short history of industry, 
have such proposals been launched by a purely 
industrial group representing so powerful and various 
a body of enterprises, and the most hardened 
sceptic must find it difficult to believe that such 
men could put forward proposals purporting to be 
practical, without having duly studied the means 
and counted the cost. If the proposals mean any- 
thing, they mean business, and no doubt can be felt 
that business is intended no less sincerely by those 
on whose behalf the invitation has been accepted. 
Whether business will be accomplished may be 
another matter. This will depend in part on how far 
practical difficulties have been foreseen and overcome, 
as in the circumstances it seems not unreasonable 
to hope they may have been. No less essentially, 
however, it will depend on how far industrial trade 
unionists are now able to control the revolutionary 
wing, by which they have been swamped more than 
once in recent years. 

The situation created by the intended Conference 
will be followed with interest and anxiety, which 
will not be lessened by reading the Federation’s 
account of its stewardship for the last thirty years. 
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As its report suggests, the extent to which peace has 
been preserved in the engineering trades through 
measures of conciliation is often not recognised. 
The Federation was formed in 1896, in anticipation 
of a strike, which occurred in 1897, and lasted six 
months. So far, however, from its. institution 
forming a permanent hindrance to peace, only one 
other serious dispute is said to have occurred until 
the present time. The trade unions and the 
Employers’ Federation understand each other 
perfectly well, and in the Federation’s view could 
settle all their mutual problems if only they were 
left alone and could be assured—a weighty proviso 
—of securing and maintaining industrial goodwill. 
The industry’s situation would, moreover, be worse 
than it is, if it suffered more than it does from 
uninstructed intervention in industrial situations. 
No worse calamity can occur to an industry than 
the disturbance of its internal peace, which the 
Federation has succeeded in preserving to a 
remarkable extent. This, indeed, is what it 
appears to claim as the most important result of its 
activities, and the present report may result in 
securing a fuller recognition of what it has done in 
that respect. Unfortunately, however, the industry 
is no longer so placed that it can regain its prosperity 
merely by avoiding calamity. The Federation 
doubtless has done all that was possible with the 
means at its disposal, but the grave fact emerges 
from the report that, if ever those means were 
adequate to the needs of the industry, they are so 
no longer. When this country ceased to be the 
workshop of the world, it did not retire from the 
engineering business, but it sought to conduct 
it under the handicap of restrictive practices from 
which its competitors were free. For a time it 
was able to carry and even increase that burden, 
and the facts given in the Federation’s report show 
how persistently these restrictions are handicapping 
the efficiency of manufacture. Instances are given 
showing how restrictions of output, limitation of 
earnings, demarcation of trades, refusal of payment 
by results, and the prohibition of co-partnership, 
continue to be enforced by one union or another. 
Instead of work being so arranged as to be performed 
with the least expense of energy, and so permit com- 
petition with other countries on more equal terms, 
waste has to be incurred in order to conciliate 
as far as possible the vested interests claimed by 
individual trade unions. When, in 1924, the 
Federation itself invited the unions to a conference, 
in order to consider the admittedly serious situation 
of the engineering and particularly of the marine 
industries, even an advance of wages was refused 
sooner than mitigation permitted of the practices by 
which British workers were handicapped in their 
competition with foreigners. 

After thirty years, in spite of the measures at the 
Federation’s disposal, the industry remains saddled 
with economic handicaps arising from its present 
uneconomic practices, and foreign competitors are 
making increasing inroads into what used to be 
British markets. It has been possible for the osten- 
sible parties to industry to make bargains and 
concessions between themselves irrespective of their 
effect on the efficiency of the industry, but no amount 
of such bargains will replece the loss to the industry 
through the consequent inefficiency of working. 
The industry, whether employers or workmen, 
will get. paid for what they produce according to its 
value in the world’s markets, and the bargains 
by which they imagine they are to be paid more are 
like accommodation bills, which may be renewed 
for a certain number of times, but must be taken 
up ultimately. The essential problems of industry 
include all those by the solurion of which human, 
financial, or material resources can be turned to 
better account. The long-delaved adjustment of the 
relations between employers and employed is only 
one of them, and intrinsically by far the least com- 
plicated. It has been settled in the United States, 
where men are paid much higher wages than here 
for the simple reason that they earn, and are allowed 
to earn, them, and their work is applied in whatever 
way it can be used to the best advantage of the 
industry. The importance of the labour problem 
lies in the fact that neither labour nor any other 
interest can get its full living until it is free to earn 
it. The difficulty is that hitherto it has been 





administered in a complexity of mechanism, which 
has tangled up the real interests of industry by 
the multiplication of working parts, and the 
endeavour to perpetuate artificial vested interests. 
A stable solution can be found only by fitting the 
mechanism to the work instead of distorting the 
conditions of work to suit the mechanism. No task 
more important to the immediate or the ultimate 
future of British industry can well be undertaken. 








THE ELECTRICITY COMMISSIONERS’ 
REPORT. 

Ir is an excellent rule that Government Depart- 
ments and other bodies, which are supported more 
or less from the public funds, should give an account 
of their stewardship in the form of an annua! 
report. This is the more desirable the more the 
operations of the department concerned are 
conducted in obscurity, though it is only fair to 
add that it is not without its disadvantages. 
Facts, it has been said, are stubborn things, and 
have a disconcerting way of forcing themselves 
into notice. The temptation to employ a veneer 
of comment to conceal a rough foundation is, 
therefore, frequently too great to resist, though 
it would often be better to adopt a more detached 
attitude and allow the truth clearly to stand 
out. The seventh annual report of the Electricity 
Commissioners, which has just been published 
by H.M. Stationery Office [23s. net], avoids 
one of these pitfalls, in that it deals copiously 
with facts relating to the progress made by 
the electricity supply industry during the 
past year. But it is trapped in another, in that 
it comments freely, and sometimes a little acidly, 
on past events. However unwise this may be, 
at least it shows that the members of the Com- 
mission are human. Week in, week out, they have 
been exposed to a flood of criticism, to which their 
position as Government servants forbade them to 
reply. It is little wonder then that for once they 
have given themselves rein in what, in other circum- 
stances, might be described as a glorious burst. 
A grave drawback of this particular display, 
however, is that it has been produced rather 
late; for the last of the events with which 
this report deals happened nearly nine months 
ago, and much current has flowed along the trans- 
mission lines since then. This detracts a little 
from its value. We hope, therefore, that with 
the relief from certain detail work, which recent 
legislation will allow, it may be possible for the 
Commissioners in future not only to issue their 
report earlier, but also to avoid publication at 
this particularly inconvenient season. 

Turning to report itself we find that the Com- 
missioners have taken advantage of the profound 
administrative changes, which have been introduced 
by the 1926 Act, to review the progress that the 
electricity supply industry has made since their own 
appointment in 1920. At that time it appears 
there were 532 authorised undertakers, owning 
475 generating stations, which contained 2,309,000 
kw. of plant, or an average of about 4,850 kw. 
per station. During the last seven years, the 
establishment of 117 new generating stations has 
been sanctioned, but of these only 53, involving 
an initial installation of 644,706 kw. of plant, were 
owned by authorised undertakers. In addition, 
however, certain other stations were in course of 
erection at the beginning of the period, or have 
since been acquired, or have passed from the non- 
statutory to the statutory group, so that the total 
number of stations brought into operation for 
authorised undertakers during these seven years 
was 89. Eleven of these stations, with a capacity 
of 30,000 kw. or more, accounted for 529,900 kw. 
of plant, while eight others, with capacities ranging 
from 10,000 kw. to 20,000 kw., accounted for 
104,250 kw. On the other hand, as many as 79 
of the stations had capacities of less than 250 kw. 
During the same period, too, more than 600 
consents, involving 2,888,087 kw., were given 
for extensions, though this does not, of course, 
represent a net increase. The result at the end 
of March, 1927, then was that there were 623 
separate authorised undertakers owning 479 
generating stations, or 12 less than in 1920. The 





plant installed in 1925-26 was 4,421.602 kw. or 
practically double the 1920 figures. More than 
84 per cent. of this plant was contained in 125 
stations with a capacity of 10,000 kw. or over. 
The official comment on these results is that steady 
progress has been made in concentrating generating 
plant in larger stations than formerly, with a notable 
increase in efficiency. But this seems too rosy 
a view to take, if a first step towards real electrical 
development is to be the concentration of generation 
in a few stations. In seven years indeed little 
has been done in this direction, This is admitted 
in a further comment, wherein it is stated 
that practically the whole of the expansion was 
due to individual, rather than to co-operative, 
effort. Attention is called to the fact that 
there was a lack of inclination to transfer 
stations to joint authorities, or to participate in 
schemes for inter-connection, or in a word to do 
without compulsion what is now being forced 
upon them. As regards true reorganisation these 
seven years have been virtually wasted and the 
figures of expansion, satisfactory as they are, 
should not be allowed to obscure that fact. 

This is emphasised by the Commissioners’ remarks 
on the reluctance of undertakings to take a bulk 
supply in preference to an extension of their own 
stations, or even to give bulk supplies at a suffi- 
ciently attractive rate for the general good. This 
being so, it is hardly surprising that only 120 bulk 
supplies were arranged in seven years. On the other 
hand, not a little, though, if considered from the point 
of view of the whole, only minor, progress has been 
made towards the standardisation, both of frequen- 
cies and voltages, and towards the employment of 
higher distribution pressures, while areas of supply 
have been extended, as is shown by the fact that 329 
special orders were granted during these seven years. 
In this respect, the 1919 Act led to considerable 
development. As regards the actual consumption 
of electricity, there has, in spite of industrial depres- 
sions, been a steady expansion, as is shown by 
the substantial increase which has taken place from 
3,512 million kw.-hours in 1920-21, to 5,723 million 
kw.-hours in 1926. These figures represent a con- 
sumption of 82 kw.-hours and 130 kw.-hours per 
head of population respectively, the basis being the 
population in the particular year concerned. It is 
interesting to note that, during the same period, the 
sales of electricity for power purposes increased by 
50 per cent. and for lighting and other domestic pur- 
poses by no less than 113 per cent. These figures 
do not take into consideration the large quantities 
of electricity generated in purely traction stations 
or by privately-owned generating plant. Further, 
the average revenue per kw.-hour fell from 5-75d. 
in 1921-22 to 3-82d. in 1925-26 in case of lighting, 
&c., supplies, and from 2-48d. to 1-65d. in the case 
of power supplies, so that something is also being 
done to cheapen electricity. 

The aggregate capital account invested in the 
industry has increased from 143,716,260/. at the 
end of 1921-22 to 217,038,306/. at the end of 
1925-26, or an average yearly expenditure of 
18,330,000/. This enormous sum has been forth- 
coming without difficulty, in spite of the financial 
stringency, a fact, which, in itself, is a testimony 
to the basic soundness of the industry. This is 
also proved by the increase in the sales of electri- 
city per 100/. of capital expenditure from 2,189 kw.- 
hours in 1921-22 to’ 2,583 kw.-hours in 1925-26. 
an improvement of about 18 per cent. Moreover. 
coal in 1921-22 cost 35s. per ton, owing to coal 
strike, and 3-42 1b. were consumed per kilowatt-hour 
generated. By 1925-26, the price had fallen to 18s. 
per ton, and the average consumption per kilowatt- 
hour generated to 2-43 lb. The fuel bill therefore 
absorbed about 15 per cent. of the revenue from 
working, compared with 28 per eent. in the former 
year, a result which, in its broader aspects, is of 
considerable significance. Looking at the events 
of the past seven years in a general way It 
would not therefore be too much to say that on the 
technical side, progress has been considerable, and 
that the results obtained from the engineering 
improvements are such that all concerned may be 
proud of them. On the other hand, there has been 
a failure to view the administrative problem in 
anything like so broad-minded a manner. with the 
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result that though the ground has been painfully 
prepared for great advances, those advances have 
not yet begun. 

Passing on to the events of 1926-27 in particular, 
the report deals with these in the usual form, and 
covers in detail the whole range of the duties with 
which the Commissioners have been entrusted. 
The total number of authorised undertakers, inclu- 
sive of the Central Electricity Board, was 623, 
or 30 more than in 1925-26. The total quantity 
of electricity generated in 570 stations was 
8,365,857,198 kw.-hours, for which purpose 8,711,027 
tons of coal and coke, and 145,911 tons of oil fuel 
were consumed. This output shows an increase of 
only 3 per cent. on that of 1925-26, while the 
amount of coal consumed was 3 per cent. greater. 
Both these adverse results are, of course, due to the 
prolonged coal strike. For the same reason, an 
increased use was made of oil fuel, the figure quoted 
above comparing with the 38,810 tons used in 
1925-26. Of the total output, 91-4 per cent. was 
generated in 152 stations with individual outputs of 
10,000,000 kw.-hours or more per annum. The 
aggregate capacity of new generating plant sanc- 
tioned during the year under review was 775,604 kw. 
This compares with 585,700 kw. in 1925-26, and 
shows that legislative uncertainty was not, as some 
supposed, any bar to development on that side. 
Of this amount, 263,100 kw. was for plant for 19 new 
generating stations (eight of which were for non- 
statutory undertakings), including those promoted 
by the Birmingham, Bristol and Coventry Corpora- 
tions, and the North Metropolitan Electric Power 
Supply Company. The first of these was so urgently 
required that a reluctant consent was given to 
equip it with 25 cycles plant, though the standardisa- 
tion of frequency in this area is of course imminent. 
For financial reasons, the power station of the 
North Metropolitan Company is being erected by 
a subsidiary company which is not a statutory 
concern, but apart from this special case, the 
indications are that a great deal of private generating 


plant is still being installed. To some extent this. 


must vitiate the efficiency of the national scheme, 
and it is a policy to which the Central Electricity 
Board would do well to pay close attention. 

This report shows that the Commissioners are 
a hard-working body who have the interests of the 
industry they are administering at heart. Their 
duties are performed conscientiously, but the faint 
doubt arises whether many of them need be 
performed at all. A perusal of this document 
shows that electricity supply in tais country is 
surrounded by a cloud of appiications, order, 
consents, sanctions and arrangements, the simplifi- 
cation of which, as of tariffs, would be highly 
desirable. To achieve this simplification may be 
an impossible ideal, but it is one which it is worth 
while striving to approach. 








THE DETERIORATION OF TIMBER IN 
SEA WATER. 


In the considerable volume of work that has 
been done in late years on the deterioration of 
timber in sea water, nothing has been more 
remarkable than the in-and-out results given by 
apparently the same timbers when tried in different 
waters and circumstances. The large amount of 
valuable material which has been collected has 
not led to any results that can be regarded as 
final. It is clear that timbers differ among them- 
selves widely in the resistance they offer to 
wood-boring organisms in water. It seems possible, 
too, that in some waters no timbers in their natural 
state can offer complete resistance, and that no 
timber can offer even the same relative resistance 
in all waters. Fundamental investigations, such 
as that now being conducted by a committee of 
the Institution of Civil Engineers, which includes 
a study of the life history of wood-boring organisms 
in various circumstances, and the possibility of 
devising a chemical treatment for timber which 
will prevent it from being attacked by such 
organisms, may ultimately lead to a general solution 
of the problem. In the meantime, the most 


important assistance which can be given to know- 
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collection of authentic data, 
experience of current practice. 

An important contribution of this character is 
contained in a paper read recently to the Institution 
of Engineers, Australia, by Mr. A. C. Mackenzie.* 
This paper deals with the author’s experience 
during the last twenty-four years in Australian 
harbours, principally with local timbers, and 
includes also an account of the best authenticated 
data on the subject recorded by other observers, 
in regard to most of which he has himself inspected 
the structures in question. The deterioration is 
always caused through the timber being attacked 
by marine crustacea or mollusca, or both, chiefly 
between high and low water. Authorities are not 
agreed in all instances about the species of mollusca 
that have been at work, but three kinds of 
crustacea are identified as having been among the 
most active in the waters in question. Among 
the mollusca there appear to be a number of 
varieties of shipworm, analogous if not identical 
in their anatomy to the European teredo. The 
timbers examined included turpentine, ironbark, 
grey box, red gum, jarrah, blue gum, messmate, 
white gum, brown-topped stringy bark (Tasmania), 
Douglas fir and Oregon pine. 

The results show the in and out character which 
has been remarked in previous observations. Iron- 
bark piles and other timbers, for example, were 
taken out of Sydney Harbour in an excellent state 
of preservation, after a service below water of 45 
and 78 years respectively, while the Muntz metal 
sheathing of the one and the cast-iron used in 
the structure with which the other was connected 
were entirely decayed or rotten. Yet in another 
part of the same harbour ironbark piles were 
riddled with the shipworm known locally as cobra 
in eighteen months. The only observations in the 
nature of systematic experiment were those on 
the Oregon piles, in which 12 samples were fixed 
by bolts to the turpentine piles in Hobson’s Bay, 
Port Melbourne, and removed one at a time at 
quarterly intervals. These observations showed 
that an untreated Oregon pile would, in the water 
and circumstances of the experiment, lose some 
72 per cent. of its original area in three years, 
and would have to be replaced in two years; 
whereas the worst of the local eucalyptus timbers 
reported upon were found good for service after 
having been exposed to the same conditions for 
63 years, and other varieties had served for periods 
varying up to forty-seven years. How formidable 
the boring organisms may be is illustrated by an 
ironbark bracing in use for fifteen years at the 
entrance to the Fitzroy river in Queensland, which 
showed 12 separate holes varying in diameter 
from % in. to 1} in. The author is of opinion 
that the last hole must have been made by an 
organism at least 4 ft. 84 in. long and possibly 
longer. In various circiimstances copper sheathing 
and concrete pipes are mentioned as preservative 
measures, which apparently have been successful. 
Mr. Mackenzie deprecates drawing general 
conclusions from experience with individual samples, 
and insists, as indeed his own data show, that 
prolonged resistance by a given timber in one 
locality does not show that it will do equally 
well elsewhere, even in the same waters, or still 
less in some other ‘port. At the same time, he 
gives a large number of data, which appear to 
concur in suggesting that crustacea and mollusca 
are particularly destructive when the water either 
is warm or constantly renewed, so as to be kept 
from sediment, sewage, &c., or is of relative low 
density. If, on the other hand, water is kept 
muddy, as for example by the propellers of vessels 
in a confined portion of a port, the activity of 
these organisms may be negligible, and the same 
seems to be the case if the density of the water is 
particularly high. 

An incidental difficulty recorded in regard to the 
timbers in question is their liability to split if kept 
in stock for some time. Stock piles are usually about 
75 ft long by 13 in. diameter, excluding bark, at the 
small end, and 18 in. to 21 in. diameter at the large 
end. It is recorded that in a stock of such piles of 
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messmate and white gum from Victoria and of stringy 
bark from Tasmania, from 71 per cent. to 92 per cent. 
developed splits 1 ft. to 15 ft. long in three years, 
while of messmate piles from another part of Victoria 
only 14 per cent. showed such splits. It is suggested 
that the trouble is notably less in timbers grown on a 
hungry soil than on a light soil. Turpentine, red 
gum, ironbark, and jarrah, as a rule, split only to a 
negligible extent. The locality in which the above 
observations were made is not stated. 








THE LATE MR. ROBERT BURTON 
BUCKLEY. 

A FEW weeks ago it was our painful duty to 
record the death of Sir John Benton, a past 
Inspector-General of Irrigation for India, and now 
it becomes necessary to perform a similar task 
for one who, though connected with the same 
branch of engineering in the same country, was 
a predecessor in point of time, and may therefore, 
not incorrectly, be described as a pioneer in the 
great work which Sir John brought to successful 
fruition, in so far as finality is ever reached in 
these matters. We refer to Mr. Robert Burton 
Buckley, who died on December 19, in his eighty- 
first year. Mr. Buckley, like Sir John Benton, had 
devoted most of his working life to the develop- 
ment of the irrigation systems of India, and in so 
doing had assisted materially in increasing the pros- 
perity and stabilising the development of the 
principal industry of that country. 

Mr. Buckley was born at Brighton on August 23, 
1847, being a son of the Rev. John Wall Buckley, 
vicar of St. Mary’s, Paddington. He was educated 
at Merchant Taylor’s School and served as a pupil 
for five years with Messrs. Samuda Brothers, of 
Poplar. He gained a Whitworth Exhibition in 1868, 
becoming a Scholar in the following year. He was, 
therefore, one of the oldest living members of that 
select band, who have succeeded in qualifying for 
Whitworth’s generosity, and for that reason became, 
after Dr. H.S. Hele-Shaw, the founder, the first presi- 
dent of the recently-formed Whitworth Society. It 
is a little pathetic to have to mention that his death 
almost coincided with the fifth commemoration 
dinner of that body last week, at which function 
fitting tribute was paid to his memory. 

In the same year that he became a Whitworth 
scholar Mr. Buckley proceeded to Bengal and took 
up an appointment as assistant engineer in the 
Public Works Department of that province. At 
first he was employed in the Dehree workshops, 
where he constructed and designed several girder 
bridges, and also had charge of the locomotive, 
portable and stationary engines employed about 
the factories. He was promoted to the rank of 
executive engineer in 1876. From 1875 onwards 
he was entirely engaged on the development of the 
irrigation system of India, a work with which his 
name will always be connected, being first in charge 
of the Buyar and then of the Patna canal construc- 
tion. He also executed some 300 miles of dis- 
tributaries of various sizes, from 3 ft. to 20 ft. base, 
for the design of some of which he was responsible. 
in 1887 he became under-secretary of the Depart- 
ment for Irrigation, Roads and Buildings, and 
later filled the same position under the Government 
of India for two and a half years. He rose to be 
chief engineer to the Bengal Government in 1898 
and was subsequently secretary to the Government 
of that province, while he was for a time member 
of the Council of the Lieutenant-Governor of 
Bengal. He was appointed a Companion of the 
Order of the Star of India in 1901 and retired 
from the Indian Service in 1902. When he finally 
left the Public Works Department, he was offered 
but declined the official chairmanship of the Cal- 
cutta Corporation. Incidentally, he was the only 
non-Indian civilian to have been selected for this 
position. After his return to this country he 
kept closely in touch with professional work for 
a time, and was consulted on many irrigation 
projects, notably in Dongola, Spain and South 
America. 

To give such a record of Buckley’s life, set out 
deliberately in the dry form of the usual book of 
reference, and to leave it at that, would be largely 
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whether those deeds be regarded as mere engineering 
feats or as a contribution to the welfare of a depen- 
dency, the prosperity of which, fortuitously or by 
design, has been placed in the hands of members of 
the British race. No one, whatever their politics or 
whatever views they hold on the relationship of 
white and coloured races, can deny that India is a 
great responsibility nor, whatever their prejudices, 
can do other than agree that the work of such 
men as Buckley and Benton is a ‘strong support 
of the argument that those responsibilities are 
being more than adequately borne. It will not 
be out of place here to elaborate this thesis by 
referring to the meteorological conditions of India, 
conditions which it is well known have imposed 
on the Government the task of constructing 
extensive irrigation works. It is the more 
appropriate since a short discussion of the problem, 
und of the means which have been adopted to solve 
it, will show, more clearly than any biographical 
details, the contribution which the subject of this 
memoir and those who worked with him have 
made to civilisation, and to the prosperity of a large 
portion of mankind. 

The rainfall in India is very variable, bothin 
amount and in distribution, a state of things which 
is of great importance in a country the welfare of 
which depends to so large an extent on the yield of 
the harvest. In the south-east of the country the 
precipitation occurs from October to December, but 
elsewhere it is confined to the period from June 
to October. During certain times of the year there 
is a drought, and the problem is therefore to con- 
serve, store and distribute the rainfall so that it can 
be most generally useful. Work to achieve this object 
has been going on under the British Raj since the 
western Jumma canal was reopened in 1821, but by 
far the greater part of the development has taken 
place since 1866 almost simultaneously, be it noted, 
with the arrival of Mr. Buckleyin thecountry. These 
works have included the Sirhind, Lower Ganges, 
Agra, Lower Swat and Mutha canals and to give an 
idea of their extent it may be stated that the first of 
these comprises 3,733 miles of channels irrigating 
1,600,000 acres. As engineering is closely bound 
up with finance, it will not be out of place to add 
that a return of some 11} per cent. has been ob- 
tained on the capital expended on this development. 

This is not work that can be carried out without 
careful planning, nor is it work that is unaccom- 
panied by engineering difficulties. For instance, 
the Upper Swat canal leaves the river valley by a 
tunnel some 2 miles long, which penetrates the 
Malakand range, while subsequently the waters flow 
down the Dargai nullah where the fall is 300 ft. 
in 5 miles. The engineering difficulties in taking 
this canal along slopes cut by ravines and torrents 
were enormous, and these were not alleviated by 
the fact that the course includes seven tunnels 
aggregating a mile in length. On the Patura canal, 
to Mr. Buckley’s connection with which we have 
already referred, there are 13 locks in a length of 
83 miles, and one of these locks has chamber 
walls 37 feet high. Many other examples of 
similar work could be quoted, which have either 
been carried to a successful conclusion or are still 
proceeding, and all of which have meant careful 
consideration and that adaptation of means to an 
end which forms the true work of the engineer, no 
Jess than political negotiations demanding patience 
and a varied knowledge of the psychology of other 
races. In all of these, Buckley played a great part. 
But to view the task in its true perspective it is 
better to consider, not what has been done, but 
what remains to be done. This remainder is in 
fact enormous. For as Mr. Frederick Palmer pointed 
out in his Presidential Address to the Institution of 
Civil Engineers two years ago, even now only about 11] 
per cent. of the cultivable land in India is irrigated 
by canals, about 5-3 per cent. from mills and 6-2 
per cent. from reservoirs, leaving 77} per cent. 
unirrigated. 

It is not going too far to say that it is on this 
enormous future task that what Buckley did will 
have the most profound influence. Many engineers 
have erected great works, frequently in the face 
of apparently insuperable difficulties. But too few 
of them have set out the results of those struggles 
and, what is more important, the deductions which 
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their successes and failures have enabled them to THE LATE SIR FREDERIC W. YOUNG. 


draw. This may have been due to pre-occupation 
in other work or, to a dislike of literary effort. There 
remains nevertheless a gap, a gap which is too often 
unfilled. Buckley took the other course. As long 
ago as 1880 he published a book on “ The Irri- 
gation Works of India and their Financial Results,” 
and this was followed in 1893 by “ The Irrigation 
Works of India and Egypt,” a treatise whfch has 
been revised more than once and still remains an 
invaluable work of reference, both to the student 
and to the practising engineer.. It has in fact greatly 
influenced the practice of irrigational engineering 
not only in India, but in America and other 
countries.. During his retirement he published 
“Facts, Figures and Formule for Irrigation Engi- 
neers,” in 1908; ‘‘ Design of Channels for Irriga- 
tion and Drainage” in 1911; and the “ Irrigation 
Pocket Book,” in 1911 and 1920. A paper, which 
he read before the Royal Society of Arts, may be 
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THE LATE Mr. R. B. Bucktey. 


referred to among numerous other pamphlets as an 
instance of the view he took that the mass of 
information, which he had collected during his 
professional career, might be of service to those 
who came after him. It is a view which might with 
advantage be held more widely in engineering circles. 

By way of epitaph it may be recalled that an 
inhabitant of Brobdingnag “ gave it as his opinion 
that whoever could make two ears of corn, or two 
blades of grass, to grow upon a spot of ground, where 
only one grew before, would deserve better of 
mankind and do more essential service to his 
country than the whole race of politicians put to- 
gether.”’ These words were written by Swift before 
India had become an Imperial problem. But it is 
a country whose problems are as huge as the stature 
of the inhabitants of that land of imagination in 
which Gulliver travelled and those who have done, 
and are doing, something to solve them deserve a 
meed of praise. Among these, Buckley occupies a 
high place, not only as an engineer but as a man 
of high ideals of which though he has gone, posterity 
will surely witness the realisation. 

Mr. Buckley was a member of the Institutions of 
Civil and Mechanical Engineers. He contributed 
valuable papers on “ Keeping Irrigation Canals 
Free from Silt,” in 1878, and on “ Movable Dams in 
Indian Weirs,”’ in 1880, to the Proceedings of the 
former, while his communications to the latter in- 
cluded “* The Construction and Working of a Verti- 
cal Action Steam Silt Dredger in India,” in 1879. 

Mr. Buckley married in 1880, Ada Marion, 
daughter of Major B. K. Finnimore, R.A., and had 
a family of one son and three daughters. 





Ir is with much regret that we have to record 
a great loss to maritime circles in this country from 
the death of Captain Sir Frederic William Young, 
K.B.E., Commodore R.N.R., on Tuesday, Decem- 
ber 20. Born on December 23, 1858, he had not 
quite completed his sixty-ninth year. Frederic 
Young was educated at Wallingford Priory and 
Romsey College, Hants, and left the last-named 
school in 1872, to serve an apprenticeship at sea. 
This was spent chiefly in sailing ships, and the 
seamanship thus acquired was undoubtedly of 
great value afterwards to him in salvage work. 
He next spent some years in the Argentine 
Navy as gunnery lieutenant, a post he resigned in 
1886. This marked the turning point in his career, 
for in October of the same year he took up the work 
of salvage, a subject on which he afterwards became 
the recognised authority in this country, if not 
throughout the world. Although then nearly 
28 years of age, with characteristic thoroughness 
he served a four-years’ apprenticeship with the 
Liverpool Salvage Association, becoming eventually 
assistant salvage engineer and. underwriter surveyor. 
By 1895, he was principal salvage engineer, and 
had already been responsible for the recovery of 
much valuable material. The story of this period 
is mainly a recital of a string of names of long- 
forgotten ships, but it may be said that in not 
more than three instances did “Captain Young, 
of Liverpool,” start work on a ship and fail to 
refloat her. 

In his early days, salvage appliances were 
primitive, and the salvage steamer, the Hyaena, 
an old composite gunboat, was steered with 
a tiller and orders were shouted from her bridge 
to the engine-room. It was Captain Young who 
fitted out the S8.S. Ranger, probably the most 
famous salvage vessel in the world, still in active 
commission, while he was responsible for the pro- 
vision of most of the Association’s fine plant. He 
early realised the possibilities of underwater 
pneumatic tools, of portable motor-driven pumps, 
instead of the cumbersome steam pumps and 
boilers, and of the application of compressed air, 
which he was the first to use on a large scale. He 
was also the first to float a vessel by cutting her in 
two parts, a procedure afterwards adopted with the 
Suevic. Twice in 1889 he floated the halves 
of a ship broken in two in the Mersey. Every one 
of these early cases presented a different problem, 
and it is sufficient to quote one example—that 
of the Solway Prince, at Portaferry, sunk with 
22 ft. of water over her at low water spring tide. 
Having no lifting craft, he actually “ pinned 
down” his two salvage steamers, and lifted her 
between them. The Liverpool Salvage Association 
did not restrict its work to home waters. Between 
1886 and 1896, Captain Young was to be found in 
Quebec, in Venice, in Halifax, Nova Scotia, in the 
Straits of Magellan, the West Indies, Australia, 
Vigo, New Zealand, Monte Video, New York, 
Pernambuco, as well as all round the coasts of the 
British Isles, salving both ships and often valuable 
cargoes. In 1906, he commenced work on the 
battleship Montagu on Lundy Island, and would 
undoubtedly have floated her, but for adverse 
weather. He succeeded, however, when the ship 
was abandoned, in removing the 12-in. guns from 
the barbettes and the secondary armament.* 

In 1908, he was engaged on one of his most 
famous cases, the uprighting and refloating of 
H.M.S. Gladiator, sunk at Yarmouth, Isle of Wight, 
after collision with the liner St. Paul. Of this 
operation a fully illustrated account, including a 
photograph of Capt. Young himself, was given in 
ENGINEERING, vol. lxxxvi, page 474. 

Captain Young frequently lectured at the R.N. 
War Course College, and also received the thanks of 
the Admiralty for his contribution on “ Salvage ” 
to Admiral Burney’s Manual of Seamanship. He 
carried on his ordinary work meanwhile, and, in 
1909, salved the liner Minnehaha, with a cargo with 
over 500,000/., from the Scilly Rock, the largest 
ship to have been refloated till that time and 
the first from this position. Here compressed air 
was extensively used in the ballast tanks, it being 
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impossible to reach and repair the damage to the 
bottom from outside. 

In 1912, Captain Young saved specie from the 
S.S. Oceana, off Eastbourne, to the value of 750,0001. 
and when the war broke out, he had just refloated, 
also from the Scillies, the Red Star liner Gothland, 
having put the whole of the fore-part of the ship 
under compressed air. These last operations roused 
keen public interest, and the names of Captain 
Young and the S.S. Ranger became familiar to 
the reader of the daily paper. But all this work 
was, from 1914 onwards, eclipsed by the bigger 
operations arising from the war at sea. Very little 
was heard of these at the time, and even now the 
full history has not been told, though such a dramatic 
incident as that of the rescue of 48 survivors from 
the sunken K13, has been related in full.* This 
vessel, it may be remembered, was lost by the 
accidental flooding of the engine and boiler-rooms, 
and lay on a nearly even keel 64 ft. down on the mud 
of the Gareloch. The senior naval officer of the port, 
then Captain Brian Barttelot, had no adequate ap- 
pliances for handling the 2,500 and odd tons of the 
340 ft. submarine, and Captain Young was wired for. 
Prior to his arrival in the Ranger, communication 
had been established with the sunken ship through 
a flexible pipe, and her captain, Commander G. 
Herbert, who had been carried to the surface by the 
air-rush when his guest, Commander Goodheart, 
made his plucky attempt to go for help, was able to 
give an account of the internal condition. The 
opening of the communicating pipe was, however, 
though necessary, a source of considerable danger, 
for it had lowered the pressure in the control-room, 
where the imprisoned men were, and thus increased 
the bulkhead leakage. For a time this was diverted 
to the bilges, but the situation hourly became more 
critical. Captain Young took charge of the operation 
and the ship was tilted so that a portion of her 
bows were clear of the water. This was done by 
blowing the forward oil tanks and passing hawsers 
under the bows. The men were released by cutting 
a hole through both outer and inner skins by oxy- 
acetylene jet. The particular point we would 
emphasise, however, is that after the first hawsers 
were secured the vessel sank and slipped into the 
mud at the stern by 30 ft. or more. This movement 
was countered, though the hawsers gave way and 
the ship sank again about 20 hours after the rescue. 
It would not be fair to say that such movements 
were not foreseen as the strain came on the hawsers, 
yet it is no doubt true that in no other branch of 
engineering does the relatively unexpected take place, 
at all events as regards the scale of effects, as in 
salvage work. The weather is a very big factor, the 
rocks on which a ship is resting may be unsound, a 
leak undetected, and, indeed, unreachable by divers, 
may alter the centre of gravity in a rising vessel, 
or one of numberless things may happen, which 
could be forecast fairly accurately in a land 
operation. It is only from a very wide experi- 
ence that the art and science of the salvor can be 
developed, and, further, this must be coupled with 
a natural aptitude for quick decision, a disposition 
unwilling to give in, and a courage which stops 
short only at the point where a risk becomes foolish. 
In selecting Captain Young as the head of the 
Salvage Section, shortly after the beginning of the 
war, the Admiralty chose a man with such experience 
and qualities so pre-eminently displayed indeed that 
it is difficult to see where the choice could otherwise 
have fallen. Thus, it seemed natural that, after the 
war, he became Commodore in charge of the salvage 
operations on the Belgian coast and that his services 
should be rewarded by a knighthood. At the con- 
clusion of these operations, Sir Frederick W. Young 
was appointed Honorary Naval Salvage Adviser to 
the Admiralty. Taking up civil work, he later 
became managing director of the consulting salvage 
firm, Sir F. W. Young and Company, Limited, 
101, Leadenhall-street, E.C. 3, and of the Young 
Accumulator Company, Limited, Burlington Works, 
Fulham, S.W. 6. : 

The record of his war work is too long to detail 
here, but it included organising, as well as actual 
operations. Thus he visited all the Dockyards 
to inspect existing salvage plant, and furnished 
specifications to which they were all subsequently 
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equipped. He fitted out and placed the steamers 


for the Wallet defence scheme, commenced the 
operations for the submarine defences of the 
East Suir and Middle Dee, &c., and was in charge 
of the blocking of Portland Harbour entrance by 
capsizing the old battleship H.M.S. Hood. He 
took the Ranger to H.M.S. Conqueror and effected 
repairs which enabled her to steam to a repairing 
port with the Ranger’s pumps and men on board. 
H.M.S. Lion was repaired by a cofferdam outside 
her, the first construction of the kind used in this 
country, after which repairs she was able to steam 
at a high speed to a repairing port. The grounded 
H.M.S. Britannia was refloated by compressed air, 
and the H.M.S. Duke of Albany was retrieved from 
a very dangerous position on the Lowther Rock, 
Pentland Skerries, and was brought into Liverpool 
with one of the Ranger’s pumps on board. The 
two submarines E4 and E.41 were raised from 
12 fathoms of water and placed in dry dock. With 
a German submarine, U.C.5, Sir Frederic had a 
very risky task. He lifted the vessel, and carried 
her 20 miles into port, with all six lower mines in 
place. When the vessel was drydocked, one of 
these was found to have two horns broken and the 
safety pin sheared three parts through. 

This brief indication may be closed by a reference 
to the important part played by the Salvage Section 
in recovering some 500 merchant vessels, with a 
nominal value of 50,000,000/., but really, in view 
of the submarine menace, of incalculable value. 
Much of this work was performed with the aid of the 
‘*standard patch,” Sir Frederic’s own invention. 
The clearance of the Belgian Coast was undertaken 
immediately after the Armistice, the Commodore 
setting to work without any period of leave. He was 
responsible for lifting about eighteen ships in two 
years. The biggest lifts were H.M.S.S. Vindictive, 
Iphrigenia and Thetis, and Captain Fryatt’s ship 
Brussels. Details of these operations may be 
gathered from a very interesting paper on salvage 
work, which he read before the Institute of Marine 
Engineers in December, 1925, and a brief account 
of which will be found in ENGINEERING, vol. cxx, 
page 712. 

Sir Frederic Young was an officer of the Crown 
of Belgium, and held the United States Navy Cross, 
besides other decorations. He became a member 
of the Institution of Mechanical Engineers in 1903. 
He is not likely to be soon forgotten, either in the 
Navy or Merchant Service, where his steady cheerful- 
ness and fine seamanship, together with his other 
good qualities, had attracted many friends. We may 
conclude by a quotation from a letter of Admiral 
Beatty at the time of the repair of H.M.S. Lion. 
Addressing Captain Young, he said “I wish to 
express to you my appreciation of the good services 
you have rendered which have enabled Lion to 
proceed to a place where she can be properly re- 
paired. The skill, energy, and resource which you 
have displayed are worthy of great commendation.” 





THE LATE MR. J. M. CAMPION. 


Tue death after a brief illness of Mr. John Montriou 
Campion, at his home, 51, Madeley-road, Ealing, 
London, W.5, on December 20, removes from a large 
circle of friends an engineer who had spent many years 
of his life in India, and for some years occupied the 
position of Chief Engineer and Secretary for Public 
Works to the Government of the Punjab. Mr. Campion, 
who was born on August 3, 1847, became an articled 
pupil of Mr. H. Bolden, M.Inst.C.E., in his eighteenth 
year. During his period of training he was chiefly 
employed in levelling and surveying operations and 
in the preparation of drawings and estimates. He 
was also engaged on work in connection with the 
setting out of the Barry Railway, and carried out a 
trigonometrical survey of Barry Island and harbour. 
After studying at King’s College, London, for a few 
months, Mr. Campion sat for and passed, in July, 
1869, the competitive examination for entry into the 
Indian Public Works Department. The young engineer 
proceeded to India in September, 1869, and his first piece 
of work was in connection with the construction of the 
small arms factory at Dum Dum, which was then being 
built. He was transferred to the Punjab Northern 
State Railway in January, 1870, and continued in this 
branch of the service until March, 1875, when he came 
back to England on leave. During this period he had 
charge of various divisions of the railway, and set out 
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and superintended the construction of the permanent 
way, bridges, stations, and culverts. 

On his return to India, in February, 1876, after his 
first long leave, Mr. Campion, who now held the position 
of assistant engineer, first grade, was appointed to the 
Holkar-Neemuch State Railway. His first duty was 
to prepare drawings and compile estimates for the 
line from Rutlam to Neemuch, some 82 miles in length. 
Subsequently he was transferred to the Indus Valley 
State Railway, and was appointed to the Gotki division. 
Some seven months after this, in March, 1877, he 
was appointed to the Radhien division, and imme- 
diately undertook the building of 90 bridges and 
culverts and the construction of a large locomotive 
shed and other buildings. These works were speedily 
completed, and he received the special thanks of the 
chief engineer of the railway for his services. In 
1879, Mr. Campion was transferred, at his own request, 
to the Bhopal State Railway. During the two years 
which followed he did a considerable amount of work 
in connection with the surveying and setting out of 
lines in the region of the Bhopal Ghats. He was 
promoted to the rank of executive engineer in 1880, 
and some twelve months later was placed on the 
Punjab Provincial Staff. In his new capacity he 
became responsible for the construction of many of 
the Government offices and buildings at Simla. Sub- 
sequently he was attached to the Military Works 
Department for various periods of service, and reached 
the grade of superintending engineer in 1896. Three 
years later he was selected to fill the position of Chief 
Engineer and Secretary for Public Works to the 
Government of the Punjab. For his subsequent 
services he received the thanks of that Government on 
several occasions, and prior to his retirement, in 1902, 
he was awarded the newly instituted Kaiser-i-Hind 
Gold Medal. . 

Mr. Campion continued to serve India after his 
return to his native country. An organisation to 
promote the welfare of Indian students and to assist 
them in regard to their technical training was set up 
during Lord Morley’s term of office as Secretary of 
State for India. Under this scheme, Mr. Campion 
was selected to help young Indian engineering students 
to obtain practical training in connection with their 
academic courses. He continued his activities in this 
direction until some two years ago, when the work was 
transferred to the India Store Department as a result 
of reorganisation by Sir Atul Chatterjee, High Commis- 
sioner for India. Mr. Campion became an associate 
member of the Institution of Civil Engineers on 
December 3, 1872, and was elected to full membership 
on February 24, 1885. 





SHANGHAI PuBLIc Works DEPARTMENT.—Among the 
more important works carried out, during 1926, by the 
Public Works Department of the Shanghai Municipal 
Council were the reconstruction, in concrete, of Chapoo- 
road Bridge, which was opened to traffic on December 1 
1926, the widening of a number of roads, the construction 
of 12 sewage pumping stations, and the laying of over 
five miles of sewers, varying in size from 6 in. to 3 ft. 
diameter. The annual report for 1926, of the Commis- 
sioner of Public Works, Shanghai, gives an indication of 
the multifarious nature of the duties carried out by 
departmental officers under his control. In addition to 
the construction and care of bridges, public buildings, 
roads, drains, sewers, and landing accommodation, a 
great deal of work in connection with surveying, dredging, 
quarrying, boiler and lift inspection, and concrete-ware 
manufacture is carried out. The Department also has its 
own workshops containing a full complement of machine 
tools, and, during the year, some 7,600 operations were 
completed. The Department now possesses 78 motor 
vehicles and 22 road rollers, and the maintenance of these 
vehicles constitutes a large item. Shanghai has a number 
of parks and open spaces, which are also controlled by 
the Department ; these are laid out and administered 
on most modern lines. 





THe Ranp WatTER Boarp.—The quantity of water 
available at the sources of supply of the Rand Water 
Board, Transvaal, South Africa, was increased during 
the past year by the completion, at the end of August, 
1926, of the works necessary to deliver a second instal- 
ment of five million gallons of filtered water a day, from 
the Vaal River, to the Board’s Zwartkopje’s pumping 
station in the Klip River valley, about 11 miles south of 
Johannesburg. The total supply available from all 
sources averaged 16-95 million gallons a day, during the 
five months ending August, 1926, and 20-95 million 
gallons a day during the succeeding seven months. Ac- 
cording to the annual report of the Rand Water Board, 
for the year ending March 31, 1927, the rainfall during 
the summer months of that period was scanty and irre- 
gular. The fact, however, that the Board had, at its 
disposal, a reliable supply of water from the Vaal river, 
enabled it to meet the high demands made upon its 
resources. The sale of water, during the year under 
review, averaged 13-69 million gallons a day, representing 
an increase of 1-09 million gallons over the highest 
average daily quantity previously recorded. The daily 
consumption varied between a maximum of 17-73 million 
gallons (October 18, 1926) and a minimum of 9-06 million 





gallons (July 11, 1926). 








LABOUR NOTES. 


Untiu the parties themselves definitely decide what 
shall be, and what shall not be, discussed at the Con- 
ference on the question of peace in industry, called by 
Sir Alfred Mond and other prominent employers, it is, 
obviously, idle to speculate about the agenda. The 
opinion may, however, be expressed that if some of the 
published forecasts are accurate, the trade unions will 
find themselves divided at the very outset. On 
demarcation questions, for example, the craft unions 
are almost constantly at loggerheads, and there is a 
wide—and widening—breach on the subject of the 
manning of machines between the unions of skilled men 
and the unions of semi-skilled men. Moreover, one or 
two of the larger unions have, until now, strongly 
objected to joint negotiations with other organisations 
regarding their working conditions, local and national. 
That the Mond movement, or something resembling it, 
will succeed, practically everybody in British industry 
hopes, but in its initial stages, at any rate, its progress 
is bound to be, more than once, critical. 


Early in the New Year there are likely to be revivals 
of the wages question in both the engineering and the 
shipbuilding industries. The Joint Engineering Trades 
Committee for the London area has recommended the 
District Committees of the unions affiliated to it to 
renew the application for a local wages increase of 20s. 
per week. That the various District Committees will 
do so is highly probable. But before they can carry 
the matter further the consent of their Executive 
Councils is necessary, and before that permission is 
available the Provisions for Avoiding Disputes will 
have to be exhausted. The Federation of Engineering 
and Shipbuilding Trades has asked the Shipbuilding 
Employers’ Federation for a further conference on their 
application for an advance of 10s. per week. That 
anything will come of this proposed meeting is believed 
to be unlikely, as, according to all accounts,'the ship- 
building industry is, notwithstanding its greater 
activity, still in a very bad way economically. The 
prices obtainable for new ships are extremely poor. 


The Ministry of Labour states that on December 12, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,125,200, of whom 792,100 were wholly unemployed, 
267,500 temporarily stopped, and 65,600 persons 
normally in casual employment. Of the total number, 
911,100 were men, 29,500 boys, 158,400 women, and 
26,200 girls. On December 5, 1927, the number of 
unemployed persons was 1,149,648, of whom 793,960 
were wholly unemployed, 290,765 temporarily stopped, 
and 64,923 persons normally in casual employment ; 
923,383 were men, 31,515 boys, 166,570 women, and 
28,100 girls. On December 13, 1926, when the figures 
were affected by the stoppage in the coal mining 
industry, the number of unemployed persons was 
1,410,378, of whom 1,116,124 were men, 33,727 boys, 
227,345 women, and 33,182 girls. 


The detailed: returns relating to employment in 
November, published by the Ministry of Labour 
show that in the pig-iron industry it further declined, 
and was bad. Of the 437 furnaces, the number in 
blast at the end of the month was 155, as compared 
with 162 in October. In the iron and steel trades, 
employment declined, and was slack. In the tinplate 
trade, employment showed a further marked improve- 
ment ; the number of mills in operation at the end of 
November was 363, as compared with 341 in October, 
and with 206 in November, :926. In the steel sheet, 
trade, employment showed some decline ; the number 
of mills in operation at the end of November was 111, 
as compared with 117 in October, and with 88 in 
November, 1926. 


In the engineering trades, employment remained 
slack, on the whole, but showed some improvement 
as compared with the previous month. In electrical 
engineering it was fairly good; at most railway works 
full-time working continued; in marine engineering 
it was bad, but showed further improvement ; and in 
textile machinery work it improved, but was still 
very bad in some areas. In the shipbuilding and ship- 
repairing trades employment was very bad, and showed 
a decline as compared with the previous month. In 
the other metal trades, employment continued moderate 
to fair on the whole. It was fairly good in the nut and 
bolt and hollow-ware trades; fair in the cutlery, 
sheet metal, tube, file and jewellery and plated ware 
trades; moderate in the brasswork, lock and latch, and 
needle and fishing tackle trades ; and slack in the wire, 
metallic bedstead, stove and grate, and chain and 
anchor trades. 


The Ministry of Labour Gazette states that under 





a Royal Order published in the Gaceta de Madrid of 


ENGINEERING. 


September 29, 1927, the duration of the working day 
in Spanish coal mines, hitherto fixed, under a Royal 
Order of October 10, 1919, at seven hours for under- 
ground workers (with eight hours for surface workers), 
was increased, as from October | last, to eight hours 
for both underground and surface workers. The in- 
crease in working hours is in furtherance of the policy 
of the Government and of the coal-owners, as indicated 
by various recent measures, both private and official, 
to limit the import of foreign coal and increase the 
output and consumption of Spanish coal. The opposi- 
tion of the miners to the increase in hours was over- 
come after negotiations; but a proposal by the 
employers to reduce wages by 15 per cent. led to a 
stoppage of work on October 17 in the Asturias area. 
The miners were willing to accept a reduction of 6 per 
cent., but this offer was rejected by the employers. 
A Government proposal that the rate of wages should 
be calculated in such a way that earnings would not be 
less than before the prolongation of hours of work was 
submitted to a ballot of the workers and accepted by 
a large majority on October 22. 





An interesting article in the Monthly Labour Review, 
the’ organ of the United States Bureau of Labour 
Statistics, gives particulars of the earnings of un- 
skilled labourers in various American industries. ‘* The 
relatively high level of wages,” it is stated, “ now 
existing in the United States has been the subject of 
frequent comment both by American and _ foreign 
observers. Reiteration of this comment, however, 
should not blind us to the fact that there exist in this 
country large numbers of common labourers, whose 
earnings, under the best conditions, are far below the 
requirements of healthful living and good citizenship.” 
Further, Mr. James J. Davis, the Secretary of Labour, 
is quoted as having said in the course of a speech at 
Washington, on June 22 last, that :—“If these under- 
paid workers were few in number, and existed only 
in scattered instances, the inequality would be less 
great. But it is not an exaggeration to say 
that we have some millions of these hard-worked but 
underpaid Americans. Taken together with their 
families and their dependants, I would venture to 
say we have among us from ten to fifteen millions of 
people who do not share as they should in the prosperity 
enjoyed by the rest of us.” 


The German Minister of Labour, having declared the 
arbiters’ award in the Rhenish Westphalian iron trade 
dispute to be binding on both parties, it is considered 
unlikely in Berlin that the threatened stoppage on 
January | will take place. We gave a summary of the 
terms of the award in a recent issue, and mentioned 
that, in view of them—they were generally held to be 
more favourable to the employers than to the workers— 
the employers’ rejection of them had come as a surprise 
to the public. The opinion seems to prevail, however, 
that, although the industrialists have refused to accept 
the award voluntarily, they will bow to the “ compul- 
sion ’’ of the Minister’s decree. 





Drastic amendments to the Australian Arbitration 
Act have been submitted to the House of Represen- 
tatives at Canberra, by the Commonwealth Attorney- 
General. Secret ballots are provided for where ten 
or more members of a union demand one. Strikes 
and ‘“ walk-outs’’? are declared to be illegal, and 
scheduling establishments as ‘black’? is made an 
offence. If a lock-out occurs in an industry, a strike 
in that industry will not be regarded as an offence, 
and vice versa. The penalties for lock-outs are reduced 
where the responsible organisation endeavours to 
prevent the offence. The measure provides for a 
penalty of 1,000/. on employees’ organisations, the 
maximum for persons being 50/. Organisations are 
made responsible for the actions of their members, the 
liability being limited, however, where the organisa- 
tions expel the offenders. 


Industrial News, the organ of the Trade Unions’ Con- 
gress, states that renewed efforts are being made to pro- 
mote the amalgamation of the Typographical Associa- 
tion, the Scottish Typographical Association, and the 
National Society of Operative Printers and Assistants. 
The initiative in the new negotiations has been taken 
by Natsopa, whose secretary, Mr. George Isaacs, 
has written on behalf of his executive to the executives 
of the two typographical associations, asking them if | 
they thought any useful purpose would now be served 
by resuming discussions and endeavouring to find means 
of overcoming the difficulties that prevented agreement 
in previous conferences on amalgamation. Amalga- 
mation between the three printing unions in the past 
was prevented mainly, it is stated, by difficulties 
regarding the employment of women compositors. 
To arrive at a compromise it has been suggested that 





women compositors should be recognised within the 
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area in which they are employed, as the rules of the 
Scottish Association admit women compositors to 
membership. 


The financial report of the Amalgamated Engineering 
Union, for the third quarter of 1927, shows that, during 
the three months, the General Fund increased from 
223,7271. 1s. 5d. to 234,7071. 12s. 14d., and the Super- 
annuation Reserve Fund from 1,534,510/. 9s. 9d. to 
1,541,822/. 15s. 3d. Donation benefit absorbed 17,700. 
19s. 10d., or 2s. 4d. per paying member: sick benefit 
25,7681. lls. 1ld., or 3s. 54d. per paying member ; 
superannuation benefit 58,6161. 3s. 3d., or 7s. 104d. 
per paying member; funeral benefit 5,644/., or 84d. 
per paying member, and benevolent grants 1,6931., 
or 2?d. per paying member. The levy of Ils. per 
member for payment of extra superannuation benefit 
realised 6,714/. 6s. 3d. During the quarter the extra 
benefit cost 23,368/. ls. 2d., so that 16,653]. 14s. Lld. 
more was paid out than the levy yielded. Arrears have 
increased by 34d. per member as compared with the 
June quarter, and now stand at 96,1471. lls. 5d. The 
benefits alluded to were all, it may be added, pay- 
ments made directly from the Union’s own funds, and 
do not include State unemployment benefit, State 
health insurance benefit, or moneys recovered from 
employers in respect of accidents, etc. 


A summary of the final wage statistics for 1926, 
compiled by the Swedish Social Board, is given in the 
official organ of the International Labour Office. The 
information, on which the statistics are based, was 
supplied by the employers of about 3,900 undertakings 
in all parts of the country, and covers 280,000 workers, 
of whom over 200,000 are adult men. Full particulars 
are given of the average earnings of men, women and 
young persons in various branches of industry, separate 
figures being shown for time work and piece work. 
It appears that the average earnings in 1926, of an adult 
man were about. 2,700 kronor for the whole of Sweden 
and 3,700 kronor for Stockholm. These figures indicate 
an increase, since 1913, of 118 percent., and, since 1925, 
of 2 per cent., but a reduction of 25 per cent. as com- 
pared with 1920, when wages reached their maximum. 
The corresponding average hourly earnings for the 
whole country were 1-19 krona and for Stockholm 
1-60 krona, 164 per cent. above the 1913 figure. This 
increase should be compared with the 118 per cent. 
rise in annual earnings. 


If changes in wages and the cost of living are com- 
pared for the last few years, it is evident, the compiler 
of the summary says, that whereas the cost of living 
remained fairly steady in 1924 and 1925, it fell in 1926, 
while the average annual earnings per worker during 
these three years rose slightly. The consequence has 
been a considerable rise in real wages; it is estimated 
that the real wages for 1926 were 28 per cent. above 
the 1913 level and 4 per cent.’ above the 1925 level. 
The figures show that the difference between the wages 
paid in undertakings working solely or mainly for 
export and those paid in undertakings working for the 
home market still continues, although there has been 
a slight tendency to level matters during the last three 
years. It appears from the figures that in 1926 persons 
employed in industries working for the home market 
earned on an average 20 per cent. more a year, and 
16 per cent. more an hour, than workers in export 
industries. 


An Act passed in France on July 17, 1927, provides 
for a special allowance to persons in receipt of miners’ 
pensions during the year. Miners’ pensions in France 
are derived partly from the capitalisation in individual 
accounts of a fraction of the contributions paid, and 
partly from a pool fund into which the remainder of 
the contributions is paid. In an article published 
in Industrial and Labour Information last year—in 
which the system was explained—reference was made 
to the increasing share of the pool fund in the payment 
of pensions. Since then the benefits have been in- 
creased and the burden on the pool fund has become 
heavier. 

The new allowance is fixed at 500 francs for miners 
employed for 30 years or more in French mines, and 
at 360 francs for persons in receipt of invalidity allow- 
ances. For persons employed in the mines from 15 to 
29 years, the allowance is from 150 to 446 francs, in 
proportion to the time worked. The allowance granted 
to widows is half of that granted to pensioners who 
have worked for the same length of time as the deceased 
husband. The cost of these allowances falls entirely 
on the special pool fund of the autonomous pensions 
fund. The amount granted to persons in receipt of 
invalidity allowances is made up of 84 francs from the 
mutual benefit society and 276 francs from the autono- 
mous miners’ pensions fund. 
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NOTES ON NEW BOOKS. 
ALTHOUGH some scientific text-books begin with a 
brief historic{sketch, most do not ; and in any case, the 
proper sphere of a text-book covers only such matter 
as may be necessary for an understanding of its subject. 
This narrowness of purpose, however, has its dangers, 
and it is to be feared that the majority of students 
are apt to accept the subject with which they are con- 
cerned as an isolated body of doctrine, which is dealt 
with in text-books, but which has little relation to out- 
side matters. Certainly most students have not the 
time to pursue side issues, but if it were possible to 
give them a broader view, both of the implications of 
their subject and of its origins, they would be likely 
to gain, not only in breadth of view, but also in the 
understanding of the matter with which they are 
primarily concerned. This broader view is probably, 
for students, best given by some reading in the history 
of their science, and although, as we have said, no 
great time can be given to this, much will be gained even 
from a knowledge of the mere outline of the history 
of the development of their subject. An example of a 
book which should meet some part of this need for 
students of mechanics and physics is furnished by 
Mr. 8. Brodetsky’s recent ‘“‘ Sir Isaac Newton,” pub- 
lished by Methuen and Company, at 5s. net. The 
book is described as ‘“‘ a brief account of his life and 
work,” and it is particularly in the latter aspect that 
it appears likely to be of value to students. Simply, 
yet clearly, Mr. Brodetsky explains what Newton 
achieved in celestial mechanics and optics, and the 
review he gives should do much to crystallise the perhaps 
somewhat hazy notions of more than one young 
scholar. In addition to this aspect of the book, how- 
ever, it may surely be admitted that some knowledge 
of Newton’s life would not come amiss in any student 
of science, and Mr. Brodetsky s sympathetic account 
will be found both interesting and inspiring. Although 
we have spoken of this book entirely from the point 
of view of the student, we do not wish to suggest 
that it is in any way directed especially to the young. 
It is probably, indeed, intended for the general reader, 
with whose interests we are not here particularly con- 
cerned, but certainly many well above the student age 
who are concerned with scientific matters will find 
much in it both of interest and profit. 





Perhaps the best that can be said for “‘ The Mollier 
Steam Tables and Diagrams,” of which an English 
translation by Dr. H. Moss has been published by 
Sir Isaac Pitman and Sons, Limited, at 7s. 6d. net, is that 
they are harmless. As pointed out in ENGINEERING some 
years ago, Callendar’s simple characteristic equation 
for steam can be complicated to any extent desired 
by the inclusion of further terms of the expression 
obtained on integrating the differential equation for 
the co-aggregation volume. This is what Dr. Mollier 
has done, choosing the additional term so as to accord 
most closely with the results obtained in Knoblauch’s 
experiments. In our opinion, however, existing data are 
insufficiently accurate to justify the departure. It is, 
of course, perfectly true that Callendar’s simple equation 
cannot be correct for saturated steam near the critical 
point, but the experimental results for saturated or 
slightly superheated steam at high pressures obtained 
by Knoblauch are too unreliable to serve as the basis of 
the proposed modification. This might well have been 
postponed until the important researches now in 
progress have been completed. It has been definitely 
proved by Callendar that at high pressures, steam may 
be at the same time both wet and superheated, a fact 
which the continental experiments so far made, have 
not been delicate enough to disclose. The drawback 
attaching to the more accurate values for the total 
heats of steam is that they are higher than the values 
accepted on the Continent, and British turbine builders, 
who have to compete with foreign nations in their 
export trade, may therefore welcome the translation of 
Dr. Moss. The tables are free from the old fault of 
lack of consistency; the value of the entropies and 
total heats clash in no way with the corresponding 
pressures and volumes. The properties of saturated 
steam are tabled up to 374 deg., corresponding to a 
pressure of 3,200 lb. per square inch. The corre- 
sponding volume is said to be 0-0497 cub. ft. per lb., 
and the corresponding total heat and entropy are said 
to be 501-1 Ib. calories and 1-0558 respectively. As a 
matter of fact, no one yet knows with precision what the 
properties of saturated steam really are at the stated 
temperature, though some fairly good measurements 
of the critical volume have now been secured. Still 
less is known about the properties of saturated steam 
at somewhat lower temperatures, since a direct measure- 
ment of the volume is then impracticable and the 
problem of ensuring that the steam is really dry has 
not yet been solved. In addition to the table entered 
with temperature as the argument, there is another 
giving the properties of steam at different pressures. 
These range from 0-2 lb. per square inch up to 3,200 lb. 
per square inch. The tabulated pressures increase 
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by tenths of 1 lb. up to 1 Ib. per square inch. The 
difference is then increased to)} Ib. up to 2 Ib. per 
square inch. From 30 lb. per'.square inch up to 
100 lb. per square inch the pressures advance by 
increments of 5 lb., and in the concluding portion 
of the table the increment between successive entries 
is 200 Ib. per square inch. There are additional 
tables giving the volumes, total heats, and entropies 
of superheated steam. 





Whilst the modern machine-tool is an item of primary 
importance in every workshop, much of its efficacy 
must ultimately depend on the suitability of its actual 
cutters or tools for the work in hand, and on the skill of 
the operator. That this is especially true with respect 
to wood-working machines is obvious when the nature 
of the material dealt with and, in the case of rotary 
cutters, the speed at which these revolve, are consi- 
dered. At the present time, with the costs of production 
high and competition intensive, it becomes increasingly 
necessary to obtain a maximum of output from each 
machine in the workshop or factory. Reliable guid- 
ance towards this desideratum is therefore welcome, 
and in ‘“ Cutters and Cutter-Blocks ” (London: Messrs. 
Ernest Benn, Limited, 176 pages, 12s. 6d. net), by 
Stafford Ransome, M.Inst.C.E., a small volume of 
authoritative and essential information is given to the 
practical man. Although not made clear in the title, 
the book deals entirely with the cutters, blocks, and 
knives used in wood-working machines, and their 
correct management for efficient operation. The text 
is illustrated by photographs and diagrams, the latter 
appearing in some cases as blackened silhouettes, 
which the author considers advantageous in readily 
conveying a point to the reader’s mind. It might be 
felt that the use of some good drawings would be an 
added asset; nevertheless, the desired meaning 
is well conveyed by the photographs and sketches. 
Subdivision into appropriate chapters is fully carried 
out, but as there are eighteen chapters in all, some 
are necessarily very short. Amongst important details 
considered, are the choice of suitable cutter-blocks, 
the cutting edges, bevels, and angles of cutters and their 
proper setting, tracking, heat treatment and sharpening. 
Information is given also on the speed of cutters and 
of the work. One of the chapters deals with the fixed 
knife for planing, and another with the scraper knife, 
and here more explicit particulars on the scraping edge 
of this knife and its method of production would be of 
service. The author rightly lays emphasis upon the 
intelligent operation of the machines and on the impor- 
tance of employing a cutter-doctor of high ability. 
The book should prove of value to all concerned with 
wood-working machines, especially in those factories 
where the older methods of working still obtain, the 
absence of mathematical and highly technical terms 
being no detriment in encouraging the adoption of the 
scientific methods described. 

A fifth edition of ‘* Lubricants and Lubrication,” by 
Messrs. Archbutt and Deeley, has recently been 
published by Messrs. Charles Griffin and Company, 
Limited, the price of issue being 36s. net. This work 
has long been established as the standard reference 
book on the subject to which it is devoted, and the 
fact that a fifth edition has been called proves its 
continued popularity. In the new edition several 
chapters have been re-written so as to incorporate 
the results of much of the important researches made 
on the subject since 1912, when the third edition 
was published. Amongst these re-written chapters 
is that dealing with the theory of lubrication. This 
is, however, far from complete and detailed, and the 
references given are not to papers or treatises notable 
for lucidity. The authors declare in another place that a 
lubricating oil film, several molecules thick, behaves as 
if it were a solid. It may be safely asserted that not 
a little difficulty would be found in proving this pro- 
position. After all, however, theories of lubrication are 
to some extent of secondary importance. Undoubtedly, 
Osborne Reynolds’s work has led to extraordinary 
improvements in practice. Thrust blocks carrying 
loads of 600 tons and 700 tons are now in successful 
service, but journals were running with continuous 
film lubrication long before their theory was developed. 
Moreover, even to-day, more bearings are running with 
imperfect than with complete lubrication. In both 
cases the mechanism is probably the same, but with 
imperfect lubrication, the conditions become too 
complicated for mathematical analysis, and reliance 
must be placed mainly on practical experience. It is, 
in fact, the wide experience of the authors which has 
made their treatise so valuable in the past. Amongst 
the new matter are sections dealing with the manu- 
facture and composition of lubricating oils and 
greases, and a full account is given of the ‘ germ 
process ’’ of Southcombe and Wells, for the improve- 
ment of mineral oils by the addition of small quantities 
of free fatty acids. The more important of the newer 
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cribed, and there is a chapter on bearing metals and 
on the design of bearings. The sections dealing with 
the analysis and testing of lubricants will be widely 
appreciated. The use of the Hele-Shaw stream line 
filter for the recovery of lubricants is also explained. 
The concluding chapter contains a number of very 
useful notes on the management of machinery. The 
numerous tables relating to the physical properties of 
lubricants are a particular valuable feature of the 
treatise and have been substantially added to in the 
new edition. 





Illumination is an art in which circumstances are 
particularly apt to alter cases. Anyone who has had 
the simple experience of looking away from the table 
when the white table-cloth is being removed after 
dinner, and for the moment has wondered what light 
has gone out, will not need telling that the illuminating 
value of a source of light may depend essentially on its 
surroundings. The magnitude of the illumination, the 
manner in which it is distributed, and the surfaces on 
which it falls, all have a profound influence on its 
utility, and during the present century a great deal 
of attention has been given not only to producing 
impfoved sources of light but also to making better use 
ofthem. The great electrical manufacturing companies 
in this country and in the United States have been 
largely responsible for such improvements in practice, 
and the chief illuminating engineers of the Ediswan 
Electric Company and the General Electric Company, 
(of Great Britain), Mr. Cyril Sylvester and Mr. 
Thomas E. Ritchie, in their book on “ Modern Elec- 
trical Illumination ’’ (Longmans, Green and Company. 
Limited, 42s. net) have given a connected and well 
illustrated account of the state to which practice 
has been brought. Their book gives an outline descrip- 
tion of the eye and its relation to illumination, of colour 
vision, light control and shadows, and of the manu- 
facture of vacuum and gas-filled incandescent lamps ; 
and with these exceptions, which occupy less than a 
fifth of the text, it is devoted entirely to describing in 
detail the methods adopted in designing and calculating 
illumination in various circumstances. It deals 
separately with industrial lighting, shops and stores, 
streets, motor-car head lamps, flood lighting, domestic 
lighting, public buildings, pleasure gardens and seaside 
resorts, theatres, cinemas, clubs, hotels and dance 
halls, stage lighting, electric signs and train lighting 
and some miscellaneous special cases such as cathedrals, 
temporary outside lighting, and drawing offices. It is 
restricted very natrowly to methods and appliances 
in general use, giving no account, for instance, of the use 
of modern mercury vapour, or neon lamps, and 
proceeds on the assumption that the modern electric 
incandescent lamp is a highly efficient source of light. 
The art of illumination has to depend more than most 
others not on general principles but on the results 
obtained by individual applications. The authors are, 
of course, in an exceptionally good position to give 
typical and instructive illustrations of such results, 
and their book contains a large and useful collection, 
with a good deal of sound practical advice. If, as may 
be hoped, the practice of illumination shows still 
further improvement in its appliances and methods, 
they will have to write another book, for their present 
work is merely an excellent manual of how to use the 
appliances that are already.in general use on the 
market. 





THe WuitwortH Socrety.—The Fifth Annual Com- 
memoration Dinner of the Whitworth Society was held 
in London on Wednesday, December 21, 1927, being 
the anniversary of the birth of Sir Joseph Whitworth, 
Bart. The chair was taken by the President, Thos, 
Sugden. Esq., M.Inst.C.E., and 66 members were present. 
Interesting notes upon the life of Sir Joseph Whitworth 
were yviven by Mr. W. Price Abell, who also exhibited 
photographs illustrating his subject. In the course 
of the evening the death of R. B. Buckley, Esq., Past 
President, was announced. We deal with Mr. Buckley’s 
career elsewhere in this issue. Information in connection 
with the Society may be obtained from the Hon, Secretary, 
Whitworth Society, c/o Institution of Mechanical Engi- 
neers, Storey’s Gate, Westminster, S.W.1. 





PrrRsonaL.—Mr. W. Vincent Waité, M.I.Mech.F., has 
been appointed general works manager at the Low Moor 
works of Messrs. Robert Heath and Low Moor, Limited, 
ow Moor fron Works, Bradford.—Mr. I, F. Baker, who 
until now has been the managing director of the Westing- 
house Electric Company of Japan, has been appointed 
manager of the Far Eastern Department of the Westing- 
house International Company, his new office being in 
New York.——-Mr. J. W. White has been chosen to succeed 
Mr. J. F. Baker as managing director of the Westinghouse 
Electric Company of Japan.—Owing to the rapidly 
increasing use which is being made of the facilities 
provided by the Government under the Exports Credits 
Guarantee Scheme, it has been found necessary to acquire 
larger premises for the offices of the department. Conse- 
quently, all communications, on and from December 29, 
should be sent to The Manager, Exports Credits Guarantee 











machines for testing lubricants are adequately des- 





Department, 9, Clements-lane, Lombard-street, London, 
E.C.4. 
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THE USE OF SILICA GEL AS A 
MEDIUM FOR DRYING BLAST.* 


By Epwin H. Lewis, M.A. 


THE varying amount of moisture in the atmosphere 
and its effect on blast-furnace practice has, for a long 
time, been of interest to ironmasters. It is 128 years 
since the first essay read to the ‘‘ Friendly Association 
of Ironmasters”’ by the first President, Mr. Joseph 
Dawson, dealt with this subject. Similarly, at the 
inaugural meeting of this Institute, the Duke of Devon- 
shire referred to the question as one of importance. 
Figures showing the hourly variation of atmospheric 
moisture were given by Gayley in his classic paper 
before the Institute in 1904. No complete records 
over a long period of the moisture at Wishaw have 
been taken. Figures, however, taken in the West of 
Scotland confirm the relative variations, although in 
the Scottish climate the maximum moisture does not 
reach so high a point as that observed by Gayley. 
Half-hourly readings at Wishaw taken from the 
middle of April, show the following maxima and 
minima :— 

1927. Maxima. Minima. 
Grains per cub. ft. of Atmosphere. 


April 4-70 (18th) 1-11 (27th) 
May 5-88 (8th) 1-47 (10th) 
Jute 5:57 (16th) 1-33 (12th) 
July 6-51 (l0thand 3-62 (16th) 


30th) 


The importance of these figures will be realised more 
readily if it is borne in mind that each 0-5 grain per 
cubic foot in the blast represents about 10 lb. of water 
per ton of pig-iron made. In order to trace the result 
of monthly variations on the output of pig-iron, some 
figures were taken out, and showed in the case of one 
furnace 1-5 per cent., and in the case of another 
furnace 3-0 per cent., difference between the four 
summer and the four winter months.t As a further 
test, the average ratio of ore to coal was calculated for 
10 pre-war years for all the furnaces in blast, and is 
reported in Table I:— 

TABLE I, 





‘i; 
| | Grains per cubic 





—- | Ore/Coal Ratio. foot 
— 

December “ é | 1-0538 ) | 2°6 ) 
January 1-0451 P | 2-6 : 
February .. ..| 1-0356 [2°48 | 9.6 ¢2°6 
March .. Se -.| 1-0428 | 2-5 j 
April ..| 1-02131,. | 3-0)... 
May DT a-osge ¢2°0802 | 3-75 2°3 
June .. ie --| 10255 } 4-2 
July .. re ..| 0°9955 n1aR 3 | ie 
‘August ee fe cee 4-945 
September... ..| 1-0233 4-2) 
October oe 1 +0390 | .9¢ 3°6 lL o.< 
November 1-0188 f 1-0289 2-9 }s 8 





In Scottish practice, the weight of air used per ton 
of pig-iron is about 10 cwt. more than the total weight 
of all other materials charged into the furnace; so 
that, if much care is faken in selecting, sizing, and 
conditioning the other materials, it seems only logical 
to get the air also into the best possible state. Again, 
there are so many variable factors in blast-furnace 
operation, that it is desirable, if possible, to pin down 
one of the variables. The desirability of constant blast 
moisture is generally agreed, if such a result can be 
procured at a reasonable initial and running cost. 
Many attempts have been made, and_ processes 
suggested, to obtain such a constant blast, either by 
freezing or by absorption of the moisture chemically 
with calcium chloride, sulphuric acid, &e. There has 
been much discussion concerning the merits of these 
processes, and the criticisms can be summarised under 
three heads :—(1) That the absorption methods have 
proved impracticable. (2) That freezing is too expen- 
sive in maintenance and running costs in comparison 
with the results obtained. (3) That in all cases the 
money spent would have been better spent in improving 
other conditions, such as increasing the blast tem- 
perature. At Wishaw, the blast temperature is from 
1,450 deg. to 1,500 deg. F. (788 deg. to 816 deg. C.), 
and it is not possible to raise it without danger to the 
refractories in the stoves. Although the possible 
savings from the use of dry blast are not so great at 
such a blast temperature, it still seemed possible to 
improve the efficiency of the furnaces if dry blast 
could be obtained at a moderate cost. ; 

A few years ago the use of silica gel was suggested. 
This material, which is now made in large quantities 
and of uniform quality, has wonderful powers of 
adsorbing water. Its properties were described by 





* Paper read before the Iron and Steel Institute, Glas- 
gow, on September 21, 1927. Abridged. 
t See ENGINEERING, 1904, vol. Ixxviii, p. 661. 
Fe a Fatigue Research Board Report No. 5 
20, p. 17. 


Mr. C. W. Miller before the American Institute of Chemi- 
cal Engineers in Montreal, on June 28, 1920. The 
main features from the blast-furnace point of view are 
that, at atmospheric temperature, it can adsorb up 
to at least 20 per cent. of its weight of water from the 
air with an efficiency of 99/100 per cent., and that, 
by raising the temperature, this water can be driven 
off, leaving the reactivated gel ready for another 
cycle. It is not advisable to reduce the water content 
below about 5 per cent. In practice it is desirable to 
have about 2 Ib. of gel for each cubic foot of air to be 
treated per minute. 

A plant to treat 35,000 cub. ft. per minute has been 
erected at the Wishaw Works of the Glasgow Iron and 
Steel Company, Limited, and has. been in operation 
since April 13 of this year. The plant contains six 
adsorber units. Each unit consists of a large steel box, 
in which are placed trays containing the gel in granular 
form. The bottoms of the trays are perforated, and 
the latter are so arranged in the box that the air 
passes through them in parallel. At one end of each 





made in the lines of three out of the five furnaces now 
in blast. An analysis of the individual furnace returns 
shows that not less than 7} per cent. of the increase is 
apparently due to drier blast. 

Total Carbon Used.—These figures are taken from 
the quantities of coal and coke used, and their analyses. 

Carbon Burnt at Tuyeres.—This is obtained from the 
total carbon used by deducting 350 Ib. per ton of iron 
as an allowance for solution loss and direct reduction. 
The actual quantity of 350 lb. is taken from results 
tabulated by Mr. E. C. Evans from a large number of 
furnaces using similar ores. 

Available Hearth Heat.—Wishaw conditions have 
been assumed, namely, critical temperature, 3,000 deg. 
F. (1,649 deg. C.), and blast temperature, 1,450 deg. F. 
(788 deg. C.), for the purpose of applying Johnson’s 
theory. The balance of heat available per lb. of 
carbon burnt is shown below :— 


B.Th.U. Available per 


Grains per cub. ft. 
lb. of Carbon Burnt. 


of Water in Blast. 
Ni 

















box are valves communicating with the atmosphere Nil 1788 
or with the activating gases. At the other end are 4 pes 
similar valves, which allow either the air to pass to | 3 1613 
the blower, or the gases and water vapour to pass to | 4 1557 
a small exhaust fan, which is used for activating. Five | 5 1501 
units are normally used for adsorption, while the other | 6 1446 
TABLE II. 
tah | 4995 | May, June, July, August, September, 
| 1927. 1927. 1927. 1927.* 1927.* 
ae I 
| | 

Moisture in atmosphere. Grains per cubic 

foot... oy AY ae ae 3-5 | 3-08 3-41 4-85 4-77 -08 
Moisture in blast. Grains per cubic foot 3:5 | 1-09 1-20 1°61 1-50 1-36 
Output per furnace per week. Tons .. a 356-5 |} 418-5 400-0 417-6 412-9 404°5 
Percentage increase in output .. F _ 17°39 12-20 17:14 15-82 13-46 
Total carbon per ton of iron. Lb. 2,055 1,961 1,938 1,956 1,947 1,920 
Percentage saving in fuel mS ae re _ ‘ 5-69 4-82 5°55 6-52 
Carbon burnt at tuyeres per ton of iron. Lb. 1,705 1,611 1,588 1,606 1,597 1,570 
Percentage saving in fuel burnt at tuyeres —_ | 5°51 6-86 5-81 6-33 7°92 
Balance of available hearth heat per Ib. of 

earbon burnt at tuyeres (according to 

Johnson). B.Th.U. .. “ we <¢ 1,585 1,724 1,717 1,694 1,700 1,705 
Theoretical saving in carbon burnt at 

tuyeres (accordingto Johnson). Per cent. .. 8-06 7-69 6°43 6-76 7-04 


























* These additional data have been supplied to us since th 


one is being actuated. At the atmospheric inlet 
‘“* Visco ’’ filters are placed to remove the dust, which 
is always found in the atmosphere of an industrial 
district, and which would, if pulled into the gel beds, 
tend to clog them and increase the suction (14 in. to 
2 in, water-gauge) necessary to draw the air through. 
The heat for activation is provided by the combustion 
of blast-furnace gas, which has been cleaned in the 
process of recovering the by-products from the raw 
coal used in the furnaces. The gas is burnt in a small 
combustion chamber, and an excess of air is admitted 
to reduce the activating gases to about 640 deg. F. 
(338 deg. C.). All the air used for combustion and 
dilution is also passed through “ Visco ”’ filters. The 
normal period for the activation of one unit is about 
1} hours. During the latter part of this time the gas 
is turned off, and air only is drawn through to cool 
down the gel and bring it to an efficient condition for 
adsorption. The valves at the two ends of the boxes 
are coupled together so that the ‘* reversing ” of a unit 
is done in a single operation. The gas is of about 
135 B.Th.U. per cubic foot, and the amount required 
represents the equivalent of about 7 tons of coal per 
day. Between the dehydrating plant and the blower 
there is an adjustable inlet for atmospheric air, which 
is used for diluting the dried air up to the moisture 
figure aimed at. If this were not used it would be 
difficult to maintain a constant moisture. In cold 
weather the plant has given a degree of dryness far 
below anything achieved by Gayley. 
It is not easy to give absolutely definite results of 
the use of dry blast under Scottish conditions. With 
a number of small furnaces blown at constant pressure 
from a common main, and making different qualities 
of iron, many other variables come into the account. 
Then again the true blast-furnace gas is so diluted with 
the ‘‘ coke-oven ’’ gas formed in the upper part of the 
furnace that the effect on the CO/CO, ratio is difficult 
to observe. In 1925, the Wishaw Works produced 
the largest amount of iron recorded in their history, 
and the fuel consumption was the lowest for many 
years. It is the latest unbroken year, so that, in 
Table II, it has been taken as a standard. From May 
to September of this year (1927) the dehydrating plant 
has been in continuous operation, although, being the 
first of its kind ever built, it is still in the stage of 
minor adjustments which is common to all new plant. 
The figures in the table require some explanation. 
Moisture in Blast and Atmosphere.—The figure for 
1925 is taken from the average of the district. The 
figures for 1927 are the averages of half-hourly spot 
readings taken at Wishaw. 

















Output.—Since 1925 some slight changes have been 


e reading of the paper at the Glasgow meeting.—Eb. E. 


The correctness of Johnson’s theory is a matter of 
controversy; certainly his figures seem to agree 
closely with the actual savings obtained. It will be 
interesting to see whether future results show such 
close approximation to his theory. A point in favour 
of constant moisture in the blast is the more regular 
quality of iron produced. This is the experience at 
Wishaw, but cannot easily be put into figures. The 
fuel saving, in the case of furnaces on special hema- 
tite, must give a small but important reduction in 
the total phosphorus and sulphur charged into the 
furnace. 

The costs of running such a plant are small. The 
only moving parts are the hand-operated valves and 
the motor-driven activating fan, which takes 20 h.p. 
The maintenance costs should also be low. The 
financial saving requires to be worked out for each 
individual case according to local conditions. The 
amount of fuel saved will depend largely on the blast 
temperature and the average moisture in the atmos- 
phere ; its value, on the cost of fuel and the cost of 
limestone required to flux the ash in the fuel. The 
further saving in cost per ton will depend on many 
factors, such as the proportion of the wages cost which 
represents time wages as distinct from tonnage, the 
overhead charges, &c. In Scotland, if the increase in 
output exceeds the saving in fuel and there is con- 
sequently a bigger coal consumption, overhead charges 
per ton in the by-product plant will also be reduced, 
and the net cost of coal will be less. 

There does not appear to be any loss of tar with the 
changed conditions. On the other hand, there is a 
slight diminution in ammonia recovery, which may be 
due to the smaller amount of hydrogen in the gases, 
or may be due to the increased difficulty of cooling the 
gas, with a bigger coal consumption. The saving will 
not be quite so attractive to those who need their blast- 
furnaces to act also as gas-producers. Taking every- 
thing into account, the plant at Wishaw, so far, shows 
a substantial return on the capital cost. 

An interesting question arises as to what is the best 
degree of dryness in the blast. It seems to be generally 
agreed that improved furnace operation follows with 
increased dehydration down to 1 grain per cubic foot. 
On the other hand, it is known that certain reactions 
in the furnace are slowed down when the gas is below 
‘calcium chloride”? dryness, which represents about 
0-1 grain per cubic foot. What happens in between 
does not seem to be known. Silica gel offers an oppor- 
tunity of exploring the unknown field between 0-1 and 
1-0 grain per cubic foot, and it is hoped at Wishaw, at 
a later date, to venture into this region. For con- 
trolling such a dehydrating plant, hygrometry becomes 
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important. So far, the readings have been taken with 
wet and dry bulb thermometers, care being taken to 
provide sufficient draught and to keep the wick con- 
tinuously wet with clean water. A recording hygro- 
meter, which would give direct readings in grains 
per cubic foot would be a great advaritage, if the 
instrument makers could produce one. 








THE HOLBORN AUTOMATIC 
TELEPHONE EXCHANGE. 


In a recent issue of ENGINEERING* we described the 
equipment of the mechanical tandem telephone 
exchange, which it has been necessary to instal in 
London in order that during the gradual conversion 
of the telephones of the metropolis from manual to 
automatic working the two systems may be operated 
together as efficiently as possible. The next step in 
this conversion, which is likely to occupy some ten 
years, has now been taken by the opening of the 
Holborn Automatic Exchange. This exchange is 
housed in the same building as the tandem exchange 
mentioned above, and is the first automatic exchange 
in the inner London area. 

The system of automatic telephony, which is to be 
used in London, is based on the Strowger principle, 
combined with a special piece of apparatus known as the 
‘director controller.” The reasons for this selection 
were given in a Papert read by Colonel T. F. Purvis, 
the engineer-in-chief of the British Post Office, before 
the Institution of Electrical Engineers, and this com- 
munication should be consulted by those interested in 
the details of the subject. It may be stated here, 
however, that the fundamental idea of the Strowger 
system is the selection of the number required digit-by- 
digit, this operation being performed by a dial on the 
subscribers instrument. The selector switch in the 
exchange consists essentially of a set of insulated 
contact brushes, or wipers, which can be connected 
with any one of 100 sets of contacts, 10 of which 
are placed side by side on the are of a circle at 10 
different levels. The wipers are carried on a vertical 
spindle to which step-by-step vertical movement and 
rotation can be imparted by means of two electro- 
magnets. These electromagnets are actuated by the 
trains of impulses produced by the operation of the 
calling dial on the subscriber’s telephone and impart 
a vertical or rotary movement to the spindle, as the 
case may be, through suitable gearing. One magnet 
controls the vertical and the other the rotary move- 
ment of the wipers. This device forms the final 
selector switch, which completes the connection 
to the wanted subscriber, and is governed by 
the impulses representing the tens and units digits. 
A switch of the same general design is employed for the 
selection of the hundreds and thousands digits, but 
in these cases the impulses from the subscriber's 
instrument only govern the vertical selection of a level 
of 10 contacts, which are connected to further selector 
switches. The rotary motion of these switches is 
controlled by local impulses, so that a set of contacts 
connected with an idle selector in the first rank of 
switches can be rapidly found. Signalling, ringing 
and testing devices, which cannot be described in 
detail here, are also associated with this apparatus. 
It may be noted however, that the necessity for pro- 
viding a selector for each subscriber's line is obviated 
by a special switch, which connects the line to an idle 
selector in a common group before dialling is begun. 
In this way the number of selector switches in an 
exchange can be much reduced, and depends rather 
upon the traffic than on the number of subscribers. An 
illustration of a bank of final selectors at the Holborn 
automatic exchange is given in Fig. 1. 

The system we have just described cannot, however, 
for a variety of reasons, both economic and technical, 
be applied either to a very large area or to one in which 
the conversion from manual to automatic working has 
to be gradual. In America this difficulty has been 
overcome by the adoption of the “ panel” system of 
the Western Electric Company,t features of which 
are that the subscriber dials seven impulses for each 
call, the first three of which reoresent the desired ex- 
change, and that communication is obtained in the 
same way whether it is a manual or automatic exchange 
that is being called. After careful consideration, 
however, the British Post Office decided to adopt as 
their standard the “director” system of the Auto- 
matic Telephone Manufacturing Company, of Liver- 
pool, which imposes call-storing and translating devices 
on the Strowger step-by-step equipment, and thus 
gives practically the same flexibility as is possible 
with the panel system. The reasons for this choice 





* See ENGINEERING, page 452 ante. 

t+ See Journal of the Institution of Electrical Engineers, 
1925. Vol. lxiii, page 617. 

t See Journal of the American Institute of Electrical 
Engineers, 1923. Vol. xlii, page 320, also Purvis, 
loc. cit., page 633. 
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are stated by Colonel Purvis to have been: lower 
cost, greater simplicity, familiarity of the Post Office 
staff with step-by-step systems, and the ease of the 
application of director working to both large and small 
exchanges. 

The function of the “ director’? is to receive and 
store the call in its original form, then to send it 
out into the exchange switching mechanism translated 
into any trains of impulses, which may be required by 
the existing lay-out of junction routes and switching 








Director APPARATUS. 


centres, and to steer the call through, link by link, to 
the wanted subscriber. As soon as the required 
connection has been established the director is {dis- 
connected from the line and becomes available for 
other calls. As in the panel system, the subscriber 
dials seven times for each call, the first three of the 
movements representing the wanted exchange. 

The director itself consists of nine switches with 
their associated relays and a cross-connecting field. 
Two of these switches are of the usual Strowger type, 




















2 SPREE 




















_DEc. 30, 1927.] ENGINEERING. 














THE HOLBORN AUTOMATIC TELEPHONE EXCHANGE. 





Fia. 3. Battery CHARGING SETs. 


described above, and are known as the “A” and|exchange names on that account. Under average 
“ BC” switches respectively. Two switches are of | conditions a director will carry about 72 calls in a busy 
the pre-selector type, which determines the choice of | hour and will be occupied by each for about 20 seconds. 
the particular selector switch. These are designated |To serve the 9,400 subscribers on the new Holborn 
the “ sending switch’? and “sending control switch ”’ | exchange, 222 directors have therefore been provided, 
respectively. Five switches, designated ‘‘ minor | or one to about every 42 subscribers. A view of the 
switches,” are practically small Strowger switches with | director apparatus installed at the Holborn exchange 
rotary movements only. Four of these switches are | is given in Fig. 2. 
used as digit storing registers, and one as an impulse} To ensure constant supervision of the exchange 
distributor. equipment, an automatic testing installation, known 
The “A” digit switch receives the first train of | as the ‘“‘ routiner’’ equipment, has been placed in the 
impulses dialled by the subscribers, which corresponds | Holborn exchange. This device systematically sub- 
to the first code letter of the exchange required. Each | jects each director to a series of tests so that any 
level of the “ A” switch is associated with a separate | abnormal condition is detected at an early stage. Any 
group of directors, which are set apart for effecting | faulty director thus discovered can be cut out by 
connections with exchanges having names commencing | operating a special switch, and the necessary adjust- 
with the same letter or a letter in the same group. | ments effected. In addition there are 80 ‘“ coders,” 
For this purpose, the alphabet is divided into seven | whose function it is to convert the dialled trains of 
groups of three adjacent letters and one group of | impulses from the automatic subscribers into appro- 
two letters (M and N), Q and Z being omitted and O| priate codes of impulses to operate the coder call 
being used as zero in the numerical series and for | indicators at the outlying manual exchanges, and 31 
attracting the attention of the operator. The “‘A’”’|cordless B positions for handling incoming traffic 
switch having been dialled to a particular level, searches | from manual exchanges.* In addition there is a 
to find the ‘‘ BC ’”’ switch of a free director on that level. | manual switchboard for dealing with calls from call 
The second and third trains of dialled impulses, which | boxes and answering enquiries. 
also apply to the required exchange, are received by| The current required to operate the automatic and 
the “‘ BC” switch. The second train lifts the switch- | tandem exchange equipment is obtained from power 
brushes to one of the 10 levels, and the third rotates the | plant whose aggregate capacity is about 300 h.p. In 
brushes to a particular set of contacts on that level. | addition there are duplicate sets of 25-cell Chloride 
The “ BC” switch is equipped with six brushes and| accumulators each with a capacity of 1,000 amp.- 
six separate sets of bank contacts. Thus the dialling | hours. 
of the second and third of the three initial letters of | The battery charging sets (Fig. 3), consist of two 150 
the required exchange sets the ‘‘ BC” switch of a| h.p. motor generators manufactured by Messrs. Newton 
director in a particular group to six particular multipled | Brothers of Derby, and are driven off a 200-volt direct 
contacts and closes six circuits, which will always be| current supply. In order to minimise any interference 
closed by any subscriber who dials that exchange code. | from commutation effects, should it be necessary to 
The six circuits thus set up, when suitably cross-| charge a battery while it is supplying current, a large 
connected, enable the switches of the director to send | proportion of the armature coils are placed in semi- 
out any desired number of trains of impulses from | enclosed and staggered slots and the air gaps are 
1 to 6, and so to steer the call by its prescribed! tapered. The ringing machines, the output of which 
route to any required exchange, where the director | is 4 amps. at 75 volts and a frequency of 16-6, are in 
operation of the four final trains, representing the | duplicate. One is normally driven from the 200 volts 
numerical digits of the dialled number, will reach/ mains, but should the supply fail, the other which is 
the line of the called subscriber, as described| driven from the battery comes automatically into 
above. | action, while at the same time attention is called to the 


The directors of each group are capable of serving | failure by an alarm. The peak load on the exchange 


81 exchanges, and, as eight group levels are available | is 1,500 amps. at 50 volts, a figure which excludes the 
on the “A” switch, the total number of exchanges | lighting and power demand. 

which can be served without mechanical modification| The whole of the telephone equipment at the Holborn 
of the directors is 648. As a matter of fact, the cross- | exchange was manufactured by the Automatic Tele- 
connection field has been designed to serve 35 exchanges | phone Manufacturing Company of Liverpool to whom 
in each director group, or a total of 280. Even with| we are indebted for the photographs illustrating this 
this reduced number abundant spare space can be | article. 

left on the directors appropriated to each three initial 
letters, to avoid any restrictions in the choice of 











* See ENGINEERING, page 452 ante. 


SOME EXPERIMENTAL RESULTS 
FROM A THREE-CYLINDER COM- 
POUND LOCOMOTIVE.* 

By Lawrorp H. Fry, M.I.Mech.E. 
(Concluded from page 826.) 


Determination of Power by Measurement of Steam 
Pressures and Temperatures.—It may be of interest to 
note that as an alternative to the indicator cards for 
determining the work developed by the engine it is 
possible to make use of measurements of the total heat in 
the steam entering and leaving the cylinders. Table III 
is based on the measurements of steam pressure and 
temperature made simultaneously in the branch pipe 
and in the exhaust pipe. From these measurements, 
the total heat of the steam at admission and the total 
heat on exhaust are found. Values for these total 
heats are tabulated in Columns 3 and 4 respectively. 
The difference for each test is given in Column 5. 
Provided the measurement represents accurately the 
steam conditions during admission and exhaust, the 
difference between total heat at admission, Column 3, 
and the total heat at exhaust, Column 4, must represent 
the heat converted into work together with the heat 
| lost by external conduction and radiation from the 
| cylinders. This loss must be small, and therefore the 
| total heat difference should be a close approximation 
| tothe heat converted in to mechanical work. Valuesfor 

the amount of heat shown by the indicator cards to be 

transformed in to work are given in Column 6, and it is 
| seen that in tests 7,922, 7,906, 7,926 and 7,925, there 
is fair agreement between the values found by the two 
methods. In tests 7,911, 7,910, 7,912, and 7,913, the 
difference between the total heats of admission and 
exhaust is less than the heat corresponding to the work 








Taste III.—Comparison of Work converted into Heat as 
Determined from Indicator Cards and from Heat in 
Steam Measured at Admission and Exhaust. 





























he | 2 | $ Sr a 6 
| | | 
| | | Total Heat per lb. of | eat Con- 
Steam found from Mea- | verted into 
| } surement of Pressure and Work per 
Test Temperature. pound of 
Test Designa- | Steam as 
No. tion. | = shown by 
| Ad- | Ex- Dift- Indicator 
| mission | haust erence Cards 
B.Th.U. | B.Th.U. | B.Th.U. B.Th.U. 
| | 
7,922 | 80-90/70 | 1,332 | 1,169 | 163 156 
7,906 80-80/50 1,329 1,162 167 168 
7,911 | 80-70/40 1,310 1,160 150 172 
7,910 80-60/30 1,300 1,158 142 168 
7,912 80-50/20 1,291 1,158 133 171 
7,911 80-70/40 1,310 | 1,160 150 72 
7,913 | 120-70/40 | 1,330 | 1,162 168 180 
7,926 | 160-70/40 | 1,341 | 1,164 177 175 
7,925 | 2100-70/40 | 1,351 1,182 169 161 











shown by the indicator cards. Assuming that the 
indicator cards are reliable, the discrepancy may be 
due to too low a value for the total heat on admission 
or to too high a value of the total heat of the exhaust. 
The latter is believed to be the more probable explana- 
tion. In the four tests in question, adiabatic expansion 
in the locomotive cycle would, as shown in Column 7 of 
Table II, bring the steam well below the saturation point. 
The actual expansion line of the indicator cards lies 
below the adiabatic, so that it is probable that in all of 
these tests the steam at release was considerably 
under-cooled with condensation on the cylinder walls. 
It is not unlikely that, under such conditions, some of 
the moisture escaped during release and exhaust, with- 
out being re-evaporated and without affecting the 
thermometer used to measure the temperature of the 
exhaust steam. In the case of test 7,912, which shows 
the greatest discrepancy between the total heat 
difference and the indicated heat, the discrepancy 
amounts only to 38 B.Th.U. or about 3-6 per cent. of 
the total heat measured in the exhaust steam. In this 
test, the steam if expanded adiabatically would have 
had 4-5 per cent. of moisture at release. The other 
tests show less discrepancy between measured and 
indicated heat, and also less moisture on release after 
adiabatic expansion. 

Quality of Steam at High-Pressure Cut-off—tin the 
theoretical diagram with adiabatic expansion it is 
possible to ascertain the qual ty of the steam at any 
point in the cycle. It would be interesting if this 
could be done for the actual expansion cycle, but 
the experimental information is not sufficiently com- 
plete for this. The method described below permits an 
estimate to be made of the quality of the steam at 
cut-off in the high-pressure cylinder, and provides 
information as to the amount of heat transferred from 
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the steam to the cylinder walls in the high-pressure 
«ylinder during admission. 

The method is best illustrated by an example, and, 
for this purpose, test 7,911, 80-70/40, is chosen. In 
this test, cut-off occurs at 69 per cent. of. the high- 
pressure stroke, the piston displacement being 7-20 
cub. ft. and the clearance volume 1-45 cub. ft., giving 
a total volume of 8-65 cub. ft. of steam, at a pressure 
of 287 lb. per square inch absolute. Compression 
begins at 15 per cent. of the stroke, giving a volume 
of 1-57 cub. ft. in the cylinder and 1-45 cub. ft. in the 
clearance space, or a total of 3-02 cub. ft. of steam to 
be compressed. Now the steam in the receiver to 
which the high-pressure cylinder exhausts, up to the 
beginning of compression has an average pressure 
of 182 lb. per square inch absolute, and an average 
temperature of 435 deg. F., corresponding to a total 
heat of 1,234 B.Th.U. per pound. It is evident that 
no serious error will be made if it be assumed that 
when the exhaust port closes and compression begins, 
the steam in the cylinder and clearance space has the 
same total heat as the steam in the receiver. With 


difference between the heat introduced and the heat 
present in the steam at cut-off—in the present case 
130 B.Th.U.—is taken as the heat transferred to the 
cylinder walls per stroke up to cut-off. As the high- 
pressure piston makes two strokes per revolution, and 
in test 7,911 the speed is 80 r.p.m., the heat trans- 
ferred to the cylinder walls per minute is 20,800 
B.Th.U., and the heat transferred to the cylinder 
walls per pound of cylinder feed is 39 B.Th.U. From 
the foregoing it is possible to estimate the part of the 
pressure loss between branch pipe and admission which 
is due to the heat transfer to the cylinder walls. If no 
heat were given to the cylinder walls during admission, 
the total heat carried by the steam at cut-off would 
be that introduced into the cylinder up to cut-off, 
that is 5,880 B.Th.U. carried by 4-55 lb. of steam 
or a total heat of 1,292 B.Th.U. per pound. This 
total heat and the specific volume at cut-off of 1-90 
cub. ft. per pound would correspond to a pressure of 
308 Ib. per square inch absolute. The branch-pipe 
pressure in this test was 352 lb. per square inch and the 
cut-off pressure 287 lb. It appears, therefore, that, 





TABLE IV.—Heat Transrer to HiGH-PRESSURE CYLINDER WALLS DURING ADMISSION. 
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1 | 2 3 4 | 5 6 7 | 8 oo 84 10 | 11 12 
| | | iy 
| | | | 
At Cut-off | Heat brought into Cylinder, | | Heat transferred to High- 
| ; B.Th.U. per stroke | Total Pressure Cylinder Walls. 
oe | seetant t |} $a | 
Test Designa- | Clearance | by Clear- | |in Steam| | 
No. a | m | Steam per} ”* | << i as ex es A 
tion. | Pressure} | stroke, 1b.| ance | by | at Cut- per per lb. | per 
| Ib. per | Supht. | * eae a0: ipa, Cylinder} Total. off stroke | of Steam minute 
sq. in. i and Com- | Feed. B.Th.U. B.Th.U. B.Th.U. | B.Th.U. 
| abs. | | pression. | 
<a l Va i. eae i ' a — iE | | 
l | } 
7,922 80-90 70 | 320 167 0-65 821 6,780 7,601 7,500 | 101 20 16,200 
7,906 80-80 50 296 137 0-97 1,215 5,380 | 6,595 6,460 135 | 33 21,600 
7,911 80 70,40 287 97 | 22 | 1,520 4,360 5,880 5.750 130 39 20,800 
7.910 80-60 /30 | 277 40 1-38 | 1,710 3,630 »,340 5.130 210 | 76 | 33,600 
7.912 80-50 20 | 262 27 | 1-52 | 1,880 2,940 | 4,820 4,630 192 84 | 30,700 
| | | } 
7.911 80-70/40 | 287 97 | 1-22 1.520 4.360 | 5,880 | 5,750 | 130 | 39 | 20,800 
7.913 120-7040 253 103 | 1-23 | 1,570 3,820 | 5,390 5,200) | 190 | 66 | 45,500 
7.926 160-70 40 233 143 } 1°12 1,495 3,380 | 4,875 4,090 | 185 74 59,200 
7,925 200-70 40 | 237 133 | 1-21 1,615 3,380 | 4,995 4,750 245 97 | 98,000 
TABLE V.—PREssuRE Drop DURING ADMISSION TO HIGH-PRESSURE CYLINDER. 
’ | 7 eae altel oe ss | . —- | oy ae 
1 3 3 4 5 | 6 7 | 8 
| | | 
| Pressure, lb. per sq. in. absolute. Pressure Drop, lb. per sq. in. 
| : 7 : . a ile | 
rest No. | Test Designation. Computed . : . Total, 
In Branch | for Cut-off, |, At Cut-off, Due to Due to | Branch 
Pipe if no Heat from Indicator Wire- | Heat | Pipe to 
Poanutar: | Cards. drawing. rransfer. Cut-off. 
alles ae | ai. scaunamaae’ Wa — = aan 
7,922 80-90, 70 347 336 | 320 11 | 16 27 
7,906 80-80 50 335 315 | 296 20 19 39 
7,911 80-70 /40 | 352 308 | 287 44 21 65 
7,910 80-60 '30 | 354 315 | 277 39 38 77 
7,912 80-50 20 354 297 | 262 57 35 92 
80-70 40 352 308 | 287 | 44 | 21 65 
120-70 40 348 288 | 253 60 | 35 95 
100-70 40 342 263 | 233 | 79 30 | 109 
200-70 40 336 278 | 237 58 41 99 


this total heat, the pressure at compression of 204 Ib. 
per square inch, determines the specific volume as 
2-47 cub. ft. per pound. The weight of the 3-02 
cub. ft. of steam to be compressed is therefore 1-22 1b. 
To this is added during admission, 3-33 Ib. of cylinder 
feed, so that at cut-off the weight of steam in clearance 
and cylinder is 4-55 Ib. It has been seen that at this 
point this weight of steam occupies a volume of 8-65 
cub. ft., so that the specific volume at cut-off is 1-90 
cub. ft. per pound. The pressure at cut-off is 287 Ib. 
per square inch, and for this combination of pressure 
and specific volume the steam tables show a superheat 
of 97 deg. F. Similar calculations for the other tests 
give the values shown in Column 4, Table IV. 

Heat Transfer to Cylinder Walls.—From the weight 
and quality of the steam at cut-off, the total amount of 
heat carried by this steam can be found, and a further 
calculation permits a determination of the heat brought 
into the cylinder. The difference must represent 
the heat given up to the cylinder walls during admis- 
sion. Taking test 7,911 again, we have at the beginning 
of compression 1-22 Ib. of steam with a total heat of 
1,234 B.Th.U. per pound. Compression, assuming 
PV = const., adds 13 B.Th.U. per pound., giving 





1-22 1b. at 1,247 B.Th.U. per pound, or 1,520 B.Th.U. | 


in the clearance volume at the beginning of the stroke. 
To this is added 3-33 Ib. of cylinder feed, with a total 
heat of 1,310 B.Th.U. per pound, or 4,360 B.Th.U., 
making a total of 5,880 B.Th.U. introduced into the 
cylinder up to the point of cut-off. At cut-off, the 
pressure of 287 lb. per square inch with 97 deg. of 
superheat gives a total heat of 1,264 B.Th.U. per 
pound, or a total of 5,750 B.Th.U. carried by the 
4°55 Ib. of steam in cylinder and clearance. The | 


| in test 7,911, there was a pressure drop of 65 lb. per 
square inch from the branch pipe to cut-off, and that 
44 lb. per square inch of this was due to wiredrawing 
| during admission, and 21 lb. per square inch to heat 
| being given up by the steam to the cylinder walls. 
| The results of similar calculations for the other seven 
| tests are shown in Table V. 
| The information obtained by the methods described 
is plotted in Figs. 10, 11 and 12. Fig. 10 shows the 
| steam pressures measured in the boiler, the branch pipe, 
| and at cut-off, and the estimated pressure at cut-off 
|if there were no transfer of heat to the cylinder walls 
| during admission. <A line EE is also added to show the 
rate of flow of steam to the cylinders. In the graph, 
the boiler pressures, line AA, are very nearly the same 
|for all tests. With constant speed, the difference 
| between the branch-pipe pressure, line BB, and boiler 
| pressure, line AA, decreases as the cut-off is shortened. 
This is because the weight of steam flowing to the 
cylinders falls off. With constant cut-off, on the other 
hand, the rate of steam flow increases with the speed, 
and the pressure drop between boiler and branch pipe 
increases correspondingly. The cut-off pressures 
taken from the indicator cards are plotted as the line 
DD, and the pressure drops from branch pipe to cut- 
off are plotted as the line HH. With constant speed, 
the drop from branch pipe to cut-off increases uni- 
formly as the cut-off is shortened. This drop is due 
to two causes, the wiredrawing of the steam through 
the ports and v lve and the transfer of heat from the 
steam to the cylinder walls. Separation of the effects 
of these two sources of pressure loss, determined by the 
method explained above is shown by the line CC, which 
gives the pressure which should be present at cut-off 











if there were no transfer of heat to the cylinder walls. 
The differences between lines BB and CC is plotted as 
the line FF, the pressure drop due to wiredrawing, and 
the difference between lines CC and DD is plotted as line 
GG, the pressure drop by heat transfer to cylinder 
walls. The points are not numerous enough to estab- 
lish tendencies beyond question, but it appears justi- 
fiable to draw the following inferences. At a constant 
speed of 80 r.p.m. the pressure drop between the branch 
pipe and cut-off is divided approximately equally 
between wiredrawing and heat transfer for cut-offs from 
90/70 to 50/20 per cent., the drop from each cause 
rising from about 15 lb. per square inch at a cut-off 
of (90/70 per cent. to about 45 lb. per square inch at a 
cut-off of 50/20 per cent. At a constant cut-off of 
70/40 per cent., with speeds varying from 80 to 200 
r.p.m., the indications are less certain. The pressure 
loss from wiredrawing rises uniformly from 44 lb. per 
square inch at 80 r.p.m. to 70 lb. per square inch at 
160 r.p.m., and then shows a drop to 58 lb. per square 
inch at 200 r.p.m. The latter figure may be due to the 
cut-off pressure in this test being higher than is normal. 
There does not appear to be any reason for expecting 
that, with the speed increasing from 160 to 200 r.p.m., 
and with the steam to the cylinders increasing from 
48,000 to 60,000 lb. per hour, the cut-off pressure should 
increase from 233 to 237 lb. per square inch, and that 
the pressure loss from wiredrawing should fall from 
79 to 58 lb. per square inch. A reasonable interpretation 
of the figures is that at a cut-off of 70/40 per cent. the 
pressure loss by wiredrawing increases with increasing 
speed from about 45 lb. per square inch at 80 r.p.m. 
to about 80 or 90 lb. per square inch at 200 r.p.m. 
The figures for pressure loss by heat transfer are also 
somewhat erratic. The loss at speeds of 120, 160 and 
200 r.p.m. is respectively 35, 30 and 41 Ib. per square 
inch and 21 lb. per square inch at 80 r.p.m. The last 
figure is shown by the constant-speed tests to be 
probably too low, so that it appears that at a cut-off 
of 70/40 per cent. the pressure loss from heat transfer 
may be expected to be between 30 and 40 lb. per square 
inch for speeds from 80 to 200 r.p.m., approaching 
the low value for the lower speeds and the higher value 
for the higher speeds. Fig. 11 shows the total amount 
of heat introduced into the high-pressure cylinder 
per stroke, and how it is divided between cylinder feed 
and clearance steam. Fig. 12 gives the same informa- 
tion, but as heat per pound of steam instead of in 
total amounts. In this figure the line AA shows the 
total heat per pound of steam at branch-pipe pressure 
and temperature. At constant speed shortening the 
cut-off reduces, as has already been noted, the super- 
heat and therefore the total heat, while with constant 
cut-off an increase in speed increases the superheat 
and the total heat per pound of steam. The lines BB, 
CC and DD show the heat utilized by the cylinder as 
determined by the indicator cards. The line BB shows 
the total amount of heat converted to mechanical 
work in high- and low-pressure cylinders, while the 
lines CC and DD show how the utilisation of this heat 
is distributed between the low and _ high-pressure 
cylinders respectively. At the constant speed of 
80 r.p.m. and between cut-offs of 80/50 and 50/20 per 
cent., the work developed per pound of steam is very 
nearly constant at 60 B.Th.U. in the single high- 
pressure cylinder and 107 B.Th.U. in the two low- 
pressure cylinders. At the long cut-off of 90/70 per 
cent., the work per pound of steam is slightly less in 
both sets of cylinders. These figures show that at 
80 r.p.m. the work developed is divided approximately 
evenly between the three cylinders, the single high- 
pressure producing about 35 per cent. and the two 
low-pressure cylinders about 65 per cent. of the total 
work. The distribution is seen to change considerably 
as the speed is increased. At 120 r.p.m., or 22-5 miles 
per hour, the high-pressure cylinder contributes 30 
per cent. of the work, which still represents a fairly 
uniform distribution between the three cylinders, but 
this percentage drops rapidly as the speed is further 
increased, until at 200 r.p.m. the work done by the high- 
pressure cylinder is only about 13 per cent. of the total. 
This transfer of work from the high- to the low-pressure 
cylinders at high speeds is not a disadvantage. Loco- 
motive No. 60,000 was designed as a freight locomotive, 
and as such will do its heaviest work at speeds less than 
25 miles an hour. In this speed range the distribution 
of power between the three cylinders is reasonably 
uniform. 

The figures for power distribution have all been ob- 
tained from the horse-power shown by the indicator 
cards, and are given here in terms of B.Th.U. so 
that they may be compared with the heat transfer to 
the high-pressure cylinder walls during admission. 
This heat transfer is shown in Fig. 11 by the broken 
line EE. At a constant speed of 80 r.p.m., each Ib. 
of cylinder-feed steam gives up to the cylinder walls 
during admission, that is up to the point of cut off, 
20 B.Th.U., at a cut-off of 90/70 per cent. As the cut- 
off is shortened, the heat given up to the walls increases 
steadily, until, at a cut-off of 50/20 per cent., it is 
84 B.Th.U. This is, of course accounted for by the 
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greater temperature range in the cylinder with the 
shorter cut-offs. The heat transfer is also greatly 
increased by an increase in speed. At a constant 
cut-off of 70/40 per cent., the heat given to the high- 
pressure cylinder walls rises from 39 B.Th.U. per Ib. 
of steam at 80 r.p.m. to 97 B.Th.U. at 200 r.p.m. 
These figures give the heat transferred per lb. of steam 
entering the cylinder. Now the weight of steam enter- 
ing per minute increases with the speed, and when this 
is taken into account the heat transferred per minute 
at a cut-off of 70/40 per cent. increases from 20,800 
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Actual versus Theoretical Cylinder LEffficiency.— 
Information as to the difference between the work shown 
by the actual indicator cards and the work which would 
be developed by the theoretical diagrams of the loco- 
motive cycle is given in Columns 11 to 13, Table IT, and 
in Fig. 8. This difference represents the amount by 
which the work actually developed falls short of the 
maximum work theoretically obtainable from perfect 
operation with the steam quality, the final exhaust 
pressure and the ratio of expansion which were observed 
inthe tests. The figures in Column 13, Table II, give the 











the indicated work done during the test, and is obtained 
by averaging all the indicator cards taken during test 
7,912, 80-50/20. 

The broken-line diagram is obtained by plotting the 
point A to represent the volume of the cylinder feed 
at branch-pipe pressure and temperature, and drawing 
an adiabatic expansion line terminating at the volume 
of 15-5 cub. ft., to which the steam was expanded 
in the original diagram. This comprises the locomotive 
cycle, which has been already computed for this test 
to give 208 B.Th.U. per pound of steam. The indi- 
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B.Th.U. at 80 r.p.m. at 98,000 B.Th.U. at 200 r.p.m. 
The expansion has been seen to be but little affected 
by the speed, and therefore the temperature range is 
practically constant. The only explanation for this 
large increase in rate of heat transfer with increasing 
speed seems to be that the more rapid flow of steam 
through the steam passages and ports increases the 
rate of heat transmission between steam and cylinder 
metal. 

It would be interesting to follow the steam through 
its expansion in the high-pressure cylinder, and through 
the receiver and the low-pressure cylinders, and to be 
able to determine the heat exchange between steam 
and cylinders, and then again between cylinders and 
steam in the various stages of the power development. 
Sufficient data are not, however, available to permit 
= — being carried further than the high-pressure 
cut-off. 








actual work as a percentage of the theoretical, but the 
deficiency is not separated into its component parts. 
To effect such separation the indicator diagrams and 
the locomotive-cycle diagrams must be plotted accu- 
rately to the same scale. The values for heat converted 
into work and cylinder efficiency, Columns 9 to 13, 
Table II, are computed both for indicator cards and for 
locomotive-cycle diagrams from average values cover- 
ing both ends of cylinders throughout each test. The 
diagrams in Fig. 8, while showing generally the relation 
of the adiabatic locomotive cycle to the actual cards, 
do not give such an accurate comparison as the tabu- 
lated figures, because the scale is not quite the same for 
both sets of diagrams. The actual cards are derived 
from a single set of head-end cards, while the theoretical 
diagrams use average values from all cards taken 
during each test.. To give a more accurate comparison 
Fig. 13 has been drawn. The shaded area represents 








cator cards for this test average 522 h.p. in the high- 
pressure and 949 h.p. in the low-pressure cylinders, 
a total of 1,471 h.p. With a cylinder feed of 21,882 Ib. 
per hour at 80 r.p.m., this represents 60-8 B.Th.U. 
of work developed per pound of steam in the high- 
pressure and 110-2 B.Th.U. per pound in the low- 
pressure cylinders, a total of 171 B.Th.U. per pound 
of steam. This is 82:3 per cent. of the work theore- 
tically obtainable in the locomotive-cycle diagram. 
The remaining 17-8 per cent. is made up of the three 
areas marked I, 3 and 4 in Fig. 13. The area 1 repre- 
sents the work lost during admission to the high- 
pressure cylinder by reason of wiredrawing through the 
ports and by transfer of heat to the cylinder walls. 
This loss is found, by measuring the area 1, to amount 
to 17-0 B.Th.U. per lb. of steam, which is 8-2 per 
cent. of the area of the locomotive-cycle diagram. 
The computations already described show that with 








858 


no transfer of heat the cut-off pressure would be 
297 lb. per square ‘inch, a drop of 57 lb. from the admis- 
sion pressure of. 354 lb. per square inch. The cut-off 
pressure actually measured is 253 lb., a further drop 
of 44 Ib. per square inch. Taking 155 lb. per square 
inch as the least back pressure in the high-pressure 
cylinder, the area 3, equivalent to 8-7 B.Th.U. per 
pound of steam, or 4-2 per cent. of the locomotive 
cycle diagram represents the loss during the high- 
pressure exhaust. Also the area 4 equivalent to 
11-3 B.Th.U. or 5-4 per cent. of the total work 
represents the loss during admission to the low-pressure 
cylinders. 

Conclusion.—This completes the survey of the cylin- 
der action of locomotive No. 60,000. It has been shown, 
Fig. 1, that, with a steam pressure of 350 lb. per square 
inch above atmosphere, the highest possible theoretical 
cylinder efficiency is about 16-5 per cent., and that 
about five expansions are required for this. The best 
test, No. 7,913, 120-70/40, shows, Table II, an actual 
cylinder efficiency of 13-6 per cent., which is over 82 
per cent. of the highest possible. This is thought to 
be an extremely satisfactory performance. Test 7,913 
was run at 120 r.p.m. and 40 per cent. cut-off in the 
high-pressure cylinder. Changes of speed and cut-off 
from this optimum combination decrease the cylinder 
efficiency. Such changes, however, affect a number 
of factors which influence the cylinder efficiency. In 
some cases, the change tends to increase, and in others 
to decrease, the efficiency and the result of the interplay 
of these factors is to keep the cylinder efficiency com- 
paratively uniform through the range of speeds and 
cut-off in which the locomotive operates. 

The basic experimental data on which all calculations 
and conclusions are based, are those reported by the 
Pennsylvania Railroad observers during the tests made 
at Altoona. The author is indebted to Mr. C. D. 
Barrett, Assistant Engineer of Tests, Pennsylvania 
Railroad, for suggestions and assistance in the prepara- 
tion of the paper. 





THERMO -COUPLE PYROMETERS IN 
WORKS AND LABORATORIES. 


Or late years the use of thermo-couples in works 
as well as in laboratories has been increasing rapidly. 
This doubtless has arisen mainly from a growing need 
for accurate temperatures in industrial processes, but 
may also be due partly to the convenience of the 
method in the cases to which it is applicable. The 
increase might perhaps have been still larger if it had 
not been for the fear that readings might become 
untrustworthy, and a doubt as to the precautions 
that were necessary to prevent this. Thermo-couple 
pyrometers have been used at H.M. Fuel Research 
Station in various commercial forms for the last six 
years or more, and a recent number of the Journal 
of Scientific Instruments (Vol. IV, No. 24) gives an 
account by Mr. A. Blackie and Mr. C. W. Ockelford, 
of the system of control in use there, which has been 
found adequate for both laboratory and works types 
of outfit. 

Before being put into service, each part of any new 
outfit is tested carefully, as in many cases it would 
be inconvenient or impossible to make complete and 
accurate tests after the outfit had been installed. 
Laboratory thermo-couples are usually made up at the 
station from a large stock consigment of wires. Samples 
of these wires are made into couples, which after being 
standardised are preserved as sub-standards, against 
which other couples of the same batch of wires are 
tested. Couples in constant use are compared with 
the sub-standard at least every four weeks, and the 
date of the comparison is noted on a label. Couples for 
works ue, which are procured from outside, are 
standardised at fixed temperature, with an additional 
test over the range 0 deg. C. to 50 deg. C., for cold- 
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junction correction purposes. The readings at these 
temperatures on the indicators or the recorders of the 
outfit, as well as the electromotive force on open 
circuit as measured on a potentiometer, are recorded. 
Temperature-electromotive force curves are plotted 
from these figures, and compared with the figures or 
graphs supplied by the makers. Millivoltmeters and 
recorders are tested by a potentiometer, and internal 
resistances are also measured. Connecting leads, 
switches, &c., are tested for conductivity and insu- 
lation. The complete records of these results are 
preserved for comparison with subsequent routine 
tests, so that defects can be noticed as they develop. 

Works couples are tested in situ by comparison with 
special laboratory test-couples, inserted, if possible, at 
the same time as the working couple, or otherwise 
replacing it in exactly the same position, care being 
taken that the hot junction of the test couple is in the 
same temperature zone as the working couple. These 
are tested for conductivity and insulation at the 
same time, any variations from the original figures 
enabling damage to wires or insulation to be detected 
before actual breakdown. 

The most common cause of trouble has been found 
to be line faults, such as may arise from loose and dirty 
contacts and insulation defects, brought about as a 
rule by accidental damage. For this reason all leads 
are enclosed in conduits as far as practicable, and 
permanent connections are made. Where an earth 
return circuit is permissible, and the system is otherwise 
suitable, compensating connecting leads are used, 
consisting of a soft metal tube over an insulating centre 
wire of heavy cross-section. 

Faults through the breaking of the hot-junction in 
wire-type couples are rare, and indicate, if they occur 
often, that the couples have been made of materials 
unsuitable forthe particular application. It is pointed 
out that a couple may be unsuitable at one temperature, 
though it is satisfactory at a higher one, as one of the 
couple wires may have a lower mechanical strength at 
the lower temperature than at a temperature slightly 
above or below it. 

Faults through the ageing of instruments and loss of 
sensitivity and through change in the temperature- 
electromotive force ratio of the couple are very rare. 
In six years, only one case has been found of the former 
defect, and in practice the couples have retained their 
original temperature ratio until they were practically 
burnt out. 

Each installation is tested at least once in three 
months. In addition, the zero setting of the instru- 
ment, the tightness and cleanliness of all joints and 
connections, and the general state of the installation 
are inspected often enough to make sure that no part 
of any system is unobserved for more than 14 days. 
Pyrometers, &c., on plant in continual use are inspected 
more often. The indicators are fitted in locked cases, 
and unauthorised persons are forbidden to interfere 
with any installation. Any failure or defect and any 
suspicious readings are at once reported. 

It has been found that with these precautions an 
installation by any of the recognised makers retains its 
original accuracy for many years, the only parts which 
require to be replaced from time to time being the 
thermo-couples themselves. 





OIL-FLOW CONTROL AND GAS-OIL 
RATIO. 


THE control of the oil flow from wells, which has 
come into use in recent years, was, in the first instance, 
supposed not to affect the gas-oil ratio. It was 
assumed that pinching would reduce the fiow of oil 
and of gas proportionately, but there were, and are, 
few actual measurements available to check that 
assumption. Observations on single wells would 








naturally be of questionable value, since neighbouring 
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wells influence one another. During the years 1922 
and 1923, Mr. K. B. Nowels, then with the Midwest 
Refining Company, now with the United States Bureau 
of Mines, was able to conduct measurements on eight 
wells of the Salt Creek Oilfield in Wyoming. The results 
of his investigation, supplemented by other data, are 
given in the Investigation Report of the Bureau, Serial 
No. 2833 on Some Methods of Producing Flowing 
Wells in the Salt Creek Field and their. Effect upon 
Gas-Oil Ratios. 

The major portion of the oil of Salt Creek field, which 
covers an area of 22,000 acres, comes from the Second 
Salt Creek Sands, about 60 ft. in thickness. The wells 
observed ranged in depth from 1,800 ft. to 2,200 ft., 
the closed-in gauge pressure amounting to about 
500 lb. per square inch. This closed-in pressure 
indicaies the maximum pressure observed at the top 
of the well after keeping it closed for a sufficient time 
to obtain equilibrium conditions. Some other terms 
may require definition. The gas-oil ratio indicates the 
number of cubic feet of gas produced with each barrel 
of oil. The lower this ratio, the higher the efficiency 
is considered to be. Open-flow capacity refers to the 
production of gas or oil when the well flows wide 
open through the casing. Casing-head pressure and 
tubing pressure are measured at the head of the casing 
or tubing, and the back pressure is the pressure imposed 
against the sand by pressure control of the well. The 
pinching may be effected by means of gate valves in 
the flow line, close to the well head, restricting the flow 
to definite amounts, or by flow nipples in the lines ; 
stop-cocking means that the whole well is kept closed 
except during definite intervals. 

The general conclusion arrived at in the report is 
that most wells tend towards inefficiency, i.e. towards 
a gradual increase in the gas-oil ratio and a reduced oil 
production. But every well is a problem in itself, and 
the control may, or may not, reduce the ratio, or may 
do so only under certain conditions. Inefficient wells 
should, on general grounds, be entirely closed in. 
The ratio depends upon the velocities of the oil and gas, 
which should not rise above critical values, to be deter- 
mined by experiments. Casing-flow and its control by 
gate-valves were mostly found inefficient and wasteful. 
Flow-nipple control gave better results than gate control. 
The nipples were made by half-filling nipples, 8 in. in 
length and 3 in. in diameter (the diameter of the flow 
line), with babbitt metal and drilling the core axially ; 
the nipples were placed about 2 ft. from an open gate 
head between this head and a union. 

In the plain tubing test, a 2-in. tube was taken 
down to the sand level, and the space between the tube 
and the casing was packed off at the top of the casing. 
This method proved, on the whole, the most satisfac- 
tory for securing a constant oil flow and a material 
reduction in the gas-oil ratio. The flow through tubing 
was further combined with gate-valve and nipple- 
pinching, but the results were not decisive. Stop-cocking 
on alternate days, that is, keeping the well open for 
a day, and closing it the next day, gave relatively 
increased yields, and the practice also seemed to 
diminish the accumulation of solid paraffin observed 
with the occasional opening of the well. There was no 
definite ratio between gas velocity and well efficiency, 
and the gas velocity during the gas period was found to 
differ from the oil velocity during the oil period. 
Sometimes the flow from the well was steady ; some- 
times it took place by heads or cycles, the oil travelling 
in slugs separated by pockets of gas, which did very 
little work in lifting the oil. One well would discharge 
oil for 1} minutes, and then gas for 2 minutes. By 
June, 1926, all the wells were on the pump and ‘the 
daily production, originally 300 to 500 barrels, had 
gone down to 30 or 20 barrels, and less. Only one well, 
originally yielding 245 barrels, still gave 165 barrels a day, 
but this well had been shot, whilst the well, which was 
originally the most productive, discharging 1,031 barrels 





in 1922, had come down to as little as 4 barrels daily. 
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CULVER STREET WORKS, COLCHESTER. 
ON ADMIRALTY AND WAR OFFICE LISTS. 


ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 


See advertisement page 4 


WATER-TUBE BOILER 
a AUTOMATIC FEED REGULATORS. 


And Auxiliary yen By as supplied to ™~, ™ 
179 


Kite Patent Waste He 


BOILERS. 
Sole Makers, Spencer-Bonecourt Ltd., 
_ 50-64, , Broadway, Westwinster, 8.W.1. 


[Dredging Plant— 


For ALLUVIAL GOLD, PLATINUM & TIN. 
HARBOUR, RIVER & CANAL.—Gravel Dredgers. 
SCREENS.—-DREDGE BUCKETS & Parts, all sizes. 

ARTHUR R. BROWN, LTD., 
54, New Broad Street, London, E.C.2. 
Tee: London Wall 3418. 





1994 


2509 


Gee’ 8 oe, “Ash Ejector 


Great saving of labour. Nonoise. Nodust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, Ltp., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs., Billiter St., 
London, E.C. Od 4835. 


GOLD MEDAL—INVENTIONS EXHIBITION-AWARDED 


. 3 
yuckhams’ Patent Suspended 
WEIGHING MACHINES—EAST FERRY 
ROAD ENGINEERING WORKS COMPANY, Ltp., 
LONDON, E.—Hydraulic Cranes, Grain Elevators, &c. 
See illus. Advt. last week, anal 15. 4259 


[\ravelling & Jib (Cranes, 


FELLOWS BR BROS., LTD., 
CRADLEY HEATH, Srarrs. 9158 


lank Locomotives. 
ene and Workmanship equal to 


n Line Locomotives. 


R.& W. HAWTHORN, LESLIE & CO., LTD., 
ENGINEERS, NEWOASTLE-ON-TYNE. 3829 


(XRANES. All Types. 


GEORGE RUSSELL & CO., LTD., 
Motherwell. 3826 


Pever, Dorling & Co., Ltd. 


ever, 
BRADFORD. 

HIGH-CLASS ENGINES FOR aLL PURPOSES, 

also WINDING, HAULING, AIR COMPRESSING 

and PUMPING ENGINE= 1896 


team Hammers (with or 

without guides). Hand-worked or self-acting 

TOOLS for SHIPBUILDERS & BOILERM — 
381 


DAV IS & PRIMROSE, LnitEp, LEITH, ee... 
E. Z. J. Davis, M.1I.Mech. E., 

gp Pg ge Tested and 
cy upon. experience. Tel. : 
Maryland 1736 & 1737. " Wire” ” “ Rapidising, —— “ 
—Great Eastern Road, Stratford, £.15. ; 1794 
Ka Your Repairs or “any 

= HUNT & SONS, 
Ibion Ironworks, 


SPECIAL MACHINERY, try 
Bridge Road West, Battersea, 8.W.11. 
Est. "1854. 
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& W. MacLellan, ‘Ltd., 


CLUTHA benign nin GLASGOW. 


P. 


MANUFACTUREES 0 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY IRON WORK,BRIDGES,ROOFING,&c. 
Chief Offices: 129, Trongate, Glasgow. 


Registered Offices: Clutha House, 10, Princes 8t., 
Westminster, 8.W.1. Od 8547 





& CO., LTD., 
GLASGOW. 


YARROW 


PASSENGER AND CARGO STEAMERS. 


SHALLOW DRAFT VESSELS. 





(jampbells & yee [fa 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 6 ft. 6 in. diam. 
Spur Wheels cut up to 12 ft. 6 in. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 





RAILWAY AND TRAMWAY ROLLING STOCK, 


H™ Nelson & (oo L 4 


THE GLASGOW ROLLING STOCK AND PLANT WORKS, 
MOTHERWELL. id 3383 


[the Mitchell (Sonveyor and 


TRANSPORTER CO., LTD., 
CONTRACTING ENGINEERS. 


DESIGNERS and BUILDERS 
of 
all classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, E,C.1, 


Telegrams: ‘ Micontraco, Cent, London.” 
Telephone: Holborn 2822. 


Petter Oi and Petrol 
Pingines 
py to 600 B.H.P. 


PETTERS LIMITED, 


LONDON: 758, Queen Victoria St., E.C.4. 
Works: YEOVIL & IPSWICH. 


2418 


3903 


W AYGOOD-QTIS 


Lifts 


64 & 55, FeTTER LANE, LONDON, E.C.4, 
and Principal Provincial Cities and Abroad. 


8851 


ube Glasgow Railway 


Engineering Company, 
’ GOVAN, GLASGOW. LtD., 
London Office—12, Victoria — 8.W. 


MANUFACTURERS O 
RAILWAY en ei ky WAGON, & TRAMWAY 
WHEELS & AXLES. 


CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 3900 


THE GLASGOW ROLLING STOCK AND PLANT WORKS, 


urst Nelson & Co., Ltd., 


BuildersofRAILWAY CARRIAGES, WAGONS 
ELECTRIC CARS, AND EVERY OTHER DESCRIPTION 
OF RAILWAY and TRAMWAY ROLLING STOCK. 

Makers of WHEELS and AXLES, RAILWAY PLANT, 
Foragines, SMITH WORK, IRON & Brass CASTINGS, 

PRESSED STEEL WOBK OF ALL KINDS. Od 3382 
Reg. Office and Chief Works: Motherwell. London 
Office: 32, Great St. Helen’s, tnianiainattite E.0.3. 


Iron and: Steel 
[lubes and Fittings. 


Sole Licensees in Great Britain for the manufacture 
of “Armco” Ingot Iron Tubes, 


The Scottish Tube Co., Ltd. 
HEAD OFFICE: 34, Robertson Street, Glasgow. 
See Advertisement, page 18. 4122 





les, Limited, 
- GINEERS, IRLAM, MANCHESTER, 
FEED WATER HEATERS 
CALORIFIERS, EVAPORATORS, Row’s 
CONDENSERS, AIR HEATERS, PATENTS 
STEAM and GAS KETTLES. 
Merrill’s — bool a RS 
uct! 
SYPHONTIA STEAM TRAPS, REDUCING ee 
High-class GUNMETAL STEAM F FITTIN 
VATER SOFTENING and FILTERING. F728 
BRITISH INDUSTRIES FAIR, 
BIRMINGHAM. 


FEBRUARY 20TH TO MARCH 2ND, 


STEWARTS axo | LOYDS’ 


EXHIBIT 3834 


TUBES, STEEL PLATES, &c. 


‘Burwpine B, BLOCK 17C, STAND 2. 


Peter Pyrotherhood T td., 
PETERBOROUGH. 


ees ae AND TURBINES, 
AND OIL ENGINES, 
Onn COMPRESSORS, 
REFRIGERATING PLANT. 


See Advertisement, page 83. 
Fidward Rushton, Son 
AND KENYON. 
ee VALUERS, and pe mama 


ESSORS OF MILLS, WORKS 
MACHINERY OF ALL KINDS. 


18, NORFOLK STREET, MANCHESTER, 
Tele. Nos.: 775 City and pe City. (lista. 1086.) 


Telegrams: ‘ Rushtons. ti 
and 21, Richmond neal Blackburn. 3902 


Re THE ame SHEET METAL MACHINE 
neat Works” Wakefield. 


Fe Sale,. by Private Treaty, 


the RECEIVER’S INTEREST in_ the 
Goodwill, Patterns and Drawings of the above 
Company. For further particulars and permit to 
view, apply J. HANCOCK, Chartered Accountant, 
57, Surrey Street, Sheffield, Receiver for the 
Debenture Holders. U 582 


B= Bending & Straightening 


MACHINES in progress, 14 in. with Dual 
Heads, 10 in. with Triple Heads, suitable motor or 
belt. —CHAMBERS, SCOTT & ¢o., L1D., —s 
Tool Makers, Motherwell. U6 


oilers, etc., Delivered jak 
Stock subdest to being unsold :— 
New 30 ft. by 7 ft. 6 in. Lancs. 180 lbs. W.P. 
ane 11 ft. by 5 ft. Cyl. Tanks or Receivers 
New 10 ft. by 4 ft. 6 in. Air Receiver, 100 
Ibs. W.P. R 208 
H.& T. DANKS (Netherton) Lrp., Dudley. 


HERBERT 


SPECIAL OFFER OF 
CAPSTAN AND TURRET 
LATHES. 


Parsons & Ward }in. Capstan, } in. diameter 
hole through spindle (New) - £54 
Warner & Swasey No. 2 Capstan, capacity 1 in. 
by 6 in. (Good working order) . 0 
Alfred Herbert No. 4.Capstan;, single — 
plain head (Guaranteed) 
Ward 5giu. Capstan, cone pulley drive, ungear. - 
auto chuck (As purchased) .- £60 
Alfred Herbert No. 9 Combination Turret, — 
pulley, 20 in. swing (Guaranteed) - | £575 
Gisholt 13in. swing Combination Turret, 1} in. 
diameter hole through spindle (As 
purchased £85 
Pratt A Whitney No. ~ Capstan, capacity 7/16 in. 
(As purchased) £55 
Southworth No. 2 Capstan, rf in, diameter hole 
through spindle. (New) -- £125 
Garvin No. 2$ ee ae pulley, capacity 
1-7/16 in. by 5$ in. (New) £100 
(Offered A 5 ol, po prior sale). 
(Less 2$% for cash, carriage forward). 
For further list of bargains in machine tools 
ask for Clearance List No. 23—Post Free 
on request. 


LFRED HERBERT LZD., 
COVENTRY. 4033 
Telephones : Telegrams : 











Pp 
5061 Coventry (8 lines). ‘* Lathe, Coventry.” 


‘Watsons (Metallurgists) Ld. 


Lancaster Street, Sheffield. 
ELECTRIC FURNACES 


FOR 
STEEL AND NON-FEERROUS 
METAL MELTING. 


“ Cargo SHEFFIELD.” 4 , 


Joun Pelany, | imited, 


MILLWALL, LONDON, E., 1216 
GENERAL CONSTRUCTIONAL ENGINEERS. 


Boilers, Tanks, & Mooring Buoys 


STILLS, PEraoL TANKS, AIR REORIVERS, STEEL 

CHIMNEYS, RIVETTED STEAM and VENTILATING 

PipEs, HOPPERS, aaa WorRK, REPAIRS OF 
ALL KINDS, 


Telegrams : 4175 


He Witghtson & ro 


LIMITED. 


See Advertisement, Page 5: 52, | Dec. 23. 2402 


(CARBIDE: 


£11 - 0-0 pee ron Ex DEPOTS. 
GUARANTEED QUALITY. 


VICTOR MANUFACTURING CO., 
13, Southampton Street, London, W.C.1 


Railway 


G witches and 


(\rossings. 


T. SUMMERSON & SONS, ens 
DARLINGTON. 


Kings Patent Agency Ltd. 
irector, B. % aay C.1.M.E., Registered 
Patent pr G.B -» and Canada). Advice 
handbook and cons. "- ie and Trade Marks 
free. —146a, Queen Victoria Street, London, E.C.4 
40 years’ refs. ‘Phone: Central 0682. 1209 


W rel Org anised Engineerin 
Works wa modern tool equipment and la: 
out for the efficient production of heavy and oon 

et — of es! description. O 
UNDE UILDING INDIV DUAL 
MACHINE ES to Customers’ Drawings. 4126 
ss components or manufact machi- 
in quantities on Production Lines.' Enquiries 
vited. Note new address.—PIERCY & CO., Ltp. . 
wuaren Worka, Oozells Street, Birmingham. Tel. ; 
20 Midland. Telegrams : - Piercy, Birmingham.’ 


o. 2 Pearn Richards Relies 
MACHINE, 
Two No. 7.A. 8. NDERLAND GEAR PLANERS 
oe No, 14“ NATCO” DRILL, 
bree No. 9 HERBERT eae aaaeeel 
TURRET LATHES, 

Ten-ton STEAM TRAVELLING “WHARF 
CRANE (Booths), 25 ft. steel jib ; 8 ft. 0 in. gauge ; 
all motions ; 100 Ibs. W.P. 

Four 30-cwt.. GANTRY COALING CRANES 
(Coles), each having 50-ft. steel jib; all, motions ; 
8 ft. 6 in. gauge ; 120 lbs. W.P. 

LANCASHIRE BOILER, 30 ft. 0 in, by 8 ft. = 
diam., reinsure 100 Ibs. pressure. 


Three LANCASHIRE BOILERS, 30 ft, 0 in. “a 
8 ft. 0 in., reinsure 150 Ibs. pressure. 


Large stock of very’ good’ secondhand ‘FLAT 
ENDED CIRCULAR BOILER STORAGE TANKS. 


CATALOGUE (10,000 Lote) on ‘application, 


[ihos. W. “Weed Lt 


Lon WORKS, 3938 SHEFFIELD. 


Mareyrar. Scort 
LIFTs: 


MARRYAT & SCOTT, LTD., 
67a & 40, Hatron GARDEN, LONDON, E.C.1. 


3940 
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he Manchester Steam Users 


ASSOCIATION. 

For the prevention of Steam Boiler Explosions and 
for the attainment of Economy in the Application of 
Steam. 9, MOUNT STREET, MANCHESTER. 

Chief Engineer: C, E. STROMEYER, M.I.C.E. 

Founded 1854 by SIR WILLIAM FAIRBAIRN, 

Certiticates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions, Engines 
and Bollers inspected during construction. 3962 


: . 5 
Preparation for Examinations 
—Mr. A. J. ANIDO, B.Sc., A.C.G.L., specialises 
in the personal preparation of Candidates for all the 
examinations held by the Institutions of Civil 
Mechanica! and Electrical Engineers. Ev an 
Correspondence work arranged.—60, Chancery e, 
W.C. Telephone: Holborn 5776. ___K 109 
PATENTS AND DESIGNS ACTS, 1907 & 1919. 
N otice is Hereby Given, that 
Gerrard Wire Tying Machines Company, 
Limited, of London House, Crutched Friars, London, 
E.C.3, seek leave to amend the Specification of 
Letters Patent No. 167010 granted to Alec John 
Gerrard and Parvin Wright for an invention entitled 
“Improvements in wire tying machines.’ 

Particulars of the proposed amendment were set 
forth in the Illustrated Official Journal (Patents), 
of the 21st December, 1927. 

Any rgon, or persons, may give Notice of 
Opposition to the amendment by leaving Patents 
Form No. 19 at the Patent Office, 25, Southampton 
Buildings, London, W.C.2, within one calendar 
month from the date of the said Journal. 

W. 8. JARRAT7, 
Comptroller-General. 
U 748 








ADMINISTRATIVE COUNTY OF LONDON. 





W estminster 
INSTITUTE, 
Vincent Square, S.W.1. 
Tel.—Victoria 5765. 


Technical 


SESSION 1927-28. 


COURSES FOR CIVIL AND STRUCTURAL 
ENGINEERS. 


——— 


A Course of Lectures on Geology, suitable for 
Civil and Structural Engineers, and students 
preparing for professional examinations, will be held 
on Friday evenings, from Seven—9.15, commencing 
on 13th January, 1928. 

Apply for particulars to the PRINCIPAL at the 
Institute, 


MONTAGU H. COX, 
Clerk of the London County Council. 


U 730 
ihe Institution of Mechanical 
ENGINEERS. 


The First 
THOMAS LOWE GRAY LECTURE, 1928. 


Professor C. J. HAWKES, M.Sc., Member, will 
deliver the above Lecture on 
“THE MARINE OIL-ENGINE,” 
at the Institution, ao & Gate, Westminster, on 
Friday, 6th January, 1928, at Six p.m. 
VISITORS ARE INVITED. 

The Lecture wil! be repeated in Bristol on 11th 
January, in Cardiff on 12th January, in Glasgow on 
2nd February, and in Liverpool on 15th . 

7 


(\ rystal Palace School 
} of 
PRACTICAL ENGINEERING. 
President iJ. W. WILSON, M.LC.E., M.LM.E., 
Principal : MAURICE WILSON, M.I.C.E., F.S.E. 
Vice Prinelpal F. C. P. LAWRENCE, M.S.E., 
A.M.I Struct.E. 


Easter Term Wed 11th. 
_U 13 





Jay, Jan. 
(Sorrespondence ([ourses 
OF 
PREPARATION 
FOR THE 


xaminations 
OF THE 
INST. OF CIVIL ENGINEERS, 
INST. OF MECHANICAL ENGRS., 
INST. OF STRUCTURAL ENGRS., 
UNIVERSITY OF LONDON, &o. 
ABE PERSONALLY CONDUCTED BY 


Mr. Trevor W. Phillips, 


B.8e., Honours, Engineering, London University, 
Assoc, M.Inst.C.E., A.M.[-Struct.E., M.R.S.I., 
F.B.8.A., Chartered Civil Engineer, &c. 
For full particulars and advice, apply to :— 
8-11, TRAPFORD CHAMB: 68, Souta JouN Sr., 
LIVERPOO (Tel. Bank 1118). 
LONDON OFFICE :—65, CHANCERY Lanz, W.C.2. 
$960 








TENDERS. 
URBAN DISTRICT COUNCIL OF NEWRY. 
NOTICE TO BRIDGE BUILDERS. 
TENDERS FOR NEW STEEL SWING BRIDGE. 


The Urban District Council of Newry invite 


rWYenders for the Construction 
of a NEW SINGLE-LEAF STEEL SWING 
BRIDGE over the canal at Godfrey Bridge, Newry. 


Full particulars regarding design, alterations and 
additions to abutments and plan of site can be 
obtained from Mr. C. BLANEY, Town Surveyor, Town 
Hall, Newry, on payment of the sum of £1 18. which 
will be refunded to Contractors who submit a lona 
fide Tender. 

The price and all other things being equal, a 
preference shall be given to contractors employing 
exclusively trades union labour. under trades union 
conditions, and also to those undertaking to employ 
local fitters in the erection of the bridge at the site. 

Contractors will be required to provide at their own 
expense a bond from an approved Insurance Company 
or Guarantee Society for the due fulfilment of the 
contract, and a letter must accompany the Tender 
from the Insurance Society or Company proposed 
undertaking to supply the required bond. 

Contractors are required to state when tendering 
the shortest time they will require for the completion 
of the work. 

Designs and Specifications should be delivered to 
the Town Surveyor on or before Thursday, 23rd 
February next, and sealed Tenders addressed to the 
Chairman, Urban District Council, Town Hall, Legge! 
and endorsed “‘ Tender for Steel Swing Bridge,” will 
be received up to Noon on Monday, 27th February, 
1 


928. 
The Council shall have the wy to accept any 
Tender provisionally subject to the approval of the 
Ministry of Home Affairs N.I. 

The Council shall not be bound to accept the 
lowest or any Tender. 

Dated this 23rd day of December, 1927. 

By Order, 
W. M. CRONIN, 

Town -, 


732 


Council Offices, 
Town Hall, Newry. 


COUNTY BOROUGH OF SOUTHEND-ON-SEA. 
MAIN SEWERAGE AND SEWAGE DISPOSAL. 


TO MAKERS OF PUMPS AND INTERNAL 
COMBUSTION ENGINES. 


CONTRACT No. 7. 
The Corporation are prepared to receive 


[renders for the Supply of Three 


PUMP-SETS, each set consisting of a Centri- 
fugal Pump capable of pumping 870 gallons of 
screened ya A minute against a static head of 
59 feet and ven by an Internal Combustion 
Engine of appropriate size. 

enderers will be required to submit prices for 
manufacture, delivery and installation of the re- 
quired plant, including pipes and other works. 

On and after the 28th December, 1927, general 
conditions, specifications, schedules, bill of quantities 
and Form of Tender may be obtained from the 
Engineers, Messrs. Dopp & WaTSON, MM.Inst.C.E., 
County Chambers, Corporation Street, Birmingham, 
on payment of a deposit of £2, which will be returned 
only on receipt of a bona-fide Tender and the return 
of all documents. 

A Plan showing the existing Pumping Station with 
the existing machinery in it will be forwarded by the 
Engineers with the specification. 

Sealed Tenders, addressed “The Town Clerk, 
Southend - on -Sea,” and endorsed ‘Tender for 
Contract No. 7," should be delivered at this Office 
before Noon, on Tuesday, the 31st January, 1928. 

The Corporation do not bind themselves to accept 
the lowest or any Tender. 

H. J. WORWOOD, 


Town Clerk. 





Municipal Buildings, 
Clarence Road, 
Southend-on-Sea. 
MINEHEAD URBAN DISTRICT COUNCIL. 
MINEHEAD WATERWORKS. 
CONTRACT No. 3. 
CAST IRON PIPING. 


The Minehead Urban District Council invite 


[lenders for the Supply and 


DELIVERY at a depot situated in Minehead 
Urban District, on the outskirts of the town, of 
about 15,000 linear yards of 10-inch, 9-iach, 8-inch, 
and 6-inch PIPES, in accordance with the Specifica- 
tion prepared by the Engineers, Messrs. A. P. 1. 
COTTERELL & SON, 54, Victoria Street, Westminster, 
8.W.1. The iy oe must be vertically Cast Iron 
Pipes and Cast Iron Specials to conform in every 
respect with the British Standard Specification. 


U 703 


BOROUGH OF STOCKTON-ON-TEES. 
TO BOILER MAKERS. 


The Corporation is prepared to receive 


Tenders for the Supply and 


PLACING on its Seating at their Public 
Baths, Bath Lane, a NEW LANCASHIRE BOILER 
22ft. long by 7 ft. diameter, with all necessary 
Mountings, etc., suitable for working pressure of 
100 Ibs. per square inch. 

Tenders, with the Maker’s complete Specification, 
stating earliest date when delivery can be given, 
endorsed “TENDER FOR BOILER,” to be 
delivered to the undersigned not later than Ten a.m. 
on Monday the 9th January, 1928. 

The lowest or any Tender will not necessarily be 


accepted, 
THOS. DOWNEY, 
Town Clerk. 
Borough Hall, 
Stockton-on-Tees. U 747 


28rd December, 1927. 
SOUTH INDIAN RAILWAY COMPANY, | 
LIMITE 








The Directors are prepared to receive 


[Tenders for the Supply of :— 


STEEL WORK for Bridges, 

Specifications and Forms of Tender will be avail- 
able at the Company's Offices, 91, Petty France, 
Westminster, S.W.1. 

Tenders, addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked: Tender for ‘‘ Steelwork for Bridges,”’ 
must be left with the undersigned not later than 
Twelve Noon on Friday, the 20th January, 1928. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

A charge, which will not be returned, will be made 
of £1 for each copy of the Specification. 

Copies of the Drawings may be obtained from the 
Offices of the Company’s Consulting Engineers, 
Messrs. ROBERT WHITE & PARTNERS, 3, Victoria 
Street, Westminster, S.W.1. 

A. MUIRHEAD, 
Managing Director. 
91, Petty France, 
Westminster, S.W.1. 

23rd December, 1927. U 749 

THE ASSAM-BENGAL RAILWAY COMPANY, 
LIMITED, is prepared to receive 
[Tenders for : 


20 SPARE BOGIE TRUCKS 
(with Wheels and Axles). 

Specifications and Tender Forms may be obtained 
at the Offices of the Company, Bishopsgate House, 
80, Bishopsgate, E.C.2. 

fee of £1 1s. is charged for each Specification, 
which cannot, under any circumstances, be returned. 
Drawings may be had, at the cost of the Tenderer, 
by application to Messrs. HODGES BENNETT & Co., 
Ltd., 738, Queen Victoria Street, E.C.4. 

Tenders must be delivered at the Company’s 
Offices not later than Noon on Thursday, 12th 
January, 1928. 

The Directors do not bind themselves to accept 
the lowest or ~ Tender. 
y Order of the Board, 
THOS. C. BRETT, 
Secretary. 


J 
=y 
oa 


21st December, 1927. 








APPOINTMENTS OPEN. 


A pplications (in strict 

confidence) invited for the POSITION of 
ENGINEER to 2 large manufacturing organisation 
now developing in the London area. 

Applicants should not be less than 35 years of age 
and must be fully qualified in mechanical and 
electrical branches, capable of supervising from 
foundation to finished factory, and afterwards take 
over running and maint e and ext 

Good salary will be paid to suitable man, and 
none who have previously been in receipt of less than 
£750 per annum need apply. 

Send full particulars, training and experience, 
along with copies of references and testimonials, and 
mention salary expected. 

Address, U 746, Offices of ENGINEERING. 











Specifications may be seen, on or after dnesday, 
28th December, 1927, at the Office of the Engineers 
during the usual office hours. 

Copies of the Specification, Bills of Quantities and 
Form of Tender may be obtained from the Engineers 
by intending Contractors upon payment of the sum 
of Five Guineas, which will be returned on receipt of 


ssistant Engineers 
REQUIRED for the PUBLIC 
WORKS DEPARTMENT of the FEDER- 
ATED MALAY STATES for four years’ service, 
after which, subject to satisfactory service, the 









a bona-fide Tender and all other documents supp 1. 


officers appointed will be eligible for confirmation in 





Tenders are to be on the form provided, 
in sealed envelopes, addressed to the undersigned and 
endorsed ‘ Pi; ontract No. 3,” and must be 
delivered not later than Ten a.m. on the 18th day of 
J ere 1928. 

The Council do not bina themselves to accept the 

lowest or any Tender. 
By Order, 

W. H. A. THORNE, 
Clerk. 
3, Bancks Street, 
Minehead, 
Somerset. 
CITY OF LIVERPOOL. 


BATHS AND WASHHOUSES DEPT. 


The Corporation invite 


enders for Cornish Boiler, 
15 ft. by 6ft., and FITTINGS for Woolton 
Baths. P 

Specification may be obtained from the Baths 
Manager, 75, Dale Street, Liverpool, on payment of 
Half-a-Guinea, returnable to senders of bona-fide 
Tenders. 

Tenders must be delivered by letter post at the 
Town Clerk’s Office tin the envelope provided), not 
later than Noon on Tuesday, the 17tb January, 1928. 

The Corporation do not bind themselves to accept 
the lewest or any Tender. 

WALTER MOON, 
Town Clerk. 


U 689 





Town Clerk's Office, Liverpool, 





23rd December, 1927. U 737 





the per and p i ble establi It is 
probable that the number of permanent appoint- 
ments willy be sufficient for those officers whose 
services have been entirely satisfactory, but no 
guarantee can be given. If at the end of four years’ 
service an officer’s services have been entirely satis- 
factory and he is not offered or declines further 
employment, he will be paid a bonus of $2850. 
Salary $400 a month, rising to $800 by annual incre- 
ments of $25, plus a temporary non-pensionable 
allowance of 10% for bachelors and 20% for married 
men. The exchange value of the dollar in sterling is 
at present fixed by the Government at 2s. 4d., but its 
purchasing power in the Malaya is considerably less 
than that of 2s. 4d. in the United Kingdom. No 
Income Tax at present imposed by the Federated 
Malay States Government. Free passages provided. 
Candidates, age 23 to 26, preferably unmarried, must 
have received a good theoretical training preferably 
at a University or College recognised hy the Institu- 
tion of Civil Engineers, and possess a Civil Engineering 
degree or obtain such other diploma or distinction 
in Engineering as the Secretary of State may decide 
in any particular case, or have completed articles 
with a Civil Engineer of good standing, and have 
passed the examination for Associate Membership of 
the Institution of Civil Engineers. In addition, 
candidates must have had at least one year’s practical 
experience of civil engineering under a qualified civil 
enginer. Apply at once by letter, giving brief 
details of qualifications and experience, and stating 
age and whether married or single. to THE CROWN 
AGENTS FOR THE COLONIES, 4, Millbank, 





Westminster, 8.W.1, quoting clearly at the head of 
application M/15224. U 740 


AMPTHILL URBAN DISTRICT COUNCIL. 
WATERWORKS MANAGER AND INSPECTOR. 


n Engineer Manager for 

Waterworks Pumping Station and GENERAL 
WATER INSPECTOR is REQUIRED by the 
Ampthill Urban District Council. The plant com- 
prises suction gas plants, National engines, and 
Hayward Tyler pumps with Archbutt-Deeley water 
softening plant dealing with 45,000 gallons per day. 
Salary, £2 15s. per week (rising to £3 per week after 
three months’ satisfactory service) with house rent 
and rates free. 

Applications, together with copies of three recent 
testimonials, to be sent to me not later than Monday, 
16th January, 1928. 

The selected Applicant will be required to enter 
into an agreement with the Council and to take up 
his duties on the 20th February, 1928. 

Dated the 23rd day of December, 1927. 
ALFD. T. TRETHEWY, 
f Clerk to the Council. 

88, Dunstable Street, 
Ampthill. U 733 

2 A ssistant Engineers 
3 REQUIRED for the RAILWAY 
DEPARTMENT of NIGERIA for a tour of 
12 to 18 months’ service with possible extension. 
Salary £480, rising to £920 a year. Outfit allowance 
of £60 on first appointment. Free quarters and 
passages, liberal leave on full salary. Candidates, 
aged 23 to 35, should either possess an engineering 
degree of a recognised University or should have 
assed Sections “‘A"’ and “‘B” of the Associate 
embership examination of the Institution of Civil 
Engineers. They should also have had 8 or 4 years 
regular training as a Civil Engineer, preferably on 
railway works.—Apply at once by letter, stating 
age, particulars of qualifications and experience, to 
THE CROWN AGENTS FOR THE COLONIES, 
4, Millbank, London, 8.W.1, quoting M/15394. U 739 


Eagineer Cadets Required 


by the RAILWAY DEPARTMENT 

of the FEDERATED MALAY STATES 
GOVERNMENT for two years’ service in the first 
instance. Salary $350a month for the first year and 
$375 a month for the second year, plus a temporary 
and non-pensionable allowance of 10%. In _ the 
event of the officer’s services being entirely satisfac- 
tory he may be offered a further agreement as 
Assistant Engineer upon the scale $400 a month, rising 
to $800 a month, by annual increments of $25 a 
month, with prospect of permanent and pensionable 
employment. The exchange value of the dollar in 
sterling is at present fixed by the Government at 
2s. 4d. but the purchasing power of the dollar in 
Malaya is considerably less than that of 2s. 4d. in 
the United Kingdom. No income tax is at present 
imposed. ree passages provided. Candidates, 
aged 22 to 25, unmarried, must have (a) received 
a good theoretical training at a University or 
College and have passed the examination qualifying 
him for Associate Membership of the Institution of 
Civil Engineers, or hold an Engineering degree or 
diploma recognised as granting exemption from 
Sections A and B of the A.M.I.C.E. examination, or 
(b) completed his articles with a Civil Engineer of 
good standing and have passed the A.M.I.C.E. 
examination.—Apply at once by letter, giving particu- 
lars of age, qualifications, and practical experience 





(if any), to THE CROWN AGENTS FOR THE 
COLONIES, 4, Millbank, Westminster, S.W.1, 
quoting M/15162A. U 741 





ROYAL AIR FORCE, 
EDUCATIONAL SERVICE. 


A pplications are Invited 
4 for a few APPOINTMENTS as 
. s CIVILIAN EDUCATION OFFICERS in 
the Royal Air l’orce Educational Service. Candidates 
are preferred who have good academic and practical 
qualifications for teaching engineering subjects. 
Preference, subject to other qualifications being 
satisfactory, wlll be given to candidates who served 
as commissioned officers in the War. 

The appointments will be made to Grade IV, the 
scale of salary for which is £186-£12-£384 per annum, 
with an allowance varying from £40 to £90 per annum 
according to the position on the scale. For entrants 
with appropriate previous experience commencing 
salaries up to ten increments above the minimum of 
the scale may be allowed. Promotion to appoint- 
ments in higher Grades is by selection. 

The form of application, and a copy of the 
regulations for the Educational Service, may be hi 
on application to the SECRETARY, Aik 
MINISTRY, Adastral House, Kingsway, = 2 

UIRED ‘by the RAILWA\ 


31 
DEPARTMENT of the FEDERATED 


MALAY STATES GOVERNMENT for four years’ 
service with possible extension. Salary $400, risine 
to $475 a mooth by annual increments of $25 a 
month, and thereafter, in the event of the office: 
being retained, rising to $800 a month, plus « 
temporary non-pensionable allowance of 10% fu: 
bachelors and 20% for married men. The exchang: 
value of the dollar in sterling is at present fixed )) 
the Government at 2s. 4d., but the purchasing power 
of the dollar in Malaya is considerably less than tii.‘ 
of 2s. 4d. inthe United Kingdom. No income tax is «+ 
present imposed by the Federated Malay Stat 
Government. Free passages provided. Candidat«s, 
age 23 to 380, preferably unmarried, must ha‘« 
received a good theoretical training, preferably at « 
University or a College recognised by the Institutic 
of Civil Engineers, and possess a Civil Engineer! 
degree, or obtained such other diploma or distinctiv: 
in Engineering asthe Secretary of State may dec’ . 
in any particular case, or completed their artic 
with a Civil Engineer of good standing and he 
passed the examination for Associate Membershi; 
the Institution of Civil Engineers. Should have bo! 
at least one year’s practical experience of Railw 
Maintenance on a British Railway.—Apply at ov 
by letter, giving brief details of qualifications 20.' 
experience, to THE CROWN AGENTS FOR Til! 
COLONIES, 4, Millbank, London, 8.W.1, mentioni:” 








‘ssistant Engineers (2) 





this paper and quoting clearly at head of applicati 
M/15162. l 
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ENGINEERING. 





anted, Engineer Manager 

for Cement Works in India. First-class 
return passage. Bungalow, light and fuel provided. 
—Applicants should state age, experience, salary 
required, also attach testimonials and references, to 
“7.0.” 737, care DEACON’S eine Offices, 
Fenchurch Avenue, London, E.C.3. U 714 


A London Railway Company 
INVITES APPLICATIONS to fill a Vacancy 
for a SMITH SHOP FOREMAN for a Repair Works 
in London, 30 men in shop, Commencing salary 
£275 per annum, permanent appointment to a 
suitable man. State age and full details of experience 
to BOX B. J. T., c/o Davies & CO., 95, 
Bishopsgate, London EC. C.2. _U 695 695 


ans Renold Ltd., Require 


the Services of ENGINEER-SALESMEN for 
the South Wales and Glasgow districts, Must have 
had first-class experience of Conveyor and Elevating 
Machinery. Previous experieuce as Salesmen 
essential.— Write, giving full details as to oe 
education, age, and salary required, to EMPLOY- 
MENT DEPARTMENT, Burnage Works, Didsbury, 
Manchester. U 720 


M echanical Engineer, having 

good degree and workshop training, experi- 
ence in “fesign, lay-out, estimating and checking 
gntractors’ work, preferably in connection with 
colliery or coal handling plant. Age not exceeding 
30, WANTED in London. 

"address, giving full particulars of training, experi- 
ence, and salary required, U 745, Offices of 
ENGINEERING. 


Lae Electrical Manufacturing 

Company REQUIRES the SERVICES of a 
First-class TRANSFORMER DESIGNER! and 
ENGINEER. Applications, stating full particulars 
of experience and salary asked, to be sent.—Address, 
U 691, Offices of ENGINEERING. 


Production Draughtsmen.— 
TWO REQUIRED Immediately for aircraft. 
In addition to experience as draughtsmen applicants 
must have been employed in fitting and machine 
shops on small parts.— Apply to BOX No. 717, 
Suaw & BLakE, Ltd., 8, Bell Yard, Temple Bar, 
London, W.C.2, Adv ertising Agents. U 738 


Rea quired, Several First-class 


AERONAUTICAL DRAUGHTSMEN. State 
age, experience and salary required.—Address, giving 
full particulars, U 658, Offices of ENGINEERING. 


Me chanical Draughtsman 


REQUIRED for a large industrial concern. 
Poo Bonny must be well educated, and have had 
sound training in workshop and drawing office. One 
accustomed to machine design and plant lay-out 
preferred. Age not over 30. — Address, stating 
experience, training, references and salary required, 
U 715, Offices of ENGINEERING. 


Tirst - ¢ Mechanical 

















irst - class 
DRAUGHTSMAN for Works Reconstruction 
in Kent. Expert knowledge of elevating and con- 
veying machinery essential. Cement plant experience 
an advantage. State age and salary.—Address, 
U 735, Offices of ENGINEERING. 
[):2ughtsmen Required for 
small detall work, mechanical and electrical. 
Apply, by letter = ‘stating full particulars of 
experience also lary required, to ELLIOTT 
BROTHERS (London) LIMITED, Century beg 
Lewisham, S.E.1 U7 


A Draughtsman | having 7” 


good experience in Constructional Steelwork 
is REQUIRED by a firm in East London. 
State age, experience, and salary required.— 
Address, U 744, Offices of ENGINEERING. 


\" echanical Draughtsman 
REQUIRED for large Food Factory in 

London. — Address, stating age, experience and 

salary required, U 750, Offices of ENGINEERING. 


W anted, Two Draughtsmen. 


Preference given to applicants with ex- 
perience in Centrifugal Pump or Condenser design. 
State ase, experience, and salary required, etc.— 
Address, U 736, Offices of ENGINEERING. 


‘Wanted at Once, Two Real 


Live JUNIOR DRAUGHTSMEN for detail 
work. Preference will be given to those having 
experience in instrument designing, but not essential. 
~-Address, stating salary required, U 719, Offices of 
ENGINEERING. 


[traveller Required forMidlands 


and the North by London Electrical Insula- 
tion Firm.—Address, giving full details of previous 
experience, etc., U 661, Offices of ENGINEERING. 


[| 287, 4th November, 1927. 


Advertiser for Technical Assistant, etc., 
desires to thank all applicants, and now ‘has to state 
that the position has been filled. U717 











SITUATIONS WANTED. 





esigning Engineer— 

Whitworth Ex., A.M.Inst.C.E., A.M.I.Mech.E., 
(35), wide mechanical, electrical and “civil engineering 
experience, recently completed ig oy abroad, 
Desires Re-engagement.— Address, U 7! 51, Offices of 
ENGINEERING. 





| 





WORE WANTED. 


[['ranslations 0 of any 
all languages. Catalogues, Re 
tions. Estimates free J” A AMS, Be ot 
Russell St., London, W.0.1. Tel. No, Museum 5518 





Q'4 - Established Engineers 


with wide experience in ge a eguppet 
with all types modern tools SEE: 

pay suitable fee to introducer. ay o~ complete 
machines.-TURNERS, Lever nh ne 








WANTED, &Xc. 


irm of En gineers, 

NEWCASTLE. Good connection with Eng- 
ineering Firms and Superintendent Engineers in that 
district ; are OPEN to ACT as REPRESENTATIVES 
to first-class British or Continental Firms.— Address, 
U 665, Offices of ENGINEERING. U 66 


No. 197943.—"* Improvements i in in W heel Hubs.” 


he Owner of the above Patent 

is DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and, commercial development of the invention.— 
For ‘particulars address, HERBERT HADDAN AND 
CO., Chartered Patent ot he 31 & 32, — 
Street, Strand, London, W.C 


No. 193061.—* Improvements in and Telating to the 
Production of Coked, Semi-Coked or Fused Fuel.” 


[ihe Ownersof the above Patent 


are DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention.— 
For particulars address, HERBERT HADDAN AND 
CO., Chartered Patent Agents, 31 & 32, Bedford 
Street, Strand, London, W.C.2. U 722 


No. 159142. —‘* Process of Producing Coke.” 


[the Owners of the above Patent 


are DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention.— 
For particulars address. HERBERT HADDAN anpD 
CO., Chartered Patent Agents, 31 & 32, Bedford 
Street, Strand, London, W.C.2. U 723 


No. 159143. —** Process of f Treating Ore and 
like Materials.” 


[the Owners of the above Patent 


are DESIROUS of ARRANGING by LICENCE 

or otherwise on reasonable terms for the manufacture 
and commerciai development of the invention.— 

For particulars address, HERBERT HADDAN anpD 

., Chartered Patent Agents, 31 & 32, Bedford 

Street, Strand, London, W.C.2. U 724 


No. 175949.—“ Improvements | in Apparatus for 
Delivering Molten —= and Shaping and Separating 
e same.’ 


[the Owners of the above Patent 


are DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention.— 
For Particulars address, HERBERT HADDAN anp 
CO., Chartered Patent Agents, 31 & 32, Bedford 
Street, Strand, London, W.C.2. U 725 


No. 191396.— Improvements in Wheels and 
Methods of Making the same.”’ 


he Owner of the above Patent 


is DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention.— 
For particulars address, HERBERT HADDAN ANnp 
CO., Chartered Patent Agents, 31 & 32, Bedford 
Street, Strand, London, W.C.2. U 726 


ihe Proprietors of British 

Letters Patent No, 192347, for ‘Improvements 
in Glass-forming Machines,” are DESIROUS of 
NEGOTIATING with interested parties either for the 
granting of licences thereunder on reasonable terms 
or for the SALE of the PATENT outright.— 
Communications please address to DICKER, 
POLLAK & MERCER, Se Patent Agents, 
20-23, Holborn, London, E.C.1 U 72 9 


The Proprietors of Patent 


No. 181535, for ‘ Improvements i in or relating 
to Automatic Ticket Issuing Machines,” are 
DESIROUS of ENTERING into ARRANGEMENTS. 
by way of licence and otherwise on reasonabie terms 
for purpose of exploiting same and ensuring its full 
development and practical working in this country. 
—Address all communications in first instance to 
Haseltine, Lake & Co., Chartered Patent Agents, 
28, Southampton Buildings, Chancery Lane, London, 
W.C.2. U 743 


No. 174912.— Improvements in and relating to a 
Fuel Substance 


[the Owners of theabove Patent 


are DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention,— 
For particulars address, HERBERT HADDAN AND 
CO., Chartered Patent Agents, 31 & 32, a 
Sones, Strand, laste, W.C.2, 

No. 149888,—** Improvements in Burners for 
Fire-Polishing Glass Ware. 


[te Owners of the above Patent 


are DESIROUS of ARRANGING by LICENCE 
or otherwise op reasonable terms for the manufacture 
and commercial development of the invention.— 
For particulars address, HERBERT HADDAN AND 
CO., Chartered Patent Agents, 31 & 32, Bedford 
Street, Strand, London, W.C.2. U 72 








PARTNERSHIPS. 
IF YOU ARE SEEKING 


A Partner or Partnership 





or wish to Buy or Sell a 
BUSINESS 0 on Wi WORKS 


Wiheatley K tk Price & Co 


46, Watling Street, LONDON, E.0.4. 
(ESTABLISHED 1850) $876 








AUCTION SALES. 


yor Kirk, Price & Co. 





tablished 1850 
PECIALIZE I 


Valuations & Sales by Auction 
Engineering Works & Plant 


LONDON: 46, WATLING STREET, E.C.4, 
MANCHESTER : 16, ALBERT SQUARE. 8876 
NEWCASTLE-ON-TYNB : 26, COLLINGWooD ‘STREET. 








FOR SALE. ‘ 


Bolles for Sale. reristnae es alo 


Air Receivers and Feed Water Heaters.—Apply 
GRANTHAM BOILER & CRANK Co., LTD., GRANTHAM. 


Fa ‘Sale, British Patent of 
Valve Gear suitable for Uniflow engine, Simple 
and low cost.—Address, U 512, Offices of 
ENGINEERING. 





Practically Ne ew Heavy Duty 


Reinecker Lincoln type net ER; 
single pulley driven ; table 9ft.6in. by 2 ft. 2 in. 
with 8 ft. 2 in. travel. 


Two ditto, cone driven. 


Practically pew PLANO MILLER by Reinecker ; 
table 13 ft. 9 in. by 30 in. ; stroke 13 ft. 


Ditto by Ingersoll ; table 8 ft. by 2 ft. sau 8 ft. 


PLAIN HORIZONTAL MILLING MACHINE by 
Biernatzki, H4 ; single pulley drive ; table 65 in. by 
18 in. with 42 in. feed. 


HORIZONTAL UNIVERSAL MILLING 
MACHINE by Biernatzki, No. H2; single pulley 
drive ; table 52 in. by 12 in., with 31 in. feed. 


No.4 Reinecker VERTICAL MILLER; table 
71 in. by 24 in., with 65 in. feed. 


GEO. COHEN, SONS & CO., L7D., 
Willesden Lane, 
Park Royal, 
London, N.W.10. 


Telephone : Willesden 0944. 
Telegrams : Coborn, London. 














METALLIC P 


FOR STEAM ENGI 


HIGHEST PRESSURES & SUPERHEA 





REDFORD ENG.C° “street “ASHTON-U-LYNE. 








Fa Sale 


AS A GOING CONCERN, 


GERMISTON BRIDGE AND CON- 
STRUCTIONAL ENGINEERING WORKS, 
situated a the NORTHERN DISTRICT OF 
GLASGO 

These Suteteen which are capable of a 
yearly output of about 15,000 tons, cover an 
area of about 13} acres, and are connected 
with both the L. & N.E, and the L.M. & 8. 
RAILWAYS. 

The Buildings are equipped with up-to-date 
plant and machinery, cranes, etc. 

A PORTION OF THE eae WHICH 
MIGHT BE SOLD SEPARA TELY, CcOM- 
PRISES NEW BUILDINGS OF NEARLY 
12, =r ~<a YARDS GROUND FLOOR 

ARE DMIRABLY pe dine FOR GEN- 
BRAL ENGIN EERING WORK, MOTOR 
BUS AND CAR CONSTRUCTION, OR FOR 
yee ia GARAGING ACCOMMODATION, 

pply :— 
A. FRASER, Chief District Representative, 
Sir W.G. ARMSTRONG, WHITWORTH & Co.,LTD. 








THE STEEL PIPE CO. 


KIRKCALDY, N.B. 


See our large Advertisement monthly. 4314 


VALVES 


7 SURPLUS, SAFETY, 
EMERGENCY STOP, &ec. 


DAVID AULD & SONS, Limited, 
WHITEVALE FourDRy, GLASGOW. 65290 
See displayed Advertisement, page 90, Dec. 2 














" See Ilustrated Advt. page 19, Dec. 16, 


GLENIFFER MOTORS, LTD., 
Anniesland, GLASGOW. 3414 


SEND FOR PROOF 
THAT THIS I$ THE 
SMOKE.CURE FUR- 
NACE AND GIVES 
FUEL ECONOMY. 


MELDRUMS 
TIMPERLEY, Manebr. 














«vt gant aD S| si TANK 
4S wel 
” gige 


BRAITHWAITE & CO. ENGINEERS LTD. 


18 BROADWAY BUILDINGS , WESTMINSTER , 















aw SCIENNES 


LINOLEUM 
MACHINERY 


** GUNTHER”’ 


FANS 


For Forges, 
Cupolas, &c. 


CENTRIFUGAL 


PUMPS. 


=e IMITED 























The 


Adams’ and Grandison’s Sight Feed 


LUBRICATORS. 


KEROSENE INJECTORS 


for Steam Turbines. 4295 


STEAM KETTLES. 


Steam Cylinder Lubricator Co, Le. 








Gordon Works, Lr. Broughton :: 


MANCHESTER. 








WwW. GUNTHER 
and SONS, 
CENTRAL WORKS, 
OLDHAM. 


The Policies with aie. 


Hammer Action—“Gannow.” 


For Breaking, Crushing and Pulverising the 
Gannow Pulveriser has no equal. It will deal with 
8 wet material, ranging from hard rock to 
refuse more rapidly and efficiently than any 
other machine on the market. 4223 


GANNOW ENG. CO. LTD. 
29, VICTORIA BUILDINGS, M/C. 
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incorrodibility, fine surface, and effective appearance. 
instrument hands and giant mandrils, brush ferrules and pipe-lines. 





The B.A.C. Tubes Booklet 
gives data on weights, 
working and_ welding. 























In tubing, as in other forms, Aluminium has the highly economic advantages of 
lightness, easy working and jointing, freedom from rust and verdigris, comparative 
Its effective uses range between 


| ‘Kiuminium Tubing 


THE BRITISH ALUMINIUM CO., LTD., 
ALUMINIUM PRODUCERS, 016 
ADELAIDE HOUSE, LONDON, E.C.4. 











The “VICTORIA” 
FIRST AID SABINETS 
AMBULANCE ROOM 
REQUIREMENTS, 
Dressing Cabinets, a | 
oo ga Dressings, 

Instruments, etc. 





AMES en COLLEY, 
8580 (Private Exchange). 








S FIRST-AIDS 


SONS & CO. LTD., 76, Deansgate, Manchester. 
Telegrams: “PHARMAC A Stenchestee.” 


Write us for Catalogues. 





Stretchers, Oxygen Breath- 
ing Apparatus, Respiraters, 
Smoke Helmets, Protectors 
for the Eyes, Hands and 
Face, etc. 
4287 














WARNER PUMPS 


ARE RELIABLE FOR ALL PURPOSES. 


SPARES FOR EXISTING PLANTS IN STOCK 
FOR IMMEDIATE DELIVERY. 


ROBERT WARNER (PUMPS), LIMITED, 


Regd. Office & Works :—POTTERY LANE, NEWCASTLE - ON - TYNE. 


CENTRAL 2409. 


biailal Ofice:—-BROAD STREET HOUSE, LONDON, E.C.2. 
CENTRAL 7560. 




















(T} UNIT” 
SUPERHEATERS 
for every type 

of Boiler. 


—o— 


MAKERS OF 
HIGH-CLASS 
STEAM PIPE 
WORK in SOLID 
DRAWN STEEL. 


“UNIT” 
Superheater & Pipe 
Co., Ltd., 


UNIT WORKS, SWANSEA. 




















Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 
Engineering Works. 


_ Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers’ 
Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers’ Taps, Dies, Punches, etc. 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 





JOHN HOLDING & CO. LTD., 


Union Forge & Steel Works, 
SHEFFIELD. 


London Agents: Whitbrows Limited, 89, Upper Thames Street, London, E.C.4. 


Telephone: 
Central 21271. 





3955 


Telegrams: 


‘‘ Holding, Sheffield.” 


Telephone : City 0779. 





E.G. 2.12.27 
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DAVIES & METCALFE, Ltd., 


Injector Works, ROMILEY, 


HOT WATER. Deal with Feed Water at all temperatures 
up to 140° F., and Steam pressures up to 


EXHAUST STEAM. Work with Exhaust Steam; 
Save 15% Coal, 


Telegrams—“ EXHAUST,” ROMILEY. 


ALL ORDINARY TYPES. 
SPECIALITIES. 





200 Ib. 





Nr. Midachiches: 


Telephone—2219 STOCKPORT. 


12% Water. 


$956 




















p TU BES 


COPPER , BRASS, 
CUPRO- NICKEL. 


Cupro-N ickel 


Condenser 


Tubes have been specified 
for NINETEEN Ships now 


under Construction. 


|} Mothing but Tubes 
Oy EK WO) 


, cNGLAND. ‘ 


Telephones: 20031. Siiiniaiss “ Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, K.C. 2. 
Contractors tb the Admiralty and all Government Departments, 


TIONS 


80/20, 70/30 &c., 
AND OTHER ALLOYS. 


ey 00000 gee gt gt ’ 
Bosses cet gt gt! a“ “ 
~ gg nee ge at oe oe 


o, 
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Telegrams: 







Accrington.” 


BINYEYOR- ELEVATOR &® 


BULL BRIDGE WORKS, Ciiaslinne: 
“Coweyor | Accrington, Lancashire. o> ome 


CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Etc. 














UPWARDS or 


Telegraphic Address: BRAKE, MANCHESTER. 200 ooo 
3 


Telephone; CENTRAL No. 613. 


GRESHAM’S PATENT 





INJECTORS 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., oe 


HEAD OFFICE AND WORKS: 
eadael maaan wh eietine MANCHESTER. 


LONDON OFFICE - - - - - 


GLASGOW OFFICE: Wm. LESTER & SONS, 11, WEST REGENT STREET. 


40, WOOD STREET, WESTMINSTER, S.W. 1. 


NEWCASTLE-ON-TYNE yg oe FRED CRIPWELL, 18, BIGG MARKET. 


BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS: 


The Hague. ITALY: Giovanni Checchetti, 


FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grijs, 311, Rij pon, 
Piazza Sicilia, 1, Milan, AUSTRALIA: Adams & Co., 521-523, Collins St., Melbourne. INDIA: Heatly & Gresham, Ltd., 204, Hornby Rd Rd., Bomb ay ; 9, ‘opham’s roadway, Madras ; 6, Waterloo St., 
465, Calle Defensa, Buenos Ayres. POLAND, ROUMANIA, "AND HE NEW STATES: British Engineers 


Calcutta; 9, Egerton Rd., Lahore. SOUTH AMERICA: Evans, Thornton & Co., 
SOUTH AFRICA: Jenkins & Co., 12-14, Greenmarket Square, Cape Town; $52, Smith Street, Durban ; 


and Traders’ Syndicate, Ltd., Australia House, Strand, London, W.C. 2. 
Chambers, Johannesburg. 


Ginsberg 











THE THREE CYLINDER LOCOMOTIVE. 








it surely revolutionizes the locomotive world.’’ 


TELEGRAPHIC AD 
Locomotive, New Yok oe Say. — 


New York City 





Translation of part of an article that appeared in the 
Tokyo Nichs-Nicht Shimbun, May 22nd, 1926:— _ 

**It causes less than half the vibration to the train 
as compared with ordinary present-day locomo- 
tives—it gives a fine smooth start and prevents 
| disagreeable shocks to the passengers. It pulls 
rey the regular limited express with four additional 
cars and still has plenty of power left to haul more. From now on, this type will be the motive power 
for all limited express trains. Imagine pulling 17 cars and keeping the limited express speed ; 


4183 
Sivad, London, England, 


haine-Lourenco Marques, Port. East Africa. 


AMERICAN LOCOMOTIVE SALES CORPORATION 


U.S.A & 
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~SIMONS” SUCTION CUTTER HOPPER DREDGERS. 





Constructors of Inventors and First Constructors of 
BARGE-LOADING, RECLAMATION, and 
‘*‘SIMONS*’ SUCTION CUTTER HOPPER = ; “HOPPER ”’ and ‘“‘STERNWELL” 
DREDGERS, HOPPER and BARGE-LOADING \°*). 7) 
+ BUCKET DREDGERS. ain DREDGERS. 











Trailing Suction |", ola pain | Hopper Dredgers. 


MARINE DREDGING PLANT he = : 2 i) ELEVATING DECK FERRY STEAMERS. 
ees REPLACE PARTS for existing Dredgers. 


of all descriptions and up ee cee d LD and TIN RECOVERY BRE 
to the Highest Capacity. GOLD an R aa, ea phere eres 


Proprietors of ALFRED WATKINS’ st tawrence'’ constructedforBrithnadmirany, Builders of DIPPER and DRAG LINE 
BRITISH PATENT for ROTARY SPUDS. DREDGERS OF LATEST TYPE: 


NEAR GLASsGow . 
C td RENFREW LONDON QFFICE :—83, VICTORIA STREET, S.W. 
‘s R ” 
m «y T) Telegraphic Addresses { ; Hand ag pon teh 


9 Codes—A BO, 5th Edition ; Scotts, 10th Kdition ; Bentleys, 




















| ELECTRIC T OOLS 


Send for our complete catalogue containing illustrations 
of our Portable Electric Tools. 


We specialise! in :—— } - e tea : 
Hand and Portable Electric Drilling* Machines. : \ be ’ i 3 
Bench Electric Sensitive Drills. i 9 ms : 
Portable Electric Grinders. 
Tool Post Grinders. 
Pedestal and Bench Double Spindle Electric Grinders. 
Small Circular Saws. 
Band Saws. 
Wood Planers. 
All with direct electric drive. 


S. WOLF & COMPANY, LTD. portasue ELECTRIC GRINDER 


115, SOUTHWARK STREET, LONDON, §S.E.1. ee ce 
jalist Electric Tools for over Twen Years. This is one of the best machines of the “ Wolf” Range. 
+ Fa + "4, P.! 5172. "Grams. “ Han London.” pt Paget of Pe —_ a Leen oo Share aliens 


For All Electric Tools go toi “ Wolf.’? —= ev ci cero 














& 








oP 
Sd %, . 
& E 
sd es P 
i oe MAKERS OF :— “oe, r 
*. SLUICE VALVES; AIR , 
AND RELIEF VALVES; FIRE eo, 


* HYDRANTS ; LOCOMOTIVE WATER 
o% CRANES & WATER FITTINGS OF ALL KINDS. 





vd 
' rN SLUICE GATES, PENSTOCKS, Etc., for jae 
% Irrigation Works, Sewage Disposal Works, Etc. number °F slice 
alve. 1) 
*e, VALVES & FITTINGS for Oil Pipe Lines. 


a Co., Ltd., - 
*e, Engineers, Iron and Brass Founders, o* 
% Langley Green, BIRMINGHAM. . & 
o, o 
‘> o* 


Grams, © Penstock, Langley Wores,” se "Phone : 87, Oldbury. 
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THE WELLS’ SYSTEM 
* SPRAY PAINTING. 









The New 
Model Pistol 


Type No.3 


deals efficiently 
with Oll & Lead 
Paints, Varnishes, 
Enamels, 
Cellulose, etc. 


The Up - to - date 
Instrument 
for every 





Plant 
Supplied. 


Acetylene | 
Lamps. 


Ne. 0 & OA, 
160 O.P. 
No. 2, 1500 C.P. 
Ne. 3, 3000 0.P. 
Simple in 
Construction. 
























“ UNBREAKABLE” 






OIL LAMPS, 










No. 13 





No. & Torch Lamp. 


Burns 5 hours. 
100 C.P. 






Gas Generating 
Lamp. 





No. 18 Kettle Torch, 











MING or WEST, MANCHESTER> 


; 


yy Le deat Lepage SUTCUMELIUES, 'ii 
o=————_ * Drawmnae Boards, lee & Set Squares, 8 
= ee CiVes Protractors, Drang Golits \WV} 

— Shiehules abo Lrawing-\)\ 


hee Stationery and 
—— 


M Quality 
daranteed. 























Element of 
Compressed Air 
Demands Packing Able to 
Withstand It 


‘TRADE MARK 


“PALMETTO? scx 


EG. U.S PAT. OFFICE 
is made entirely of long fibre asbestos, and therefore 
absolutely heat resisting. 


“Palmetto” does not harden, as each separate 
strand has graphite grease lubricant forced 
into it hot under pressure before braiding. 


“PALMETTO,” THE PERFECT COMPRESSED AIR PACKING 


Free working samples to prove it. 


W. F. JOHNSON & CO., Agent, 
14-16, Farringdon Road, London, E.C. 






































ALFRED BEEBEE 











TRLRORAMS WEDNESBURY. on 
ee am MANUFACTURER OF 181 & 182 a 
———— — 
STUDs, NUTS, 
BOLTS, TAPER PINS, 
SET PINS. WASHERS. 





ACCURACY A SPECIALITY. 








R* White & Sons, Widnes, 


FOR 


AERIAL ROPEWAYS 


POINTS« CROSSINGS. 
ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINGTON. LTD. 
London Office :—25, Victoria St., Westminster. 


for all gauges 
LOCOMOTIVES ‘“fnd services. 
Telegr: pee One Darlington: Altiscope, London. f 
Nat. Tel.—2709 Darlington ; 650 Victoria. 
Codes—A B C 5th Edition, Engineering Standards, 
Engineering Telegraph. 


See our illustrated Advt, Oct, 1. 1130 





CROS 
SPECIALITIES. 


SEE ADVERTISEMENT Nexy WEEK, 


ROSBY VALVE & ENGINEERING Co.,Ltd 


41-42, FoLeEY STREET, LONDON,W! 


Machine Cot Gear Wheels 
THE REID GEAR CO. 


LINWOOD, near PAISLEY. 


f PRATCHITT BROS., 
Engineers, Carlisle 


The Motherwell Bridge & ‘Engineering Co, Ltd. 


Engineers & Contractors. 
=o Roofs, Piers, Tanks, Dock Gates, 
Hydraulic Pressed Flooring, etc. 


“Toterwe” MOTHERWELL, NB. soe 


London Office: 82, Victoria St., London, S.W.1. 
@rams: “ Mobricolim, Sowest, London.” Tel. : 4183 Victoria. 




















See illustrated advt. lact and next week. 3297 





STONE AND 


COAL SHERS 
; RUS ENG. 
C LEICESTER 


BELLISS « MORCOM 


BIRMINGHA™. Lo. 





Self-lubricating Steam Engines, Turbines, Air and 
Gas Compressors (Reci cnaney & Rotary), Con- 
densing Plants, High Efficiency Diesel Oil Engines, 
Paraffin Engines, Pneumatic Hose Couplings. 


See Illustrated Advt., page 37, Dec. 2. 3904 














MICHELL BEARINGS, LD., 


ENGINEERS and MANUFACTURERS of 
Michell Thrust & Journal Bearings. 
Registered Office and Works : 3835 
South Benwell, Newcastle-on-Tyne. 
See large Advertisement, page 79, Nov. 12. 

















GOODWIN BARSBY&C° & 





SCRIVEN & C2 (LeeDs) LP FT] 








HENRY WALLWORK & CO., Ltd., MANCHESTER, 
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HEAT INSULATION AT 
ITS LOWEST COST. 





The Insulation 
of Hot Metal Surfaces. 


SILOCEL Standard or Split Brick are firmly 
cemented to the steel. 

Where: more. than.,3. inches of insulation is 
desired a second course of brick is cemented 
over .the first, with joints fully broken., 


Wire mesh’ ‘re-inforcing is|}next applied and 
anchored to clips that have, been spot-welded 
to the steel. 

A quarter inch of hard-finish cement seals all 
joints and provides a durable wearing surface. 


Celcote waterproofing makes it weather-proof 
and practically air-tight. .. 
Seams may be left open for inspection if 
desired, or preferably covered with SILOCEL 
Plastic Cement which can be removed easily. 
A section of the insulation or the entire jacket 
may subsequently be removed and replaced 
with very little waste, 











The SILOCEL method of insulating hot metal surfaces 
costs less per square foot of coverage than any other 
type of construction of equal insulating value which will 
withstand temperatures in excess of 550° Fahrenheit. 


It employs 9 in. by 44 in. insulating brick that offer 
important advantages which could never be secured 
were the insulating units of larger size. 


SILOCEL 


HEAT INSULATION 


Every inch of insulation is in direct contact with the steel— 
sealed to it with heat-proof sticking cement. Not one chance 
for drafts inside the insulation. 


Joints are small, and thoroughly filled with mortar. Where 
two courses of brick are used, joints in both directions are broken. 
Rivet heads are easily bridged by gouging out the brick to accom- 
modate them, or seams may easily be left bare for inspection. 


Every job is a standard job. The same unit that fits a flat 
surface fits at corners and over curved ends. You warehouse 
only one shape, one type of insulation to cover every requirement. 


Write for full information. Our free textbook on heat insulation 
explains why we recommend brick insulation for steel surfaces even 
though we stock and sell all other forms of insulating materials. 


CELITE PRODUCTS CORPORATION 


1447 WINDSOR HOUSE -_ - VICTORIA STREET 
WESTMINSTER, LONDON 
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a 8 Silent 
*° Drives 


Noise is completely and permanently eliminated 
by the incorporation of one or more “ Fabroil” 
pinions in the drive. 


irene 


Unlike other non-metallic substances “ Fabroil” 
may be run in oil or water without detrimental 
effect, and gears made of this material are 
unaffected by changing conditions of temperature 
and humidity; neither will they shrink, swell, 
distort, nor lose their shock-absorbing properties. 


Shrouded blanks or Fabroil “A” board can 
be supplied to those manufacturers who prefer 
to cut their own pinions. 


For full particulars please write 
for Descriptive List 2531. 


The 
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Company, Ltd. 


ELECTRICAL ENGINEERS AND MANUFACTURERS. 


ffice: Rugby, England. 
Rugby, Birmingham, 
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London Office : “Crown House,” Aldwych. 
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AANDERSON'S 
Lattice Girder 
Belfast Roofs 


The sketch shows a plan of a very 
irregular area, recently roofed with 
an ANDERSON “BELFAST” Roof. 
The span varies from 68 feet at 
one end, and 82 feet in the centre, 
to 22 feet. The roof was erected 
on existing walls, without centre 
supports, leaving the floor space 
entirely clear. The wall plate and 
ridge line were kept level over the 
whole length of the roof. 


ANDERSON’S, as pioneers and the 
foremost experts of the “BEL- 
FAST” Roof System erect scienti- 
fically designed “ BELFAST” Roofs, 
adaptable to any shaped area, giving 
a clear span from 20 to 120 feet 
and designed to carry loads up to 
fourtons pertruss. All roofs erected 
by ANDERSON’S are guaranteed. 
Plans and estimates prepared with- 
out obligation. 


A booklet describing the special 
advantages of our Roofs can be 
obtained from Mr. E. G. Brace. 


DANDERSONGSONIEd 


PARK ROAD WORKS, 
STRETFORD, MANCHESTER, 
also at London and Belfast. 


<i ———s 
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Ft lasts, and 
the rods last 
with it. 


Unlike Ordinary Packing— 


‘“*S.E.A. RINGS’”’ do not act as a 
continuous brake. They only work 
on the power stroke, and rest with- 
out work on the return stroke. 


That’s why they SAVE YOUR MONEY. 
LET US SEND YOU OUR LISTS: 


RONALD 
. TRIST & 


56, VICTORIA STREET, 
WESTMINSTER, LONDON, S.W. I; 


Telephone : 


VICTORIA 8384 and 8385. “meme LONDON.” 
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BOILERMAKERS. 
Send us your enquiries for 


GENERAL PATTERNWORK 


and 


IRON CASTINGS. 


With our increased patternmaking facilities 
and new Iron Foundry we are able to supply 
patterns of substantial and specially accurate 
construction, and iron castings, as castings 
only or machined, up to 40 tons. 


WE CAN QUOTE KEEN PRICES FOR GENERAL WORK. 
2429 
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SELLERC 





Locomotive Boiler Washer, 
Filler and Fire Extinguisher 


A simple, effective apparatus for round 
house installation, designed to wash 
and fill locomotive boilers with hot 
water, or for preliminary fire service. 


Always ready for immediate use. 


WM. SELLERS & CO. (Incorporated) 


Injector Dept. 


Philadelphia, U.S.A. 


4250 











A. W. FABER 
SLIDE RULES 


for accurate work. The 
sales of these Slide Rules 
exceed those of all otber 
makes combined. They 
deserve their reputa- 
tion for Accuracy 
and Finish. 









~~ => 








T ts easier to produce clean, accurate 
work if you use the right pencils. 
A. W. Faber “Castell” are made for 
those who have to take their pencils 
seriously. They have earned and 
won the approval of Engineers and 
Draughtsmen all over the _ world, 
who approve their smoothness, firm- 
ness, and perfection of tone. “ Castell” 
are made of only the finest Graphite, 
precisely graded in sixteen degrees from 
6B to 8H—each degree unvarying, 
each pencil perfect. Price 6d. each, 
5/3 a dozen. Sold by Stationers, Artists’ 
Colourmen, etc., all over the world. 


AW FABER 


CASTELL 


A. W. FABER, 13 and 14, Camomile Street, London, E.0,3. 


























Up to 1g Tons / 


No matter what the size of the castings you need, 
we are equipped to supply them to you quickly, 
economically and with the utmost precision. 


High Pressure Castings in Semi-Steel a speciality. 
Heat Resisting Castings second to none. 


Contractors to:—Admiralty, War Office and the Principal 
Railway, Shipping and Municipal Authorities. 


When you want castings made right and quickly, 
write or ‘phone :— 


BEAN CARS LTD. 


TIPTON, Nr. BIRMINGHAM. ‘Phone: 253 Tipton. 


4249 


















Ball-bearing 


J&S “16° SUPREME” sexsttve nets. 


SINGLE and MULTI Spindle 
SIX SPEEDS. 


POWER TO DRILL 
% in. Holes easily 


in Steel. 





6 Splined Spindle. 
Telescopic Spindle Guards 
supplied to order. 





Exceptionally long Driving 
Belt. 
Large Dia. Pulleys. 





J & S Patent Cushion 
Spring Feed Return. 





Rack and Pinion Operated 
Table of Large Area. 





Totally enclosed Coolant 
supply by Guarded 
Chain Driven Pump with 
Sump in the Base. 


Enquiries to : 4173 


A. A. JONES & SHIPMAN, 


P.O. BOX 87, LEICESTER. 
‘Phone : 2101 (4 lines). ‘G@rams : “ Chuck, 
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“HALLGIDE” 


CONTRACTORS TO— 

+ ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 

MILD STEEL PLAT ANGLES, Zed Bars, Tees and 
all forms of Sectional required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

SPECIAL STEEL ofall kinds for constructive purposes. 


THE .. 


STEEL COMPANY 1 SCOTLAND 


37, RENFIELD STREET, 


GLASGOW. 









TELEGRAPH 
ADDRESS 


at $s 
STEEL” Gi asaow. 


8314 





=== HERBERT === 


5061 Coventry (8 lines). ‘« Lathe, Coventry.” 


JUST PUBLISHED 


Our Clearance List No. 23 of New, Re-conditioned and Second-hand Machines 
is now ready—Copy post-free on request. 


It includes particulars and prices of a wide range of 


TURRET LATHES BORING MACHINES 
CENTRE LATHES PLANING MACHINES _ 
DRILLING MACHINES SCREWING MACHINES 
MILLING MACHINES GEAR CUTTERS 
GRINDING MACHINES AUTOMATICS 
MISCELLANEOUS. 


Come to Coventry and inspect the 15f0 Machine Tools in our Warehouses. 
mm AL FRET) HERBERT LTD., COVENTRY. 
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A. G. MUMFORD, L". 





CULVER STREET 
ENGINEERING WORKS, 


COLCHESTER. 





IMPROVED 


‘ DUPLEX 
“PUMPS 











VERTICAL 


OR 


HORIZONT AL 


; FOR 
me. ALL DUTIES. 


2330 





PARTICULARS AND: PRICES ON APPLICATION. 











F. a le & SONS. 
FOR INSULATION, s:ch35SA°Fs0.. 
Largest Stock in the world, 0d.9834 
102, 103 & 104, Minories, LONDON. 




















Flic ano Gas 
Compressors 


for all 
Purposes and Outputs. 


~ SILENT RUNNING. — HIGH EFFICIENCY. — LOW MAINTENANCE. 


AUTOMATIC OUR METHODS 
CONTROL . 
ss CONTROL 
are worth 
ALL LOADS INVESTIGATION 





“The above illustration shows a Motor driven 
Air Compressor similar to large numbers already 


supplied all over the world.” 


Suitable for drive by :— 
BELT, MOTOR, STEAM, GAS or OIL ENGINE. 


Write for Catalogue and Reprint No. C.904; 


3154 


a ee Linney 6Co. 


Patricroft Leite? 
MANCHESTER 








Tel. No. : Eccles 510 (two lines). Telegrams : Sandon, Patricroft. 














4 tee 
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HE Davis Steel Wheel is a 

one piece wheel with a 
tough, wear-resisting mangan- 
ese steel tread integral with a 
soft safe centre. 


The Davis Steel Wheel is fluid 
compressed by centrifugal 
casting and scientifically heat 
treated. A lighter, yet stronger 
**One-Wear"’ wheel, which 


entirely eliminates tyre turning. 





Write for a complimentary 
copy of the ‘‘Davis Steel 
Wheel Booklet,’’ which 
explains how the Davis Wheel 
gives maximum mileage 
with minimum maintenance 
costs, 





The Davis Steel Wheel is made in England by :— 


JOHN 





BROWN 


& ¢ OMPANY LIMETED. 





Sheffield. 


Od 2814 


LP.S.—1. 








. BELPER, 
DERBYSHIRE. 
ENGLAND. 


Smedley Brothers L’ 


REVOLVING or 
STATIONARY PANS. 
PERFORATED or je 
SOLID BOTTOMS. 
Over or Underdrive' 















aaa eanl 


of all kinds for all purposes. 
to drive by Belt or 
combined with 
Steam, Oil 












“BOOTHS” CRANES 


FOR RELIABILITY. 
STEAM OR ELECTRIC OF EVERY DESCRIPTION. 


CRANES 


FOR DOCKS, HARBOURS, WHARFS, WAREHOUSES, 
SHIPYARDS, STEEL WORKS, ENGINEERING WORKS, 
CONTRACTORS, Etc. 

ALSO 
STEEL WORKS CHARGERS, MANIPULATORS, 
CAPSTANS, WINCHES & TRAVERSERS, ETC. 


MAKERS OF THE 


ELECTRIC LOCO. 


WE SPECIALISE IN 
COMMERCIAL ELECTRIC TRUCKS, 
TRACTORS, Etc. 


JOSEPH BOOTH & BROS., Ltd., 


Union Crane Works, 
RODLEY LEEDS. 


Telephone: Stanningley 71168. 


LOCOMOTIVES, 


‘ss Te 
I, 
Crane, “Stam, - 


dig a 
i 4300 


























PEARN 





Manchester 
Donkey or Wall Pumps 


Single & Double-acting 


London Office: 
49, Queen Victoria St., E.C. 


Telegrams : PUMPS, Manchester. 
Telephone: Openshaw 1141, 


PRANK Pearn & C? £7? & C? [7 








LIANCHESTER. S. E. 
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H 
6¢ 99 For Openwork Flooring, Less ate G 
EXP AMET. Gangways, Partitions, 
Machinery Guards, etc. « WH . 








Metropolitan "Electric Supply Co. Ltd., 
Generating Station, Willesden, = Ji} fon 
“ EXPAMET” OPENWORK GANGWAYS. 














Qy sips eee 


WRITE FOR ILLUSTRATED LITERATURE. SHAY. 


THE EXPANDED METAL CO., Ltd. 


Patentees and Manufacturers of Expanded Metal. 


ee 


eee, 
Stee. 
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THE BRITISH HELE-SHAW 

"EXPaME t York inion, Sete Souen, Santen, S.W. I. e ATENT CLUT CH C O LTD 
“ Lensconminne care _ OLDHAM ENGLAND 
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GUEST’S 
(V.R.) POSITIVE ACTION PUMP 


AN EFFICIENT AND RELIABLE ROTARY PUMP FOR HANDLING FLUIDS 
ER fer OF LOW VISCOSITY, SUCH AS WATER, SPIRIT, AS WELL AS HEAVY-BODIED 
sel. contained, motor. driv OILS, LIQUORS, FUEL, TAR, MOLASSES, ETC. 

ini a rreteobar yt noha ber in. : en : 
Bt ee tenet yt — Patented in all Principal Countries 


Se = Pi of the World. 








A complete range 
for all purposes. 


ze make a complete range of Air ey 
—. ee } , a) A ROTARY PUMP with 


What th st , : : eo, : one ° 
geeceed aic geaquisements gay be, jn a Positive Action. 
there is a "ocevede” ‘om- : 
pressor of a size and type to 


exactly suit his duty. 


The design of every “ Broomwade” a A | ; CAN BE DRIVEN BY 


Machine embodies 25 years’ specia- 





ad dicanedaayel eat. SMALL ELECTRIC 


“Broomwade” Air Compressors * ‘ ee f MOTOR. 
are working and giving absolute Fs * f a 

satisfaction in all parts of the 
world, 


We solicit your enquiries. P ‘ » — USED BY MANY WELL- 
‘BROOM & Ff N | KNOWN FIRMS. 

WADE LTD. [P -_ wa 

PHOTO. 


HIGH WYCOMBE, BUCKS, J” se 


SPECIAL ADVANTAGES: 


HIGH EFFICIENCY, NO PRIMING, NO VALVES TO GET OUT OF ORDER, 
AUTOMATIC LUBRICATION, SUITABLE FOR HIGH LIFTS, 
CONTINUOUS DELIVERY, . MODERATE SPEED—LONG LIFE, 
NO PULSATION, NO NOISE OR VIBRATION. 


HOLLINGS & GUEST, LTD., 


Thimble Mill Lane, Birmingham. 


Telegrams: ‘‘ Plungers. Birmingham.” Telephone: East 490. 
Sole Agent for Scotland : HH :: D. LANDALE FREW, 45, Hope Street, GLASGOW. 
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(Reg pgistered T1008 


N alloy with the strength 
and hardness of Mild 
Steel, but having only 
one - third of its weight. 
Unlike Aluminium, 
however, “VICKERS’ 
DURALUMIN” possesses 


excellent machining qualities, 


Specific Gravity.............ssceeeee 28 
Tensile Strength up to 35 tons. — go, 
All enquiries te 4 


JAMES BOOTH 
& CO, (1915) Lt 


Argyle Street, Necheils, 
BIRMINGHAM. 


Telegrams: Be 7 to BIRMINGHAM? 


Telephone: 2. 
EAST 1221-2-3-4, LIEBERSS LETTER CODE. BENTLEY'S CODE, ASC GTYEDITION, 














First & Last 


_The Hartness Automatic Diehead was the first 
commercially successful self-opening diehead. 





“It has always led the way and now the ‘‘ High Speed 
Series” represents the very last word in diehead 
threading in that the chasers are 


GROUND AND LAPPED 


in the thread after hardening. 


. It changes the whole aspect of threading by diehead. 
_It gives altogether more accurate threads and yet they 
‘are cut much faster and with considerably longer 
chaser life. 


The result is increased scope, the inclusion of accurate 
work hitherto outside the range of diehead threading. 


JONES & LAMSON MACHINE CO. 


19, Water Lane, London, E.C.4. 




















A UNIT HEATER 


occupying 0 er i 


Baw alll 





LDED throughout and consequently leak- 
proof it requires only the laying on of Steam 
and Electrical connections to ensure a pleasant 
circulation of warm air throughout the winter 
and of cool air during the summer months, 
The low air velocity obviates objectionable 
draughts. Made also in larger size, for fixing 
to wall. Write for full particulars. 


Write for es W83N or’phone our nearest branch for 
interview and advice. 
Also manufacturers 
of the famous Mus- 


MGSGRAVE rx 


toves and Direct 
7% Fired Units for 
ficient and econo- 


e 
MUSGRAVE & CO., LTD., mical Factory heating 
42, Deans: ee City 1838. 
Sardinia anes, Etnpres A LONDON, W.C. Holborn 0886. 
24, ueen Stree ARD. ne: 2236. 


Pho 
t. nn’s Iron Works, BELFAST. Phone: 4161-2- 3. 






























Armouring Machinery 


for 


Wire and Cables 


in many sizes and types. 


Flexible Metallic Tube 
Making Machines. 


Wire Spiralling and 
Coiling Machinery 


of every description. 











British Representative :— 


Mr. F. A. PERRY, 


63, Queen Victoria Street, om. 
London, E.CA. 


WORCESTER. 
MASS. U.S.A. 
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“Sues é JAMES THERN & SON, 
\ Q! W. SOU LTD. 
re Te STORE STREET SAWMILLS, 

fear): : MANCHESTER. :. 


TIMBER & PACKING CASES. 





"Phones : 
CENTRAL 
6691-2-3-4. 





SPEED — SPEED — SPEED 


Coupled with Efficiency — that is the service that sends 
Southern’s cases all over England. Felt—Tin—and Zinc-lined 
cases. Cases to Indian and other Government Specifications. 
Stock Bins for Engineering Plants. 





SILVER SPRUCE 


When you need this fine timber it is hard to obtain—make sure by 
making use of our early 1928 arrivals. 
5” & 6’ [guaranteed dry]—To Manchester 
1”x8" & up—To Liverpool 








SEASONED PINE 
I au MW 
s2—17-—-1—P 


STOCK AT MANCHESTER. 





Specialising in the Requirements of Engineers. 





Why throw money 
LW, away thro inefficient 
am \c, Oil Storage? 


O store your expensive oil in 
' anything but a proper cabinet, 
specially designed for the 






















purpose, is simply needlessly 
adding to your overhead costs. Why 
not begin to-day to save money by 
using a VALOR OIL CABINET. To 
study the diagram shown is_ to 
appreciate the wonderful efficiency 
of these cabinets. 


They store your oil free from dust, dirt, 
loss by leakage, fire or tampering. You 
can fillthe cabinet without losing a drop 
of oil and you can fill oilinto containers 
without danger of splash or overflow. 
The padlock keeps the oil safe for you, 
and the measuring rod tells at a glance 
the amount held in stock. 


Can you afford to go on losing and 
spoiling oilin leaky containers? Write 
to-day for our free Booklet “ Valor Oil 
Storage Systems ’’ No. 6/6D. 


THE VALOR CO., LTD., 
VALOR WORKS. Bromford, 

Erdington, Birmingham. 
LONDON : 120, Victoria St., S.W. 1. 





OIL CABINETS 














BOVING & CO., LTD., 


Manufacturers of 


WATER TURBINES, 
GOVERNORS, PIPELINES, VALVES, etc., 
and PULP AND PAPER MAKING MACHINERY. 











Turbines supplied to the Tasmanian Government. 


56, Kingsway, 
London, W.C. 2. = 


Telegrams: 


Telephone: — 
Holbora 0411-2-8 (8 lines). JeNorTEN, Pong, Lonpon. 























Drop Forgi 
Smith Work 


RINGS & BLANKS. 


alee Crame Chains, Slings, Ete. 


im Netherton Iron. 
N.HINGLEY & SONS LTD. 
Netherton Iron Works, DUDLEY. 
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SMOOTH-ON No. 1—an excellent first 
aid for stopping leaks at joints, making 
tight repairs at cracks, in castings, etc. 


SMOOTH-ON No. | makes new or old 

joints absolutely tight at any temperature 
and pressure, repairs cracks in cast pressure 
shells, seals rivet and seam leaks in any metal, 
restores corroded parts, and can be used for at 
least a thousand odd repairs in power and 
factory plants with £1 to £100 saving on almost 
every job. 


Smooth-On No. | adheres well to any metallic 
surface, and makes a perfect and lasting repair. 
Be the first to suggest it and get the credit for 
the saving. 


ae Se ee 
Six other grades, each for specific purposes. 


Get the free Smooth-On Handbook and see for yourself. This 
book will post you on the theory of 
Smooth-On, when and how to use 
each grade, and what results to expect, 
based upon data and pictures from 
several hundred typical applications. 
















Distributed by : 
WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C., 
and carried in stock by leading dealers and 
supply houses. 


Made by Smcooth-On Mfg. Co., 








= Tweanern 
: £01TION 
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Waste 
Heat. 


Fans for handling waste heat gases 
necessitate special construction. The 
Sturtevant Company have manufactured 
and supplied many of these and have 
unlimited experience intheir application. 






A specially built 
Sturtevant Steel 
Plate Fan direct- 
coupled toa motor, 
handling the hot 
gases from a 
waste-heat boiler. 


3860 


All enquiries should be addressed to Dept. D31. 


STURTEVANT 


os Jersey City, N.J., U.S.A. ENGINEERING fil. 
MANCHESTER: 149, Queen Victoria Sé, GLASGOW : 
196, Deansgate. LOND NDON 50, Wellington St. 
N SNLVY SSN SoS WRLAVH 
MOOT ON Cs YY acs 
















Quote 


It will -be 
to your 
Advantage 






Return Tube 





rybacl 
Steam Boiler 


Boilers of all Sizes. 
Pressures and 
for all Services 


PENMAN 


and Company Limité¢ 
CALEDONIAN IRON WORKS 


GLASGOW 


<P 











3155 








CORRUGATED FURNACES TO ANY SURVEY. 
MORISON, FOX —_ pet tt SECTIONS. 
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C. C. 


DUNKERLEY 


and CO,, Ltd. 


Iron & Steel 


from 


WAREHOUSE STOCK. 


STEEL JOISTS, 
24" x 7h" to 3” x 1%" 
STEEL CHANNELS, 
15" x 4” to 28" x 1 3/16". 
STEEL ANGLES, 
8 x 3} to §” x. ¥". 
STEEL TEES, 
6” x 6" to £" x 8". 
STEEL FLATS, 

18” x }" to #" x 3/16". 
STEEL ROUNDS, 
83" to }" dia. 
STEEL SQUARES, 
5" to 3" dia. 
STEEL PLATES, 
3/16" to }” to 8’ long. 
In all Standard Sections, cold 
straightened, lengths to 42 








A LARGE AND VARIED STOCK OF 


CROWN IRON, 
BEST, BEST SCRAP and 


BEST TURNING IRON, 
HOOPS, SHEETS, CONVEX, 


&e., &c, 


STEEL BRIDGE RAILS, 
BRIGHT STEEL, &e. 


IRON and STEEL 


HOOPS FOR BALING, 


Plain & Painted, a Speciality 


COMPOUND GIRDERS, 
STANCHIONS, ROOFWORK 
and 
CONSTRUCTIONAL STEEL 


Riveted up on the Premises from 
Stock Material. 


THE cc 
ATA” 
PATENT CONVEYOR TANK 


for handling Metal Scrap, Coal, &c., 


KS ie 4069 
ENQUIRIES SOLICITED. 
Section Book on application. 





Telegrams: Telephone: 
“AJAX, MANCHESTER,” 6490-5 (six lines) 


STORE STREET 


fron and Steel Warehouses, 


MANCHESTER. 





Whatever typ 





e of Loose Flange Joint 
you are in the habit of installing in your Colliery, 
we can supply from stock, or at very short notice. 


For example, we can send immediately Tubes 
fitted with “D” Joint, “ Ruglen ” Joint, “ Clydes- 
dale” Joint or “ Williams” Joint Flanges, also 
Victaulic Joint. 





Scottish Tube 


COMPANY, LIMITBD 





ei, 


S54 ROBE 
TCE = aor 
= Oh 


Speyer FS RES 


e 
=) yen OG in 










4121 








THREE RECORDS ATTAINED 


BY THE FIRM OF 


IN 1927 


CERETT! & TANFANI S.A. = MILAN (ttaly) 





7th April, 1927, 


The Spanish Minister of 
Agriculture Conde de Gua- 
dalhorce opens the longest 
Aerial Ropeway of 
Europe, 40 kilometres, de- 
signed to the public service 
for the transport of goods 
from Durcal to Motril 
(Granada), for account of 


Tranvias Electricos de Granada 
S.A.—Madrid. 





7th August, 1927. 


Mr. Lannay opens on be- 
half of the French Minister of 
Public Works, the highest 
Aerial Ropeway of the 
world for passenger traffic 
from Chamonix to Aiguille 
du Midi (Mont Blanc) (2700 
metres above sea level) for 
account of 


Compagnie Francaise des Chemins 
de ker de Montagne—Paris. 





4th September, 1927. 


H. E, Bisi under-secretary 
to the Ministry of National 
Economy opens the Aerial 
Ropeway transporting 
the maximum unit load 
so far carried of 20 tonsin 
blocks of marble from Sagro 
to Monzone (Massa Carrara) 
for account of 


Walton Gooddy & Cripps Ltd.— 
Carrara. 8837 
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PATENT 


CORRUGATED 
METALLIC VALVES 








FOR 


AIR, CIRCULATING, FEED, 
BILGE & OTHER PUMPS 











Each Valve is fitted with a guard 
corrugated to match, which en- 
sures exact wear and cushioning. 


Full Particulars from 
The Beldam Packing & Rubber Co., Ltd., 


16, Gracechurch St., London, E.C.3. 
Estp. 1876. 


Telephone : Avenue 4774 (3 lines). 















yon 
Telegrams and Cables : ‘* Veepilot.” Uf T —=N 

(/ aon) | 
ra 

y, 


BRENTFORD, LONDON, PARIS anp NEW YORK. 





Works : 





* 3777 














: FOR INDUSTRIAL HEATING PURPOSES 


Results in: 


REDUCED COSTS, 
CLEAN CONDITIONS, 
INCREASED OUTPUT. 


THE POWER-GAS CORPORATION, 
LIMITED, 


PARKFIELD WORES, 
STOCKTON-ON-TEES. 8886 














THE 


ANDERSTON FOUNDRY 
100, CHEAPSIDE ST., GLASGOW: 


And at MIDDLESBRO’. 


Makers of— 


STATIONARY STEAM ENGINES, 
DRY VACUUM PUMPS, 

AIR COMPRESSORS, 

WIRE WEAVING MACHINERY, 


Telegraphic Address: “‘ Aroo GLAsGow.”’ 4208 























DAWSON & DOWNIE, 


CLYDEBANK. LTD. 


PUMPS 


FOR LAND and MARINE PLANTS 
GEE ILLUSTRATED ADVT. PAGE 76, Dec. 23. 


3151 


























O ENGINES 
LOCO TUBES, CONDENSER TUBES, PLATES, FERRULES, &C. : LENT 
L MARINE 
TELEGRAMS: BATTERY, SELLY OAK. af 3 9 4-10), | ee Oe oY eee STATIONARY " 
The Cheapest Power in the World. ||JOHN GRIEVE & CO., 


ENGINE POWER, LIMITED. 


225 HP 105 HP, 
RICARDO DAIMLER 


A THE 
TRIUMPH FAMOUS 
OF “SILENT 
BRITISH KNIGHT ”’ 
ENGINEERING. TYPE. 







very 
Large 
Stock for Ce 
Immediate q < 

Delivery— ; 


£675 £250 


ENGINE POWER, LIMITED, 


7, Grosvenor Gardens, 


LONDON S.W.1. 








FOR PETROL, OIL, OR GAS, 


Every Engine is 


FULLY GUARANTEED. 


MOTHERWELL, 
CRANE MAKERS. 


See last and next week’s advertisement. 3770 








THOMASSMITH & SONS (RODLEY), LTD., Nr. LEEDS 


JOHN SPENCER, L* 


WEDNESBURY. 
TRON & STEBSI 4067 


TU 


POLES, STEAM MAINS, TUBULAR PILES, &e. 


“FIRE ESCAPES * 
“/ FIRE EXTINCTORS 
| FIRE HOSES FITTINGS; 
» HEATHMAN @& 


ie 


PARSON'S GREEN, LONDON SW6. 1 


AMSLER 
TESTING MAGHINES 


for catalogues to British Agents :— 

































5 & 7, Fleet Street, B 


T. C. HOWDEN & CO., ... 
irmingham 
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HARVEY 
Engineering(o., 
MOONIE, HARVEY & CO., “ 
Seotland Street Engine Works, 


Head Office: 224, West Street, 


GLASGOW. 
London Office : 27, Mincing Lane, E.C. 


BATABLISHED OVER 80 YEARS. 


MAKERS OF ALL KINDS OF 


SUGAR MILLS 





FIVE ROLLER MILLS. 
HARVHDZ's 


Triple-Eifet . . 
. . Evaporator 


Bow in use in all Sugar Growing Countries. 
AND EVERY REQUISITE FOR 


Sugar Plantations. 


SPECIALITY. 
SUGAR REFINERIES 


fitted up complete for 
refining all classes of 
sugar. 








HIGH-CLASS 


ENGINES 


OF THE HEAVIBST TYPES, 


MULTITUBULAR, CORNISH 
AND 


TANKS & WROUGHT IROW 
WORK 


OF SVEERY DESCRIPTION. 3498 


Telegraphic Address: ‘‘ Maconie, Glasgow.” 





























STANDARD SHUNTING CRANE 
with Internal Combustion Engine Drive for Piece Goods working, Grab and Magnet Operation. 
Capacity: 6 tons at+ 15 ft. 7 in. (4.75 m.) radius, and 2 tons at + 29 ft. 7 in. (9 m.) radius. 


ALWAYS READY FOR SERVICE 
without the loss of time caused by Steam firing. Greatest cleanlinessin working. Extremely easy 
control and best utilisation of the efficiency. All movable parts readily surveyable and accessible. 


DELIVERY IMMEDIATELY FROM STOCK. 
BRITISH AGENTS :—John A. Smeeton, Ltd., 15, Victoria Street, Westminster, London, S.W.1. 


Telephone : Victoria 9917. Telegrams : ‘‘ Demagag, Sowest, London.” 


Y 
YY 























TECALEMIT 





GERMANY. 











Cable Codes used: ABC, Al, Liebers, Western 


KNAPSACK 
LUBRICATING 
COMPRESSOR 


This Compressor meets the demand for 
a portable lubricating machine which 
can be carried easily from place to place 
between machines standing closely to- 
gether, or from floor to floor in a large 
works. It fits ‘-Tecalemit’”’ Lubricating 
Nipples and holds 11 lbs. of lubricant. 
The pressure obtainable is 4,000 Ibs. per 
square inch. 3852 


Price £8-0.0 complete 
TECALEMIT LTD., Lubrication Experts, 


10, Little Portland Street, London, W.1, 








tr <= 








| Manufacturers of High Pressure Lubricating Guns for all purpeses. 
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BRECKNELL MUNRO & RocERS, LTD. 


Engineers and Contractors. 




















PANTAGRAPH CURRENT COLLECTOR. (Air Controlled.) 





Specialists in Overhead Lines and Fittings for Electric Haulage Schemes. 
Makers of Current Collectors for all purposes. 


Let us Quote for your Requirements. 
CATALOGUES ON REQUEST. 


Head Offices: THRISSELL STREET, BRISTOL. 


5448 Bristol. 


8848 


Telegrams: ‘ Brecknell, Phone, Bristol.” Telephone : 














, & Cco., LTD., | 


SCOTLAND 


LOBNIT 











PATENT BUCKET 
ROCKCUTTERS. DREDGERS. 
CUTTER TRAILING 
SUCTION 
DREDGERS. pep 
DREDGERS. 
DIPPER 
DREDGERS. PATENT 
HOPPER 
GOLD, TIN BARGES 
& PLATINUM FOR ROCK. 
DREDGERS. 
PATENT ROCK 
MARINE ; DREDGERS. 
SLIPWAYS. 
3507 
Codes: 
Cable Address : A.B.C.5th & 6th Editions 





LOBNITZ, RENFREW, 
SCOTLAND, 


BENTLEY'S 
WESTERN UNION. 


TWIN SCREW HOPPER BUCKET DREDGER, “ Peluse,” built for the Suez Canal Co, 


Dimensions : 296 ft. Oin. 47 ft. Oin. by 20 ft. Oin. 


: 50 ft. 
Capacity of Buckets: 30 eubic feet. 


,000 tons. 


ging 
Hopper Capacity: 











“DOBBIE-M’INNES 


INDICATORS 


STEAM fof DIESEL 
ENGINES. 


Optical Indicators for High- -speed Motors, 





“ TELEDEP” 
TANK GAUGES. 


BOURDON PRESSuRE 
and Vacuum Gauges. 


GAUGE TESTERS. 

DYNAMOMETERS. 

SPEEDOMETERS. 

Engine Room Clocks. 


B DOBBIE MOINES & CLYDE LTO. 


57, BoTHwett Street, GLASGow. 





3408 


KENYON'S 


PATENT 


OIL FILTER 
r AND 
WATER 
SEPARATOR. 


Over 1000 ordered by H.M. 
Govermment. 








ENCINEERS’ 
STORES, TOOLS. 


w Send your enquiries. 


ALEXANDER KENYON & CO., LTD. 
Victoria Bridge, MANCHESTER. 4199 


S. Smith@ Son, Ltd. 


New type of Eliminating Chronograph 
















Records With S 
Hours, Minutes, Stop a 
Seconds and Fly-back 
Fifths ofSeconds. Action. 


The “Eliminator’’ Chronograph 

Records Actual Time of an 

Observation. Eliminating spaces 

of time which do not count. 

Sound Construction. Non-Magnetic. 
Enamel Dial, 

Strongly made Nickel Cases. 
With our certificate of warranty, 
Largest Stock of CHRONOGRAPH 

WATCHES in the World 
From £2 2s. to £250. 
Please Write for Guide “B" to 


Purchase ofa Watch. Just Published’ 
Free on Application. 


S. SMITH & SON, LY sez: 


HOLDERS OF & ROYAL WARRAN 
Watch & Chronometer Makers tothe + 
and Indian Government. 


6, Grand Hotel Buildings, 
LONDON, W.C. 1986 





















D 


22 ENGINEERING. [DEc. 30, 1927. 














PIC ROUUPU RUE I 





HERBERT === 





Si ta ean anes a a i a 
Ce age ne? ee alt 


‘Tangye 16in. by 18 ft. High Speed All-Geared Lathe. 


A NEW 16” TANGYE LATHE FOR £600 


Two new and unused 16” by 18’ 0” Tangye High-speed Sliding, Surfacing and Screwcutting Lathes 
with single pulley drive, faceplate with four removable steel jaws, three-point steady rest, travelling 
steady rest, change wheels, with swing frame and stud and two-speed countershaft. Offered for 


immediate delivery at a greatly reduced price to clear. 


BERR ERS RRR RRR ERR RRR 





Swing over cross slide 24" 
Admits between centres 114" 
Diameter of hole in spindle ye 25" 
Price ... ... £600 








We can also offer from stock the following new Tangye all-geared lathes at bargain prices :— 


2—8}"' by 10'0"' Tangye High 4—104" by 12'0"' Tangye High 2—12" by 14' 0" Tangye High 
Speed Gap Bed Sliding, Sufacing Speed Gap Bed Sliding, Surfacing Speed Gap Bed Sliding, Surfacing 


and Screwcutting Lathes. and Screwcutting Lathes. and Screwcutting Lathes. 
Admits between centres 5! 8'' Admits between centres 6! 3" Admits between centres 7' 6! 
Diameter of hole through Diameter of hole through Diameter of hole through 
spindle ... ce << wae spindle ... = on ae spindle ... ee ae 23" 
Price __... As .- £175 Price _... ae . £395 Price _... = ...- £430 


We have in stock at Coventry 1,500 New, Re-conditioned and Second-hand Machine Tools at real 
bargain prices. Inspection invited. 


No. 23 CLEARANCE LIST OF MACHINE TOOLS, POST FREE ON REQUEST. 




















(scene enee el 





| jl at RA ECT TOIT eee 


PTTL ALFRED HERBERT LTD. COVENTRY AOOUUUUOI Inno . 














Forged High-speed tool steels, tool and 
and structural steels, special steels, 


In BARS : rolled cast steels, rolled sections. 
be 
Saw-blade_ sheets, highly-po- 
In SHEETS and PLATES: | Rettea [shed.and sem-polished sheets, 


% 
© 


























Spring wire, needle wire, silver 
. D : 
©. ' i a ‘ S —_ — aa 
Ask for complete list of manufactures. 


ALLOYED AND NON-ALLOYED. EICKEN & CO., STEEL WORKS, 
320 HAGEN (WESTPHALIA) GERMANY 














— 
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7 FACES—TWO MINUTES. 


THE WORK—Magneto Body—aluminium with soft iron insets. 
THE OPERATION—Milling two sides, base, faces to which magnet is attached and the 


ledges on which it locates. 


THE EQUIPMENT—A Herbert No. 3 Plain Horizontal Milling Machine fitted with two 


auxiliary cutter spindles driven by gearing from the special arbor on the machine. 
A quick-acting fixture for clamping and locating the work. Five Coventry High Power Cutters. 


PRODUCTION TIME—Two minutes—loading, machining and unloading each body. All 


seven faces are machined at one traverse of the table. 


WE SPECIALISE IN HIGH PRODUCTION MILLING—ASK FOR PRODUCTION GUARANTEES. 


Toots ALFRED HERBERT LTD. COVENTRY ottcctcroo 























HE design of the Specialloid Pistons, particularly inside the head, 
'E is of a patented construction. Examine the illustration and note 
the system of eight ribs. These ribs with their large cooling 
surface, not only give strength and rigidity to the piston as a whole, 
but also promote the rapid dissipation of heat from the head and sides. 
This heat dissipation prevents excessive carbon deposit from accumu- 
lating on the piston top, thereby eliminating pinking. The efficiency 
of an engine depends on the pistons. “ Specialloid ’’ Pistons preserve 
that perfect functioning which ensures economy of operating, 
together with cool, sweet running. We guarantee greater speed, 
power and acceleration, with lower petrol and oil consumption than 
any other piston manufactured. 


Specialloid Limited 


ON AIR MINISTRY LIST. PS ary 


, London. 


‘phone f 
Finchley 0435 (5 limess 
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——HERBERT 


A TIME SAVER 


FOR THE DRAWING OFFICE 


If you are using tee and set squares in your Drawing Office the 
Kuhlmann Universal Drafting Machine will reduce time and 
labour costs by about 75%. 

The machine incorporates tee square, parallel rule, set-square, scale, 
rule and protractor. 

Manipulation is easy and work produced is extremely accurate. 

One movement of the instrument permits a rapid inspection of the 
whole drawing surface. 

We use them in our own Drawing Office. 








AT a 


















ll 


M/c complete 
without Baard. 








NUL 














CAAA TTT 





For vertical boards 24 in. by 32 in., with mid-anchor and | pair scales (one 12 in. and one I8 in.) .-.. 12 1 6 
For horizontal hoards 24 in. by mA in., wh corner or mid- eachor ond 1 pete scales — ai in. and 
= one 18 in.) es 1012 6 
= For vertical boards 40 i in. tess 60 in., “th mid- we ‘i 1 pair eerts heii 23 in. na one 18: in. ‘a 12 16 
— For horizontal boards 40 in. by a in., wit corner or wld eacher ont 1 pele scales ~~ 24 in. and 
— one 18 in.) ee 1012 6 
— For vertical boards 50 i in. hes 80; in., wih mid: sails ail 1 pair alia ren 121 in. “a one 18 i in)... 1317 6 
= For horizontal teenie 50 in. » be mi in., with corner or basga onthe ond | pair dames im i in. wail 
2 one I8 in.) 8 6 
—= For horizontal hiiaie 40 j in. aie 60 j in., with corner or men as and 1 voir: scuiliea (one 12i in. and 
=: } one 18 in.) for left-hand use ... 19 11 6 
= cd Special machine for Surveyors, etc., cialis wide two lies sills ‘out ali wn celluloid atieins etc. 4411 0 
— Simplified machine for potent heenda 32 in. pad ms in., aan with one pele -* squeal antes, 
= one 16 in. and one | eos 17 6 
= eee set 0 Sess 26% toe cud, ecncbide ante 
= ASK FOR THE CATALOGUE SHEET. 
@ Se ALFRED HERBERT LTD. COVENTRY eee 











INUUIAUUAUOUIAUUTAL TTT GADBB 00.0000 


HEAVY JINGINE 
OIL 


A reliable and Built in many sizes 


from 7 to 224 B.HP. 
For Electric Lighting 
and all Industrial 
Purposes. 


efficient source of 
power, Easy to 
Install, Simple to 
Manage and very 
Economical. 





105/112 B.HP. Gardner Heavy Oil Engine (14HF) 3967 
(cold starting type). 


TUMOUR MUM U UU IU 


London Office: L. GARDNER & SONS LT. and at Glasgow, Liverpool, 
115, Queen Victoria Street, E.C.4. PATRICROFT, MANCHESTER. Newcastle, Hull, Leeds, etc. 
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GLENGARNOCK IRON CLYDEBRIDGE 
& STEEL WORKS STEEL WORKS. 
: ™ CAMBUSLANG 


DALZELL STEEL & IRON WORKS MOTHERWELL. 





GLENGARNOCK 


i 4 “DucoL” BOILER QUALITY STEEL 


LONDON OFFICE 








REGD. OFFICE AS APPROVED BY BOARD OF TRADE, LLOYDS REGISTER AND BRITISH CORPORATION 6.SPRING GARDENS 
195,W.GEORGE ST. COCKSRUR, STREET 
asennad | BREAKING TENSILE STRENGTH - - - 38/42 TONS per SQ. INCH | ees 


TELE PHONE- 


TELEPHONE- 
Purretye | LIMIT OF PROPORTIONALITY - - 16 TONS per SQ. INCH MINIMUM | MEECRESIE 


TELEGRAMS- THIS STEEL IS ACCEPTED FOR CYLINDRICAL SHELL PLATES AND BUTT STRAPS . TELEGRAMS _ 
COLVILLE WESTRAND ‘ 


COLVILLETT,GLASGOW ; ee . 
eee In consequence of the increased Tensile Strength and general reliability LONDON. 
of this material, reduction in thickness as compared with ordinary 
Boiler Quality Steel is allowed. A 


DUCTILITY OF MATERIAL GUARANTEED - PARTICULARS ON APPLICATION 
































ANDREW BARCLAY, SONS & Co., LTD., 


CALEDONIA WORKS, 


KILMARNOCK. 








All types of 
LOCOMOTIVES. 





IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 








TELEGRAMS :— 3226 
** BARCLAYSON, KILMARNOOK.” 








THE BRITISH SPECIALISTS. (ON ADMIRALTY WAR DEPT. AND COLONIAL LISTS) 


HYDRAULIC LEATHERS & 


LEATHERS COMPANY LIMITED ALTRINCHAM. 


HUDSWELL, CLARKE & CO.,LTD., 


En.OCOMOTIV=ES 


For Main or Branch Railways, Contractors 
Steel and Ironworks, Collieries, Docks, &c. 
Made to swit any Gauge of Railway. 























Also Makers of 


INTERNAL COMBUSTION 
RAIL LOCOMOTIVES 


PRICES, PHOTOGRAPHS, AND FULL SPECIFICATIONS 
ON APPLICATION. 3a? : 
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STEEL TANKS 


BUILT FROM 


STANDARD PRESSED PLATES 


1 METRE and 4 FEET SQUARE 
PROTECTED (by dipping hot) with our special “DURBIT” BITUMEN SOLUTION 


OR COVERED WITH 


TALBOT HYDRO - CARBON 
ON ONE OR BOTH SURFACES. 








PLATES CAN ALSO BE SUPPLIED HAVING 
ALL SURFACES, EXCEPT JOINTING FLANGES, 
EMBOSSED WITH DIAMOND PATTERN FOR 
THE RECEPTION OF TALBOT HYDRO-CARBON 
COVERING. (TALBOT PATENT No. 254387). 


OOOOOOOODOOOOOOK 


COCHRANE « Co. Ld. 


«1) ORMESBY IRONWORKS, y 
MIDDLESBROUGH. nese sess sates 


PLATE BEFORE AND AFTER APPLICATION 
. btained FROM PLATES with 
OF HYDRO -CARBON CGOVERING. om='Diamend Embossing. 
































Coils for Refrigeration, 
Heating, Chemical Plant, Ete. 


Our unique facilities for the manufacture of highest grade 
Hot Rolled Steel Tubes enables us to produce Tubes of 
a special quality for the specific purpose. 


Utmost continuous tube lengths without welds or joints. 
Correct manipulation to any desired specification. 


We illustrate here representative types only, but we shall 
be pleased to quote to any special specification. 


Send us your Enquiries! 





"Phone: East 1311. "Grams: ‘‘ Tubrom, Birmingham.” 
Sales Dept. : Rocky Lane, Aston, Birmingham, to which all enquiries should be addressed. 




















DEC. 30, 1927.] ENGINEERING. 27 








world-wide reputation 

for cseepreeses 

strength of construc- 

tion, high efficiency in 

operation, and thorough 

reliability under the most 

severe working conditions, 

is your guarantee that 

nay Kaith- Blackman ” 

expert advice will give 
entire satisfaction. 

Please send us your 
enquiries. 


Booklet V 49 sent free 








eas [Kivi &. Bractouan @ p> 
Head Office : 


27, Farringdon Avenue, 
London, E.C.4. 


Telephone : Central 7091. Standard Pattern “S” Type Fan, Standard Pattern Type “‘N” Fan, Standard Pattern Type “HP” No. 4 Fan, 
Telegrams: James Keith, Phone, London.” down discharge, with electric motor. with directly combined motor. with ring lubricated bearings. 


, Up to the Largest 
Dimensions and _and Capabilities. 
Grand Prize at London London Exhibition, 1909. 

"Gold Medal, Japan-British Exhibition, 1944. 


Bow and Stern Well Centre and Side Ladder Bucket, Barge Loading and Hopper-Dredgers, Suction Dredgers, Cutter Dredgers, Trailing Dredgers, Reclamation 
Dredgers, Grab Dredgers, Hydraulic and Mechanical Agitators, Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons, Tugs, Ferries, 
Paddle and Screw Steamers. Delivered Complete or Shipped in Sections. 






























mite Gear and Renewals | Seninliaid. 


FERGUSON BROTHERS ort Glasgow), LTD. 


SHIPBUILDERS AND ENCINEERS. 
ON WAR OFFICE ANO ADMIRALTY LIOTS. NEWARK WORKS, PORT GLASGOW... Tele. Address: DOREDGER, PORT GLASGOW 

















28 ENGINEERING. [DEc. 30, 1927. 
elite SAS TTT TT Tn SDE Nien ieee 


VERITYS LTD., ASTON, BIRMINGHAM. | 



































of 
QUALITY . 
i! BA 
oF 
FIRST E 
uA 
al 
hi 
a 
un 
i PRACTICALLY ALL THE Ue 
7] SHIPS IN H.M. NAVY AND i 
MOST OCEAN LINERS CARRY 
Sy 
= VERITYS ELECTRICAL 
: GEAR fs 
Us al 
SEND US YOUR ENQUIRIES FOR : 
DYNAMOS, MOTORS AND CONTROL : 
9 in 
GEAR, A.C. and D.C 
9 — — i Testing Fans and Motors tor : Um 
ney” an 
** BATTLESHIP QUALITY,’ NO HIGHER GRADE. “Nelson "at our Works. 27 
SALES DEPOTS: 

LONDON: LIVERPOOL: BIRMINGHAM : BRISTOL ; MANCHESTER: GLAscow: | NOTTINGHAM: = NEWCASTLE- LEEDS: 
ea ae ee S, Vietoria St. 196, Deansgate, _51, Waterloo St Zi Hewy Reed os Saodns Surest, 2 Mew Station St 
nent paren: apes: 1628. Central 5999. Central 1250. ee: x aephee 3 21108 Leeds 
Gerrard 9520. Bank 1379. Central 7881-2. a . 7413, 2022 Central. sical 

Works Telephone No. : Birmingham East 805. SWANSEA : Castle Buildings. DUBLIN: 3, South Anne Street. Telephone: 1988. 3854 


SF RRR 











18 B.HP, National Heavy I O NA 110 B.HP. National Heavy 
Oil Engine at a Private Oil Engine at a Quarry. 


Residence, HEAVY OIL ENGINES 





and day, week after week”’ and 
“run like a clock and give no 
trouble of any kind.” 
SIMPLICITY has always been 
an important feature in National 
engines. An owner states, ‘It is 
started in the morning by an 
unskilled worker and requires ab- 
solutely no attention during the 
day.” Another, “the engine is 
started at 8 a.m. by an unskilled 
worker and this start can be 
made by any of our staff.” 

These are our clients’ statements and 
is proportionately higher. RE- not our own. May we send you a 
LIABILITY is proved by clients’ folder containing a selection from 
statements that engines are THE NATIONAL GAS ENGINE CO., LTD. the many hundreds of testi- 
“running continuously night ASHTON-UNDER-LYNE. 7049 monials we have received ? 


ECONOMY : ourclients state for 
themselves they are saving from 
25% to 75% over their previous 
costs for electricity from the local 
supply or from steam or town’s 
gas engines. For instance, one 
power bill was reduced from 
£5 17s. 6d. to 17s. 8d. per week 
ona 30 B.HP. engine. Another 
client with an engine of 55 B.HP. 
saved over {400 in one year and 
was able to repay the full capital 
outlay in 18 months. On the 
larger sizes of engines the saving 
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YARROW 
BOILERS 


AT 
BARKING 
POWER 
STATION. 


YARROW 
GLASGOW. 


3645 




















and 
VALVES 


PATENT 
SAFETY 








HOPKINSON’S PATENT 
PARALLEL “mee BLOW-OFF 


E. 









iT ACCESSIBLE 
PATENT “AC ” 
HOPKINSON’S 

PATENT CHECK FEED VALVE. 


PRESSURE GAUGE 
AND SYPHON. 


HOPKINSON’S 


PATENT ‘ 
“TRIAD” JUNCTION 
VALVE. 
HOPKINSON’S 
PATENT 


“ABSOLUTE” WATER GAUGE. vaca LIMITED, TeLePnens 
“HOPKINSON # U DD e RS Bi © LD HUDDERSFIELD “PLATNAM” is a non-corrodible, hard- 
HUDDERSFIELD” ~ © 1269 (3 Lines) 


wearing, heat-resisting alloy, and is ideal 
for high pressures and superheat. 





3822 

















Fitted with “PLATNAM” VALVES & SEATS 


“VALVESTEM LONDON. LONDON 
PHONE,LONDON IMPERIAL HOUSE, KINGSWAY, W.C.2, REGENT 0705 





























EL 6 eo et eR 
A 671/1479 
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TELEGRAMS— 
WERFCONRAD, HAARLE 
DREDGORAFT, AVE, LONDON. “ AARLEM 
CODES—LIEBERS, ABO, 5th Ba. J 
and 
cent gyn ally oe rigs HOLLAND. 


Agents: MARINE WORKS, FRIARG HOUSE, 39-41, NEW BROAD STREET, J onpon, E.C. 2. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 


BARGES anp FLATS Buitt in SECTIONS FOR RE-ERECTION ABROAD 


















BUCKET HOPPER ts Biko | FLOATING CRANES. 
BARGE - LOADING | COAL BUNKERING 
DREDCERS. [ , VESSELS. 
SUCTION PUMP - | | HOPPER BARCES 
DREDCERS. | ce a | of any capacity. 
COMBINED BUCKET | - a ! / i (i SPARE PARTS 
AND 2 > aan 
PUMP DREDCERS. aa 
SUCTION . 
CUTTING | GOLD ano TIN 
| RECOVERING 
DREDGERS DREDGERS 
for DREDGING 
CLAY, &e. A Speciality. 


—_—_ 4017 


SUCTION CUTTER HOPPER DREDGE, Hopper capacity 665 cubic yards. Malin Engines, 500 ! H.P. 


DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT AND 
DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF GOLD, PLATINUM AND 



























STER_ ENGINE 


Petrol, Paraffin or Gas for Stationary or Marine Use 


TIN, ON APPLICATION. 














Awards Departments 
Gold Medals Engine Dept. 
Paris - - 1900 Stationary 
Paris - - 1902 or Portable 
Hanover - 1902 Petrol and Paraffin 
Vienna- - 1904 Engines 


Pumping Sets 
Compressor Sets 


St. Louis usa. 1904 


Concoures des Peches 








Miskabed. : 1911. Marine Engine Sets 
Two Diplomas 

D'Honneur Liege 1905 Steam Dept. 
(Two) Milan - 1908 Aster Anthony 
Franco-British 1908 Boiler Feed 
Silver Medal Regulators 
Allahabad- - 1911 

Certificate of Merit Codes -— 

Allahabad- - 1911 5 B.H.P, Direct-coupled Aster Generating Set 4275 cerare 


LIEBERS 
MOTOR TRADE 





"Phone :— 
WEMBLEY { (022 


ARROL JOHNSTON & ASTER z=" 


WEMBLEY 


ENGINEERING Co., LIMITED. MOCAR PHONE, Duwres 
WEMBLEY, MIDDLESEX Works: Heathall, Dumfries, Scotland 








= {| 




















irae 


DEc. 40, 1927.] 


ENGINEERING. 








ie aap 


& 


FORGED STEEL ROTOR SHAFT. 
524 DIAMETER. FORGED WT. 50 TONS, 


ARS ah 











48 in. Suspended Direct Electrically-driven Hydro-Extractor for Drying Textile Fabrics, 


‘“ Broadbent ” 


HYDRO 
EXTRACTORS 


The World’s Best 
Mechanical Drying Machines 


as used for 
Woollen & Cotton Yarns & Piece Goods, 
Silk & Artificial Silk Yarns & Goods, 
Laundried & Dry-cleaned Garments, 
Raw Wool, Skins, Hides & Hair, 
Salts, Soda, Sugar, Nitrates, Crystals, 
Fine & Heavy Chemicals, Colours, 
and 


Granular Substances of every description. 


Full Particulars & Catalogues on Request. 


Thomas Broadbent & Sons L'* 
Huddersfield. 


| 
| 
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~“L EADITE??- 


Registered U. S. Pat. Office 





Even under the most rigorous conditions 
of service Leadite proves its efficiency 


—where a line is subjected to constant vibra- 
tion the joints must be tight and remain tight 


N installing the 12" bell and spigot bridge line illus- perience with Leadite extends over 20 years. 


trated here the element of constant vibration was a , : : : 
, 7 toc The ease with which Leadite can be used is another 
serious consideration. ; : ‘ : : : Z 
consideration with waterworks engineers in making their 
Leadite was used for jointing and has given perfect specifications for unusual and difficult installations, as 


satisfaction throughout the 514 
years since this Bridge Line was 
installed—working pressure ap- 
proximately 105 Ibs. per sq. in. 


This water department has laid 
many miles of cast iron water 
mains with Leadite joints—sizes 
6" to 30" pressures ranging 
from 40 pounds to 170 pounds 
per square inch. They say their 
experience with Leadite has been 
extremely satisfactory. Their ex- 


Specify 


and use 


LEADITE 
Itsaves 
at least 15% 








well as for general work. 

The speed of jointing with Lead- 
ite is of great importance to 
Contractors in helping them 
complete their work promptly. 
From experience they can ow 
much time they can save by 
using Leadite. 

Everywhere waterworks engi- 
neers specify and use Leadite ne 
the satisfaction it gives, its safe- 
ty, security and economy. 


Be sure 
it is 
LEADITE 


and accept 
no imitations 








Twelve-inch c. i. bell and spigot water main 

—Bridge Line—over 500 feet long—subject to 

severe vibration—carrying approximately 105 
lbs. pressure per square inch. 


The pioneer self-caulking material for c. 1. pipe. 
Tested and used for over 30 years. 


THE LEADITE COMPANY . . Land Title Building . . PHILADELPHIA, PA. 


NO CAULKING 
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Few Superintendents realise that 
a continuous waste is going on 
in their ships through failure to 


take advantage of our improve- 
ments in Condenser design. 


You can secure a saving which 
continues during the lifetime of 
the vessel by adopting The Weir 
Regenerative Condenser. 





We can show you actual compara- 
tive results of savings effected. 


Send for our latest leaflet: “A New 
Step in Engine Room Economy.” 


G & J. WEIR, LIMITED 


CATHCART............. GLASGOW 
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WHAT IS YOUR IDEA OF A LATHE? 


When the spindle speed automatically increases as the tool travels towards the centre. 
When the correct speed can be obtained for any diameter. 
When the guiding surface of the bed is covered. 
When the speed variator is ONE hand-wheel. 
When a counter motion is unnecessary. 


THIS LATHE HAS ALL THESE CLAIMS. 
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“BUTLER” PLANERS 


Efficient, Durable. 
Superb Finish. 


| 





STILL LEAD. 


ALUMINIUM REVERSING PULLEYS 


BALL-BEARING COUNTERSHAFT. 
PROMPT AND NOISELESS REVERSAL. 
ESSENTIALLY HEAVY DUTY PLANERS 


BUILT TO FINE LIMITS FOR ACCURATE 
WORK. 














Let us have ycur enquiries for Planers, Shapers, 




















ohh 
ul 


UU TEE 


Slotters, and General Purpose Lathes, with vee type 
beds. Visit our Works and see machines under test. 


5 | 
i 


THE 


BuTtLeER MacuinE Toot Co., Ltp., 


MILE THORN WORKS, 
EA LIFA=. 
*Phone: No. 3711. Wires: ‘‘ Butler.’’ 
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CALORIFIERS 


(With Automatic Steam Control) 


FoR HOT WATER SUPPLIES ror 


SHIPS, INDUSTRIAL BUILDINGS, HOSPITALS 
PIT-HEAD BATHS &c., &c. 

















FIG. I 
FOR HEATING MAINS 
OR USE IN CONNECTION 
WITH STORAGE 
CYLINDERS 





STORAGE PATTERN 
WITH CASINGS OF COPPER, MILD STEEL, OR CAST IRON. 





BATH WATER BLENDER 
FOR ACCURATELY MAINTAINING A FIXED TEMPERATURE 
FOR SPRAY BATHS IN INSTITUTIONS, &c- 


OFLea 1" 


cl ENGINEERS AND SPECIALISTS 
INSTANTANEOUS 
WATER HEATER IRLAM 


AND LAVATORY BASINS NEAR MANCHESTER. 
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360 B.H.P. Engine Driving Alternator. 


HEAVY OIL ENGINES 


for every kind of electrical and mechanical drive. 
Made in units from 


60 BHP single cylinder to 540 BHP six cylinder. 


The section alongside illustrates the principal features of the design, 
viz :— 


2 cycle, solid injection, cold starting, crosshead type. 


Scavenge pump chamber separate from crank chamber. No loss of 
crank lubricating oil into or contamination from power cylinder. 
Enclosed crank case, forced lubrication throughout. Combustion 
without shock. Oil cooled pistons with all side thrust eliminated. 
No cylinder head valves, camshaft or rocker levers. Close governing, 
equality of load distribution between all cylinders, wide speed range 
by hand adjustment. 

Economical in fuel and lubricating oil. Moderate rating and piston 

Burns any reliable grade of heavy fuel. 


SIMPLE, ACCESSIBLE, RELIABLE. 


Minimum attendance and maintenance. No highly skilled labour 
necessary. Sound and robust design. Constructed of the highest 
quality materials. 


Sectional Elevation of Engine Fully proved by service. Over 50,000 HP of this design at work. 


showing design and construction. “EFFICIENT SIMPLICITY.” 
WORTHINGTON-SIMPSON, LTD., 


TELEPHONES; x CABLES AND 
O655 QUEENS HOUSE, KINGSWAY, TELEGRAMS 
0656 PUMPING, 


wanes LONDON, W.C.2. oe 


3935 





“et, 
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Ruston Cold-Startinz Crude 
Oil Engines are of British 
Design and Manufacture 
and operate on the well 
known and proved Ruston 
principle of Airless Injection. 


Ruston Vertical Oil Engines 
are built in sizes up to 
1000 B.H.P. Horizontal up 
to 340 B.H.P. 

Engineers interested in Economical Power 
Plant should send for a copy of the 
latest Ruston Catalogue, JS 5090, which 
contains illustrations of over 50 typical 
Power Stations in all parts of the World. 
A copy of new Booklet, 

** CHEAPEST ELECTRICITY,” 


containing an independent and 
critical examination of the Govern- 
ment Electricity Bill as it affects 


EVERY POWER USER 
will also be sent FREE on request. 


Write for your copy 
to-day. 
LONDON : 


Imperial House, 
15-17-19, Kingsway, 
W.C.2. 



















RWS 


Illustration shows one of our latest type 
Six-Cylinder Oil Engines. i 


The Engine embodies our more _ recent 
improvements, including forced lubrication. 
Another unique feature is the Patented Fuel Distributor. 
This has been designed to eliminate the danger of one 
cylinder carrying less than its share of the load, and 
causing an overloading of one or more of the remaining 
cylinders, due to an unequal distribution of fuel between 
the cylinders. 


RUSTON Oil Engines are sold 
on Performance. 








RUSTON & HORNSBY L™® LINCOLN 
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184-1-86 


BUY SHEFFIELD STEEL 


WHEN you install specialised and 

costly plant, you expect to get 
the very best performance—after all, 
it is performance you are buying. 


If you make such plant for someone 
else to buy you are selling performance. 


Steel Castings enter largely into the 
make-up of most types of heavy plant 





Turbine Gear Wheels and 
Rims, Diaphragms, Dummy 
Rings, Distance Pieces, 
Bucket Wheels, Turbine 
Casings, Valve Castings, 
Wheel Centres, Ramps, etc, 





FIRTH 


STEEL CASTINGS | 


to-day. You buy castings hoping 
that . they will do you credit 

doing their job well—with Steel 
Castings made by Thos. Firth & Sons, 
Ltd., you can be certain of your 
aims. They are just as good as 
we know how to |make them and 
just so good that you will go far 


‘to find their betters. 


31 Tons. 





ANY SIZE UP TO 45 TONS 


The photograph shows a 
Cast Steel Roll Housing 
for Plate Mill. Weight 

















DEC. 30, 1927.] ENGINEERING. 39 











185-1-59 


ACID-RESISTING PUMPS 


CASTINGS made from Firth ‘‘ Stay- | pounds—from steam and _ chemical 

brite "—the new super -rustless valve bodies up to sluice-gate castings 
steel—are completely resistant to the | weighing many hundredweights. 
corrosive attacks of numerous acids 
(including Nitric), alkalies, chemicals, sea- 


water, marine or atmospheric conditions. Our long and unique experience in 


this type of work is at your disposal. 
The types of castings vary from Allow us to go into the production 
small details weighing, say, a pound nd machining of rust- and chemical- 
to pump impellers weighing many resisting castings with you. 





The other forms in which 
Firth ‘‘Staybrite” is 
available are Rods, Sheets, 
Plates, Tubes, Sections, 
Wire and Forgings. 


The photograph shows a 
Glandless Acid Pump made 
by Messrs. Guthrie & Co., 
Accrington, entirely from 
Firth ‘‘ Staybrite’”’ Steel 
Castings and Bars. Overall 
height of Pump, 3 ft. 8 ins. 


FIRTH 


STAYBRITE 


THE NEW SUPER-RUSTLESS MALLEABLE STEEL 





3795 
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STIRLING BOILERS 












eb et i 
S.niebregea baseband sheiebaisdesed hab talatubsbresseisieivdcials |i 


SHANA 











on MAXIMUM EFFICIENCY wc 
MINIMUM MAINTENANCE 
COSTS. 














THE STIRLING BOILER COMPANY, L*” 


FARRINGDON STREET .- - - < ~ LONDON, E.C.4. 









32-33, 













Telegrams: “STIRLINICO, CENT, LONDON.” 
4044 





Telephone: CITY 65378 and 65379. 
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over a John Thompson Water-Tube Boiler 


The many designs of 


GREEN’S ECONOMISERS 


meet all possible economiser requirements 


Smooth tubes and Gilled tubes, Vertical, Hori- 
zontal and Inclined Arrangements, all have 
their specific value in modern boiler practice 


Suggestions for the Design, size and arrangement 

of an economiser to give the highest efficiency will 

be supplied free of charge on receipt of details of 
the boiler-plant tt is to serve 


acevs 72. , E. GREEN & SON L™ WAKEFIELD 22" 


3194 























SEE OUR DISPLAYED ADVERTISEMENTS ON PAGES 38 & 39. 3797 





S 


THOS. FIRTH & SONS LTD., SHEFFIELD. 








HYDRAULIC _ rost,powns &tompson,itp, "AMS, PUMPS, BUCKETS, 





LEATH ERS. ESTABLISHED 1777. 


HULL. FINEST PROCURABLE ENGLISH HIDES. 


Send for Illustrated list. 








BIRKENHEAD. 


CAMMELL LAIRD & CO., Lo. "22 


STEEL MANUFACTURERS. SHIPBUILDERS. ENGINEERS. 
LONDON OFFICE: 38, Central Buildings, Westminster, S.W. 


BOILERMAKERS. 3975 


SEE LAST WEEK’S AND NEXT WEEK’S ADVERTISEMENTS. 








Davey, Paxman & 





PAXMAN HEAVY-OIL ENGINES 


From 25 B.H.P. upwards, single or multi-cylinder. ‘‘Spring Injection’’ System; instant starting from cold without 
preliminary heating; great accessibility to all working parts; burns the lowest grades of boiler fuels, tar oils, etc. 


Fuel Consumption 0°4 Ibs. per B.H.P. hour. 


These Engines can be started against half-load with certainty and ease, and can be direct coupled to generators, pumps, 
shafting, mills, etc. Foundations, engine house and erection costs reduced to a minimum. 


For further particulars write for pamphlet G 932. 


Co., Ltd. Pe 


COLCHESTER, & Aldwych House, Aldwych, LONDON, W.C.2. 


Telephones: Colchester 52, Holborn 4966-7 











The Engine that Broke American Speed Records 
FITTED WITH CAST STEEL WHEEL CENTRES AND CASTINGS SUPPLIED BY HADFIELDS LTD. 














FOUR-CYLINDER 4-6-0 EXPRESS LOCOMOTIVE “KING GEORGE V,"’ No. 6000, GT. WESTERN RAILWAY. 





Manufacturers of 
STEEL LOCOMOTIVE CASTINGS 


of every description. 


STEEL FORGINGS 
for Rolling Railway Stock. 


HEAT AND CORROSION RESISTING STEELS. 
HADFIELDS 
RAILWAY TRACK-WORK 
for Durability and Safety. 





Sole Makers of Hadfield’s Patent “ERA ” Manganese 
Steel. The Supreme F maegence | for, Railway Track 
an tol. 


work, 


HADFIELDS LTD. 


East Hecla and Hecla Works, 
Amys 
Sa Se. “eo 


No. 












































D&C. 30, 1927.] ENGINEERING. [SUPPLEMENT page I] 43 























PORTABLE MACHINES FOR REPAIRS. 


CRANKPIN TURNING 
and CRANK AXLE 
TURNING 
MACHINES, etc. 





CYLINDER BORING MACHINE. VALVE FACING MACHINE, 





Machines arranged for hand or power drive, as _ required. 


Send for Catalogues illustrating the full range. 



































BEYER, PEACOCK & CO., LTD., Gorton, MANCHESTER. 
























The 500 Kw. mixed pressure Turbo- 
Alternator here illustrated is installed 
at an English Colliery, and develop- 
ing power from exhaust steam, 
hitherto wasted. 







This i is only one of many cases where 
“* Brotherhood ” Turbines are saving 
money for their owners. 







There are no conditions of service, for 
powers between 10 and 10,000 Kw., 
which a “ Brotherhood” Turbine  S 


cannot fulfil with economy and 
reliability of the highest degree. 


PETER BROTHERHOOD LTD 
PETERBOROUGH. 





























London Office : Aldwych House, Aldwych, W.C.2. 


Telephone City 6016. 


















ASHWORTH’S 
i WEIGHBRIDGES 


AND ALL TYPES OF WEIGHING APPARATUS 


Have you enquired of our PATENT KNIFE 
EDGE SYSTEM with guaranteed inter- 


changeable components and oil baths for 
elimination of all rust and corrosion to vital 


parts. & 














ASHWORTH SON & CO., LTD., 


MIDLAND IRON WOKKS, 
DEWSBURY. 3973 
London Office —78, Finsbury Pavement, E.C.2. 
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stage in World History- 


Bon @ humbler sphere, the 
work of the firm of Bennis 
( ; =f & ©, Ltd. in inventing & perfect- 
: — ing Mechanical Stokers & Coal 
— ) Handling Plant, has given a 
new impetus to the efficient 
es \F" ae = working of Industry - 22 
‘< Mo, 4 


‘ \; ; OUNDED the better part of a 
% century ago, by the pioneer of 
Mechanical Stoking in this country 

eee ~the firm carries on his tradition. 
a hale -never resting, always seeking « 
— the best methods, the best materials, 
=F ' ee the greatest economy 2 <2 
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THE pILLESHALL C? L» 


purng =e 
om MACHINERY 


HIGHEST EFFICIENCY 


RECIPROCATING & CENTRIFUGAL. 





5 SETS OF 30in. CENTRIFUGAL PUMPS FOR LONDON MAIN DRAINAGE. 





ALSO MANUFACTURERS of 
MILL & WINDING ENGINES, UNAFLOW ENGINES, 


GAS ENGINES up to 4000 B.H.P. 
for operating on BLAST F URNACE and other gases. 


STRUCTURAL STEELWORK 


OF ALL DESCRIPTIONS 320814 








" 














46 [SUPPLEMENT page IV] ENGINEERING. [DEc. 30, 1927. 





SHORTT MMOH SHOOODAEUEOUOUEUEUENOOOOOOOUEOOOUOUOOEOUOUOUOOOONODOGEOOQODOOSOUOUNOUOUOUEOSONOUON EOOUGG FOGQUUUEDOOOOLOOEDEDEEEUAOCONODNOUOUOUOUEUOOUQUOUEUEQNOUOUENEOUOUOGOOUONOUSUEOUQUOUOONOOOUOUSU0QNOONSODODSQORSO04 01 82 


THE DARLINGTON FORGE 


LIMITED. Telephone : No. = 


DARLINGTON [&& = 


Telegrams: 
FORGE, DARLINGTON. 













UP TO 
ANY SIZE 





o ont? 
oS ProfLiNaton’ FORGE oh 
yi" new 


= 

= 

= FoRG 

= U Fo 

= cast STEEL F ® CUNARD Lingp « 
= WD CARMANIA»» 
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= 

= 

= 

= 

= 

= 






2-74 In. LONG. 
HT 60 TONS. 





: 4262 
RGED STEEL RUDDER 8TOCKk 
8.8, « OLYMPic,” 


mM. 4 
FT 18} In. DIA 
GINE CRANKSHATT FN igHED WEIS 





7 
ee 
ae 
— 
= 
= 
=— 
— 
— 
—_ 
a 
— 
— 
— 
a 
= 
a 
— 
— 
— 
— 
—_ 
—o 
— 
— 
— 
— 
aoe 
— 
cae 
— 
— 
— 
a 
— 
_ 
— 
— 
— 
ne 
— 
— 
ne 
— 
—_ 
—_ 
a 
— 
— 
— 
— 
— 
= 
7 
os 
— 
a 
_ 
— 
a 
— 
— 
~ 
— 
= 
— 
— 
— 
— 
_— 
= 
— 
— 
= 
— 
— 
_ 
oe 
— 
— 
oe 
— 
— 
— 
— 
= 
— 
= 
= 
me 
ae 
= 
_— 
oe 
— 


ET LOOHUGASUESUHUGEHEAUQUAUEQUOGEQUOUEQEOUEEOUUQEOYOQUOLEQEQUOUOUEQEOUOUEOEOEOUOOEOUOUEUEOUEUCOSOUOUSUCOUENONEOED EOOOOU QOQEQCOGEQEOUODOOQEQUOUGUGOUQUODEOOOEOUOOEQOOOOOEOOOUOGOOEOUOULOOOLOOUOEOOOTEROOEESEOTHOOEREESOOPOHADLOAEAES OILED Be: 








Ul 
Tn 


I.P.S} 














DEC. 30, 1927.] ENGINEERING. [SUPPLEMENT rage V] 47 





















































* 
a ee 





The latest of three 12,500 Kw. Parsons Tandem Reaction Steam Turbines and Alternators, 3,000 R.P.M., 
installed in a British Power Station. 


PARSONS REACTION 
TANDEM TURBINES 


embody the best modern features and are 
designed to work continuously under the most 
severe conditions met with in present-day practice. 





CONTRACTORS FOR COMPLETE POWER STATION EQUIPMENT. 





Also Manufacturers of 


TRANSFORMERS—A.C. & D.C. GENERATORS—SEARCHLIGHT REFLECTORS, ETC. 


CA PARSONS 


& COMPANY LID 


HEATON WORKS, NEWCASTLE-on-TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 
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I.P.S. No. 147—P. 4744 8844 
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CROMPTON PARKINSON LTD, 


FINE EXAMPLE 


The illustration shows 
Crompton Parkinson Auto- 
matic Substation Equipment 
installed in a large public 
supply station, Every minute 
of every working hour, every 
day of every week, this installa- 
tion—one of many operating in 
all parts of the country—proves 
by constant trouble . free 
functioning and maximum 
operating efficiency, _ the 
superiority of Crompton 
Parkinson Equipment for the 
economic distribution of 
electric current. 


The importance of absolute 


dependability and unfailing 
reliability cannot be over- 


CROMPTON 
PARKIN/SON 








estimated for public supply. 


Outstanding features of 
Crompton Parkinson design 
include constant voltage regu- 
lation at all loads, freedom from 
reversal of polarity, automatic 
isolation of internal faults with 
continuity of supply, and silent 
operation—points which merit 
the closest consideration. 


Add to the above the highly 
developed methods of control 
rendering skilled attendance 
unnecessary, and the reason 
why Crompton Parkinson 
Equipment ts installed in some 
of the most important supply 
stations is at once apparent. 






LIMITED 


HEAD OFFICE: GUISELEY, LEEDS. 





CROMPTON 
PARKINSON 
PRODUCTS 
AC&CC Motors 
Generating Plant 


—S 
Tru-Wat Motors 

RolaryConverters 
Switchboards 
Instruments 




















Frequency changers 





a ca 


WORKS: GUISELEY AND CHELMSFORD. 














C= no 
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THE WALLSEND SLIPWAY 
ENGINEERING COMPANY, ITD. 


WALLSEND-ON-TYNE. 

















Builders of 


ALL TYPES OF MARINE ENGINES. 


BOILERMAKERS AND SHIP REPAIRERS. 





WALLSEND-SULZER DIESEL OIL ENGINES IN ERECTING SHOP. 


Specialists in LIQUID FUEL BURNING. = 














HEAD OFFICE @ WORKS - - = «=. =  WALLSEND-ON-TYNE 
London Office - a - - - - 30, Great St. Helen’s, E.C.3. 


Liverpool Office _- ‘ ‘ . - . - Cunard Building. 
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MSTRONG:WHITWORTH 





PYUXae Nove ore lor ore ove lore koe loy 


we 


WON Weds Ke Roku Ro VeNs Bodo VeLe Le Sels WANs Les LON We No Ze Ns sok Ts Tix) 











Alexandra Dock, Hull, 
85 ft. lock gate being 
lowered into position. 


M.C, 525. 























' 130 ft. Dock 
Gate for the New 
Gladstone Docks, 
Liverpool. 


Alexandra Dock, 
Hull. One of 
the lock gates 
immediately after 
launching. 











INCE 1866, the firm of Armstrong-Whitworth 
has constructed no fewer than 95 pairs of gates 
for Locks or Dock entrances, varying in width 


from 60 feet to 130 feet. 


In addition to the design and construction of newt 
Gates, we have made a special study for many years 


of the repair of old ones. 


Our scope and activities in connection with Locks 
and Docks are illustrated in Brochure 394, which will 
be sent on request. 


SIR W. G. ARMSTRONG, WHITWORTH 


& CO., LTD. 
NEWCASTLE-ON-TYNE and MANCHESTER. 


LONDON OFFICE: KINNAIRD HOUSE, PALL MALL EAST, LONDON, S.W.1. 


*Phone: Gerrard 9474. Code : Bentley’s *Grams 

















: Zigzag, Piccy, London. 
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BAILEY’S “‘ FOSTER” BAILEY’'S ‘‘ FOSTER ” “FOSTER CLASS U”’ “FOSTER CLASS Z” 
REDUCING VALVES | FLOAT VALVE REDUCING VALVE. HYDRAULIC REDUCING VALVE. 


Controls Water or Steam. 
Cumbersome Floats Unnecessary. 









Controlled by a Small 














eo ee Valve and Float. 
ea ea) : 
3 aq | Quick. 
< a sas 
= 5 Sensitive. 
wi | Q | Perfectly 
7 a. & | Tight. 
jan 

veld 2 2 Can be 
4 @ ul | fixed over 

tank or an 
~ = distance . Fig. eae — Fig. 1929.—Hydraulic Reducing Valve. 
= Ae away. Dead-tight when closed. For Initial Hydraulic and Air Pressures of 4000 is. 
ed wi No outside Levers, Pipes, &c. 





' Tat a _ THE “ SILVER-STAR ” 
SAFETY hey 66 Scaveng er” hey Sp LUBRICATOR. 


and 





























RELIEF 
vawves,| Float Steam Trap 
et FOR HIGH PRESSURE (200 Ibs. per sq. inch.) 
Pipes, 
¥ Cylinders, For Steam 
&e., Pipes, Engine 
<a Cylinders, 
Drying Cylin- 
ders, Heating 
BAILEY’S “ADAMANTINE” Installations, - 
STOP VALVE. &c., for all For Positive ee. of Steam and Intesnal 
Qeed Metal. Strong Design Pressures. Combustion Engines, Air Compressors, Locomotives, Gc, 
Also for Dis- VALVES 
: charging Water FOR WATER AND STEAM. 
Fig. 1. from Compres- Wig. 2 
“ FILLING” sed Air Mains. “ DISCHARGING ” 


a 

















Many of these traps have been fitted to naval vessels and are 
at work in power stations and important works all over the world. 
Simplest and best design of float trap yet brought out for high 
pressures. Its valve of the simplest form, of large size, operated 
by a simple lever mechanism. Action readily understood by 





Fer Steam or Water. 























The Only Renewable : , 
Dice Valve with an Easily anyone. Discharges considerably more water, size for size, than Stop Valves in Iron or 
Removable Cover. the majority of traps. pa — 
PARALLEL SLIDE VALVES 
Th f peeve Eis, "S50 and 500 Ibe. pet 
} “ COPPER-CAP ” FUSIBLE PLUG. a6 Dae. 
e Best Valve Obtainable n Prevents Boiler Explosions, through Low Water, Oil or Scale. 
i] iT 59 
BAILEY’S “ KEY:RING faa ae BAILEY’S 
STOP [ic sso | TURNSTILES 
—_— FIT FIRE- ARE 
VALVE. aateanil mernem ACCURATE & DURABLE 
Best Metal, RENEWED INSIDE OR 
“ Thermo: nickel’ Valve eens 
and Seat. 
Advantages. 











Seating can be re-ground, and is 
renewable. Valve unaffected by differ- 
ences of expansion. Cover or bonnet 
cannot set fast in body. Working parts 
are not injured in the act of removing 
them for examination. Nothing sacri- 
ficed for the sake of cheapness. 


Supplied to many of the prin- 
cipal exhibitions. Blackpool 
open air baths. Agricultural 
Shows, public art galleries, 
Football clubs, Racecourses, &c. 





For Pressures to 200 lbs. per im GUNMETAL, IRON & STEEL. 


mare inch. - 
” In All Sizes. 4189 























‘* Bailey’s Useful Inventions for Engineers in all the Industries,’’ 420 pages and over 1600 illustrations of Gauges, Stop Valves, Reducing Valves, 
Lubricators, Steam Traps, Steam Kettles, Indicators, &c. Price, Bound in Stiff Board, 2s.6d. Bound in cloth, 5s. 


Sir W. H. BAILEY & CO., Ltd., Worxs, Salford, Manchester. 
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BUILD rouR WORKS 
ON THE GREAT WESTERN. 





The GREAT WESTERN RAILWAY 
have excellent SITES FOR 
NEW WORKS, MANUFAC- 
TORIES, ETC., both at their SOUTH 
WALES DOCKS, with direct access to 
RAIL and WATER, and at numerous 
points THROUGHOUT THEIR 
SYSTEM. 









Full particulars will be supplied and enquiries treated confidentially, 


or a G.W.R. representative will call, upon application to:— 
CHARLES S. PAGE, E. FORD, 
Chief Docks Manager, Chief Goods Manager, 


DEVELOPMENT DEPT., 
G.W.R., PADDINGTON, W.2, 


FOR SITES ADJOINING 
RAILWAY. 


G.W.R., CARDIFF. 
FOR SITES AT THE 
SOUTH WALES DOCKS. 











FELIX J. C. POLE, General Manager, PADDINGTON STN., LONDON, W. 3. 






8907 





























MACHINE 




















COMPRESSION TESTING 


for testing Cubes of Cement, 
as supplied to 
anufacturers, Civil 


— pi. and Municipal Authorities. 


C ement 
ngineers, 


















THE RECENT IMPROVEMENTS AND DEVELOPMENTS 
IN THE MANUFACTURE OF RAPID -HARDENING 
CEMENT HAS MADE THE TESTING OF THAT 
MATERIAL BY COMPRESSION A VITAL NECESSITY. 
MACHINES OF THE TYPE ILLUSTRATED ARE BEING 
INSTALLED UNIVERSALLY BY USERS AND MANU- 
FACTURERS ALIKE. CIVIL ENGINEERING WORK OF 
ANY MAGNITUDE CANNOT SAFELY BE UNDERTAKEN 
WITHOUT THE ASSURANCE OF A SPECIFIED TEST 
iN COMPRESSION. 



























Avery _ Testing Machines for Cement have been supplied 
to the following users :— 









Aberthaw and Bristol Channel Portland Cement Co. 
Armstrong College, Newcastle-on-Tyne. Battersea Pol 
technic Institute. Coventry Municipal Technical School. 
Glasgow Corporation. John Cockrane and Sons, Ltd., 
London. London County Council (Three Machines). 
Leeds County Council (Two Machines). Midland Railway 
Co. Macclesfield Corporation. Metropolitan District 
Railway. Roads Reconstruction Co., Bristol, and many 
other Technical Institutions, Municipal Laboratories, 
Manufacturers, etc. 













Write for List 686. 
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PEGE T TeSONS, i= 


Londen Representatives :— 
FERGUSON & PALMER, 9, Victoria Street, Westminster, S.W.1. 





Telegrams Peckett, Bristol. 











SPECIALITY 


TANK LOCOMOTIVES 


Of all Descriptions and any Size or Gauge. Full Particulars on Application. 8878 


WIDE RANGE ~s HIGH SPEED. 


DRILLING MACHINES. 
















BOILER SHOP RADIAL 











The photograph 
shows the Boiler 
Type Radial in the 
works of a large 
Home Railway 
Company set up 
for drilling two 
tube plates back 
to back and other 
components. The 
radial arm is of 
our famous Cen- 
tral Thrust type. 



















The machines are 
provided with 
Patent Auxiliary 
Spindle, enabling 
soft metals to be 
drilled at correct 
rates. 















An extract from a letter received from a large Firm of Canadian Engineers. 


eee You Aer) rest assured that your | 
DPilling Machine will receive our } 
saat Lf 4 Ne Fro sg: 
very best consideration,aue to the \ m a Light Sensitive to the 
a GR . Re » Heaviest Central Thrust, 
¢fact that MrMBhed the nleasure : 
- f Radials, Verticals, Horizontals 


é 


You may recognise the Asquith 
not only by the neatness of its | 
design, but by its quality con- | 
struction, high speed, low 


| 
f 
B 


. . of Re § Bry tha QT 19 ] =Fe) 14 “rt oy + wk Dy © 
maintenance cost and by its Or seer TES pied CNN le Nias del and Specials, we can equip you 
2 flyer Rritn! nat venr and hn : 
high and accurate output. in Great Britain last year,an ALB for the highest efficiency. 
opinion is,that it te the very best | 
Midland Representatives : machine of its tyne which ts Write us now—our own Sales 


ARTHUR ANDREWS MACHINE TOOL CO., 
312, Bradford Street, Birmingham. 


WILLIAM ASQUITH (we LTD., Park Works, HALIFAX, England. 


Telephone : 61258-9 Halifax. Established 1865. Telegrams: Drill, Halifax. 


Organization will gladly afford 


manufactured anywhere, 
sd you the information you need. 
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A 2500 hp. GE.C. 
“ Witton ” D.C. Motor; 






























HEAVY PLANT 





This motor is typical of many large machines supplied 

by the G.E.C. for driving heavy industrial plant. It 

forms part of a contract for two complete electrically- 

driven winders, of which the whole of the component 

items were manufactured at the Witton Engineering 

“a and Fraser & Chalmers Engineering Works, 
rith. 


The control of the winding motors is on the Ward- 
Leonard principle. 
The G.E.C. undertake mechanical and electrical contracts 


of any ‘magnitude using only plant and apparatus 
manufactured within its own organisation. 


THE GENERAL ELECTRIC Co. Ltd. 


Head Office: MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 


Engineering Works : 4320 
WITTON WORKS, BIRMINGHAM. 
Fraser & Chalmers Engineering Works, Erith, Kent. 


Branches throughout Great Britain and in all the principal 
markets of the world. 


























ae 




















Makers of all kinds of 


Hydraulic Plant 


Steam & Motor Driven 
Compressors 


Air 


MOTOR DRIVEN, VERTIC AL, HY DRAULIC PUMP, 
as installed in M.S. “ Asturias.” 
124 gals. per min. to 1,000 Ibs. per sq. inch pressure. 60 R.P.M. 











fullerton Hlodgart 








MOTOR DRIVEN, VERTICAL, TWO CRANK, TWO. STAGE, \ 
AIR COMPRESSOR. 


1,000 cubic ft. per min., to 100 Ibs. persq. inch. R.P.M. 360. 


Made for 
London, North Eastern Railway Co., Ltd., Doncaster. 











3469 











Lervon.t Woods 
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Stand No. 1, 
Building B, 
at the 
British Industries 
Fair, Birmingham. 
















3650 


Catalogues post free 
on application. 








Tl BIRMINGHAM 


TANGYES L" 


Manchester. London. Glasgow. 






































MOTORS OF QUALITY 


embodying the result of 25 years of specialisation 
and steady application to machine-tool drives. 


THE RATINGS are not cut, the materials used 
and the mechanical and electrical design will stand 
the most rigid inspection. 


EVERY HOME RAILWAY, most overseas companies 
and all the Government departments use them, 
recognising that they mean 


RELIABILITY 


for 








Head Office and Works: 
OPENSHAW, 
MANCHESTER. 
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Sees sees es cess ss eensssssescn SI 


(Visit the 


BRITISH INDUSTRIES FAIR \ SX 
+ BIRMINGHAM + aes 
Che Board of Jrade Fair. Co 


One of the chief features of which will be 
Che Exhibit of 
eo} le ¢yme) seri ).\ Gm -7-\a- VP -)4 ee 


| Now DICKBALATA DRIVING ROPES 




















FOUUORORUEREOOGOOPUONANEOONUOUONGOOONOUHONONGOUOEEONORSOCUOCONOUOEDOUDOOOUOONOEGOEOEEOOOOUOOOOOEROREODOROORDEREPEDEATODOUUENONNOOQEOONONNOUDONGEDOUOOUOUONOUOONODESEROUESEOOEVOUSOUOUEIVOOUOUONEORYOUOUUOUGUUONONOONONTRSEREROSES( TLS: 


SCIENTIFICALLY CONSTRUCTED. 
AUTOMATIC IN ACTION. 
MINIMISES FRICTION. 








WRITE FOR CATALOGUE NO. 3 TO— 


JAMES WALKER & C°: L™: 


LION WORKS, WOKING, 
Surrey. 


(Late of Lien Works, London, E. 14.) 
Telegrams: Lioncelle Woking. Telephone: Woking 1040. 
LONDON OFFICE : 
96, Leadenhall Street, E.C.3. 





The KING of PACKINGS. 


TVREREOUUUOGENEEEONUAAUOOOUOUUCNEOGEOQEOUUUOOOMEUEOEOGOOQUOUUOUEAUUOUUEOEOOOQOGUOUUCTUEENUCCQOOQQOOUUUOCETOOSOOHGGQECCEONOEOGOESOU0UUECOOO000000UUBUU044 


ie ee 





Cc: 
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MECHANS LIMITED, 


LONDON OFFICE: Sectatimm tonnes, Giadow, 
10, Princes Street, Westminster, S.W.1. ts 9 2 











Head Gears 


et 


Bunkers 





Steel Chimneys 








Blast Furnace Plant 
Riveted Steel Pipes 


Steel Tanks 





Elevators & Conveyors 


Gas Producers 





Steel Buildings 





Steel Structural Work 


Riveted, Welded & Pressed Steel Plate Work of every Description for Mines, Gasworks, Oilworks, etc. 





4158 








Ask for Sectional Catalogue :—No. 2. Structural & Mining Plant. No. 4. Steel Pipes. No. 5. Forging & Flanging. No. 9. Elevators & Conveyors. 


—b=—_\ FUEL COSTS LESS 
THAN '¥% PER 
B.H.P. PER HOUR 


Of necessity, fuel costs must receive first 
consideration, and here the Crossley is 
unrivalled. Another factor in power production 
which is equally important, however, is that of 
perfect regularity of running. ‘The Crossley 
Heavy-Oil Engine, with its magnificent work- 
Ean manship and materials, can be relied upon to 
of the Crossley function year in and year out with but the 

















aR WO 
sO 






















Heavy-Oil Engine ._ @ . 
Pieper aa minimum of attention—a further economy. 
peeing lane Crossley Heavy-Oil Engines are built in sizes from 6 


reproduced above. to 1,000 B.H.P. to use Crude and Residue Petroleum 
Oils, Diesel, Furnace and Tar Oils. 


CROSSLEY 


HEAVY-OIL ENGINES 

















CROSSLEY BROTHERS LIMITED 
OPENSHAW MANCHESTER 


Teleg is ei gine |’Pione) Manchester.” Telephone: Openshaw 1121 (5 lines). 
LONDON OFFICE: 139-141, QUEEN VICTORIA STREET, Bd 


C45 | 
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OM Ag Ss of 150000 KVA 
HL eH OY a | | em \ ||, SS eas h She Capacity-are 1 
! I | me Wd : ip . U e ° 1 
| | | in in use in the : 
| | A atl We ih , ' 

7 | rt ) W)) HB Commonwealth 

| TD AS 0 oT — 
YY YY Uy, ELIE, j r 

(sg MUD / — GO pase = The illustration shows 

y Cz <Q LLL Ww Wh MYA) |\ a typica outdoor 

——EEE = aR |. 33,000 volt Rotary 

~ my hy ane Converter Transformer 
7 Hh Hy | Substation Equipment , 








y 


The British Electric Transformer C* E* 
Haves. Middlesex, England. —— 








eed | 





——_—_—_—_—_—_ 











——— 


The Best—and British Throughout 


: Heap’s 
Patent Screwing Machines 
with Tangential Dies 








& 
’ 





are the last word in Screwing Machines. They are designed from beginning to 
end as high class Machine Tools and embody features not found in any other 


make of Screwing Machine. 

The Die Head is of entirely new design and is patented. 

The Tangential Dies are Thread milled and hardened. When dull they can be 
simply re-ground and are then equal to new. They never require re-hobbing. , 
Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines in construction and completed, test them in actual use 
and prove their capabilities, 











J oshua Heap & Co., Ltd., Ashton-under-Lyne, England. 
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FOR QUICK REPAIRS 


WHERE FAULTY RIVETS REQUIRE CUIrTING OUT ON BRIDGE OR CONSTRUCTIONAL WORK, OR FOR BREAKING UP OLD BOILERS, 
ETC. THE “BOYER 80-X RIVET CUTTER” IS THE TOOL YOU ARE LOOKING FOR. LIGHT, PORTABLE, EASILY HANDLED. 
CAPACITY UP TO in. RIVETS. 


Specialists in :— 


PORTABLE PNEUMATIC 
Drills, Grinders, Hammers, Hoists, 
AIR COMPRESSORS— 
Belt, Steam, Petrol, Oil, and 
Electrically driven. 
PORTABLE AIR PLANTS 





The Boyer No. 80 X Rivet Cutter 
is fitted with a tool retainer, which 
prevents the piston, or chisel, 
from being shot out of the 
cylinder. 















The retainer can be quickly 
and easily removed from 
the hammer when it is 
necessary to change 

the chisel, this can 

be done without 
the aid of a 





spanner. to suit all requirements. 
Am ideal ROCK DRILLS, 
tool for Hand and Tripod Types. 
cutting off CONDENSERS. 
and __ backing VACUUM PUMPS. & - 
out rivets up to PAINT SPRAYING EQUIPMENTS. sui . sol 
$1 ACKS. Ms 
# in., easily DUFF LIFTING J ; . 
handled by one man, TRENCH BRACES. oe ne 
only weighing 32 lbs., PORTABLE ELECTRIC Extensively used in Iron Works, Steel Wagon 
including chisel. Drills, Grinders, Hammers. Works, Railway, Boiler and Carriage Shops, 








WORLD. be used to advantage on Bridge Repair work 
where any rivets, up to its capacity, require 
replacement. 


re ALL OVER m, Scrap Yards and, owing to its portability, can 


Will also deal effectively with rivets in restricted places 





WRITE FOR FULL PARTICULARS. 


THE CONSOLIDATED PNEUMATIC TOOL COMPANY, LTD. 


EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W. 1. 


TELEPHONE: 9215 GERRARD (4 LINES). TELEGRAMS: “ CAULKING, PICCY LONDON.’ 












at a reasonable cost and with little labour, 
is worth much, as the owner has no cause 
to live in fear of increases in coal or 
electricity, or the suspension of work in 
the factory’ due to strikes, etc. 


















The Clayton-Babcock Cold Starting Oil Engine 
is the ideal unit for all purposes. 


Power can be produced at a cost of jd. 
per B.H.P. per hour. 


Electricity generated at less than jd. 
per unit. 


Power users who are anxious to reduce 
their costs will find much valuable 
information in our catalogue EG 376, 
sent on request. 


CLAYTON & SHUTTLEWORTH, LTD., 
ENGINEERS LINCOLN 
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AIM l Ay 


Og 


eather Belting 


Guaranteed 98 % Stretchless 
and Straight Running. 







i Muda LL TF 





The manufacture of Tullis Leather 
Belting is so controlled that the 


Quality Never Varies. 


SPECIALITIES : 

2 Tullis “Columbia’’ for Heavy Drives. 
Tullis “ Orangetan ” for High Speeds and Small Pulleys, 
Tullis “Sillut” for General Purposes. 


WL 











DYNAMOS MOTORS 
STEEL CONSTRUCTIONAL WORK sou 


HROYToE LTD., HNGinaeRs, TRAFEORD PARK, MANCHESTER. 
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GUEST-LENOX PATENT PRESSED STEEL SECTIONAL TANKS 


As Supplied to 

















E H.M.War Office, 
E Admiralty 

é H.M. Office of 
F 


Works, G.P.0., 
Anglo - Persian 
Oil Go., Ltd., 
Etc. 


ooao 


When Ordering 
Tanks for Shipment, 


L : Reduce 

Le the Cost of Freight 
ie by 

e specifying our make. 
z Oooo 









_ we . 

a Light, Cheap, 
IN le Bolted Joints, 
OR Se Easily Erected, 


iNVea 


‘ 
Th) 
1% 

i ld 






) 
: 
% 


No skilled labour required, 
Joints made with plastic 
compound capable of 
resisting the action of 
Raw Ammonia, Oil, 
Alkali, Brine and Sugar 
Liquid. 

Efficient and Strong. 


4 
N) 


* 
G 
‘ 
. NO 
a 
a 


AO 
YR 
Vas 
¥ 
\ 
a "a 
7 


a wm 
AN 











The above tank is fitted with special round corner pieces to facilitate cleaning and measures 61 ft. by 61 ft. by 12 ft. 6 in. deep. 


kere: BROWN, LENOX & CO. (LONDON), LTD., POPLAR, E. 


poe le ove “ “LEN LA MILLWALL.” 3886 























SENTINEL Be VALVES 


1 
MUNAUUNONANAUganaggycngAsEUEUEUOAUGND gy gg gggeUUUUUUUCT NGC papa SAAN EEN : mien 
PUTO TT LLULULLLLLLLLU ETT TY LEER URE LE CR ‘ TUTTE 
| Hydraulically 

















SENTINEL NEW VALVE WORKS. Operated Valves. 

Comprising I d B Foundries, 

a cg Kent ieiton, "Fitting. One of 7 sets 36 inch Hydraulic 

Testing and Inspection Departments. and Hand Operated Valves 

Capacity Equal to Largest Valve Made. supplied to the 

‘Thousands of Valves for All Purposes In Stock. Nechells Power Station, 
Birmingham. 


Valves controlled by 4-way G.M. 
Hydraulic Cock on Column, and 
additional control from Power 
House Platform. 





| In case of failure of Pressure, 
Valves easily operated by hand. 


. ' a es , We design Valve Layouts for 
TTT CT MALT CTE COCO A canines. isin 


Pvc ccuensSACCACE Agcy aN Ea gyp EEC 








TENT 
HON 


wai 


ALLEY & MACLELLAN LTD 


SENTINEL VALVE WORKS . ia 


TE wo RCFSTER -— 


AIR COMPRESSORS MADE AT SENTINEL WORKS, GLASGOW. 
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| Shallow draught Tug ONI” 
3 for British Nigeria 

| | Length: 65Ft.Draught:3ft 

160 J.H.P. Speed: !I mph 
Fuel: Wood or coal. 





Me LPR 





Tl 


STEAMor MOBOR TUGS 


Ocean-going, Salvage,or} "* Shallow draught. 


tj 
i$ 


HIS vessel embodies our specialised features for 
tropical service and for its handling by native 
crews ; it is suitable for towing work in various 

parts of the world. 

Full particulars of this boat, and a copy of Booklet 
No. 13 containing a wide range of illustrations of 
special ‘craft, will be sent on application. 





aye 2s a 

















ON YOUR NEXT ORDER 
SPECIFY 


—BROOKE— 
—T00L8—— 


“BROOKE” TOOLS ARE RENOWNED 
FOR THEIR ACCURACY, DURABILITY, 
AND HIGH CLASS FINISH AND PRICES 
ARE STRICTLY COMPETITIVE. 

THAT IS WHY THEY ARE SO UNIVER- 


SALLY USED IN THE LARGE ENGINEERING 
SHOPS OF TO-DAY. 


LARGE STOCKS CARRIED OF ALL 
STANDARD TOOLS 


WRITE FOR PRICES NOW. 


Tue BROOKE TOOL Mec. Co. Lro, 


GREET -- BIRMINGHAM. 
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ROBEY 


(Oil Engine Makers since 1891). 


MAXIMUM ECONOMY 


ECCENTRIC 
VALVE MAXIMUM EFFICIENCY 
GEAR MINIMUM UPKEEP 





COLD START CRUDE OIL ENGINES 


HORIZONTAL AND VERTICAL — 


Made Like a Steam Engine Ht Runs Like a Steam Engine 


9319 


Works: LINCOLN. LONDON OFFICES: 91, Queen Victoria St., E.C.4. 


‘NEW ERA” — earevr — TACHOMETERS 


BRITISH THROUGHOUT. 






































WALL TYPE WITH FREE FROM 
FLEXIBLE SHAFT TEMPERATURE EFFECT 
AND 
FOR MAGNETIC INFLUENCES. 
R. P. M. 
OR 
A 
COPIES PER HOUR HIGH-CLASS INSTRUMENT 
ON OF 
EXTREME ACCURACY 
PRINTING AT A 
MACHINES. REASONABLE PRICE. 





= 








ENGINEERING SUPPLIES LTD.., 


Makers of all Types of Dial & Recording Pyrometers, Pipe & Flue Thermometers, 
11, QUEEN VICTORIA STREET, LONDON, E.C. 


Telephone : CITY 2660, Works : SHEFFIELD. Telegrams : PROELLS, LONDON. 
HUOGUEUNUUANONOOEOONOUSOUOOOANQOUOEUONOUAOEQAUQOAOUGOUOUS EQOUQEOUSQUSOQOCNOUOONOUVONQUOOUOGE GUOOUSOROONOUOOUGOUOONOUOOOOONOONOUONGOOG AONGORGENUOEOONOOUOOQSOOUOG POUDOOUOOUOOOOOOUNOUOOOG EUODOODOOOOOOUDOOUOOOOUONONOOONOOUOESOGSSONEAOONON 


2014 
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EMPIRE PATENT 


LUBRICATORS 


of Engines. 


Alse supplied with Direct 
Lever and Ratchet Drives. 


EMPIRE ENGINEERING CO., 
(MANCHESTER) LTD., 


Empire Works, 8274 
SALFORD, MANCHESTER. 


T 39 P 
Telephone a Piaten. 





| | 


“DIRECT” 


For DIESEL and Other Types 


ALL BRITISH MADE. 





HIGGINS 


Here is a novel adhesive, especially designed to meet the needs 
of engineer and architect. 


Applied to the ends ot a sheet ot drawing paper, and fastened 
under either end of the drawing board, it keeps the surface 
of the paper smooth and tight as a drum- 
head—an ideal working surface. 





If you are not acquainted with it, procure 
4, a small test jar at once from your regular 


Cuas. M. HIGGINS & Co. 
11, Farringdon Ave., London, E.C.4, 


3820 
























































(TTI AIR PUMPS & JET a 


BENNS PATENT 
SINGLE OR DOUBLE ACTING. ROPE,BELT OR MOTOR DRIVEN. 














é Mill Gearing i 
Br — Steam Cylinders 
pontelgg and Air Pumps 
ne Bored out in 
Steam Engines : 
Indicated and their places. 
Saheim upon. i ; 





















Ss. S. STOTT & Co J 


CLAN! SIDE FOUNDRY, HASLINGDEN. 






















; iia & 
Teale i 


PATHE 
ene 


Boilers 


on es 





iia hia 


Delivery} 
Susrlable for 
Conktraclors, 
Launortes , 
Dares, 
Slean2 Crares, 
Hleating Purposes, 
Sugar boing, 
Raps 
PULMYIL2, 








Loughb borodgh 


Tad me: a Telep. 
ee Lascomet 






































CO.Refrigerating Machines 


MULTIPLE EFFECT 
COMPRESSION 


WITH 


PRE-COOLING BY PRIMARY 
EVAPORATION 


GNABLES THESE MACHINES TO MAINTAIN 
THEIR HIGH EFFICIENCY UNDER THE MOST 
TRYING CONDITIONS. 


SEAGERS L™ ' 


DARTFORD, ENGLAND. 





3738 








BRAIME’S CELEBRATED 
SEAMLESS STEEL OIJIL-CANS. 





and Lampe have boon upoted “ SEAMLESS ELEVATOR BUCKETS, 


to the British Admira! 


SHOP TOOL STANDS, &c. 
SPECIALITIES :— 
Seamless Steel Oil-Cans. 
Folded Bottom Oil-Cans. 
paras Steel Reaper Oilers. 
hips’ Hand, Bunker & Space Lamps. 
Sections Steel Elevator uckets, &c. 
Riveted Steel Elevator Buckets. 
Steel Rollers for Conveyors, &c. 
Seamless Steel Shop Boxes, Trays, 
Suds Pans, Oil Drippers, &c. 
Engineering Pressings in all Metals. 
> Pressings for Motor 
zessings forae ae. Stamped Seamless Steel 
Sheet Metal Spinners Elevator Buckets. 


Soames? soe 1000 sizes. 


Merchants, Machinery. Dealers, &c. 









Telegrams : 
“SEAMLESS” 
LEEDS. 











nutes VeFe& JF H. . BRAIME, Ltd., Hunslet, Leeds. 














Automatic 
Weighers | 


of guaran accuracy. 
SIMON, -seaiea i 
NOTTINGHAM. Machinery 


automatic & continuous. 


OUR SPECIALITIES 
FOR 40 YEARS. 


RICHARD SIMON & SONS, 


Phenix ‘W Works, 8825 


NOTTINGHAM. 






: LAMBETH oe paves G nares 


4or3 Senne. 


SSS 





THE ROPE WHICH MEETS EVERY REQUIREMENT OF POWER TRANSMISSION. 


THOMAS HART, L™. sus 


(ROPE DRIVING SPECIALISTS), 














Lambeth Rope Works, 
BLACKBURN, ENGLAND. 








wit 
stat 
wo! 
stez 
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PROPELLERS 


EITHER SOLID OR 
WITH LOOSE BLADES. 


Any Size made at the 
Shortest Notice. 


HIGHEST 
EFFICIENCY 


LOWEST 
CONSUMPTION. 


4318 


PRESTON. 





RIVER 


FRIEDENTHALS L'siccine Wonxs, 











RACKS, 
WORMS & WORM WHEELS 


MACHINE CUT. 





ay ¥¥N 


SPUR & WORM REDUCTION BOXES. a 


E. Arnold Pochin & Bro. 4 


Trafford Road, 
TRAFFORD PARK, MANCHESTER. 


3856 


*Grams—‘“‘Arpogear.”” 
eee Park, 34. 








LIGHT “VALIANT” 


STEAM PUMP 


FOR EMERGENCIES. 
Weight 64 cwt. Simple and Reliable. 








Contractors to War 
Office and Admiralty. 


aa 3775 
Write for Pamphlet 162 Eg. 


MERRYWEATHER & SONS, LTD, (iacorporatiag 
SHAND, MASON 8 CO.) 


Greenwich, S.E. and Showrooms, 63, Long Acre, W.C.2, London. 

















SSUSUUNAVANAAAAADUAAUOUUUGOUOOOOOUOOONDOUUOOUOEAOOOON 


: ROGLER - HOERBIGER 


PATENT 


RING PLATE VALVES 


FOR AIR AND GAS 
COMPRESSORS, &TC. 


3167 


THE 
METALLIC VALVE CO., 


COLONIAL HOUSE, WATER ST., 
LIVERPOOL. 





SOUALUUUUAUUGOUNUNUNOONUAUGUAOUVONDLOUOEOUDOONOGS 


TT 


SaUDUCUUANUEANLUUAUOONUEGUOAUAUGOODOUUERDUOUOOUIOIII EE 




















INDUCED DRAUGHT FANS 





See recent 
Hight! recen 
Emulent. Testimonial 
below. 





“Messrs. John Gibbs and Son, 72/76, Duke Street, Liverpool. 
Re FAN SUPPLIED RECENTLY IN CONNECT yt aya = — 

Dear Sirs,—When writing you giving particulars of the second Fan required in connection 
with the pile Boilers, 1 omitted to mention that the Fan fitted to the Babcock Boilers 
stack is working very well. It has now been running several months, and since it got to 
work we have noticed a great improvement in the fires, which has enabled us to keep up 
steam much and use the to better advantage. When you come over to see the 
second Fan installed we would like you to have a look at the running of Fan fitted to the 
Babcock Boilers, which is a great improvement over the old Fan. 


Yours faithfully, 
Duke Street, 


3492 








OPO OOOO OOOO OOOO oo OOOO Oo O}O} ooo 1o]O}C/ cr 


Standard: 
RINGS are TRUES 


[m 












Cy) 


E} All sizes 1} in. to 72 in. dia. 


CAST IRON 


7 4/,, HAMMERED PISTON RINGS 


The Standard Piston Ring & Engineering Co., 


Premier Works, Don Road, SHEFFIELD. 4048 


Telephone No. 41874. Telegrams: “ cean,”’ Sheffield. 


OOO OOOO OO OO OO OOO OO OO) OO} }O}O) OO} Oo }0) 0/0) 


EXPANSION BOLTS 


_BIAMOND- 


(( (ddl (“= 


penny mT at aan 
. Os te ' VOR 





OOOO IO OOo OTC] o)cy 
OOO} OO} Oy} 0) 



















ain cle all 
4 






T ORL ENTED 


‘*KEYSTONE.’’ 


“DIAMOND” & 


Illustrated Lists and Particulars on application to the 
SOLE AGENTS— 


Ex. LURE, L-. 


4144 





JOHN CIBBS & SON, Le LiveRPoot. 


On Admiralty and War Office Lists. Send your Enquiries. 





12 & 14, Brazennose Street, Manchester, Eng. 
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A CLEVER INVENTION 
for RAISING WELL WATER all kinds, and TACHOMETERS. 
THe FINDLAY & CO. Broadway Chambers, 








Hammersmith, LONDON, W.6. 


pagnt HENRY COOK 





Bf EO N 


CARUELLE PATENTS - 








Castings—1 Ib. te 15 tens. 
All kinds. 


West North Street. ABERDEEN. 


THE VACUUM BRAKE C0, Ltd, 


3, 5, & 7, Old Queen Street, 
LONDON, S.W. 
Telephone: Victoria 3269. 
Telegrams: SOLUTION, LONDON. 
ABC and Al C Codes used. 8802 


For Larve Advt. see page 64, Dec. 9. 


Cliné Surface 


oAye Sv re zenerr BELTS 


Write for Catalogue 916 


Boulton & Paul, Ltd., 
NORWICH. 


























enables belts to run slack wlibaubiiiie. 
Tuomas & BisHop, Lrp., 37, TABERNACLE Sr., E.C, 


seme x LOWE & SONS, L Ltd., 
‘ower Treneatenion Specialists. 
ROYTON. OLDHAM. 








THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING C0., Lr. 


Specialists in the ps Manufacture, 
+) Erection of “Brite Girders, 
Roofs, Warchouses, jal ata of 
Irom and Steel Constructional Work. 


Heav Orrice AND Works— 4088 





WILSON BOILERMAKERS L™: 
LILYBANK woRKs, @LASGOW. 














DARLING TON. 3901™ 
a 
STEAM TRAPS Pirimachos 

for all z pars 


FIRE CEMENTS. 

ry. Os Regularly used by 
Gas Works, Steel 

ier orks, Power 
Descriptive Folder Stations, &e., for 


and working 
Pcs post free. — ses weal 
‘ 


“PURIMACHOSY. LTD., 


85,'St. Philip’s, BRISTOL. 


Combined Chain and_||[_Te Mark of Erriciency. 


"PHONE : *"GRAMS : 
41 HYDE. * GEARS, HYDE.” 


Hollow Chisel Mortiser. ||[rosne czars, un. 


DUTIES. 

































The range of B.S.S, Steam Traps 
covers all the requirements of 
modern Steam Engineering 
Practice, including traps for 
superheated and high pressure 
steam, 





























All B.S.S. Traps are carefull 

made and ‘eheted, and are vats = 

teed to satisfactorily perform the a ane 

various duties for which they : * Easy to operate, DOUBLE HELICAL GEARS 

are intended. The machine with ; for ROLLING MILLS, STEEL WORKS, 

BUCKET TRAPS for handling large greater lifeto tools, RUBBER, PAPER "& LINOLEUM 

a epee discharge ae, ies many new and MACHINERY. 3128 
and accurate WRITE FOR CATALOGUE. 


pg a ween ert ce y bs Bi ate 
at varying pressures for draini: 
Coils, Radiators, Boiling Pans, an 
etc. 

GREASE TRAPS for use in connec- 
tion with exhaust steam. 
VACUUM TRAPS for draining 
vessels under vacuum an use 
condensing steam te. 

RETURN TRAPS aueepetiontiy 
returning the water of condensati 

direct into boiler at the omnia 
able temperature, and at pressure. 


We specialize in all requirements of 


the egg ser wartars date 
ves team parators, 

P. Val Water Gai 

and Gate Valves, Safety V; 


Lubricators, Plug “ond Gland Cocks, 





exclusive features. 









output. 










(jovernors 


(PICKERING TYPB), and with 


“ SMITHS ” PATENT KNOCK-OFF CEAR, 
Simple. Efficient. 






Will increase production. 






Full particulars and Catalogue E2 on request. $792 


Wadkin & Co., Leicester. 






Jockey Pulley abandoned. 
Operates should Governorstop 
from any cause. 


—ae 4278 






Bole Licensees and Makers; 














Pressure Gauges and Fittings, ete. ete. 
. 8: = rn uart le: Le. London Office: 11, Queen Victoria St., E.C.4. Patlct, Macnab & Highgate 
ritish STEAM SPECIALTIES FO yp 











Sedterd Street, LEIORSTER. u 








U : 
Makers te War Office and Admiralty, 


— 
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PURE ., 
WATER 


PATERSON 83 SYSTEM 


i you wens i" Ss. or ONE 
HANNAN & BUCHANAN, 
Senne Setreeet 








15, Robertson Street, 
GLASGOW. 


\ 3 Pressure, Compound, 
a a and d Hydraulic 


Steam B: Engine 
Indicators and Counte 's, 


Tachometers, 
Th orpmameters. 





NS 


Wy ENGINEERING (9 ld 
BRADFORD -YORKS. 








THE HEATLY - GRESHAM 
ENGINEERING Co., Ltd., 


Gresham Iron Works, LETCHWORTH, or 
40, Wood St., Westminster, LONDON, S.W.1. 


ACCURATE & WELL-FINISHED 


IRON CASTINGS 


EASILY MACHINEABLE. 
Large Capacity for Repetition Work. 
Dow Fersings. Machining. Deep Pressings. 

















1928 


A NEW CATALOGUE 
BY AN OLD FIRM 


THE FARRAR BOILERWORKS LTD. 


SECURES 2 Lory 
WRITE YOUR APPLICATION 
WITHOUT DELAY 


AN INDISPENSABLE “ VADE MECUM” 
for 
STEAM USERS 
ENGINEERS 
FACTORY MANAGERS 


ETC., ETC., ETC. 


WRITE FOR COPY, GRATIS, 


To: THE FARRAR BOILERWORKS LTD. 
NEWARK-ON-TRENT. 




















< = 





BOLTS, 
STUDS, 
NUTS. 


BRIGHT WORK 
A 
SPECIALITY. 


§. MARSDEN & SON, Ltd. 


LONDON ROAD. 
MANCHES TER.” 














3774 











Telegrams— Telephone— 
| Benen, MeernonT a Se nen, 





STANDARD SHAPES 


AND 


SPECIAL SECTIONS | 





4293 





CHADBURN S 


(SHIP) TELEGRAPH 00., LTD. 


Patentees and 
Original Manufacturers 
of Ships’ Telegraphs. 











TELEGRAPHS ror STEAME RS 


OF ALL TYPES 





PATENT SPEED anp 
DIRECTION TELLTALES 


ror TURBINES. 


GLASGOW.—112/114, Broomielaw. 

NEWCASTLE-ON-TYNE.—18, The Side. 

BELFAST.—39, Donegal Quay. 

LONDON.—Wellington House, Buckingham 
Gate, S.W.1. 

oe Sa DOCKS.—93, Victoria Dock Road, 


A... Charlotte Street. 


LIVERPOOL.—47, CASTLE Street and 11, 
Waterloo Road. 


HEAD OFFICE, 
CYPRUS RD., BOOTLE, 
LANCS. = 
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The Master Metal 
British Manufacture 


STOCK SIZES: a p =) STELLITE 
gy TIPPED TOOLS 








?” square x 6” long 
‘ar ae eae of any description 
can be made up 


12” ” x 10” ” E 8) to 


ee. ae CUSTOMERS’ 
ro 14" SPECIFICATIONS 


LO-SWING LATHE TOOLS 
g” x 2° x 5}” long 





by Cutting Speed 
STELLITE f greatly in- 
Tipped creased and 
Tools larger tool 
tor all life obtained 


Purposes. with 
STELLITE. 





DELORO SMELTING & REFINING Co..10. 
(ot Canada), 


Norwich Union Chambers, Congreve St., BIRMINGHAM. 
2376 


SPECIFY A “SPENCER - HOPWOOD.” 











Used by over 50 Rail- 
way Cos., Government 
Depariments, etc. 


Sole Makers: 


Best in every way ! 


Having made thousands of 
‘“‘Spencer-Hopwood” Boilers, we 
can give proof that these have a 
lower fuel consumption, a higher 
evaporative capacity, are easier to 
clean, and more durable, than other 
types of vertical boilers. 

Specify a ‘‘ Spencer-Hopwood ”— 
the boiler that can be _ forced 
without leaking or priming, and 
which raises a full head of steam in 
30/40 minutes from cold water. 
Unequalled for cranes, pumps, 
portable air-compressors, _ etc. 
Specify a 


SPENCER- 
HOPWOOD 


PATENT WATER-TUBE 
VERTICAL 


BOILER | 


Write for lists. 





SPENCER-HOPWOOD, LTD., HITCHIN, HERTS. 





























Adaptable 
Packing 


Steam and Water Qualities. 





PHITZAL Packing is made of long strand Asbestos of exceptional 


tensile strength, which is thoroughly impregnated with best quality 
hite. This is closely interwoven with Anti-friction Metal of the 


‘a 
Fighest quality, and the combination makes a packing of superlative merit. 
ECONOMICAL, 
SAMPLE & LEAFLET ELASTIC, 
ON REQUEST. NO WASTE. 


HOBDELL, WAY & Co.,LTD., 


45, CHURCH STREET, MINORIES, LONDON, E.1. 
Telephones: ROYAL 8022—4 lines. Telegrams: “ HOBNAILS, ALD, LONDON.” 











THE 


BRIGHTSIDE 
FOUNDRY AND 
Engineering Co., Ltd. 


We build modern 
Machinery for 


COLLIERIES : 


FANS 
PUMPS 
WINDERS 
HAULAGES 
HYDRAULIC 
DECKING PLANTS 
Etc. 





Other Specialities : 
ROLLING MILL MACHINERY 
CHILL AND GRAIN ROLLS 
HYDRAULIC MACHINERY vs 
CLAY WORKING MACHINERY ° 


ag 


“corner tesa” SHEFFIELD necctte’aou 
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5) 





































































































“RAPARD” Cement is the result of 


exhaustive research by the Dunstable 
Portland Cement Co, Ltd, to 
produce a_ perfect Rapid Hardening 
Cement. Apart from its excellent 


rapid hardening qualities it is noted 
for its increasing strength with age. 


“RAPARD” is manufactured _ by 


THE DUNSTABLE PORTLAND CEMENT 
CO., LTD., :: DUNSTABLE, BEDS. 


and marketed by the selling organisation 


YOUNG & SON, LTD., 
Africa House, Kingsway, 
LONDON, -  W.C.2. 


4217 











[sir | 


SMENT 





CoAL HANDLING 
BY SUCTION 











” Pneumatic Coal Intake and Conveying Plant. (Barclay, Perkins 


& Co., Ltd., Brewers, Southwark.) 


The pneumatic system of coal handling is invaluable 
where the application of a mechanical discharging 
or conveying plant is difficult or impossible. The 
suction pipe can be taken anywhere; it can be 
used for discharging coal from barges or wagons 
and transporting it over intervening buildings, 
railway tracks, roadways, canals or other obstacles. 


WE MANUFACTURE ALL TYPES 


OF HANDLING APPLIANCES. 3853 


Full particulars from 


HENRY SIMON LTD. 
ENGINEERS - - - MANCHESTER. 


Please address enquiries to 


Conveying Dept., CHEADLE HEATH, Stockport. 


























MAXWELL & FAGE 


(Successors to BRUCE & STILL, Limited), 
49, SEFTON STREET, LIVERPOOL, 
@ONSTRUCTIONAL EMGINEERS and GONTRACTORS. 


FOR STEEL BUILDINGS, BRIDCES, CIRDERS AND ALL DESCRIPTIONS OF — WORK. 
TIMBER BUILDINGS DESIGNED FOR USE AT HOME AND ABRO 








STEELWORK w coon 





{ 
i 
| 





4201 





Catalogues, Designs and Estimates free on application. 
Telephone: No. 1817 ROYAL. Telegrams: “GALVANIZER, LIVERPOOL.” 




















70 [SUPPLEMENT page XXVIII] ENGINEERING. [DEc. 30, 1927. 











fOSTER 

































































The customer for whom we installed the 
above has a further 63 Foster boilers at 
their various works. 

They have found the Foster boiler to be the 
solution of their steam production problems. 
Profit by their experience and instal the 
Foster boiler. 


MM 


Specialists in 





The above 8 in. special Flanged 
Template Pipe with Pee Mi made 
in our Works, is representative of the 
pipework that we manufacture. We 
cater for all trades and will be glad 
of your enquiries for 


High Pressure 
Pipework. 
Installations 


LE BAS TUBE CO., LTD. 


JOSEPH 
FOSTER: ‘BOILER: ‘FOSTER SOILER : ‘FOSTER: :BOILE 1 1 e e 
i tas Ss S TE, a Dock House, Billiter St., London, E.C. 3 
LER: OF ER SOILER FOSTER : BOILER: :FOSTER 
AND SONS. WORKS: CYCLOPS IRON WORKS, MILLWALL, E.14. 3474 
SOHO FOUNDRY. PRESTON 
’Phone :—Preston 19 and 96. ’Grams:—‘‘Foster,” Preston. E.1.H 
London Office: 134, FLEET ST., E.C 4. 4123 











Territory of 
Sarre. 

















Haulage and iistine Plants, 





Aerial Ropeways— Rope and Chain 
Belt Conveyors—Shunting Plants, etc. 4225 
















\VERLOOKING the hills of 
Otago harbor, the city of 
Dunedin, New Zealand, is build- 
ing a great waterworks with a 
Northwest. This machine has 
been working for many months 
and has more than demonstrated 
its ability to operate continuously 
without trouble or repair. 


For all kinds of excavation and 
material handling you can de 
upon Northwest. 


NORTHWEST ENGINEERING 
COMPANY 


The world’s largest exclusive builders 
of gasoline, electric and Diesel powered 





















6a 2. ae i shovels, cranes and draglines 
os, - ‘| 1741 Steger Bdg., 28 E. Jackson Bvd. 
Soba Chicago, Ill., U.S. A. 
|. L. Newbi Cable Address: CE 
j Tel eee Sir Led : “‘Northwest”’ ecg 
elbourne \ All Codes used aed 
West Africa ~ . * : 


Richard J. Cartwright 
Accra, Gold Coast ‘Colony 


NORTHWEST 


Gasoline -Diesel:Flectric 








E12-30 Gray 





fi TEVTTTTERATTARAATTATAADTTTATTATT TTT TT TT TTT TT TTT Cr 
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SOMA 
Saw your joists the 
“short way 
——the Paying Way. 
You will see from diagram 
that the length of cut is the: 


same as the width of the Flange, 
thus you have the shortest 











posstble cut and these 
phenomenal cutting times. 


Actual Cutting Times : 

14 in. X 6 in, 2 min. 

20 in, X 7 in, 28 min. 
24 in. X 7% in., 3 min. 





This Cold Sawing Machine is a guod auncinentd 


Clifton aR © Raira al ird strat 


Branch Offices : 
Associated British Machine Tool Makers, Ltd., London, Birmingham, 
Manchester, Newcastle, Sheffield, Leeds, Calcutta, Paris, Brussels, etc. 


3891 


es 


“If it’s for Metal Sawing———_we have it!” 


=qInNNM 





SOU UML ULUU LULU MUU NIHR 





een 


SAMUI 


TIAA MATL 


EST- PIONEERS -1882 





= 


SIMIAN CE 














IT IS IMPORTANT. 
When buying ‘STALIFFERS LUBRICANT-the original high 


grade machine grease~satisfy yourself that it is 
the product of TRIER BROS. Ltd., sole manufacturer's 
& proprietors of the above Reg. Trade Mark. 

We frequently come across users of lubricant wha 
consider and therefore use, the word “STAUFFER’S" as 
a GENERIC TERM for any sort of grease which has 
similar colour & consistency to our own product. Naturally, 
competitors either actively or passively encourage this 
belief & though imitation is held to be the Sincerest 
form of flattery, we wish to safeguard both 
old and new customers against inferior imitation. 


Loox for the Reg. Trade Mark 

















STULL ULLAL LLL OLD UOT) 


sl UILTIITLUAUU UL re 





SOLE MANUFACTURERS 


TRIER BROS. LTD., 


36, Victoria Street, & Cumberland Works, 


Westminster, S.W.1. Camberwell, S.E.5. 3972 











eR 





SIMPLICITY 


FLUSH LONG LIFE 






RIVETTING ECONOMY 

MADE With: the Sleeve Retaining 
Snap, no pressure is required 

EASY on the Handle of the Ham- 





mer, 


The vacuum under the Piston 
increases the power stroke. 


CHADWICK PATENT 
BEARING COMPANY, Ltd. 
HIGH WYCOMBE 

















4150 











ALLIS 
TEXROPE DRIVE 




















The most perfect drive for short centres and large 


ratios :—positive, flexible, compact and efficient. 
Suitable to drive all classes of machinery from 


$ H.P. up to 2,000 H.P. 
FRANK WIGGLESWORTH & CO., » Ltd., 


ENGINEERS, 





Td: 354 SHIPLEY. oe onl 
ta:“cLutcH.” SHIPLEY, YORKS _ xine street, 
SHIPLEY. E.C.2. 

Tel : Central 2611 
SEND FOR TEXROPE DATA BOOK. 14098 
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20, MOUNT STREET, MANCHESTER. 











on the 


















Internal view of SIMON-CARVES unit type pulveriser. 


At one of our installations’ the 
maintenance costs on these machines 
is O°8d. per ton of coal pulverised. 








AND SAVE MONEY. 4307 





SIMON- CARVES | 






DRYSDAL 


BoREHOLE 


Pulverised Fuel Plant 


Unit or Central System. 





MMMM dddddddddl3 


Vdd 


MAXIMUM EFFICIENCY ——— MINIMUM COST. 


WY 


YU 


Ys 


Zz, 





CLLYYLLYLYLYLYY 


Vdd 


ddd 


ddd 


YY 


Yy 


yy 


dda 


ddd 


CZ. 


da 


Vda 





Vda 


WY ppp 


Vdd 


Vd 


LOW MAINTENANCE COSTS. 


Even with anthracite the figure is under 14d. 





INSTAL SIMON-CARVES PLANT 





DC’}WDW\\ ww o>E=o tee to 


E 
JUMPS 


For all Capacities up to 400 ft. depth. 
Pumps can be arranged for direct Motor 
Drive, or through Belt or Gear Transmission, 
or by any form of Steam, Gas, or Oil Engines. 








FOR CHEAP AND PURE WATER SUPPLY, 


BRINE WELLS, ETC. 


THE most economical Pump because it can be adapted 


to existing Boreholes, gives maximum yield and 
high efficiency, the depth of pumping can be 
easily increased, occupies small space, requires 
only cheap foundations, is simple to install, and 
the maintenance cost is negligible. 





DRYSDALE 


3818 REG WA. 487390. 


SONOMA RK = -6CM/4 RY. 
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SOOO B&G QQ, $60 ©. 
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Red Figures. 


Red figures denote danger—mounting costs—if they 
appear against ‘“‘ Power” then it is time to investi- 
gate your transmission. If your works are not using 
Chain Drives we suggest that you investigate—belts 
and rope drives lose up to 30% of the power gene- 
rated, whilst the power loss of Coventry Chains is less 
than 2%. Chains are cheap to instal considering the 
years of satisfactory no trouble service given. May we 
have the pleasure of discussing the matter with you ? 





3340 
2 
The Coventry Chain Co., Ltd., 
Coventry England. 
Technical Representatives at : 

e re Telegrams : Telephones t 
Lendon: 37, Southampton St., Strand, W.C.2. Apchainser Rand Regent 3311 
Birmingham: 195, Corporation Street. Birchains Central 1083 
Glasgow: 3, Cadogan Street, C.2, Ceaseless, Glasgow Central 3928 
Manchester : 308, Deansgate. Selling Central 4497 
Newcastle: Maritime Buildings. Trio Central 2198 
Nottingham: Newcastle Chambers, Angel Row. 6934 


Moore Lianishen Lianishen 
181 Cardiff 181 


Cardiff: R. C. Moore, Kenilworth, 
Hillary Gardens, Llanishen. 
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is definitely governed by the power 

transmitter employed. Any inefficiency 
in the latter readily asserts itself on the former, 
not only retarding output, but in consequence 
adding to manufacturing costs. 


“CAMEL HAIR” 


(Registered Trade Mark) 


BELTING 


the most effective and economical power trans- 
mitter in the world, ensures perfect power 
transmission, it speeds up the wheels of your 
machinery to the highest possible production peak. 


Sole Makers: 


F REDDAWAYaCl= 


PENDLETON, MANCHESTER 
BUSH HOUSE, ALDWYCH, LONDON, W.C.2 


lily yy aaa MMM Way ww Mz a L01/ 
~ an (Pan 
Md Se MMU MMM 


sae efficiency of your productive machinery 















caMEL HAIR 


iD 


Wie Be MMMdddédiers 
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B65) STAINLESS STEEL and IRON, SW 


Made by the Inventor, at 
STAINLES® BROWN "BAYLEY’S STEEL WORKS LTD. " SHEFFIELD. STANLESS 























HOWELL & C2 L® srzet Works, SH. 
















































= 
SELF-FIXING. NO KEYS OR KEYWAYS. 
TENS OF THOUSANDS IN USE. C) 
“THE PULLEY Se [eWay s fe 
SMITH & GRACE 
SCREW BOSS PULLEY CO., LIMITED, 
8S, Queen Victoria Street, E.C. 4, ENGINEERS, 
mercy NDON. ocr, Titman te rimareron, THRAPSTON. 
IcE & REFRIGERATING MACHINERY | . 
Carbonic Anhydride and Ammonia Compression Systems. 
Land Installations. Marine Installations. | 


RECIPROCATING PUMPS ANO HIGH PRESSURE GAS COMPRESSORS. 








THE LIVERPOOL REFRIGERATION COMPANY, Lro. 


LONDON OFFICE: Contractors to H.M. Admiralty. I] 
Dunster House, Mark Lane, E.C. 3. COLONIAL HOUSE. LIVERPOOL. 
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Weldless Steel Tubes 


We make Cold Drawn Weldless Steel Tubes in any 

Section required ; and in the round from 4g in. to4 in., 

from high carbon steel, nickel steel, chrome steel, 
and stainless. 





Our Manipulation Departments undertake tubular 

construction of components for any trade, including 

Tapering, Bulging, Flanging, Bending, Welding, 

Brazing, Machining, Polishing, Plating, and all types 
of manipulation applied to tubes. 





This Catalogue shows over “IF ITS MADE WITH STEEL TUBES, IT’S BEST 
600 Special Sections, MADE BY AannoP” 


drawn on Stock Dies 


We shall be pleased to send 
you a copy, on request 





OLDBURY BIRMINGHAM 


3764 











H 





‘Wherever they’re fitted they save!” 


(H Y AT T} 
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CW.456 


Roller Bearings 


for 


(WS ROLLING STOCK 





















f = at 
| I eS 
Pe Then Y ; The Picture illustrates Steam Rail 
SLY RSS ; Coaches by Clayton Wagons Ltd, 
2S 
WSS 9q 





Lincoln. Trailer Bogey Axles 
mounted on Hyatt Roller Bearings. WY 





NX 


DELCO-REMY£ & HYATT LTD., 111, Grosvenor Road, London, S.W.1. 
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Works : HAARLEM-HOLLAND 

Licensee for Great Britain.Ireland and British Dominions: 
The Harbour Improvement & Mechanical Eng. Ltd 


53 New Broad Street London E.C.2 


Sole Auth. Representative forthe La Plata States JUAN P.BREDIUS, 
Cangallo328 - Buenos Aires 


EWA sa 


A SEVERE BRAKING TEST. 


WELL BORING EQUIPMENT. 


The spooling drum on Rotary Draw 
Works illustrated sustains a direct load 
of upwards of 10 tons, which in operation 
is allowed to have repeated free falls 
and must be stopped and held with 
absolute certainty by the Ferodo lined 


brakes. 


Because Ferodo Linings can hold a load 
of this nature satisfactorily, and because 
they will not spark and so ignite in- 
flammable gases, they are chosen by the 
Oil Well Engineering Co., Ltd., Stockport. 
for their Boring Machinery. 


FIEIRIO/D/O} 


“BRAKE LININGS 
FERODO LTD., Chapel-en-le-Frith. 


Depots and Agencies :—London, Birmingham, 

Brighton, Belfast, Leeds, Liverpool, Bristol, 

Glasgow, Aberdeen, Newcastle «on - Tyne, 
Manchester, Carlisle, Burslem and Cardiff. 





















COPYRIGHT 





THE FOUR OAKS. —— 


90% 
of Labour Bill saved. 


All cost of 
scaffolding saved. 


With a “ Four Oaks”’ 
Machine 500 square 
feet can be lime- 
washed in ten minutes 
and no scaffolding 
being necessary 
r the risk oi 
——.. 

e coat applied with 
a machine on rough, 
uneven walls or sur- 
faces, is to two 


The “‘ FOUR OAKS ” Gold Medal coats applied with a 
LIMEWASHING, Aven” ie esterial 
DISINFECTING AND being applied as a 


SPRAYING MACHINE. pump, is driven into 





“Bridgwater” Pattern cg lly 
As supplied to out gm 
CORPORATION could ever reach. 

; €o ever reach. 
WAR OFFICE, With a — a 
ma 

ADMIRALTY, cmeeh pay ne 
and many large Engineering hour as in a day 

works throughout the world. with a brush. 
18 Gallons Capacity : a —— 
Price £17: 10. for spraying 
Also made in 30 Gallon ren ' — Cement 
Capacity: £25:17:6. ‘ose — . = 


Complete Catalogues post free from the Sole Manufacturers :— 
THE FOUR OAKS SPRAYING MACHINE CO.,...- 
Spraying Specialists, 
Four Oaks Works, Sutton Coldfield, Birmingham, England. 
Telegrams & Cables : “ Sprayers, Four Oaks, Birmingham.” Telephone : 305 Sutton Coldfield. 

















WWWWU Wee OWE W Eee W ee 


SPIRAL. MANUFACTURERS. SINCE |880 «: 


RAR 























HER is an Elevator for handling Crated Bananas. The crates, 
each weighing 1 cwt., are being lifted through a vertical 

height of 26 feet, and delivered at the rate of 200 per hour. 
The Elevator works through two floor levels and the crates can 


be loaded or unloaded on either floor. 


It is fitted with a variable 


speed motor for controlling the rate of handling, and it can be 


stopped or started from either level. 


This type of Elevator is suitable for handling all kinds of market 


produce packed in crates. 


We claim that we can efficiently solve your Mechanical Handling 
problems of any nature whatever; will yougive us the opportunity? 


THE NEW CONVEYOR CO. LTD 


SMETHWICK, NR. 


Telephone: 50 Smethwick. 


& & & & 


BIRMINGHAM 


Telegrams: “Aptitude, Birmingham.” 


Rk &k REE 


——w 
me} SPIRAL MANUFACTURERS. SINCE 1880 | rl 








FF Fy v7 ¥ 9 9 





























DEC. 30, 1927. ENGINEERING. [SUPPLEMENT page XXXvV]| 77 
LEAVES FROM OUR ORDER-BOOK | 


‘“* Welded Petrol or Oil Storage Tanks, 30 ft. by 9 ft. by 4 in. plate, weight each 5 tons 4 cwts.”’ 











QAR 
N AsHq“>hl 
X 





“THE LANCASTER” 
SUPER—LIMIT 


PISTON 
RINGS 


They overcome _ the 
difficulties experienced 


Something like aWelded Job/ |) is." amc 


and speeds obtaining 












































No. welding job is too big for the Jenkins Should the job be an “outsize” and too big . 
(Rotherham) service—no job too small. Our for transit as a whole, we can construct it in at the present time. 
modern welding shops are completely sections and complete the welding ‘‘in situ.”’ Adjustment readily accom- 
equipped to;supply welded articles of any Whatever your welding requirements, plished. 
shape and size. We welcome your most consult Jenkins (Rotherham), and get first- Made f di t € 
difficult problems. class workmanship at reasonable prices. cylin.” cath ia as calla 
| —— LANCASTER & 
70 YEARS’ EXPERIENCE DOES MAKE A DIFFERENCE TONGE LTD 
a 





Tanks may now be cleaned by sand-blasting at a small charge. 


PENDLETON, 


RIG e Ch:  e.—- 


Sole Makers of “The Lancaster” Piston 


ESTABLISHED 1856 ROJHER. HAM Rings, Metallic Packing, Wheels, etc. 
si me 
132 


Telegrams : ‘‘ Jenkins, Rotherham.” Telephone : 584 (2 lines). 


EENAN PATENT WATER COOLERS 


for dealing with the circulating water of Internal 
Combustion Engines, Air Compressors, Liquid Controllers, 
etc. are a sound investment. 


Dividends of 100 per cent.. and over can be obtained 
on the capital outlay for such an _ installation, which 
saves the original cost in a few months time, and 
thereafter shows a financial return ranging up to 
several hundred per cent. according to circumstances. 

































































Please send for free copy of new 
and revised Catalogue No. 79/1. 3808 








Heenan & Freude Ltd. | Worcester England 





The undermentioned for immediate or quick delivery : 
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4 te \\ | PETROL | 
100 H.P. PARAFFIN The 


__ ENGINES. 


WISHAW, SCOTLAND. 
The aad ENGINEERING 


Co.,LTD 








Netherlee Road, Cathcart. 


DYNAMOS « MOTORS 


See Advertisement page 34, Sept. 23. 3842 














See next week's issue fo? 
“Glenfield '’ Water Works Appliances. 





| GLENFIELD. KENNEDYL= 





Ri te Se EvIR itl 
“ACHINERY 


@iITCHIE-ATLAS INERY CE 
ATLAS WORKS ¢ TEMPLE > GLASG cow. 


PATENT ROVALLESS PUMPS 
a EQUAL DIAMETER ORUMS. 
oe + NO VALVES - 














BRiguerte MACKINERY 


Coal, Coke, a etc. 
Write: Herbert Alexander & Ce., Ltd., 
Charmouth Street, Leeds. 43:3 


CLYNE ENGINEERING c0., Ln. 
Telegrams: ‘‘ MODERNIZE.” Tele. No. 4070 Crry. 
WATER COOLERS, CONDENSING 
PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 

STEAM TRAPS, &c. 04.1451 
94 Market St., MANOHESTER. 


“IT PAYS TO BUY THE BEST.” 






Lancashire Boiler, 30 ft. x 9 ft. 0 in. 
2 60 LBS. WORKING 
PRESSURE BOILER. 


2 30ft.x8 ft. Oin., 180 ibs. Lancashire. 
30 ft. x 8 ft. Oin., 120 Ibs. 

30 ft. x 7 ft. Oin., 160 Ibs. 

24 ft. x6 ft. Gin., 160 Ibs. 

20 ft. x 6 ft. Oin., 160 Ibs. 

20 ft. x 6 ft. 6 in., 150 Ibs. 

20 ft. x 6 ft. Oin., 125 Ibs. 

20 ft x6 ft. 0 n. 125 tbs. Cornish. 


~—~—st = 6 Ww = 


Other sizes and pressures in progress. 
Superheaters ready for immediate delivery. 


H & W 
Electric Monorail 


Crane 


represents the height 
of efficiency, not only 
in construction, but 
in performance. 


It occupies very little 
floor space, the radius 
of action is wide, and 
the jib moves in a 
complete circle. First 
cost is moderate, and 
the operative and 
maintenance charges are 
too low to need _ con- 
sideration. 


Full particulars and _ specifications 
on request. 





























= 


SPECIALISTS IN 
LIFTING AND HANDLING APPLIANCES 


CRADLEY HEATH 


ESTABLISHED 1868 





The H & W Monorail Crane moving 
‘plates from the [stockyard to the 
platers’ shop in a large shipbuilding 
yard on the’ Tyne. 





























DANIEL ADAMSON & CO., LTD., 
DUKINFIELD. 4312 














THE BRYAN DONKIN 


COMPANY, LTD., 
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St. Pancras<——ISLINGTON——> Hackney. 


TRANSFORMER TAP CHANGING 
under load - by an exfernal regulator 


N established system of regulating voltage on feeders and inter-connectors by changing 
A transformer tappings under load—a system which introduces no switchgear into the 
transformer tank and is applicable to any transformer—a system suitable for 
hand, remote or automatic control—in short the ideal system both for linking- 

up schemes and local distribution. 


Over 150 sets have been supplied during the last seven years for both 
small and large transmission schemes. up to 33,000 volts, e.g. :-— 
Birmingham Corporation (2) Midland Elec. Corpn. for Power Dist. 


City of London Elec. Ltg. Co. (20) 
Clyde Valley Elec. Power Co. (9) 
Islington Borough Council (6) 
London Power Co., Ltd. (3) 


Newcastle Elec. Supply Co., Ltd. (6) 
North Met. Elec. Power Supply Co. (7) 
Rochdale Corporation (4) 
Sheffield Corporation. 


BURTON. DELINGPOLE &CO ED) 








LOCOMOTIVES 


FROM sSsTroczkz. 
ALL GAUGES AND SIZES. 1606 


KERR STUART'S 


5, Broad St. Place, London, E.C. 


ENTWISLE & GASS, LD., 


Engineers, BOLTON. 








Fer CENTRIFUGAL PUMPS, 
COMPRESSORS 
BLEACHING, DYEING & PRINTING 
MACHINERY. 1192 
ALEX. CHAPLIN & C0., LTD., 
CRANEMAKERS, 3800 
GOVAN : i : +: GLASGOW. 


See our advertisement appearing on Page 91, Dec. 9. 


M.F.M. FURNACES 


GAS, OIL, COAL on COKE FIRED. 


The MANCHESTER FURNACES Lid. 
Aston New Road, MANCHESTER. 














Met. Elec. Supply Co., Ld.(5) Yorkshire Elec. Power Co., Ltd. 


Write for Pamphlet 183A. 


BR@KHIRST SWITCHGEAR 


LIMITED Ri CHESTER 


Branches : — Birmingham, Bristol, Glasgow, Leeds, Liverpool, London, Manchester, Swansea. 

















FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 
Main Steam Pipe Installations. oros 








WEPnNEPsEBbun.. 


HAMWORT HY 


OIL ENGINES 
PUMPS and AIR COMPRESSORS 
THE HAMWORTHY ENGINEERING CO,, Ltd., 
Works :—POoLz, DoRsET. 


76, Victoria Street, LONDON. 
Branches { 775 ‘Queen Street, GLASGOW. 

















Oo 


CAMLERS) 














WHITECROSS ARMCO 
Ingot Iron Electrodes 
99-84% Pure 


THE WHITECROSS COMPANY LIMITED 
8h beth 88 


ANTOL 


CASE HARD COMPOUND 
will give a 
greater 
penetration in a 
given time than 
any other 
material. 





- 








Heimet Row, 


PIDGEN BROS., LONDON, E.C.1. 
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TAY LOR s.CHALLEN Presses 


Makersofali 
sizes of 


PRESSES, 
DIES, 
LATHES, 
SHEARS, 
for 
SHEET 
METAL 
WORK 
and 
SEAMLESS 
DRAWN 
METAL 
HOLLOWARE. 











ARMATURE 
PLATE 
BLANKING 
and 
NOTCHING 

PRESSES. 











NUT, 
BOLT, 


PRESS 1197 and 
This Press is specially designed for the production of ‘* HOT 
BRASS "' Pressings. Capacity of Press, 100 tons at bottom of WASHER 
stroke. With suitable tools a large variety of work can be PRESSES. 
produced, Guard shown is not required when producing sd 
hot pressings. 


TAYLOR & CHALLEN, LTD., Engineers & Makers. 

SS OERWENT FOUNORY, WORKS & SHOWROOMS : CONSTITUTION HILL, BIRMINGHAM 
Telegrams: London Office: Telephones: 

= = ‘ Derwent, Birmingham.” St. Stephen's House, B'ham. : Central 376. 

= ** Taychal, Parl, London.” Victoria Embankment, S.W 1, 8194 London: Victoria 3513 


yD ASGUUSGUNCONUGONOO4GQCQQ000000S00000000080000000008000099Q080000000090000008 88000000 ,0000000000800000000080seNQO89QQQ08800000000900000000000N0NONNONEOEEORr: 











HULLO{OQSGUNNTUODREREREUAU ODEN AEIUNGHONOE OMULTEROUOTEOAOUALOENOUOGEOE SAO UOQOUENOARENDONGS OGUGONGOUSUOOUNGOUEN UOGOOQUNEOONGNUUEUOOONOGUOOOOUNOOUEOOQDUEUOUOEOOONODENOOLET py 


TT) 
ST MM 


ESS 


a sieeatieceriis 
<< 


(i 1.87. DANKS NETHERTON) 2 














—— we ho 5 
) On Comms Son ER HO 























ee 


y LANCASHIRE BOILERS. 
FOR FLAT OR DISHED ENDS, MADE IN ALL SIZES, 
hy WITH WORKING PRESSURES UP TO 200 LBS SQ. IN. 














BOILER MAKERS, ENGINEERS & BUILDERS |\ 











\ 
‘y LONDON OFFICE : BANK CHAMBERS, 329 HIGH HOLBORN W.C.I. 
Al NO CONNECTION WITH ANY OTHER FIRM OF BOILER MAKERS. 
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MORISON'S EVAPORATORS 


FOR ALL CLASSES OF VESSELS. 













OCCUPY LESS SPACE, 
SAVE ‘WEIGHT. 
EFFICIENT. 
RELIABLE. 
HANDY. 


SOLE MANUFACTURERS ;:— 


RICHARDSONS, WESTGARTH & CO., Ltd., 
MipoLsasro’. HARTLEPOOL. SUNDERLEND. 

















RYERSON-CONRADSON 
MACHINE TOOLS. 


Heavy Duty Engine Lathes—Universal Milling Machine 


Ryerson-Conradson 
Engine Lathes are 
handling the hard jobs 
in many of the larger 
railroad shops of the 
United Statesand /° 
abroad. Theheadstock | <i 
and bed are a one-piece e 
casting; bearings are 3 
unusually large; the large*spindle 
permits handling heavier work and 
the herringbone gear drive through 
ail speeds eliminates backlash and 
chatter marks. 
Ryerson-Conradson Milling 
Machines are designed for strenuous 
services in modern shops where 
accuracy, speed and dependability 
are required 


We will be glad to send you a catalogue describing our complete line 
of machine tools, Write for a copy. 


JOSEPH T. RYERSON & SON inc 
16th and Rockwell Streets, Chicago, Il. 
Cable Address: Ryson, New York. 
FOREIGN AGENTS: —Nsw ZEALAND : Richardson, McCabe & Co., Wellington. PBILIPriIne Is. : 
Edward J. Nell & Co., Manila. BrivisH 8, APRICA: Bellamy & Lambie, Sy oo 


CZECHOSIOV4KIA: M. Kocian & G, Nedela, Prague. SPAIN: Juan Llopart, Barcelona. 
Norway: Union Mashin Co., Kristiania. 












Lathes Punches Milling Machines Serpentine Shears 
Drilis Shears Power Hummers Bvererss a 
Planers Friction Saws Bending Rolls } ey 

Shapers Bevel Shears Pneumatic Machin: Jom 
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HOWDEN 
HOT DRAUGHT SYSTEM 


with all the latest Patented Improvements 





For Increased Efficiency 
when burning 


COAL OR OIL 


Specially adapted for high 
pressures. 











Accumulated experience of 
7,500 Installations aggregating 
26,000,000 I.HP. 





JAMES HOWDEN & Co., Ltd., 
Head Offices and Works: 
Scotland Street, Giasgow. 


4241 












WROUGHT IRON 


PULLEYS 












Cas 


Pulley with Bush in 
position on Shaft, 








WRITE FOR NEW 1927 By the use of Interchangable 
1 ILLUSTRATED Split Bushes, « pulley stg be may be 
CATALOGUE WITH fixed on various diameters of 
DISCOUNTS. SOE ee. oe ce!) ee 
: We can supply Pulleys bored 
Pulley without Bush. to any phate ae with Bushes 


turned to corresponding outside 
diameters and bored to fit any 
vequived diameter shafts, either 
English or Millimetre sizes. . 
A Pulley out of stock is thus 
instantly available for any size 
of shaft for which a Bush is 
Oblqmttd, «6, se wg ate 


DOUGLAS, 
LAWSON uw 
& CO., LTD. 


BIRSTALL, 
NEAR LEEDS, ENGLAND. 


Telephone: Cables: 
Batley 598 & 599. “ Pulleys, Birstall.” 











——— 











PORTABLE 


Am COMPRESSORS 


Le 


‘“* Reavell” Portable Compressor Plants are built 
to work under the most arduous conditions with 
the minimum of attention and lowest possible fuel 
consumption and maintenance cost. 

Manufactured in FOUR STANDARD SIZES 
having capacities of 74, 118, 153 and 204 cubic 
feet per minute. 


Available for quick delivery. 





Write to Dept. “B” 

for Pamphlet No. 113a, 

fully illustrating and 

describing our standard 
sets 


Portable Set of 204 cu. ft. per minute capacity. 06715 


REAVELL & Co., Ltd., 


Ranelagh Works, IPSWICH. 


Telegrams: “* Reavell, Ipswich.” Telephone: 2124 and 2125. 





COMPETITIVE DROP FORGING IS ASSURED 


by means of 


’ 


DROP FORGING EQUIPMENT. 





FRICTION rowan 
—— PRESSES. 
DROP 
HAMMERS. 

BELT 
STEAM DRIVEN 

POWER 
paor HAMMERS, 
HAMMERS, 

DIES FOR 
COAL ALL KINDS 
FIRED OF DROP 
FURNACES FORGINGS, 











We are always glad to advise on modern productive 
methods and we guarantee an efficient and 
competitive application by means of our equipment. 


BRETT’S PATENT LIFTER CO. LTD., 


Foleshill Works, 
Coventry, :: $$ 3 : England. 


Od 609 


ShoeedebocdaataateotangatboedaggaasetseseeNAAAHAAMANALGdeuQonQu4444QGeQOGAUAANC4L4b;LQLOQUEOLEULAL.GCLEQ.OxEOLLUGHGGOLGEOO}EL GOUOUOUUUUOOUUOAOUOO4ONEQOCQ4000800¢000004000060000008008b98OUO0EEN044004444000N04 6 
2 











STUUNUUAAANNANUADNNGEEGAEUUOENGOUEOONDENNONUONEAUGNUONUGGUOUEQSOUCQQCUSUOUO0U00N00N0000000000000U0000H00S00UGQ60000U00000N0000000N00U00N0ARSADENOENN ON IDEAS Fes 
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Rice&CLeeps|L™? | 
LEEDS 





























PHONE. 263505 
vaee aee onan 
CODES "MARCONI 








aa” 
















Te 4 LL | | | ON 


layton TANKS 


Son & (o]t ]ta , STRUCTURAL 
Leeds @ 


STEEL WORK 
Telegrams GAS LEEDS” 










DESCRIPTION 


- Gasholders & 
Gasworks Plant 
Boilers &c. 



















OF EVERY 
London Office 





























| : HINO 












































































sveronasrsm’ “WEI DED & RIVETTED STEEL MAINS |, 
"HANDS «sons, ir. HANDS « sons, ir 
P S S P 
R Hi H fe 
E E E E 
S B rAN S 
- — - BIRMINGHAM, saree S | 
CRAVEN BROTH ERS w (MANCHESTER) LTD. it 
SpecialistsJin Railway Appliances. Vauxhall Works, REDDISH, come : 








50-tons 4-motor Overhead Travelling Crane with Braced Type Girders. Electrically-driven Pit Type Traverser for Railway Carriages. 6-tons Mono Rail Travelling Jib Crane. 
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Lifts 24 ft. 
TAKES HOT WATER. 


Illustrated Catalogue with pricesand full particulars 
of both classes of Injectors and Tripp's Metallic 


=e ies Packing on application. 
GREEN & BOULDING Ltd., 
162a, Dalston Lane, Londus, E.G 














Fel. : Clissold 1033. ENGINEERS, 
Tela. : Temp*rature, Phone, London. 











“TRIUMPH” STOKERS 


Simple — Strong — Upkeep low. 
Highest Efficiency—Smokeless. 





3647 
TRIUMPH STOKER, Lrto., 








KIRKSTALL Roap, LEEDS, 


The DRUMMOND 


With the new 
Toolholder 


The handy “34” is now fitted with 
a patent toolholder with height adjust- 
ment. No packing-up tools, noaltered Suu 
cutting angles, no wedges. Locked in Shit 
any position with one nut. No clamping 
stresses on topslide. 















A Brief Specification. 
Two lengths of bed—32in. 


an in. — taking 16in. 
and 28 in. between centres. 
Swings in Gap 9 in. diam. 
Treadle, countershaft or 
electric drive. Bench lathes 
or complete on standards. 
“Fully screwcutting, English 
| and Metric. 

Slotted boring and milling 
table. : 
Hollow mandrel. 


The new toolholder in use. It 
is equally for boring— 
centre height obtained readily. 





3914 
An interesting list on application. 
DRUMMOND 


BROS. LTD. 
Engle Works, Guildford. 

















,, BOOKLET 
ROPES ano 

ROPE DRIVING” 
Seot Dost Free. 

















Why not make a habit of consulting our 
Technical Dept. when you want information? 


a 494, WMKENYON & SONS | ade pti » 


4 
495, 11218 CHAPEL FIELD WORKS. Kenyon,’ \ 
‘ 


) 


——~Y 














WHININ 
SCREWING MACHINES 


FOR TUBES AND BOLTS 





High-speed Bolt Screwing Machine with 
Automatic Opening and Closing Diehead. 





Write for Catalogue T 





ON 


CHARLES WINN & CO. LTD. 


Head Office & Works: GRANVILLE STREET 
BIRMINGHAM 


ALL GOVERNMENT LISTS 














Arcusaco EDMESTON & SONS, 


PATRICROr}F.DT. LIMITED, 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUCCESSFUL OPERATION. 
INVALUABLE FOR DRIVING. 














Mining Machinery & Haulage Concrete and Brick-making 
Saw Mills, , Machinery, Flour Mills, 
Electric Light and Textile Machinery, 
Power. . and Mine Geari 
Generally. 
FOR 
STARTING : 


GAS FOR 


| & OL COUPLING 
ENGINES. SHAFT-ENDS 


noTE: GENERAL MACHINE PLANING 
UNDERTAKEN FOR THE TRADE. ~ 





1122. Ashton. DUKINFIELD, Near MANCHESTER. Dukinfield. 
NZ, SBRrzRDB QE EEE ZF 









Capacity of Machine, 6ft. by 6ft. by 22 ft. 
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GRINDING & PULVERIZING OFFICES 
a Southampton Row. London. WC.’ 






GRINDING, SCREENING & AIR SEPARATION SPECIALISTS. 


ior 5 COMPOSITION 


FOR COATING BOILERS, STEAM PIPES, &c. 


Prevents the radiation of heat, saves feel, and increases the power of Steam. 
It is reckoned the cost of the — is saved in about six months. 


Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
Silicate Cotton, Plastic and Sectional Magnesia Coverings. 


F, LEROY & CO., L”? % Stay St Commerl Ri, Loney, 

















MU iI Ee 


~ MACHINE TOOLS. 


PUNCHER SLOTTING MACHINES 
For Cranks, Buckles, &c. 


GEAR GENERATORS 


For Tramway Gears, &c. 


GEAR HOBBING MACHINES 
For Turbine Gears. 


LOCOMOTIVE MACHINE TOOLS. 2178 
WM. MUIR & CO-» LTD-» mancHEsten. 












































Reduce your Fuel Bills 


The utmost efficiency from every ton of coal, of all 
grades, can be obtained by pulverizing. Waste is 
avoided, handling and storage are simplified, and 
smoke abolished by this means. 

Investigate the advantages of pulverizing plant for 
your own works, Our wide experience is at your 
service; you incur no obligation by consulting us, 


FRASER x CHALMERS ENGINEERING WORKS 
ERITH, i) KENT. 4034 


LONDON OFFICE: MAGNET HOUSE, KINGSWAY, W.C.2 














CRANES 


STEAM AND ELECTRIC. 
With or without 

Lifting Magnets, 
Navvies, Grabs, etc. 















eT 


Telephone No. 
1266 DERBY. 


Telegrams 
“COLES, DERBY.” 


HENRY J. COLES, Ld ae Dery 








Thomas Turton & Sons, 


MANUFACTURERS OF LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENCINEERS’ TOOLS, HAMMERS, EDGE TOOLS, STEEL 
FORCINCS, SPRING STEEL. 


Tool Steel. 


Telephone : Sheffield 25171, 
London Office : 
17, St. Swithin’s Lane, London, E.C.4. 


7812 


Telephone : City 4677. 


SHEAF WORKS, SHEFFIELD. 























Magnifying Thermometer 





STRONG, ACCURATE and RELIABLE. 





MADE. IN MANY VARIETIES 
TO SUIT ALL PURPOSES. 





Adopted with advantage in connection with 

Steam Plants (Superheaters, Economisers, &c.) 

also Sugar Refiners, Gasworks, Breweries, 
Heating Plants, Baths, &c., &c. 








State your requirements and write for prices to— 772 


T. SUGDEN, Ld., 


180, FLEET STREET, LONDON, E.C. 














BELT “SLIP 


MEANS WASTE OF POWER AND MONEY, AND SHORT 
LIFE TO THE BELT. 


SOLID BELT DRESSING \ 
(Made in England) 
ENABLES A BELT TO WORK EFFICIENTLY, ENSURES A STEADY, 
EVEN PULL, AND DOES NOT INJURE THE FACE OF THE BELT. 
CLEAN TO HANDLE. REQUIRES NO PREPARATION. 
A SAMPLE WILL COST YOU NOTHING; IT MAY SAVE YOU 
POUNDS. PLEASE WRITE FOR ONE. 3722 








218-220, QUEEN’S ROAD, 


GRAPHITE Propucts LTD. BATTERSEA, LONDON, 5.W.8. 























HOIATTUAAQGQCOUAUUAEAAQAAAAUEANEAHIIII 
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KENNIGOTT 


FILTERS w° SOFTENERS 


FOR PUBLIC WATER SUPPLIES 
and 
INDUSTRIAL PURPOSES. 


FULL PARTICULARS FROM 


KENNICOTT WATER SOFTENER CO., LTD., 
IMPERIAL HOUSE, KINGSWAY, LONDON, W.C.2. 276s 


EXTRUDED BARS 
“DELTA” BRAND 


BRONZE, YELLOW METAL, BRASS, RED METAL, NAVAL BRASS, COPPER, &C. 


THE DELTA METAL CO., LTD. DELTA WORKS 

















sg EAST GREENWICH, LONDON, S.E.10, 


And at BIRMINGHAM. 


JAMES C KAY &CQ 















HEAP BRIDGE FOUNDRY. BURY. 


5 
MAKERS OF —__ 


Machine ~- moulded and 
Machine-cut 
Toothed Gearing. 


Flywheels and Rope Pulleys. 





General Iron Castings for the Trade. 


ESTABLISHED OVER A CENTURY. 














o_ 




















for Piers, Canal Wharves 
Railway Sidings, etc. 


= 
| 
| 


CRANES 











\Uble 
ELECTRIC : STEAM : HAND 


SEND US YOUR ENQU IRIE S 


TTT ces 





RICHARD C. GIBBINS & CO. 
BERKLEY STREET 
BIRMINGHAM 


‘Make Light of Heavy Jobs” 


> -_ LABOUR LIFTING 























JOHN OAKEYéSONS, c 


GENUINE EMERY, EMERY WHEELS 
w EMERY CLOTH, For all Purposes. 
Wellington Mills, GLASS & FLINT PAPERS, 


"LONDON, S.E.1.. BLACK LEAD, &c. 














ABELT | 


iS AS STRONG 
AS ITS 


JOINT 







JOINT 
IS\AS_STRONG AS THE BELT 


vith FHENDRYS 
LAMINATED 
BELTING... 


The dovetail endless splice makes the joint an integral 

part of the belt itself, equal in strength, thickness and 

flexibility to the main portion. Breakdown risks 
from joint failure are thus eliminated. 


JAMES HENDRY LIMITED, 
252 MAIN STREET, BRIDGETON, GLASGOW. 


Telegrams: ‘‘ Laminated, Glasgow.” Telephones: Bridgeton, 1747 (3 lines). 


LONDON: _ BIRMINGHAM: MANCHESTER : 
16, Union Court, Old Broad Empire House, 3, Palmerston Avenue, 
Street, London, £E.C.2. Great Charles Street, Whalley Ra: 

Birmingham. . ae 
ae tae Telegrams: «* Horsepower Manchester. 


gham. 
Telephone: Central 4635. Telephone: Central 3443. Telephone: Chorlton 845, 


Write ad full particulars and prices, 


4325 




















FT r= 


ST 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS, 


BEDFORD. 


IMIR 








Telegrams— 
Grafton, Bedford, 








Ufasirated descriptive Price List free on aap. 


SILVER MEDAL, laventions Exhibition, pr 1885, GOLD MEDAL, Paris, 1900. 
GRAND PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908, 
GRAND PRIX, Buenos Aires Exhibition, 1910, 3875 
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THE BRADFORD 


STEAM TRAP 





Made in Two Types: 


Discharge Full Open or Dead Closed. 


A.—Piston Operated Discharge. wi 
B.—Weight Operated Discharge. ~~ 


Simple and Positive Action. Instantaneous Opening and Closing. No Wire Drawing. 


Thousands in Work. Fitted on Approval. 





THE UNITED STATES METALLIC PACKING CO., LTD., 











Tel — ‘ 
“Metaltin Bradford.” SOHO WORKS, BRADFORD. 4708 End 4706. 
Branch Offices :—London, Liverpool, Bolton, Glasg mf . Newcastle, Sheffield, Cardiff, Portsmouth, 
&c., &c. 














































TO IO PER’ 


Unskilled labor can operate a bat- 
tery of Pratt & Whitney Centering 
Machines and, depending upon the 
nature of the work, can produce from 
four to ten pieces a minute. 

Once the machine is set up, the 





task of the operator is to keep the 


magazines filled and remove the 
finished work. 

If you center work that is turned 
out in quantity, then the P & W Auto- 
matic is the way to lowest cost pro- 
duction. Each piece centered is fin- 
ished accurately on both ends. 


Write for descriptive circular of this machine 


° General Office, 111 Broadway, New York 
Niles- Bement- Pond Ce. London Office, 25 Victoria St., S. W. 1 


Pratt & Whitney Co. 


Agents for Pratt & Whitney in Great Britain 
Buck & Hickman, Ltd., 2-6 Whitechapel Rd., 
London, E. 1, England 




















COLD STORAGE. 


541-3, SALISBURY HOUSE, 
LONDON WALL, €E.C:2. 













FOUNDRY AND 
ENGINEERING 61927 









ye 


ICE - MAKING. 






1448 


Head Office & Works : 
DERBY. 


Telegrams—ZERO DERBY; 


























THE BUTTERLEY CO., Lo. 


DERBY. EsTABLisHeD 1791. 


Telephone—Nos. 75 and 76, RIPLEY. Telegrams—" Ironworks, Butterley.” 











Bar Iron, I 


ron Castings up to 


2O Tons. 9660 
Bridge and Structural Steelwork, Pit Trams, &c. 
High-class Machine Work of all descriptions. 
Special Acid-Resisting Metal for Chemical Plants. 
Large Retorts, Pans, Acid Eggs, &c., a Speciality. 





LONDON OFFICE—52, Queen 


Victoria Street. Telephone--2180 Crrv. 
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